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1 Annex 1: Solid Waste Management Bangalore

1.1 Objective and scope

‘Resource and Climate Protection through Integrated Waste Management Projects in India’ is a research
study commissioned by the German Environment Agency and funded by Germany’s Federal Ministry for
the Environment, Nature Conservation and Nuclear Safety. The project is implemented by the German
ifeu (Institute of Energy and Environment Research) along with Development Alternatives and Ecopar-
adigm.

The objective of the study is to support decision makers in identifying potentials to optimize their waste
management and simultaneously reduce greenhouse gas emissions in the waste sector in order to iden-
tify the best possible access to climate finance funds. It will show specific GHG emission saving potentials
of an integrated waste sector approach for Indian cities at present and for future scenarios. The study
adresses specific selected cities and the selection is done systematically with respect to the three prior-
ity criteria including availability and quality of waste data, stakeholder support to improve waste and
contact network and other criteria such as population, income level and climate zone. The final selected
cities were Bangalore, Bhopal and Haridwar.

This report section presents a snapshot of Municipal Solid Waste management (MSWM) in Bangalore.
Secondary level data and information that is collected from government officials, MSW treatment plant
operators and subject experts is analyzed and interpolated. The verification of data collected, analysis
results and the data gaps were shared with different stakeholders and detailed discussions were con-
ducted in form of a stakeholder awareness workshop, results of which are also shared in the report.

1.2 Bangalore an overview
1.2.1 Geography and Topography

The city of Bangalore (12.97°N and 77.56°E), the State capital of Karnataka is located on the southern
part of the Deccan plateau at the border of two other South Indian states, Tamil Nadu and Andhra Pra-
desh. Bangalore is draped over the Deccan plateau at an altitude of 949 meters (3113 ft.) above sea level,
which gives it possibly the best climate among all the cities in India. The Bangalore metropolitan covers
an area of 223 km?, and is the fifth largest city in India. The city apart from being the political capital of
the state is also a very important commercial center with some of the major industrial establishments!.

1.2.2 Climate

According to the Képpen Geiger climate map (Peel et al. 2007) Bangalore is classified as “Aw”, tropical
wet and dry or savanna climate. Bangalore is considered to be climatically a well-favored district. The
climate of the district is classed as the seasonally dry tropical savanna climate with four seasons. The
dry season with clear bright weather is from December to February with summer from March to May,
followed by the southwest monsoon season from June to September. October and November constitute
the post-monsoon or retreating monsoon season. The main features of the climate of Bangalore are the
agreeable range of temperatures, from the highest maximum of 33°C in April to the lowest minimum of
14°C in January. The two rainy seasons, June to September and October to November, come one after
the other but with opposite wind regimes, corresponding to the southwest and northeast monsoons.
Bangalore records high temperatures during April with daily mean temperatures of 33.4°C and mean
daily minimum in the month of December at 25.7°C, as the coolest month. The mean monthly relative
humidity is lowest during the month of March at 44% and records highest between the months of June
and October at 80 to 85%. The mean annual rainfall is 859.6 mm, with three different rainy periods

lhttp://ces.iisc.ernet.in/energy/wetlands/sarea.html
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covering eight months of the year. June to September being rainy season receives 54% of the total an-
nual rainfall in the S-W monsoon period and 241 mm during the N-E monsoons (Oct - Nov). The surface
winds in Bangalore have seasonal character with the easterly components predominating during one
period followed by the westerly in the other. The high wind speed averages 17 km /h during the westerly
winds in the month of July and a minimum of 8-9 km/h during the months of April and October.

Bangalore grew radially from 1973 to 2010 indicating that the urbanization is intensifying from the
central core and has reached the periphery of the Greater Bangalore. Urban heat island phenomenon is
evident from large number of localities with higher local temperatures. The pattern of growth in Greater
Bangalore has implication on local climate (an increase of ~2 to 2.5°C during the last decade) and also
on the natural resources (74% decline in vegetation cover and 66% decline in water bodies), necessi-
tating appropriate strategies for the sustainable management of natural resources.

1.23 Population and Urbanization

Bengaluru has a population of about 8.52 million as per census of India 2011 (Census Organization of
India 2015) by covering an area of ~800 km?2. As one of the world's fastest growing cities, Bangalore is
experiencing a steady increase in population (3.25% current annual growth rate). Its population is likely
to be 10 million by 2021. The growth is spurred by the advantages conferred on the city by entrepre-
neurial and intellectual capacity incubated through a series of private and government actions. Besides,
Bangalore enjoys a favorable climate, a high quality of life, a cosmopolitan ambience and social diversity.
The city has earned the titles of “IT Hub of Asia” and “Silicon Valley of India.” Since 1980s, Bangalore has
enjoyed the reputation of being one of the fastest growing cities in Asia (Ramachandra & Bachamanda
2007). However, while the IT based formal sector accounts for 15% of its economy, the informal sector
contributes 60-70% (BDA 2005).

On the other hand this concentrated growth has resulted in the increase in population and consequent
pressure on infrastructure, natural resources ultimately giving rise to a plethora of serious challenges
such as climate change, enhanced greenhouse gas emissions, lack of appropriate infrastructure, traffic
congestion, and lack of basic amenities (electricity, water, and sanitation) in many localities, etc. Land
use analysis show 584% growth in built-up area during the last four decades with the decline of vege-
tation by 66% and water bodies by 74%. Analysis of the temporal data reveals an increase in urban built
up area of 342.83% (during 1973 to 1992), 129.56% (during 1992 to 1999), 106.7% (1999 to 2002),
114.51% (2002 to 2006) and 126.19% from 2006 to 20102.

From growth pattern analysis studies (Geospatial World 2014) it was concluded that the main urban
growth concentration will be mainly in the vicinity of arterial roads and outer ring roads. This also
showed that the peripheral regions and the buffer regions which include towns such as Yelahanka, He-
saragatta, Hoskote and Attibele would accommodate most of urban expansions in next decade. Further,
an exuberant increase in the urban paved surface growth is observed in south east and north east due
to the new industrial hubs (Bharath H Aithal 2013). The results indicate that the urban area would cover
close to 50 to 60% of the total land use in and surrounding Bangalore.

1.24 City Structure

Bangalore city is under the administration of Bruhat Bangalore Mahanagara Palike (BBMP). BBMP was
formed from the Bangalore Mahanagara Palike (BMP) through notification under Karnataka Govern-
ment on January 16, 2007. Later in the year 2009, the Government through an amendment to KMC Act,
1976 increased the number of wards from 100 to 198 to cover a vast and growing Bangalore. For ease
of administration the zones are classified into eight sub-administrative zones. The zones are namely

2http://ces.iisc.ernet.in/energy/wetlands/sarea.html
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West zone, East zone, South zone, Bommanahalli zone, Byatarayanapura zone (Yelahanka), Dasahara-
halli zone, Mahadevapura zone, Rajarajeshwari Nagar Zone (Figure 1).

The BBMP represents the third level of government (the Central and State Governments being the first
two levels), and is run by a city council that comprises corporators (or elected representatives) with one
corporator representing each ward of the city. Elections to the council are held once every 5 years, with
results being decided by popular vote. Members contesting elections to council typically represent one
or more of the state's political parties though they may also be independent. A mayor and deputy mayor
of the council are also elected for a period of 1 year, though not by popular vote.

Figure 1: Zones and wards in Bangalore

Yelahanka

ahadevapura

Rajaraje

Bommanahalli

Cartography: ifeu; spatial data based on CC BY-SA 3.0, http://openbangalore.org

1.2.5 Industries

Going back to history of industrial development in Bangalore, HMT Ltd, BEL, HAL, and ITI Ltd. were
established by the Government of India in 1950's and 60's because of the dust free environment of Ban-
galore within the vicinity of IISC (Indian Institute of Science), a premier institution of India in the field
of science and Technology. This initiative brought a highly talented workforce in Bangalore. Later ISRO,
Government owned space research organization, opened its center in Bangalore. This initiative made
Bangalore, a hub of electronic industries and also brought a pool of several other medium and small
manufacturers in Bangalore. Titan Industries the fifth largest watch manufacturer in the world, opened
its factory in the heart of city in 1988 (Bangalore-City 2016).

The Indian software industry get noticed but also did Bangalore as a location when Texas Instrument
opened its R&D center in Bangalore. Hewlett-Packard followed the path in 1988. The primary aim in
coming to India was to establish a base in the Asia/Pacific region. India was selected because of its strong

11
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educational system in theoretical sciences and engineering. And soon more and more came to Bangalore
making the city as "Silicon Valley of India". Today, Bangalore contributes most of the IT export from
India.

The Government policies contributed towards development of industries in Bangalore. Karnataka Gov-
ernment in late 80's created the Electronic City, 18 km from Bangalore, for the software and electronic
industries. Several Technology parks were created in the last decade to host hundreds of companies.
Most sought after parks are International Tech Park Bangalore (ITPL), Prestige Technology Parks, Pres-
tige Blue Chip Software Park and the Cessna Business Park and cyber park. Special Economic Zones
(SEZs) also under construction in Bangalore.

The city is also known as the hub of biotech industries of India with 41% of the total 265 biotech com-
panies in India. Institute of Bioinformatics and Applied Biotechnology (IBAB), initiated by Biotechnology
vision group, ICICI bank and Biocon (located at ITPL) is trying to shape revolutionary scientists in the
field.

Bangalore is the 4th most developed city in India. More importantly it is growing very fast and soon it
will go up in rank. Currently its total GDP is 83 Billion USD or Rs. 4,81,400 Crore. It is ranked number 84
in the world among Developed cities. The city is the third largest hub for high net worth individuals after
Mumbai and Delhi3.

With the boom of IT industries, the life style of the workforce increased the demand of hotel industries,
fast-moving consumer goods industries and several other allied industries and their markets, leading to
major investments being made in Bangalore and adjoining areas.

1.2.6 Energy Generation

Bangalore is powered by the same grid that supplies to the entire Karnataka state. Thermal power
comes from coal, gas and diesel stations. Raichur and Bellary Thermal Power Stations (RTPS and BTPS),
and Yelahanka Diesel Generating Station (YDGS) are the state's major thermal stations. In addition, the
state also has 15 hydro-electric power stations that supply energy to the grid.

The state also gets power from Central Generating Stations (CGS) like Neyveli Lignite Corporation, Kaiga
atomic power station in North Karnataka etc. Together, the sources have the maximum capacity to pro-
duce 12,000 MW of power, but actual generation is about 6,000 MW and the extent of generation from
each source varies through the day.

Information on the grid mix in percent is not available. For the greenhouse gas balances the grid mix
information known for India is used.

1.3 Municipal Solid Waste Management in Bangalore
1.3.1 Background

In Karnataka over 50% of the municipal solid waste is generated in six municipal corporations. Banga-
lore city generates around 3500 TPD of solid waste (KSCPCB 2014), which is 10 times higher than its
next municipal corporation in the state (like Mysuru, and Hubballi Dharwad). The per capita waste gen-
eration in Bangalore city is 0.4-0.6 kilograms per capita per day. Most of the municipal waste is gener-
ated in residential and market areas. The average waste generation per households is 1.24 kg whereas
itis 1.5 kg in slums*.

3http://topl0wala.in/top-10-most-developed-city-in-india-by-gd

“4http://bbmp.gov.in/en/web/guest/swm-cell: ,city statistics &infrastructure: http://bbmp.gov.in/docu-
ments/10180/512162/City+Statistics+ New+Microsoft+Office+ Word+Document.pdf/148f685d-58cd-402c-9c5¢c-
bccb344eda2d; last access 17-04-2017
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The general waste composition is given in Figure 2 which shows that most majority of waste is organic
in nature whereas the hazardous and the biomedical portion still collected with the MSW is less than
5% of the waste quantity. According to the Waste Management Rules 2016 “waste generators shall seg-
regate and store the waste generated by them in three separate streams namely bio-degradable, non
bio-degradable and domestic hazardous waste in suitable bins” (MoEFCC 2016).

Figure 2: General waste composition in Bangalore

Waste Composition (Approximate) [For Guidance Only]

Vegetable 0.30
Paper 0.09
Plastic 0.12
Cardboard 0.04
Textiles 0.04
Grass/leaves/woos 0.06
Leather 0.00
Electronic item 0.02
Metal 0.01
Organic 0.23
Glass 0.03
Debris 0.05
Biomedical 0.02

Source: BBMP website®

1.3.2 Organizational Structure SWM

Solid Waste Management in Bangalore is handled by the SWM Department headed by the Special Com-
missioner for SWM. The organizational structure of the SWM Department is shown in Figure 3. BBMP is
carrying out collection, street sweeping, transportation, treatment and disposal of Municipal Solid
Waste from generators. BBMP has a system of door-to-door collection for collecting the MSW. The MSW
collected has to be processed before landfilling. BBMP has taken several steps to streamline the MSW
management in the city. SWM is managed directly by BBMP using own staff as well as contractual staff
and contractual private organizations. In addition, several NGOs and welfare groups are also involved
in waste management in Bangalore.

Special budget is allocated by BBMP for waste management and Rs. 459 to 488 crores (70 to 75 million
USD) have been spent in previous financial years FY 2014-15 & FY 2015-16 towards solid waste man-
agement expenses. 440 crores (68 million USD) have been allocated in the FY 2016-17. In addition, a
special fund of Rs. 300.00 crores (46 million USD) are kept for solid waste management and disposal
and other developmental works related to SWM.

Shttp://218.248.45.169 /download /health/swm.pdf
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Figure 3: BBMP organizational chart of Solid Waste Management

Commissioner
Special ComTissioner (SWM)

Joint ComFissioner (H&SWM) —» Zonal Addl/Joint Commissioner

Chief Engifeer (SWM) Superinten&ent Engineer

Executiw-lEngineers Executive Engineer (1 for each division)

Assistant Executive Engineer Assistant Exrcutive Engineer (1 for each subdivision)
Assistant Engineer Assistant Engineer (1 for each ward)

Health Inspectors (1 for each ward)

Source: BBMP website®

133 Key rules and policies concerning SWM in Bangalore

Policy supportis critical for proper SWM and to enable Urban Local Bodies (ULBs) with sufficient funds,
resources, infrastructure and appropriate strategies for improved solid waste management.

There are different levels of SWM rules in India which is also applicable to Bangalore, starting from
recently published national level Solid Waste Management Rules, 2016 (MoEFCC 2016) in supersession
of the SWM Rules, 2000, State level act, The Karnataka Municipal Corporations Act, 1976 which includes
special mention of SWM and ULB level policy in form of SWM master plan for Bangalore 2008.

In addition, on a national level, there is specific rules specifying to special kind of wastes including C&D
waste management rules, India 2016, Plastic waste management rules India 2016, Biomedical Waste
management rules 2016 which all are applicable to SWM?. In addition, there are SWM support docu-
ments including the SWM manual 2000 (MoUD & CPHEEO 2000) and several SWM circulars released by
the state and the local governments, like the circular on Plastic Ban Notification from BBMPS.

1.3.4 SWM Programs in Bangalore

Several programs have been initiated in Bangalore for optimization of waste management. Programs
varying from government initiatives to international support group programs to local self-help group
programs and community level initiatives. Some of the notable programs are listed below.

1.3.4.1 Swachh Bharat Mission

Swachh Bharat Mission (SBM) is a national level campaign being implemented by the Ministry of Urban
Development (MoUD) and by the Ministry of Drinking Water and Sanitation (MoDWS) for urban and
rural areas in India for ensuring hygiene, waste management and sanitation across the nation. The mis-
sion lays down specific guidelines to be followed by governing bodies in a national level, state level and
city level. As part of the project Door-to-Door (D2D) waste collection and Waste to Compost are being
promoted in Bangalore city also. According to the statistics by Swatch Bharat website, D2D collection of

6http://bbmp.gov.in/documents/10180/512162 /0Organization+Chart+of+Solid+Waste+Management.pdf/2697cd91-79d5-
4785-8ed2-d7ce4d0e8d7b; last access 17-04-2017; see also footnote 4

7http://www.nsc.org.in/index.php?option=com content&sectionid=-1&view=article&id=168
8http://bbmp.gov.in/en/web/guest/swm-circulars
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MSW has been implemented in 3962 wards of the total 5276 wards and 21,469 metric ton of waste has
been turned into compost in India in the year 2016 alone®.

The mission aims at 100% door to door collection of waste, 100% organic waste treatment and genera-
tion of at least 20 MW of electricity from waste to energy conversion in Bangalore by 2nd October 2019.

1.3.4.2 JN-NURM projects

Jawaharlal Nehru National Urban Renewal Mission (JNNURM), launched in 2005-06, enables the mis-
sion cities to take steps for sustainable improvements in their civic services levels, through an additional
central assistance (ACA) of INR 50,000 crores (7592 Million USD) for seven years beginning from 2005-
06 and an equal amount from the State Governments and ULBs. Out of the ACA, Rs. 25,500 crore (3923
Million USD) is for the submission, urban infrastructure and governance (UIG), which also includes solid
waste management?0.

Among cities, Bangalore has had the highest number of approved projects. Although most of the funds
in Bangalore are for infrastructure development and the metro rail development and financial support
under C-BULB are extended for setting up of centers of excellence, addressing specific capacity gaps in
SWM and applicable research in this sector.

The JNNURM project and funding ended in March 201511,
1.34.3 2Bin 1Bag Initiative

2Bin 1Bag - divide and conquer waste is an initiative by citizen groups that work proactively with the
government at finding solutions for waste management. The movement is a combined effort of multiple
citizens groups inside Bangalore including the Kasa Muktha Bellandur, HSR Citizen Forum, We Care for
Malleswaram, Solid Waste Management Round Table (SWMRT) and many others where waste segrega-
tion at household level is practiced and promoted at community level. The program has also been iden-
tified and supported and further taken up by BBMP. BBMP has started collecting waste in segregated
manner from house hold level in support to the program. Wet waste, dry waste and sanitary waste is
collected in separate bins/bags and managed separately. The initiative is supported by court orders,
public awareness campaigns and imposing penalties for non-cooperation. The high-court of Karnataka
has passed an interim order on December 17, 2015 to citizens in Bangalore to mandatorily practice 2bin
1bag system!2.

1344 Wow Program

Wealth Out of Waste (WOW), arecycling program initiated in April 2007 by the Paperboards & Specialty
Papers business of ITC Ltd. This has evolved into a corporate level program with scope enhanced to
"Well-being out of waste" focused on creating scalable solutions for spreading awareness about recy-
cling, encouraging people to segregate & dispose waste responsibly and creating sustainable livelihoods
for people working as rag pickers.

A pilot project on recycled compact boards made out of packaging waste collected from Indian cities has
led to the development of school furniture which have been deployed in schools supported by ITC. Ap-
plications for these boards within ITC facilities are also being explored. Chennai, Bengaluru and Coim-
batore, Hyderabad are some of the major cities in which the program is initiated in tie-up with the local
authorities.

Shttp://swachhbharaturban.gov.in/
10http://indiabudget.nic.in/es2008-09 /chapt2009/chap913.pdf
11 http://timesofindia.indiatimes.com/ci une/JNNURM-projects-to-get-funds-from-central-scheme /arti-

cleshow/47462699.cms; https: //www.adb.org/projects/39645-012 /main#project-overview

12http: //www.2binlbag.in/
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In Bangalore ITC has collaborated the program along with BBMP, where strictly segregated waste from
Dry Waste Collection Centers (DWCCs) is provided to ITC. The waste is purchased by ITC at a fixed rate.
What started with just 10 tons collection of recyclables through the WOW collection has now swelled to
over 4000 tons per month. Over 3 million citizens, 500,000 school children, 350 corporates, over 1,000
commercial establishments and about 200 industries are supporting WOW across South India?3.

1.3.45 Smart Cities Mission

Smart Cities Mission is an initiative to promote cities that provide core infrastructure and give a decent
quality of life to its citizens, a clean and sustainable environment and application of ‘Smart’ Solutions.
The focus is on sustainable and inclusive development and the idea is to look at compact areas, create a
replicable model which will act like a light house to other aspiring cities. Even though Bangalore has not
yet been identified as a smart city, BBMP has initiated a Namma Bengaluru Smart City program in order
to develop Bangalore into Smart City standards!#.

A smart city strategy was announced during public consultation program organized by BBMP on 23rd
June, 2016. Bangalore has adopted an area based development approach instead of an entire city devel-
opment, which seems completely practical considering the huge size of Bangalore and understanding
the fact that only the available fund under the smart city development program is Rs. 1000 crore (154
Million USD) over a period of 5 years. Yelahanka is the proposed smart city area and an area over 500
acres will be selected with consultation with the citizens for further development.

Main components of the program include retrofitting, i.e. to introduce planning in an existing built-up
area to achieve smart city objectives, to make the existing area more efficient and livable, secondly re-
development - to replace the existing built-up environment and enable co-creation of a new layout. De-
veloping greenfield is the third strategy. That is to introduce smart solutions in a previously vacant area
(more than 250 acre) through innovating planning, plan financing and implementation tools. In all these
aspects SWM is an important aspect and even though the program is in an initial stage, if Bangalore is
selected in the second round of smart cities the program will bring in development to the SWM in the
city.

1.3.4.6 | got garbage

I Got Garbage is a Corporate Social Responsibility (CSR) initiative of Mindtree in the area of rag-picker
livelihood and solid waste management. An important goal is to involve citizens and communities in
solving the problem of managing solid waste, such that we collectively create jobs for hard working rag-
pickers, and also make cities cleaner. The prime action city for the initiative is Bangalore.

[ Got Garbage is basically a cloud based IT platform, and offer capabilities such as an Enterprise Resource
Planning (ERP) for rag-pickers, Citizen Engagement Platform, Waste Management Services Marketplace,
and a Rag-picker Benefits Tracker. Additionally, they work with social businesses towards process im-
provement as well as help build partner ecosystems. Since 2013 the initiative has supported the recy-
cling of more than 9000 tons of waste in addition to creating job opportunities and green environments.
The rag-pickers pick both wet waste and dry waste from their clients; the dry waste is transported to
DWCCs in Bangalore whereas wet waste is converted into biogas and compost?5.

1.34.7 SWMRT conferences

Solid Waste Management Round Table (SWMRT) is a SWM interest group to bring the Solid Waste Man-
agement Rules and its recommendations to life for Bangalore city. The group consist of various organi-
zations, individuals and vendors all working in the field of waste management and meet on regular time

13http: //www.itcportal.com/media-centre /press-releases-content.aspx?id=1388&type=C&news=National-Recycling-Day

14http://namma-bengaluru.org/about us.html

15http: //www.igotgarbage.com/
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intervals to exchange ideas, share experiences and come out with a common agenda for Bangalore solid
waste management based on the best practices?é.

The group has been active since 2009, joining the various strengths and abilities of its members, SWMRT
has created synergies and efficiencies. Through its work, thousands of households and institutions have
converted to segregation at source which means that every day tons and tons of waste are being recov-
ered and converted into renewed material instead of being dumped at the outskirts of the city.

Between 2009 and 2010 alone SWMRT converted 25,000 households, hundreds of schools, institutions
and companies to segregation at source, recycling and composting, thereby saving about 650 tons a
month from being dumped into landfills.

According to the organization NO, CO; calculation in 2010, SWMRT’s efforts on paper recycling alone
reduced the carbon footprint of Bengaluru by 4,633 tons which equals climate change mitigation of
18,530 trees.

In 2011 SWMRT set up in-house waste management systems within the campuses of the BBMP and the
BDA supported by backend dry waste collection and composting of its garden wastes. Members of the
group trained over 125 environment officers in BBMP.

They also worked with the Horticulture department especially in the Yelahanka and South Bangalore
areas to carry out composting of leaf litter in its parks. Community composting operations have been
taken up in Malleswaram (Market), Ejipura and Jayanagar.

Dozens of go-downs in various parts of the city have been set up with the support of BBMP for facilitating
dry waste collection and storage from the surrounding residential areas. Dry waste collection center
operations were started in Anandnagar, HSR Layout, Gottigere, Ejipura, Yelahanka, Domlur and
Koramangala by the end of 2012. The concept gained more recognition and by 2016 Bangalore has es-
tablished 170 DWCCs across the city out of which 124 are in working condition (BBMP 2016b).

1.3.4.8 HasiruDala

HasiruDala is a membership based non-profit organization of waste pickers and other informal waste
workers in Bangalore. HasiruDala strives to integrate marginalized informal waste workers including
waste pickers in the solid waste management framework by utilizing their expertise in the domain. Ini-
tiated in 2013, HasiruDala now has a membership of over 7500 waste pickers. Their work which in-
cludes collection, sorting, grading and transportation of waste for recycling which is foundational to
both green and circular economies, much needed for mitigation of climate change. HarisuDala members
provide service to more than 13000 households in Bengaluru?’.

1.3.4.9 The Ugly Indian Campaign

The Ugly Indian Campaign is a voluntary program run by citizens of Bangalore city, with a vision to clean
the streets of the city. Volunteers gather in chosen locations in Bangalore and clean the area which is
also supported by BBMP garbage staff and street cleaners.

The organizers choose to remain anonymous since they believe it is the results that matter. The cam-
paign involves direct field implementation and does not have any lectures or group discussions. I[deas
that are practical and self sustainable (without any monitoring) for a period of 90 days are considered
implementable by the members!s.

16http://swmrt.com/
17http://hasirudala.in
18www.theuglyindian.com

17



http://swmrt.com/
http://hasirudala.in/
http://www.theuglyindian.com/

Annex to: “Resource and Climate Protection through integrated Waste Management Projects in E+D-Countries — Example India”

1.3.5 Status of SWM

Bangalore generates around 4000 MT of MSW per day (TERI 2015a). The BBMP is carrying out collec-
tion, street sweeping, transportation, treatment and disposal of Municipal Solid Waste from generators.
Waste management involves different steps starting from collection, transportation, treatment and dis-
posal. BBMP has taken several steps to streamline the MSW management in the city. Each step of waste
management is explained in detail below.

1.3.5.1 Collection

Information on primary municipal solid waste collection in Bangalore is provided by BBMP (2016a).
According to that MSW collection is practiced in form of either door step collection, litter point collection
(where the community throws in waste and the collection staff collect the waste) and street cleaning
where waste from streets of BBMP area is collected on a regular basis (mostly on a daily basis).

BBMP is providing daily waste collection service to all the households, slums, shops and establishment.
About 80% of the collection and transportation activities have been outsourced. Auto tipper, autos and
pushcarts are used for the primary collection. An Auto tipper has been provided for every 1000 house-
holds and a pushcart for every 200 households. About 20,000 Pourakarmikas are being utilized (both
BBMP and contractors) in door to door collection, street sweeping and transportation of MSW. Self Help
Group’s (SHGs) and Residential Welfare Association (RWAs) are also involved in door to door collection,
segregation & decentralized composting in some of the areas.

Separate system has been put in place or collection of waste from the large vegetable and fruit markets.
The vendors are directed to store the waste in their premises to be collected by the Pourakarmikas to
ensure that the market waste is transported to compost plants.

A separate system has been put in place to collect waste from large waste producers like hotels, restau-
rants, marriage halls, markets, offices, etc. As per the High Court directions, the BBMP has notified Bulk
Generators to segregate waste into different categories and manage their waste either in-situ or to uti-
lize the services of BBMP empanelled service providers.

Segregation at source has been emphasized. Information Education and Communication (IEC) activities
are being intensified and penalties are being levied for non-compliance. The households are required to
segregate their wastes into two categories namely wet and dry waste. At the later stage, household haz-
ardous (or bio-medical or sanitary) waste like discarded medicine, sanitary napkins, diapers, batteries,
paints etc. is proposed to be collected separately.

Bangalore city is a bin less city and the bins/litter bins are placed only in the commercial areas. The
MSW collected from Door to Door is brought to a common point from where the waste is transferred to
the treatment sites through compactors & tipper lorries.

About 670 MSW transportation vehicles including 240 compactors, 430 tipper lorries, dumper placers
and mechanical sweepers are used for transportation of MSW to the treatment plants and landfill sites.
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Figure 4: Door-to-Door collection (left) and tipper to compactor (right)

Figure 4 consits of 2 pictures: the left picture shows daily door-to-door collection in the streets of
Bangalore. People bring their waste to workers collecting it in a small tipper.

A
v

Photos by ifeu Heidelberg

1.3.5.2 Waste treatment

Some of the observations of documented current status MSW treatment in BBMP are listed below (TERI
2015a):

» Major portion ~1200 TPD of the city’s garbage is treated in Terra Firma (Integrated waste
management facility) and 200 TPD in MSGP Infra Tech, respectively. These two plants at
Doddaballapura are treating mixed waste after segregating at their site;

» Karnataka Compost Development Corporation (KCDC), at present processing 200 TPD segre-
gated MSW and it is intended to increase to 500 TPD, after expansion;

» High court of Karnataka ordered Mavallipura land(fill to be closed in 2012 and later in 2014 di-
rected M/s Ramky to process 300 TPD of wet waste which is to be supplied by BBMP;

» For effective tackling of MSW and recovery of various recyclable materials, BBMP has set up
Dry Waste Collection Center (DWCC)s in 170 wards, which has a receiving capacity of 1.5
tonnes of garbage per center;

» Notification has been sent by BBMP to bulk waste generators like Hotels, Restaurants, Kalyan
Mantaps, Apartments etc., for establishing a separate system to scientifically manage the MSW
generated in their premises or through any empanelled service providers;

» Two plants for converting food waste to Compressed Bio Gas (CBG) at Kannahalli (250 TPD)
and Huskur (100 TPD) has been established by Bruhath Bengaluru Hotels Association (Noble
Exchange Environment Solutions) and Maltose Agri Products Ltd respectively;

» After the High Court ordered BBMP not to dump any more garbage the way it has been and in-
adequate operations of earlier MSW treatment units, has forced BBMP to set up six new MSW
treatment plants at Lingadheernahalli, Doddabidrakallu, Subbrayanapalya, Seegehalli, Kannen-
ahalli and Chikkanagamangala;

» Detailed project report along with Environmental Impact Assessment and public hearing has
been carried out for all these plants at an investment of Rs. 440 crore (66 Million USD);

» Although the BBMP has commissioned six new plants, it was observed that not all units are op-
erating at their maximum potential. Around 200, 50, 80, 70 TPD of Mixed MSW are processed
in Kannenahalli, Seegehalli, Doddabidarakallu and Subbarayappanapalya respectively. The
Chikkanagamangala plant is yet to start functioning and temporary stay order has been issued
for Lingadeernahalli, following the protest of the local people;

» Biomethanation power plants — BBMP has constructed 16 biomethanation plants across the
various wards of the Bengaluru city, out of which 8-10 plants are operating and rest of them
are under commissioning. Each plant has the capacity to process 5 tonnes of wet waste a day
into biogas and generate around 50 KW power;
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» About 1200 tonnes are open dumped at landfills in S. Bingipura and Lakshmipura (This was
said to be closed recently, due to noncompliance of MSW rules);

» Apart from these, approvals have been given to waste to energy plants for M/s Satarem Enter-
prises (1000 TPD to 14 MW), M/s Organic Waste India - (600 TPD to 8.6 MW) and M/s Essel
Infra (600 TPD). BBMP has signed an agreement with these franchises on PPP framework;

» Srinivasa Gayathri Resource Recovery Limited (SGRRL) was expected to set up an integrated
MSW to energy plant at Mandur and generate 8 MW of power by treatment 1000 TPD of MSW.
However SGRRL had failed to do so except few power plant machineries erected until now
since the year 2005. BBMP has terminated their contract with SGRRL who is facing charges af-
ter huge sum of loan was raised pledging Mandur landfill;

» Quantity of recyclable waste diverted by scrap dealers, waste pickers, itinerant buyers, sorters
and other workers in the informal sector was not available;

» Itis estimated that about 30% of the processed MSW is recovered as RDF, 12%-15% yield of
compost products and rest of the MSW comprising moisture and inert materials.

1.4 Study on the West Zone

A comprehensive study was conducted (Weichgrebe et al. 2016) that focuses on the 44 wards in West
zone of Bangalore where the average per capita waste generation is estimated depending on the popu-
lation density with 0.393-0.519 kg per day. The primary municipal solid waste collection system is by
Door-to-Door collection, hence the system requires extensive involvement of manual labor. Waste is
collected from the households by BBMP Pourakarmikas, private contractors or NGOs mainly through
push-carts and auto tippers. Some categories of waste such as newspapers, milk covers, etc. often don’t
end up in this stream because they are collected separately mostly by the informal sector due to its
economic value. In the study it is assumed that out of the total waste, Door-to-Door system accounts for
50%, litter spots account for 30% and 20% from street sweeping. The generation of waste may be linked
to various parameters for the characterization exercise, though in Bangalore population density is the
chosen criterion. A stratified random sampling exercise was carried out for the study. The statistical
standards have been set for this study (based on EC SWA Tool, 2004) as follows:

» Confidence level = 95%

» Natural Variation Coefficient, Varcoeff (xi) = 45%

» Maximum allowance for random sampling error for the total results = 10%
» Confidence Coefficient, (ta; n-1) = 1.96

A thorough screening and sorting process was followed.

Figure 5: Distribution of population and waste generated according to stratification criteria

Stratification Matrix - Sampling Distribu-  Low Density [%] Medium Density
tion [%]

High Density [%]

Door-to-Door [%] 14.5 14.0 21.5
Street Sweepings [%)] 5.8 5.6 8.6
Litter Spots [%] 8.7 8.4 12.9

Source: (Weichgrebe et al. 2016, Table 1)
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Figure 6: Overview on the sampled waste amount from Door-to-Door stream
Strata Weight of sampled municipal solid waste (in kg) Population? Per-capita?
D2D Litter Spots Street Total [sampled] | [kg/person/d]
Sweeping
Low Density 2,364.02 1,435.50 720.15 | 4,519.67 4,555 0.519
Medium Den- 2,679.60 1,479.20 710.75 | 4,869.55 6,160 0.435
sity
High Density 4,392.30 2,793.30 1,544.07 | 8,729.67 11,178 0.393
Total/Avg 9,435.92 5,708.00 2,974.97 | 18,118.8 21,893 0.431
9
% share 50 30 20 100

1) Only refers to D2D collection

Source: (Weichgrebe et al. 2016, Table 8)

The study shows that low density areas generate more per capita waste than medium and high density
populated areas (Figure 6). Based on the findings the waste generation in the West Zone was extrapo-
lated to a total of 915.7 TPD, distinguished by source to:

» 457.85t/d Door-to-Door collection
» 274.71t/d litter spot collection
» 183.14 t/d street sweeping

The physical waste composition of typical household waste is depicted in Figure 7.

Figure 7: Overall MSW composition for West Zone, Bangalore

Hazardous HH Waste

Wood 0.3% Metals

03%  Mixed WEEE

Biomedical
Waste
2.0% Composites

3.3%

Source: (Weichgrebe et al. 2016, Figure 12)

21




Annex to: “Resource and Climate Protection through integrated Waste Management Projects in E+D-Countries — Example India”

The study also conducted a comprehensive chemical analysis. Water, organic and ash content were de-
termined. Elemental analyses were carried out to obtain information required for designing treatment
such as biological degradation, compost production, incineration and recovery potential. Figure 8 pre-
sents the values of organic dry matter (ODM), total organic carbon (TOC) and carbon available in the
waste collection from door-to-door.

Figure 8: Overall MSW composition for West Zone, Bangalore

Parameters Fraction group

14-77 mm

Carbon (%) 49.4 42.3 30.0
oDM (%) 59.7 55.0 57.0
TOC (ppm) 1700 1600 1200

Source: (Weichgrebe et al. 2016, Table 24)

The mixed solid waste investigated in Bangalore consists mainly (63%) of organic materials and the net
calorific value of 8.1 MJ/kg (1935 kcal/kg) is considered low. This will lead to low energy production in
the incinerator. Mechanical-biological treatment (MBT) process is described as the most feasible tech-
nology for waste treatment in West zone, Bangalore. It is also described that a more flexible MBT process
needs to be implemented, adopting to local waste conditions and waste.

According to (Weichgrebe et al. 2016) MBT is an automated process of waste treatment in which
wet/mixed waste is processed and segregated into compost, RDF, ferrous materials, recyclables and
rejects.

1.5 Field data collection and analysis

Main task of this part of the study on integrated waste management in India is field level secondary data
collection in form of questionnaire surveys and one to one meetings to understand in depth the actual
scenario of waste management and the ground implication challenges in waste management in Banga-
lore.

During the initial stages of data collection in Bangalore it was observed that most critical data regarding
management of waste on a climate change aspect is not available at a centralized level but available in a
decentralized manner in zonal and ward levels and even treatment plant level. The original project aim
to collect data on at least zonal level and selected representative treatment plants could not be realized
to full extent due to certain difficulties like e.g. fluctuation of persons in power within the responsible
authorities, difficulties to get appointments and clearances to visit treatment plants.

Against the background of these difficulties and the general lack of data on waste composition it was
decided to focus on the West Zone where data from the ISAH report (Weichgrebe et al. 2016) could be
used with respect to important information like waste composition and especially waste properties like
net calorific value and carbon content which are of high importance for GHG accounting. In addition,
some data were collected from other zones, especially Mahadevapura Zone, Yelhanka and South zone to
assess if data for the West Zone might be transferrable.

In this study data has been collected from:

» Department of Solid Waste Management (SWM), Bangalore Municipal Corporation (Bruhat
Bengaluru Mahangara Palike, BBMP, of the 8 zones in Bangalore, with more specific data from
west zone and Mahadevapura zone,

» 5dry waste collection centres (DWCC): 2 in the West Zone, 1 in Mahadevapura Zone, 2 in South
Zone,
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» 2 biomethanation plants: 1 in the West Zone, ward 67 and 1 in South Zone, Ward 151,

» 3 composting and/or mechanical biological treatment plants (MBT): Mavelipura, next to previ-
ous landfill site in the north of Bangalore, and Chikmangala and KCDC, both in the south of Ban-
galore,

» some recyclers and waste traders.

For data collection a template was used developed by ifeu. The template includes the most relevant
questions from the Worldbank data tool V1.0 with regard to general information amended by data
needed for GHG accounting like energy demand, waste composition and waste characteristics. The col-
lected data in the tool has been attached as Annexure 1 (chapter 1.9.1). The description and analysis of
data collected is given below.

1.5.1 General SWM

The municipal solid waste generated in Bangalore is collected by BBMP staff, private contractors and
also other NGOs and housing society welfare groups. The waste collection is categorized into Door to
Door collection, litter point collection (black point) and street sweepings. Even though the law states
that waste needs to be collected in a segregated manner, the age old practice of mixed waste collection
is practiced in many parts of Bangalore. A very small portion of uncollected waste (which officially does
not exist) ends up in low lying areas, is burned or in other cases utilized by individual homes in form of
home composting or home anaerobic digestion.

The collected source segregated waste is categorized into 3 categories:

» Dry waste
» Wetwaste
» Sanitary waste

The dry waste is taken to the Dry Waste Collection Centers (DWCC) where it is further segregated into
revenue generating streams and the recovered material is sold to industries or recyclers. The wet waste
and a portion of mixed waste is transported to the wet waste collection and processing centers (both
centralized and decentralized models exist in Bangalore) where the waste is again sorted to remove the
rejects and used as a feed for composting or biomethanation. The compost is packed and made available
for sale in market. The biogas is used internally for processing plant operations and if excess is available
then used for public use. The rejects are converted into RDF, which - if of good quality - could be utilized
by local industries.

The unutilized!® RDF, rejects from wet and dry processing, household sanitary waste and the unsorted
mixed waste usually end up in BBMP designated landfills and/or non-designated dump sites. Figure 9
shows the general flow of waste from cradle to grave in BBMP.

Asseenin Table 1, the general waste composition in overall Bangalore differs from in each zonal division
due to the diversity of generation sources including population density, urbanization, living standards,
kind of generation source (residential waste, commercial waste etc.) hence region specific information
is essential to calculate and project the GHG emission information in Bangalore. But waste composition
data is not available on a region specific basis other than west zone data.

19 Due to low quality or other managerial issues.
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Figure 9: Flow of Waste in Bangalore
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Table 1: Comparative waste composition in Bangalore
Waste fraction General Bangalore [%] West Zone [%]
Paper & Cardboard 13 8.8
Plastic 12 9.9
Composites 3.3
Textiles 4 4.6
Grass, leaves, wood 6 0.4
Electronic Item 2 0.1
Metal 1 0.3
Organic and Vegetables 53 62.6
Glass 3 1.5
Inert (debris & fines) 5 5.8
Biomedical & household hazardous waste 2 2.8

Source: Bangalore: BBMP website (see Figure 2), (Weichgrebe et al. 2016)

Some features are common in all zones which is evident from Table 1 and data collected from field. It is
observed that more than 50% of the waste generated is organic in nature and hence good for compost-
ing. The share of materials like debris, biomedical waste, hazardous waste etc. are minimal and accounts
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to less than 10% of the total waste collected. BBMP has implemented 100% waste collection coverage
and a collection frequency of 7 days a week except for special holidays in all zones. The collection system
in most of Bangalore is motorized (primary collection using tipper auto-rickshaws and secondary col-
lection using tipper trucks and compactor trucks) and landfilling is prohibited. The revenue for waste
management in the city is collected through property tax and an additional charge is levied by the oper-
ator for house to house waste collection in some regions (BBMP 2016Db).

Waste generation and composition is dependent on many factors including population, population den-
sity, housing typology etc. The zonal waste generation information in Bangalore and its relation to pop-
ulation is shown in Table 220 and Figure 10.

Figure 10: Zonal Population and waste generation

Population (in lakhs)

- West Waste Generation (TPD)
4,11 )
B Mahadevapura 205 B West
] -
South Mahadevapura
South
B Yelahanka 940
M Yelahanka

™ Rajarajeshwarinaga W Rajarajeshwarinagar

B Bommanahall s  Bommanahalli
East 1005 East
B Dasarahalli 20 ¥ Daszrahall
Table 2: Zonal data on SWM

Zone Waste generated in TPD Population
West 900 1,661,753
Mahadevapura 340 519,663
South 1005 947,169
Yelahanka 240 805,810
Rajarajeshwarinagar 313 283,936
Bommanahalli 215 431,867
East 940 1,877,635
Dasarahalli 205 411,056

Source: population-http://bbmp.gov.in/zones; Waste generation: Project Survey?!

The data collected on waste collection and treatment in West zone, Mahadevapura, Yelahanka and Ra-
jarajeshwari Nagar is shown in Table 3.

20The data marked as red is derived from per capita generation of waste in Bangalore referred from ISAH report (Weichgrebe
etal. 2016) (0.5 kg/day) and the zonal population data.

21Project Survey (Questionnaire survey with ULBs) conducted by Development Alternatives and Ecoparadigm, 2016
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Table 3: Zonal data on SWM collection and treatment

Yelahanka

Mahadevapura

Rajarajeshwari-

nagar

Waste collected in TPD

Wet waste 270 140 60 138
Dry waste 90 40 12 95
Mixed waste 540 160 168Y 80
Waste treatment in TPD
MBT/composting 250 140 55 138
Doddabidarakallu Chikkanagaman- Mavallipura
and Mavallipura gala and KCDC
DWCC 90 40 12 95
Biomethanation 15 5
OoOwC 5
dumped 540 60 128 80
MSGP and Beli- Seegehalli
halli quarry
managed landfill (MSGP) 100

1) data on 40 TPD unavailable, bulk generators
Source: (Sapna 2016), (Kumar, R. 2016), (Vasu 2016), (Poornima 2016)

The analysis of Table 2 and Table 3 reveals that the waste generated and its treatment is different in
each zone. Each region is different and a study conducted in a sample location could not be representa-
tive nor easily be extrapolated to the overall situation in Bangalore.

West zone is considered an industrial area since many renowned industries have settled here, along
with many residential areas and lush natural surroundings. A detailed study on SWM in the West zone
has been conducted by Weichgrebe et al. (2016) which concluded an average wet and/or mixed waste
generation of 915 TPD (see chapter 1.4), during the field visits under this project the BBMP officials
confirms an average of 900 TPD of total waste generation in the region. Manual waste segregation for
360 TPD during initial waste collection of which a major fraction is biodegradable, composting is prac-
ticed on 250 TPD wet waste of the segregated waste whereas biomethanation is practiced on 15 TPD
wet waste, and 5 TPD are treated with an Organic Waste Converter (OWC). More than 540 TPD is col-
lected as mixed waste which is dumped off in unmanaged landfills in Mittagenahalli & Doddabidarakallu
(Sapna 2016). 90 TPD of the segregated waste is dry waste sent to DWCCs for sorting.

Mahadevapura although also an industrial area, these industries are spread over a huge sprawling area
within Mahadevapura making it less densly populated except for a few areas like Krishnarajapuram
Railway Station area, Whitefield Road and Hindi main Road. Hence the waste generation in this region
is around 340 TPD of which only 180 TPD is segregated by hand at source of which 140 TPD of wet
waste is sent for composting to KCDC and Chikmangla plants. Among the mixed waste around 100 TPD
is sent to MSGP managed landfill whereas roughly around 60 TPD is sent to an unmanaged landfill in
Bellahalli. 40 TPD of segregated waste is dry waste sent to DWCCs inside the city for sorting.

1.5.2 Dry Waste Collection Centers (DWCC)

From Table 3 it is evident that a huge portion of waste is collected as mixed waste and hence pretreat-
ment sorting need to be done in processing centers. Although initiatives do exist (chapter 1.3.4) which
prove that pre-treatment sorting at source could be practiced successfully in Bangalore.
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Altogether data from 5 dry waste centers were collected, data from 3 DWCCs in the West Zone and Ma-
hadevapura during the field survey accomplished by Ecoparadigm (chapter 1.9.1), and data from further
2 in the South Zone during the visit of the project team Oct, 27, 2016. All of the DWCCs are equipped
with a weighing machine. Nevertheless, in general weighing data is not registered digitally but noted
down manually. The 5 DWCCs are briefly described in the following. Harisudala is an initiative by a social
enterprise supported by BBMP for waste segregation and collection at source through which segregated
dry waste collection is practiced in 3 wards in West zone, Ward 94, 95, 109. A total of almost 1.25 TPD
of dry waste is collected and sorted of which 1 TPD is recovered as recyclables and 0.25 TPD are rejected
and dumped (Manjunath 2016).

Stree Shakthi foundation initiative also collects segregated waste from Ward No. 82 of Mahadevapura
Zone where pre-treatment sorting is practiced for 1-1.5 TPD of dry waste. 1-1.2 TPD of dry waste com-
ponent is recovered and recycled through the initiative. 0.3-0.5 TPD impurities are dumped (Bhagya
2016), (Sheshgiri 2016).

BBMP operates multiple DWCCs for as part of decentralized waste management in Bangalore. The DWCC
that operates in ward No. 67, West Zone, collects 1.5 to 2 TPD dry waste of which up to 1.5 TPD is re-
covered for recycling. Impurities of 0.3 TPD are dumped (Rajgopal 2016).

The NGO ‘Samarthanam Trust for the Disabled’ operates and maintains a DWCC in Ward No 151 in South
Zone (Figure 11). Dry waste is collected from Households and litter points on a daily basis, 5 TPD twice
every week on Wednesday & Saturday, and 1 to 1.5 TPD during other days. The waste is sorted into
different components for recovery and reuse at the dry waste collection center. The different categories
of dry waste are purchased under the WOW program, an ITC CSR initiative with BBMP (chapter 1.3.4).
The different categories of waste recovered and their value is mentioned in Table 4.

Figure 11: DWCC maintained by Samarthanam
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27




Annex to: “Resource and Climate Protection through integrated Waste Management Projects in E+D-Countries — Example India”

Table 4: Purchase price of recovered materials by ITC Ltd.
1 Dry Mixed Waste (paper, plastic, LVP, Tissue paper) 3/-
2 Sorted dry mixed waste (Paper & Board) 5/-
3 Pet bottles 10/-
4 Milk pouches 10/-
5 Hard plastic 13/-
6 Tetra pack 4/-
7 Kraft/Carton box 5/-
8 Old newspaper 8/-
9 Old magazines 7/-
10 Old note book/Text book 7/-
11 White record 7/-
12 Metal (iron) 8/-
13 Metal (Aluminium) 60/-
14 TIN (Metal-magnet check) 5/-
15 TIN (Aluminium) 40/-
16 Beer bottle 1/-
17 Coconut shells 1/-
18 Tyre 2/-
19 Thermocole 3/-

Source: DWCC ‘Samarthanam Trust’, Ward 151, South Zone

The NGO SAAHAS also operates a DWCC in Ward No 151 in South Zone under the ‘Trash to Treasure
Project’. The project is supported by different companies, the land for the construction of the unit is
provided by BBMP. Apart from dry waste sorting also wet waste is recycled, the respective biological
treatment is described in chapter 1.5.3. The center’s handling capacity is 1 TPD of recyclable dry waste
and 1 TPD organic waste. 16 laborers are employed for manual segregation, composting and packing.
Waste is collected from Monday to Saturday from several collection points like bulk generators, apart-
ments, schools, etc. details of which is mentioned in Table 5. For collection SAAHAS operates its own
motorized vehicles (3 Autorikshas, 4 trips each a day).

Table 5: Collection points served by SAAHAS
1 Appartment flats 7
2 Schools (2 days a week, 40-60 kg) 3
3 Edward Road 10
4 Companies 3

Source: (SAAHAS officials 2016)

The collected dry waste is thoroughly sorted manually (Figure 12), rejects of 0.4 to 0.5 TPD are send to
landfill (Hagaduru). Different categories of waste recovered are different types of paper (white, color,
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tissue, newspaper, magazines), plastics (milk bags, PET bottles, cans), glass, metals (tins, aluminum
foil), tetrapack, coconut residues (shell, husk), laminated sheets, E-waste and thermocole (polysty-
rene). Figure 13 shows an exemplary average of recyclable fractions and rejects for a three month time
period (based on interview of SAAHAS officials, SAAHAS 2016).

Figure 12: DWCC maintained by SAAHAS
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Figure 13: Exemplary average of recyclables recovered

Rejects 41%

Others 1,4%

Coconut ‘ o
(shell+husk) 1,5% Tetrapack 0,8% Metal 0,2%
1.5.3 Composting

The wet waste recycling in the center in Ward No 151 maintained and operated by SAAHAS is an exam-
ple for a decentralized composting treatment of source segregated organic waste. The main share of the
collected organic waste is composted with the assistance of an Organic Waste Converter (OWC) (Figure
14, left side). The OWC has a capacity of 1 TPD. The composting material is introduced to the OWC with
an activator (1 teaspoon for 50 kg of waste). Usually OWCs processing time is 1-3 days. The output is
further composted in tanks for up to 40 days (Figure 14, right side), and turned every 3 days. Leachate
is collected, the pipe is connected to the drain. The finally produced compost corresponds to approxi-
mately 25% of the input. Currently, the compost is not purchased due to lack of a compost market and
capacities to market the compost. The process of composting is described in Figure 15.
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Figure 14: Composting unit by SAAHAS in Ward No 151
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Apart from the described composting process a small share of the organic waste of about 50 kg/d is
vermicomposted, and another small share of food waste (50 kg/d) is anaerobically digested. The letter
provides biogas that is used for cooking.

Figure 15: Composting process Ward No 151
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16 Labours employed for segregation, processing and packaging

Source: (SAAHAS 2016)

154 Mechanical Biological Treatment

BBMP set up 7 new mechanical biological treatment plants (MBT)?22 within the last 1-2 years processing
'wet waste’ (mixed waste). These plants as well as further known or reported mechanical-biological
treatment plants in and around Bangalore are listed in Table 6. According to (Speier 2016) only two of
the seven new MBTs were operational in midst of October 2016. Apart from the one that caught fire
further four MBTs have been blocked by protesting citizens.

22 jncl. KCDC, the former composting plant, see text.

30




Annex to: “Resource and Climate Protection through integrated Waste Management Projects in E+D-Countries — Example India”

Table 6: MBTs in and near Bangalore, operational status as of Oct, 2016
MBT operator capacity in operational
TPD status, Oct16
Chikmangala (Chikkanagamangala) Morgan Industries Ltd. 500 not operating
Kanahalli (Kannenahalli) IL&FS Ltd. 500 caught fire??
Seegehalli IL&FS Ltd. 200 not operating
Doddabidarakallu UPL Services Ltd., later BBMP 200 not operating
Subrayanpalya (Subbarayappanapalya) | Morgan Industries Ltd. 200 not operating
Lingadeernahalli IL&FS Ltd. 500 not operating
Mavallipura Ramky Enviro Engineers Ltd. 1000 not working
KCDC, near HSR Layout Karnataka State, now BBMP 500 operational
Doddabalapura®, Chigarenahalli MSGP (1000)? operational
Doddabalapura, Gundlahalli Terrafirma Biotechnologies Ltd. 1000 n/a

1) about 30 km north of Bangalore
2) capacity given by workshop participant; otherwise cited with 500 TPD (TERI 2015b)

Source: (Speier 2016), visits Oct 2016, Workshop 25 October 2016 (see Workshop report), (TERI 2015b)

Visits of two plants - the one in Chikmangala and KCDC - were kindly arranged for ifeu and the German
Environment Agency by members of the ISAH Hannover and K S Velankani Bangalore. The older MBT
in Mavallipura was visited during field survey in May, 2016 by Development Alternatives.

The MSW Treatment facility at Mavallipura with a treatment capacity of 300 TPD is operated by govern-
ment contractor organisation ,Ramky Services‘. With status, May 2016, the unit processed 150-180 TPD
of segregated organic waste generating 20 TPD of compost, 40 TPD recyclables, 40 TPD of RDF and 80
TPD of rejects (BBMP 2016b). The RDF is dumped due to poor quality, not accepted by cement kiln
operators for co-incineration. Farmers and local residents are the main customers for purchasing the
compost which is available at a comparatively lower price than of the market price of natural compost
(1000 Rs/Ton) but there is no regular purchase for the product nor is there a buyback policy by the
government to ensure minimum sale of material. (Kumar, P. 2016)

Figure 16: Wet waste treatment plant Mavallipura maintained by Ramky Services Ltd., May 2016

Photos by Development Alternatives



http://www.deccanchronicle.com/nation/in-other-news/151016/kannahalli-garbage-plant-still-on-fire-after-10-days.html
http://www.deccanchronicle.com/nation/in-other-news/151016/kannahalli-garbage-plant-still-on-fire-after-10-days.html

Annex to: “Resource and Climate Protection through integrated Waste Management Projects in E+D-Countries — Example India”

The newly built MBT plants are constructed in a similar way in a modular concept:

1. delivered waste is weighed on an electronic weigh bridge

2. from the waste tipping pit waste is mechanically pre-treated through a 200 mm trommel and then

100 mm trommel sieve

rejects are transferred to the RDF storage area

4. remaining waste (< 100 mm) is taken to the compost pad, and arranged in in the form of trapezoi-
dal heaps (windrows), 3 m high and about 4-5 m wide

5. windrows are turned by wheel drivers about once a week, water is added if needed

6. after 4-5 weeks the semi-matured material is sieved through 40 mm and 16 mm trommel, rejects
are transferred to the RDF storage area

7. throughput (< 16 mm) is stored in a section for 12 days for further stabilization

8. stabilized material is refined through 4 mm trommel, rejects are re-entered in the composting pro-
cess, the finer material, the final compost product, is packed for purchase

w

The MBT at Chikmangala was visited in October, 2016. The plant manager informed that the MBT
started operation 1 year ago. The licensed capacity is 500 TPD, the highest processing amount so far
400 TPD, processing of 500 TPD is feasible. The compost output in average is 25% of the input, the RDF
about 50%. The RDF is meant to be shredded, bailed and sold to cement kiln. The calorific value of the
RDF is about 1200 kcal/kg (5 M]/kg). RDF was send to Bharathi Cement in Andrha Pradesh, Nallalinga-
yapalli but was rejected due to low quality. It was tried to optimize the process, and currently some RDF
is send to the cement kiln on free costs for the kiln and co-incinerated.

In October 2016, the plant in Chikmangala was not in operation since about 4 weeks due to villager
protest?¢ and power cut-off as bills were not paid. The delivered wet waste that was piled up at the
entrance area is not distinguishable from mixed waste. The material includes about 2-3 m long textile
and flower festoon strings (the latter being very popular in Bangalore) that are clogging the 200 and
100 mm trammel screen. Although the sieving process is stopped regularly to remove textiles and fes-
toons, the rejects, the RDF fraction, still contains a high share of fine organic or inert material. Figure 17
(from top left zigzag to down right ) shows the trapezoid windrows of the mechanically pre-treated
material (< 100 mm), the trommel to refine the compost material (< 16 mm), the rejected material from
the first pre-treatment step to become RDF, the RDF material after shredding, a RDF bail and the storage
section for compost stabilization. It is obvious that the RDF material has a high content of fibers from
textiles, bags, organics which cannot be shredded properly. Even though the shredder is equipped with
two-shaft macerators which are likely to tear as to cut, the outputs are not very different from the inputs.
In addition, the shredder chassis had to be exchanged after 2 %2 months. The project plans for Chikman-
gala include a landfill area for inert material (AECOM 2015) which was not realized at the time of the
visit. The designated area is a stone quarry situated on-site the MBT plant.

24 Possibly triggered by the fire at the Kanahalli plant where the RDF storage self-ignited, and the fact that the promised infra-
structural improvements were not carried out so far.
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Figure 17: MBT Chikmangala, Oct 2016
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Like Chikmangala also the other MBTs identical in construction face the same difficulties in processing
the mixed waste collected from Bangalore, basically due to the content of textiles and strings. This also
accounts for the KCDC plant. The KCDC plant used to be a composting plant owned by the Karnataka
State processing organic waste with a capacity of up to 300 TPD. It was given to BBMP in 2015 and is
now processing mixed waste like the other MBTs. In addition, the capacity is extended to 500 TPD, and
the plant was under construction in October 2016 for this reason. Usually, the compost material from
the mechanical pre-treatment is meant to be arranged in windrows 2 m high and 4 m wide. This was not
possible. Instead the material was built up 4 to 5 m on the whole composting area like at a dump site.
The new operator of the plant informed that composting takes place 3-4 days, then refinement is done
through 40 and 16 mm trommel screens. The compost output is given to farmers, the RDF fraction was
not yet refined by the new operator but is disposed of on a plant owned landfill site. The operator did
not try to contact cement kiln operators but knows that cement kiln specification for RDF are maximum
10% water content and zero dust. As this is hardly to meet (see RDF bail Figure 17) cement kiln opera-
tors suggested that RDF should be washed for refinement, but this is not feasible for MBT operators. In
contrast to the concept of the newly built MBTs, the KCDC plant is equipped with an aeration system,
and waste gas is collected and treated via a biofilter of 15 m? and about 2 m height.
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In general, there are still major difficulties in handling the mixed waste from Bangalore. Still a high share
of the waste is dumped either directly or after treatment. Although, this is illegal, several dump sites
exist in Bangalore, and often the waste is dumped in quarries with the risk of ground water contact.

1.5.5 Biomethanation

BBMP set up 16 biomethanation plants in the last 1-2 years, which are all of the same type. They have a
capacity of 5 TPD and are processing source segregated food waste. In general, the plants are equipped
with a combined heat and power plant (CHP) of 50 kW installed power. The output of the fermentation,
the digestate, is drained. The 16 plants out of which four were actually operational in October 2016 are
listed in Figure 18.

34




Annex to: “Resource and Climate Protection through integrated Waste Management Projects in E+D-Countries — Example India”

Figure 18: Biomethanation plants in Bangalore
BBMP ward — Area & Locality Technology Sup- Ward No BBMP Zone
plier
1 |MTPD, Freedom park, Gandhinagara [Mailhem No.94 Bagalore west
Engineers
2 |Rajagopalanagara, DWCC, Ashoka Bi- No.70 Bangalore
Yeshwanthapura ogreen Ltd North
3 MTPD, MSRIT road, Mattikere Mailhem No.35 Bangalore west
Engineers
4  |Begur, Gugutopu, Anekal Ashoka Bi- No.192/ Bommanahalli
ogreen Ltd 191
5 |layanagara, next to organic waste con-|Ashoka Bi- No. 168 Bangalore south
verter ogreen Ltd
6 |layanagara, near ACP office Ashoka Bi- No.167 Bangalore south
ogreen Ltd
7 |S KR Market, Biomethanization plant |Ashoka Bi- No. 139 Bangalore west
ogreen Ltd
8 |Abbigere Village, Yeshwanthapura|Ashoka Bi- No. 12 Bangalore
hobli ogreen Ltd North
9 |Domlur east zone Ashoka Bi- No. 112 Bangalore east
ogreen Ltd
10 |Kuvempunagara, Singapura Mailhem No. 11 Yelhanka zone
Engineers
11 |Nagapura near Mahalakshmi layout [Ashoka Bi- No. 67 Bangalore west
ogreen Ltd
12 |Haralakunte, near KCDC Ashoka Bi- No.39,40 Bangalore west
ogreen Ltd
13 |Koramangala Ashoka Bi- No. 151 Bangalore south
ogreen Ltd
14 |A Narayanapura Ashoka Bi- No. 156
ogreen Ltd
15 |Varthur, Mahadevapura Ashoka Bi- No. 149 Bangalore east
ogreen Ltd
16 |Lingadheeranahalli, RR Nagar Ashoka Bi- No. 198 Dasarahalli
ogreen Ltd

Source: (TERI 2015b)

Data from 2 biomethanation plants were collected: the one in Nagapura, Ward No 67, West Zone (num-
ber 11 in Figure 18) during the field survey accomplished by Ecoparadigm (chapter 1.9.1), and the one
in Koramangala, Ward No 151, South Zone (number 13 in Figure 18) during the visit of the project team
Oct, 27, 2016.

The biomethanation plant in Koramangala, South Zone, Ward No. 151, was in full operation. The 5 TPD
food waste is delivered at 5 times a day. Main sources are canteens like e.g. the canteen of the company
Bosch. The food waste is sorted by deliverance to separate impurities like e.g. citrus fruits disturbing
the fermentation process. The food waste is then immediately introduced into the fermentation process
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by adding 2 liter fresh water per kg food waste (Figure 19, top left). The main digester covered with a
flexible membrane is about 1.5 m (5 feet) high and approximately 7-10 m in diameter (Figure 19, top
right). The food waste is only transported by gravity and pressure from freshly fed material. The reten-
tion time within the digester is not known but with the given volume of approximately 75 m* may be
maximum 15 days. The biogas yield seems to be low and generation only takes place when the digester
is heated by the sun. Biogas is collected via a pipe and hose in a balloon. In case of overpressure one
hose allows release of biogas into the atmosphere (Figure 19, bottom left). The collected biogas is used
once a day for 1 or 2 hours in the installed CHP, and is dehydrated as pretreatment. The electricity gen-
erated is used for plant operation but is not sufficient to cover the total electricity demand. The digestate
is transported into a covered basin (Figure 19, bottom right) which is frequently emptied by draining
into the nearby waterway.

Figure 19: Biomethanation plant, Ward 151, South Zone, Bangalore

Photos by ifeu Heidelberg

The biomethanation plant in Nagapura, West Zone processed an average of 2.5-2.8 TPD of waste. 0.1-
0.15 TPD are impurities which are separated before fermentation and are finally dumped. No infor-
mation is available on energy demand or biogas generation (chapter 1.9.1).

1.5.6 Recyclers & Recovered material traders (Kabadiwala)

An unaccounted quantity of waste is also recovered, reused and recycled by informal recyclers and rag-
pickers also known as the ‘Kabadiwalas’. The size of operation of the recycler varies from one to other
but the operation mechanism remains the same.

Rag-pickers walk/cycle through the streets collecting recyclable, reusable material from households,
commercial establishments etc. and other bulk generators in a segregated manner. The material is
bought by the rag-pickers at a minimal price which is sold to informal recyclers. Rag-pickers usually do
not take the same path each time but try their luck through different streets but in the same locality.
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The recyclers receive materials from multiple rag-pickers (in addition to the material delivered to recy-
cler shop by waste generator directly) which is bought from the rag-pickers at a marginal price higher
(Figure 20, top left). The material purchased by the recycler is sold to a wholesale recycler who sells it
in the secondary market. Similar wholescale recyclers are available in market areas in Bommanahalli
market, Koramangala market and other regions in Bangalore. One of the major recycling market areas
is Jolly Mohalla Market in the center of Bangalore. Here different recyclables are traded one sort in each
street: paper & cardboard, plastics, metals, etc. and also E-waste (Figure 20).

Figure 20: Data collection from Kabadiwalas and images of Jolly Mohalla Market

Photos by ifeu Heidelberg
nformation on the rate at which the recyclable/reusable material is purchased derived from an inter-

view with a Material Trader is described in Table 7.

Table 7: Purchase price of recovered materials from Kabadiwalas by industries
Material cost in units quantity recovered per day
aluminum 10 Rs/kg Not Regular
Plastic container parts 20 Rs/kg Not Regular
Metal 13 Rs/kg ~20 kg/day
Paper 10 Rs/kg ~15 kg/day
Cardbnoard 8 Rs/kg ~40 kg/day
Plastic bottles 15 Rs/kg ~50 kg/day
Water can 10 Rs/kg Not Regular
Beer bottles 1 Rs/bottle ~10 bottles/day
Glass bottle 20 Rs/kg Not Regular
PV pipes 20 Rs/kg Not Regular

Source: (Material Trader 2016)
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1.6 Workshop

To validate the data collected and to make the process more efficient and realistic, a stakeholder con-
sultation workshop was conducted in the city of Bangalore on 25th October 2016. The workshop aimed
to gather different stakeholders (Government officials, NGOs, consultants and operators) operative in
the city, on a common platform to discuss the data assumptions developed by ifeu as well as share pos-
sible optimization scenarios for waste management. The workshop included data and experience shar-
ing sessions as well as brainstorming and heterogeneous group discussion sessions.

The workshop was structured around 4 central questions prepared by ifeu that surfaced from the work
on the waste generation and management data collected in field by the study team.

The chronology summary of the workshop is described in detail in the workshop report for participants
as separate document.

1.7 Conclusions

The study shows that SWM in Bangalore even though is efficient on the volume of waste collected and
managed, it is not efficient on a climate change contribution perspective nor from a resource utilization
perspective. The study clearly brings out the fact that most of the waste collected in BBMP is in mixed
wet waste, mostly sent directly to landfills or illegal dumps where it contributes to the worsening carbon
emission situation prevailing in India.

The lack of data availability is also highlighted in the study that brings out the need of a proper data
management system as a prerequisite for a proper waste management system. Many decentralized ini-
tiatives in Bangalore show the potential of waste to wealth opportunity if proper pre-sorting, pre-treat-
ment and treatment of waste is practiced. The study also makes a few recommendations which are men-
tioned below that need to be implemented in Bangalore for a better waste management scenario for
future.

e Proper management of waste data through formation of a centralized data hub for BBMP
where all existing initiatives and good practices need to be listed for further handholding
incubation and growth.

e Formation of expert panel for SWM by the ULB and further involvement of groups like
SWMRT and conduct regular meetings and brainstorming sessions to better determine the
waste management practices in Bangalore and discuss and incorporate innovative ideas of
waste management.

e Implementintegrated waste management practices which include a hierarchy of waste man-
agement practices including recycling, composting, waste to energy etc. that result in mini-
mal or no waste reaching the landfills.

e Proper monitoring and closure of existing landfills along with monitoring and management
of landfill gases.
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1.9 Annexure Bangalore
1.9.1

n/a = not applicable

Governing
zones:

Mahadevapura

Dasarah-
alli

Yelahanka

Bomman-
ahalli

Rajarajeshwari-
nagar

Annexure 1: Extract of secondary data collected (ifeu template, based on Worldbank tool adjusted and modified for Bangalore)

waste generated TPD TPD TPD TPD TPD TPD TPD TPD
340 240 313 1005 900
District information
population 519663 411056 805810 431867 283936 947169 1661753 1877635
housing typology 167633 132599 198405 139312 91592 696475 536049 605689
collection
Collection frequency days 7 7 7 7 7
Collection coverage % 100 100 100 100 100
Average distance to site in km 24.175 10 14.8 37.1 20
Collection fee specify: 0 0 0 0
per ton, ...
Method used for fee collec- Property tax Property Property tax | Property tax Property tax Property tax Property tax Property
tion tax tax
Type of collection
collection system COLL-Sys Motorized Motorized | Motorized Motorized Motorized Motorized Motorized Motori-
zed
Collection vehicle COLL-Veh Auto tip- Auto tipper Auto tipper, Push- Auto tipper, Auto (1000+),
per(385), Lorry (84), Lorry carts, Compactor, Pushcarts, Compactors
tippers (20), tippers (7 Garbage Truck( run | Compactor, (130),
Compactor Nos.), Com- by diesel) Garbage Truck(
(30)-Run by pactor(5 run by diesel)
Diesel Nos.)
Waste collected TPD TPD TPD TPD TPD TPD TPD TPD
informal sector waste collec- | COLL (inf)
tion
informal sector waste collec- | COLL (inf)-
tion: container/street Cont
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informal sector waste collec-
tion: door-to-door

informal sector waste collec-
tion: landfill site

segregated waste collected
segregated waste collected
(informal)

segregated organic waste
composted

segregated organic waste
anaerobically digested

How and when was the data
collected/obtained?

n/a = not applicable

COLL (inf)-
DtD

COLL (inf)-
Lf

W/segr
W/segr
(inf)

W/segr-
comp

W/segr-AD

Governing
zones:

n/a

180

140

From Ma-
hadevapura
Zonal office
(Mr. Kumar,
Superinten-
dent Engi-
neer):
26/07/2016

Mahadevapura

Dasarah-
alli

n/a

72

60

From Yel-
hanka Zonal
office (Mr.
K.M. Vasu,
Executive
Engineer):
26/07/2016

Yelahanka

Bomman-
ELEL

n/a

233

138

From R.R Zonal of-
fice (Ms. Poornima,
Superintendent En-
gineer):
29/07/2016

Rajarajeshwari-
nagar

From South
Zonal office
(Ms. Mamtha,
Superinten-
dent Engi-
neer):
30/07/2016

n/a

360

270

15

From West
Zonal office
(Ms. Sapna,
Superinten-
dent Engi-
neer):
08/09/2016

MSW composition
household waste
mixed waste

Bio-degradable waste

paper, cardboard
organic waste
Garden/green waste

Kitchen/Canteen Waste
(households)

Recyclables

glass (and pottery and china)

W/HH
W/mix

W/bio-
degr.

W/org
W/gr

W/K+C_H
H

TPD
n/a

160
140

n/a
n/a
n/a

n/a

40

n/a

TPD

TPD
n/a
168
60

n/a
n/a
n/a

n/a

12

n/a

TPD

TPD

80
138

TPD
737

540
270

n/a
n/a
n/a

n/a

50

n/a

TPD

TPD
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plastics

mixed plastics
polyethylen
polypropylen
polystyrene
polyethylene terephthalate
polyvinylchloride
metal

ferrous metals
non-ferrous metals
aluminium

copper

others

textiles

rubber and leather

bulky waste (furniture, mat-
tresses, woody objects, car-
pets/floorings, bicycleparts)

Others

Composting facilities / MBT

Name

Facility location - address

geodata
easting

northing

PE
PP
PS
PET
PVC

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a

n/a

unit

n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a

n/a

A

Ramky
Mavelipura
post plant

n/a

services-
Com-

B

UPL Services - SWM
processing unit,
Doddabidarakallu,
Bangalore

C

Morgon Services -
SWM processing unit,
Subramanyampalaya,
Bangalore

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a

n/a

D

Morgon Services -
SWM processing
unit, Chikmangala,
Bangalore

n/a

D

Morgon Services -
SWM processing
unit, Chikmangala,
Bangalore

Chikkanagamangala

77.682179
12.862943
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Type of composting

Composting of mixed waste
Composting of segregated organics
Vermiculture, Vemicomposting
Who operates the facility?

Design capacity of the facility
Current quantity of waste processed
How is the waste quantified at the fa-
cility?

Capital cost (at construction)
Nominal tipping/gate fee
Electricity demand

Fuel demand for machinery

Type of fuel

Output materials:

Compost

impurities / rejects

inert material

RDF

Recyclables

insert type

insert type

COMP-mix
COMP-segr
COMP (verm)

TPD
TPD

INR
INR/t
kWh/t waste

kWh/t waste

TPD
TPD
TPD
TPD
TPD
TPD

TPD

Ramky services
300
150-180

20
80

40
40

UPL Services

200

25
50

75
50

Morgon Services

200

25
70

40
70

Morgon Services

500

50
175

100

175

270-300
0
0

Morgon Services

500
270-300
Weigh Bridge

70-80

460

3

Not available

Not available

20-25

25-35

Facility location - address

Nagapura, West Zone

geodata
easting 77.542824
northing 13.003988
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Type of fermentation
dry fermentation FERM (dry)
wet fermentation FERM (wet) Wet
Who operates the facility? Ashoka Biogreen
Design capacity of the facility TPD 5
Current quantity of waste processed TPD 2.5-2.8
How is the waste quantified at the facility? Weighing Machine
Capital cost (at construction) INR Not available
Nominal tipping/gate fee INR/t Not applicable
Electricity demand kWh/t waste treated 2.6
Fuel demand for machinery kWh/t waste treated 0.8
Type of fuel Diesel
Is the digestate aerobically composted? Not available
Output materials:
Digestate TPD Not available
composted digestate TPD Not available
impurities TPD 0.1-0.15
inert material TPD Not applicable
RDF TPD Not applicable
Other TPD
Destination of outputs
Landfill TPD Not available
Waste-to energy plant TPD Not available
Compost customers:
Farmers TPD Not available
Landscapers TPD Not available
Municipality TPD Not available
Retail store TPD Not available
other TPD
Prices per tonne composted digestate INR/t Not available
Costs per tonne of disposed of waste Not available
insert type INR/t
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1.9.2

Aerobic treatment / com-
posting

Anaerobic digestion, here
synonym to Biomethana-
tion

Auto tipper

Biomethanation from wood

Biodegradable

Compactor truck

Energy recovery

Incineration

Leachate

Landfilling

Litter

Litter point

Material Recovery Facility
(MRF)

Municipal Solid Waste

(MSW)

Open dumping

Annexure 2: Waste glossary

A method of composting organic wastes using bacteria that need oxygen.
This requires that the waste be exposed to air

A microbiological process to degrade organic waste; microorganisms in-
volved need anoxic (O»-free) conditions. Products are anaerobic compost
or slurry and biogas (basically methane & CO,)

An Auto tipper or Auto-rickshaw tipper is an 3 wheeler vehicle fitted with a
carriage body with tipping mechanism

A physical-chemical process to generate methane out of thermo-chemical
gasification of solid biomass. Interim product is synthetic gas (carbon mon-
oxide and hydrogen); methane is produced from the carbon monoxide

A substance capable of being decomposed by bacteria or other living or-
ganisms

Type of truck where the load is reduced in size through automated mechan-
ical compression inside the truck. Usually used to reduce waste volume and
space occupied inside the truck.

Energy recovery from waste is the conversion of waste materials into use-
able heat, electricity, or fuel through a variety of processes, including com-
bustion, gasification, pyrolysis,. This process is called waste-to-energy
(W1E). Landfilling with gas collection and anaerobic digestion are not con-
sidered as WtE as only part of the waste is transferred to energy (biogas or
landfill gas)

Waste treatment process that involves the combustion of organic sub-
stances contained in waste materials. Incineration of waste materials con-
verts the waste into ash, flue gas, and process heat. Incineration takes place
with and without energy recovery. With energy recovery the process heat
is used e.g. through a condensing turbine.

Water that has percolated through a solid and leached out some of the
constituents

Landfill site is a site for the disposal of waste materials.

Unmanaged, managed, well-managed landfill sites and landfill sites with
gas collection system are distinguished in the GHG mitigation context. Un-
managed landfills are synonym to dumps

Litter consists of waste products that have been disposed improperly

A common location (designated or undesignated) at which solid waste is
disposed by the generator

A materials recovery facility is a plant that receives, separates and prepares
recyclable materials for marketing to end-user manufacturers.

Municipal Solid Waste includes commercial and residential wastes gener-
ated in a municipal or notified areas in either solid or semi-solid form ex-
cluding industrial hazardous wastes but including treated bio-medical
wastes

Disposal of waste in a location without any precautions taken. open dumps
are synonym to unmanaged landfills
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Residue Residue is whatever remains or acts as a contaminant after a process

Stakeholder Person, group or organization with an interest in a subject. In case of waste
management it includes a huge category ranging from government, social
organizations, NGOs, plant operators, recyclers, industries using waste ma-
terials, investors in waste management business, environmental groups or
citizens who are effected by waste management or is interested in waste
management and everyone concerned directly or indirectly
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2 Annex 2: Solid Waste Management Bhopal

2.1 Objective and scope

‘Resource and Climate Protection through Integrated Waste Management Projects in India’ is a re-
search study commissioned by the German Environment Agency and funded by Germany’s Federal
Ministry for the Environment, Nature Conservation and Nuclear Safety. The project is implemented by
the German ifeu (Institute of Energy and Environment Research) along with Development Alternatives
and Ecoparadigm.

The objective of the study is to support decision makers in identifying the potential to reduce green-
house gas (GHG) emissions in the Solid Waste Management (SWM) sector in order to plan their waste
management or e.g. Nationally Appropriate Mitigation Actions (NAMAs) accordingly. It will show spe-
cific GHG emission saving potentials of an integrated waste sector approach for Indian cities at present
and for future scenarios. The study conducted on specific selected cities and the selection is done sys-
tematically with respect to the three priority criteria including availability and quality of waste data,
stakeholder support to improve waste and contact network and other criteria such as population, in-
come level and climate zone. The final selected cities were Bangalore, Bhopal and Haridwar.

This report section presents the situation of Municipal Solid Waste Management (MSWM) in Bhopal.
Secondary level data and information that is collected from government officials, MSW treatment plant
operators and subject experts is analyzed and presented in this report.

2.2 An overview of Bhopal
2.2.1 Geography and topography

Bhopal, also known as the ‘City of Lakes’, is located at 23°25‘ north latitude and 77°42‘ east longitude
and is the capital of the state of Madhya Pradesh. At an altitude of about 460 to 625 m above sea level
(BMC 2006), the city of Bhopal spreads over 463 kmz2. 10.31% of the Bhopal district’s total area consti-
tutes the city of Bhopal, which falls under the Bhopal Municipal Corporation (BMC) (Gaur et al. 2014,
BMC 2006).

2.2.2 Climate

According to the Képpen Geiger climate map (Peel et al. 2007) Bhopal is located in a region classified
as “Aw” climate zone. The main climate is tropical (A) with winter dry climate (w). The city’s climate is
considered moderate with hot summers and cold winters and temperatures between 10 and 43 °C.
The average annual rainfall is 1200 mm, falling predominantly during the monsoon season from July
to September. The average number of rainy days is approximately 40. (BMC 2006)

2.23 Population and city structure

As per Census of India 2011, the population of Bhopal city was 1,798,218. The Municipal Corporation
governs 93.80% of the district’s total urban population. The average population density in the city is
6,290 persons per square kilometer. Also, a significant proportion (26.68%) of the population lives in
the 388 slums across the city. (Smart Cities Projects 2015)

The city structure is presented with an informative map on the BMC website (BMC n.d., a). Bhopal is
divided into 85 wards, aggregated to 19 zones, and is headed by the Municipal Commissioner.

2.24 Importance

The city of Bhopal is the administrative and political capital of the district Bhopal as well as the state
Madhya Pradesh. It is looked upon as one of the 20 most promising cities under the Smart Cities Initia-
tive of the Government of India (Smart Cities Projects 2015).
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2.3 Municipal Solid Waste Management in Bhopal
23.1 Waste generation and collection

The current average municipal solid waste generation in Bhopal is reported as 800 tons per day
(Sharma 2016), which is consistent with other sources (Katiyar et al. 2013, Dasgupta 2016). This
means a considerable increase of waste generation during the last decade of the growing city: In 2006
only 550 tons per day were reported for the then 66 wards and in 2014 700 tons per day (BMC 2006,
BMC 2014).

The MSW Rules 2000 (as well as the updated SWM Rules 2016) demand door-to-door collection of
waste, and the waste should be stored and collected in a segregated manner. According to the BMC
website, door-to-door collection started in every ward in August 2013 (BMC n.d., b). In 2014 the Mu-
nicipal Commissioner stated in an interview that waste was collected from at least more than 50% of
Bhopal’s households (Clean India Journal 2014), and in (CDIA 2015) it is reported that Bhopal’s collec-
tion system is only capable of collecting about half of the city’s waste, which is approaching 1,000 t/d,
while the Bhanpura dumpsite only receives about a third of this waste, leaving the rest being dumped
directly into streets, drainage channels and lakesite areas. Nowadays, collection is well implemented
by the Health Department, BMC in the city, with a significantly improved efficiency over the last five
years (Sharma 2016).

In 2013, segregated collection of organic and inorganic waste was only done in one ward as a pilot
project (BMC n.d., b). Correspondingly, Dasgupta (2013) reported that hardly 10-15% of the generated
MSW were segregated at source. To date MSW from households and commercial centers is usually un-
segregated when collected. Only some items of recyclable value are extracted. Some recyclables are
sold by households to the informal sector and consequently never enter the MSW stream. All in all,
Bhopal’s informal recycling sector includes probably more than 8,000 recyclers, where BMC employs
over 4,700 personnel for solid waste management (CDIA 2015).

According to (BMC n.d., b) door-to-door collection is done using 580 cycle rickshaws and 19 auto rick-
shaws by employing 1,280 workers and 69 supervisors for residential and commercial properties. The
waste collected by door-to-door collection and sweeping is unloaded at one of the more than 3,000
collection bins (Clean India Journal 2014, CDIA 2015). From those collection centers the waste is
transported to the Bhanpura dumpsite (CDIA 2015). The transfer is done with different garbage trucks
(Figure 21). At (BMC n.d,, b) it is stated that each and every zone is supplied with 10 JCB25, 14 Dumper,
7 Robots for lifting of garbage.

2.3.2 SWM programs relevant for Bhopal
23.2.1 Swachh Bharat Mission

Madhya Pradesh has received 10.8 billion rupees for SWM initiatives in 256 towns across the state, Bho-
pal being one of them. The city has now been ranked as the second cleanest city in India by the SBM
Urban portal (Swachh Survekshan 2017).

2.3.2.2 JNNURM and AMRUT

The Jawaharlal Nehru National Urban Renewal Mission (JNNURM) was a national scheme launched by
the Government of India under the Ministry of Urban Development to improve urban infrastructure
and services and identified 65 cities for the program. It envisaged a total investment of over 20 billion
US $. The seven-year mission was to end in 2011-12, but repeated extensions were given as the project
was delayed for reasons like land acquisition. The scheme was closed in 2015 (TNN 2015). In Bhopal,

25 JCB, the proprietary name, is commonly used in India for solid waste machinery.

48




Annex to: “Resource and Climate Protection through integrated Waste Management Projects in E+D-Countries — Example India”

about two thirds of projects approved by JNNURM focused on water supply and most of the other ap-
proved projects focused on urban transportation (Smart Cities Projects 2015). Consequently, this pro-
gram had little impact on solid waste management in Bhopal.

AMRUT, Atal Mission for Rejuvenation and Urban Transformation, is the follow up program of JNN-
NURM, also launched by the Government of India under the Ministry of Urban Development. The pro-
gram has funds allocated of 500 billion rupees (nearly 8 billion US $) for five years from 2015 to 2020.
It covers 500 cities, where Bhopal is one of. Nevertheless, AMRUT focuses even more on infrastructure
creation with direct link to provision of better services to people like especially water supply, sewer-
age facilities, parks and urban transport. Solid waste management is not a thrust area of AMRUT.
(MoUD 2015)

233 Waste composition and other properties

The composition of residential and commercial municipal solid waste in Bhopal in 2006 is depicted in
Table 8 (BMC 2006). The composition is such that after segregating the compostable waste and col-
lecting C&D waste separately, only about 40% of the total waste remains. For MSW from residential
areas this remaining waste is diminished to about 30%. Fractions of the remaining waste could be di-
verted for recycling wherever feasible; leaving a very small quantum that would require to be land-
filled.

Table 8: Waste composition of samples from Bhopal, 2006
Waste fractions and Sample from residen- | Sample from residen- Sample from Sabji
characteristics of MSW tial/commercial area tial area Mandi market
[% of weight] [% of weight] [% of weight]

Compostable material 28 63 72
Paper 2.9 16 6
Plastics 2.9 10 6
Glass and ceramics 24 1.2 0
Earth, stone and bricks 30 10 7
Moisture content 25 46 58
Carbon content 26 27 29

Source: (BMC 2006)

A more recent source from 2009 describes the composition and characteristics of Bhopal’s residential

MSW as listed in Table 9. The large proportion of earth is assumed to originate from unpaved areas. As
in the composition from 2006, here also the main waste fractions are compostable materials. The recy-
clable dry waste fraction consisting of paper, plastics, textiles, metals makes up about 20% of the total

waste.

Additional research in 2010 determined a moisture content of 28.1 % of dry weight, a carbon content
of 26.6 % of dry weight and a lower calorific value of 2244.2 kcal/kg dry weight (Katiyar et al. 2013).
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Table 9: Waste composition of samples from Bhopal, 2009
Waste fractions and [% of weight]
characteristics of MSW
Food and fruit waste 43.18
Garden trimming 3.06
Hay, straw and leaves 22.15
Paper and cardboard 11.06
Rubber, leather 0.13
Plastics, including polythene 5.72
Textiles 1
Wood 0.5
Glass, crockery 1.1
Tin cans 0.49
Stones, bricks 0.6
Coal ash, fine earth dust 9.59
Ferrous metals 0.87
Non-ferrous metals 0.21
Other waste fractions 0.26
Moisture content 31.1
Carbon content 27.02

Source: (Katiyar et al. 2013)

234 Treatment and disposal of MSW

To date MSW from households in Bhopal is basically collected unsegregated and dumped. Apart from
that there are some voluntary initiatives, pilot projects and small scale plants for the treatment of or-
ganic waste and recyclables.

23.4.1 Dumpsite at Bhanpur Khandi

The MSW in Bhopal is collected and dumped at the disposal site at Bhanpur Khandi (also called Bhan-
pur khanti or Bhanpur(a) site), which is 15-16 km away from Bhopal (BMC 2006, Dasgupta 2015). Site
visits in 2017 confirmed that no treatment of the collected MSW is happening at the site before dump-
ing the MSW. Only recyclable material that is financially beneficial is extracted by the informal sector
like certain types of plastic (chapter 2.3.4.2).

The Bhanpur dumpsite is the major disposal site in Bhopal with an area of about 50 acres. The site is in
use for over 35 years and has reached its capacity (BMC 2014). In addition, the dumpsite is meanwhile
lying inside municipal limits (Clean India Journal 2014). As a result, the dumpsite is intended for clo-
sure, possibly already within the next year (Tiwari & Rupali 2017). During the visit in March 2017 it
was also explained the dumpsite as virtually overfilled, with unsegregated waste piled up not higher
than 5 meters (Khare 2017). The waste is neither compacted nor covered with earth.

The collected unsegregated waste is transported to the dumpsite by different garbage trucks as shown
in Figure 21. The garbage trucks are entering the dumpsite passing a weigh bridge (Figure 21, right).
Approximately, at the end of 2016 digital data recording was implemented instead of the manual re-
cording of the weighed data. The data serve for documentation purposes (Tiwari & Rupali 2017).
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Figure 21: Vehicles used for transporting waste to the dumpsite and weigh bridge

Photos by ifeu Heidelberg

Figure 22: MSW dumped at Bhanpur Khandi

Photos by ifeu Heidelberg

Figure 22 gives an impression of the disposed of unsegregated MSW at the dumpsite. From visual as-
sessment the waste mainly consists of organic or inert material, textiles and plastics bags. The picture
at the bottom right expresses that especially the textiles, long stringy material, decomposes badly and
would also be difficult to separate by machinery like trommel in case of pretreatment.
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The digging out of the dumped waste as shown at the pictures in Figure 22 top left and bottom right is
done as an attempt to minimize the dumped waste by transforming the organic fraction into fertilizer
(Figure 23), also called manure.

Preparation and conditioning of the excavated waste is done in a sorting plant next to the dumpsite.
This waste processing plant was set-up around 2005 by M.P. Agro Fertilizer Corporation Ltd. It has a
capacity of 100 TPD, but was not in operation for some time due to technical reasons (Dasgupta 2015).
During the visit in March 2017 the plant was in operation and could be visited.

Figure 23: Waste to fertilizer unit at the landfill site

Photos by ifeu Heidelberg
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The input into this unit is material from the adjacent dumpsite from which non-organic material like
plastics and textiles are separated as far as possible during excavating. Before treatment the input ma-
terial is piled up outside the plant for drying (Figure 23, top left). The treatment consists of several me-
chanical steps?2eé:

First the input material is lifted to the top floor of the unit (Figure 23, top right) and is then passing
separator and shredding aggregates over two floors down using gravitation and conveyor belts for
transport. Coarse materials and impurities like metals, stones and glass are removed (Figure 23, mid-
dle left). The mechanical treatment process emits lots of dust and is very noisy. The remaining mate-
rial, the so called manure or fertilizer, is very fine and is packed into 50 kg bags (Figure 23, middle
right and bottom left). According to Mr. Khare, who is in charge of this unit, about 120 bags of the ma-
nure are produced on a daily basis (Khare 2017). The so called manure is sold to M.P. Agro on request
for use in agriculture at a price of approximately 300 rupees per bag. The so called manure was ana-
lyzed once with the result of rather poor nutrient content. Due to this selling of the so called manure is
difficult and it is mostly stored in the storage area of the facility (Figure 23, bottom right).

In general, the plant is not operated during the rainy season as the excavated waste needs to be dry for
processing. In addition, out of order periods arise from electricity failures.

2.3.4.2 Saarthak’s Plastic waste sorting unit

A small plastic sorting unit has been set up by Saarthak near the Bhanpur dumpsite and an employee
of Saarthak was interviewed during a site visit in March 2017 (Rahul 2017). The center aims to re-
trieve different types of recyclable plastic waste, collected by the informal sector mostly from the land-
fill site, and sort it according to its intended use and recycling potential.

At the center itself only a presorting takes place, separating the plastic waste into three quality catego-
ries:

1. Milk pouches and similar plastics are of highest quality, these are granulated and sold as sec-
ondary products.

2. Plastic bags thicker than 40 pm are considered medium quality, this fraction is shredded and
used for road construction?’.

3. Plastic bags <40 pm are considered low quality, this fraction is compacted and sold to Satna
Cement Works (MP Birla) for co-incineration in cement kilns.

Figure 24 (right) shows the secondary products derived from plastic recycling, the granules to be sold
to the market, and the shreds to be used in road construction.

26 The plant is sometimes referred to as compost plant, but the process does not include a biological treatment.
27 Usually this does not lead to any substitution of bitumen, the benefit lies in the sure long time disposal of the plastic waste.
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Figure 24: Plastic waste sorting center

1

Photoé by ifeu eidelberg

2343 Biomethanation plant at Bittan Market

Since the beginning of 2017, the city has one biomethanation plant for producing biogas from organic
waste of the Bittan Market Sabji (vegetable) bazaar, which happens three days a week. In addition,
kitchen waste of surrounding hotels and restaurants is used. The plant has been funded by the BMC
and is designed and operated by Ikos Mailhem Environment Pvt. Ltd. A member of this company was
interviewed during the visit of the plant in March 2017 (Yadav 2017). The company has been con-
tracted to maintain and operate the plant for a period of 5 years. For acquisition of the additional
waste the company has contracts with hotels and restaurants within a radius of 2 km around the plant
to collect and drop their kitchen waste at the center.

The biomethanation plant has a capacity of using 5 tons of waste per day to produce 300 cubic meters
of biogas per day. The plant is fed between 9 am and 5 pm with the organic waste, which is shredded
and introduced into the fermentation process by adding 2 liter fresh water per kg organic waste (Fig-
ure 25, top left). The mixture then flows into a basin before being pumped into the concrete fermenter
(Figure 25, top right and middle left). Biogas generated is stored in two balloons (Figure 25, bottom
left), and conducted through a SO; scrubber before being used in a 50 kW CHP unit. The CHP unit runs
on demand only, generated electricity is used to light up the market area in the evening. The extra
power is used for the biomethanation plant. The facility is equipped with an automatic flare, which so
far ignited once or twice a month to burn excess gas. The digestate produced as a by-product of the
process is stored and meant to be sold to BMC for use as manure and landscaping measures in public
parks and gardens. From visual assessment the digestate stored was liquid and may not easily be used
for this purpose. As the plant was only in operation for a few months, the storage tank was not yet
emptied.

Altogether, the plant is well organized compared for example with similar plants in Bangalore. The
construction is proper with green pipes for the fresh material feed line, brown pipes for the digestate
recycle line, and yellow pipes for the biogas line. Security standards are met with the automatic flare
and at least no smoking signs albeit no designated explosive areas.
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Figure 25: Biomethanation plant at Bittan market

Photos by ifeu Heidelberg

23.4.4 Small scale compost plant at Anand Vihar Sabzi Mandi

One of the voluntary initiatives in Bhopal is the small scale compost plant at Anand Vihar Abzi Mandi.
This plant was implemented by the Self Help Group (SHG) Sakaratmak Soch one month prior to the
project team’s visit in March 2017. The project and process were introduced by a member of the SHG
(Pankaja 2017). The group consists of about 250 women volunteering for improvement of sanitization
and valuable use of waste in their neighborhood. The women are organized via a WhatsApp group and
managed to bring into operation a composting machine “Reddonatura” (Figure 26, left),provided by
BMC, which was stored and unused for 3 years.
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The composting machine utilizes the vegetable waste from the market and currently also leaves. The
machine has a capacity of 300 kg. After using 200 g special bacteria from the manufacturing company
for the initial inoculation of the organic waste, it is sufficient to reintroduce 15 - 20 kg compost to in-
oculate the process. Retention time is about one week. The produced compost (Figure 26, right) is
used by the members of the SHG in their kitchen gardens, lawns and currently also donated for use in
local schools and community gardens. The group is working to develop a lucrative business model
around the initiative.

Figure 26: Small scale composter at a vegetable market

Photos by ifeu Heidelberg

2.3.5 Further aspects and future prospects

Apart from the small scale civil society initiatives, large scale measures to effectively manage solid
waste need to be implemented by the Municipality. The slight lack of financial resources to support
such measures is a bottleneck for success. More programs at the central and state level should be
structured around Solid Waste Management, since currently, Swachh Bharat Mission is the sole fund-
ing and may not be enough to tackle all pertinent challenges.

One large scale measure awaiting Bhopal is closure and remediation of the Bhanpur dumpsite. Possi-
ble locations for a new landfill are 0.25 km? at Fatehpur Dobra (BMC 2017b) and more likely 0.26 km?
at Adampur (also called Adampur Chavni/Chhawni/Chhawani/Chhaoni) (BMC 2014, CDIA 2015). In
2014 BMC called for tenders of private partners which would collect and transport MSW, close the
dumpsite at Bhanpur Khandi, open a sanitary landfill at Adampur and install a waste-to-energy (WtE)
plant near the new dumpsite (Dasgupta 2016, BMC 2014). However, BMC changed their plans and next
intended to construct a sanitary landfill and a compost plant near Adampur. The compost plant should
compost fresh MSW in windrows for approximately 28 days and the proposed landfill should possess a
base liner and leachate collections system and after closure also a cover and a gas collection system
(Dasgupta 2015, Dasgupta 2016). An Integrated Solid Waste Management plan for the city is in the
draft stage. It proposes conversion of waste to electricity and a segregated collection route for green
waste (garden waste, grass, trees, etc.) (Tiwari & Rupali 2017).

The idea of a WtE-plant was also mentioned during two interviews in March 2017, both times together
with the WtE-plant in Jabalpur (Mishra 2017, Tiwari & Rupali 2017). According to the interviews, Jab-
alpur has formed a cluster with 7-8 other cities and together they combust a non-recyclable, high calo-
rific fraction out of their MSW in the WtE-plant near Jabalpur (brief description see chapter 2.5). The
WtE-plant was said to be in operation and running properly since one year. Reasons for the success
are comprehensive pre-studies including waste analysis and that only a high calorific value fraction is
incinerated. The same cluster concept is now envisioned for a WtE-plant in Bhopal with 10-11 cities.
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This goes well with a recent initiative by the state to cluster SWM projects, thereby achieving neces-
sary amounts of waste and improving viability (CDIA 2015). Currently, BMC is planning a WtE-plant at
Adampur, but realization is under uncertainty (TNN 2017).
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2.5 Annexure Bhopal
Brief description WtE-plant Jabalpur

The WtE-plant in Jabalpur was commissioned to Hitachi Zosen India, which built the Jabalpur plant
together with Essel Infra, in February 2014. An outcome of a process started in 2010, “LoCal 580", the
Energy from waste concept for low calorific requirements. According to the company (Rao 2016), key
issues were to bring down capital costs to meet to local economy, to involve local knowledge from
combustion of fossil fuels as well as from regulations, legal requirements, and technology level. Fur-
ther aspects for the viability of a WtE-project are the implementation of tipping fee and preferential
electricity price.

Hitachi Zosen India with Essel Infra, offer two models of WtE-plants in India:
1. one with 11.5 MW for 600 tons per day with a calorific value of 1650 kcal/kg,
2. one with 8 MW for 580 tons per day with a calorific value of 1100-1400 kcal /kg.

The plants comply with the relevant European standards (Smart Cities Council India 2016), especially
heavy metals, dioxins and furans limits are congruent (Rao 2016). Further WtE-plants are proposed to
cities in India, e.g. to Bangalore.

The WtE-plant in Jabalpur is a grate combustion plant with a combustion capacity of 600 tons of high
calorific MSW per day and a capacity to supply electricity of 11.5 MW. One of its important elements is
the flue gas treatment. Governmental norms favor this facility — according to the guidelines issued by
the Ministry of New & Renewable Energy, it is mandatory that the municipal corporation absorbs all
the power generated by this plant. (Smart Cities Council India 2016).
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3 Annex 3: Solid Waste Management Haridwar

3.1 Objective and scope

‘Resource and Climate Protection through Integrated Waste Management Projects in India’ is a re-
search study commissioned by the German Environment Agency and funded by Germany’s Federal
Ministry for the Environment, Nature Conservation and Nuclear Safety. The project is implemented by
the German ifeu (Institute of Energy and Environment Research) along with Development Alternatives
and Ecoparadigm.

The objective of the study is to support decision makers in identifying the potential to reduce green-
house gas (GHG) emissions in the Solid Waste Management (SWM) sector in order to plan their waste
management or e.g. Nationally Appropriate Mitigation Actions (NAMAs) accordingly. It will show spe-
cific GHG emission saving potentials of an integrated waste sector approach for Indian cities at present
and for future scenarios. The study is conducted on specific selected cities and the selection is done
systematically with respect to the three priority criteria including availability and quality of waste
data, stakeholder support to improve waste and contact network and other criteria such as population,
income level and climate zone. The final selected cities were Bangalore, Bhopal and Haridwar.

This report section presents the situation of Municipal Solid Waste Management (MSWM) in Haridwar.
Secondary level data and information that is collected from government officials, MSW treatment plant
operators and subject experts is analyzed and presented in this report. The verification of data col-
lected and data gaps were shared with different stakeholders, detailed discussions were conducted in
form of a stakeholder workshop, results of which are presented in a separate workshop report.

3.2 An overview of Haridwar
3.2.1 Geography and topography

Haridwar (also called Hardwar) is located at 29° 58’ north latitude and 78° 10’ east longitude, where
the river Ganga enters the North Indian River Plain after flowing down the Himalaya. The city is head-
quarter and biggest city of Haridwar district in the North Indian state Uttarakhand. At an altitude of
about 300 m above sea level, Haridwar spreads over 12.17 km2 on both sides of the river Ganga with
the majority of Haridwar situated northwest of the river. (GHK 2007, IPE 2009)

3.2.2 Climate

According to the Képpen Geiger climate map (Peel et al. 2007), Haridwar is located in a region classi-
fied as “Cwb”, but near to “Cwa” climate zone. The main climate is temperate (C) with dry winters (w:
precipitation of wettest summer month at least 10 times higher than driest winter month). “Cwb” indi-
cates warm summers, “Cwa” hot summers (at least one month's average temperature above 22°C)
with monsoon influence. Haridwar’s climate is seasonal with winter season from November to Febru-
ary, followed by an early summer season from March to June and then a monsoon season from July to
September. According to (GHK 2007), Haridwar has a humid climate influenced by the cooling river
and nearby Himalaya. Humidity during summer is stated as 40 to 60% and the annual maximum tem-
perature as 30 to 42°C, whereas in winter the humidity declines to 25% and temperature can decline
to a minimum of 4°C. During rainy season the humidity is 70 to 85%. In summer hot dust raising winds
with velocities of up to 15 km/h occur frequently.

3.2.3 Population

The census in 2011 determined Haridwar’s population to be about 230,000 people (Census Organiza-
tion of India 2015). However, the city’s floating population amounts to about 160,000 people per day
(IPE 2009, CPCB 2016) and consists mostly of people visiting for religious reasons or business pur-
poses (GHK 2007). A considerable proportion of the population is living in slums, (IPE 2009) mentions
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86,888 slum dwellers and (MoUD 2016) states 56,295 people living in slums in 2011. The city’s popu-
lation has been increasing for decades, the census in 2001 only counted 175,000 people (GHK 2007).
The population growth is predicted to continue and current projections estimate a population of
266,864 in 2019 and 293,530 in 2025 (MoUD 2016) and 424,000 people in 2041 (Urban Development
Directorate of Uttarakhand 2015).

In 2016, the city was divided into 30 wards, aggregated in 4 zones (CPCB 2016).
3.24 Religious importance

Although Haridwar’s outskirts are among the most industrialized regions of Uttarakhand with Bharat
Heavy Electricals Ltd. (BHEL) alone employing several thousand workers (IPE 2009), Haridwar is of
great religious and spiritual importance. This is partly because Haridwar is one of the seven sacred cit-
ies of Hindu culture in India and one of the four places in India where the Kumbh Mela takes place
every twelve years (GHK 2007). According to (IPE 2009), the average number of tourist and pilgrims
visiting Haridwar is 50 million people per year, whereas (GHK 2007) mentions 8 million religious
tourists per year.

3.3 Municipal Solid Waste Management in Haridwar
3.3.1 Waste generation

In this study, the current average municipal solid waste generation in Haridwar is assumed to be

237 t/d, which includes an estimated waste generation of 315 t/d during 20 days per year due to reli-
gious festivities (Nagar Nigam Haridwar 2015). While there are no accurate assessments of the cur-
rent waste generation, the estimated waste generation of 237 t/d is consistent with other existing esti-
mations of waste generation in Haridwar. The Urban Development Directorate (2015) estimated an
MSW generation of 218 t/d in 2014 and the MoEFCC (2015) stated an MSW generation of

200 - 215 t/d and in peak months 250 t/d as monthly average. Newspaper articles mention 300 t/d or
350 - 400 t/d MSW generation during festivities (Azad 2015, Radhika 2016). The additional waste
generation during festivities poses a challenge for waste management and (together with sanitation
problems) leads to an increased number of diseases (Sharma et al. 2010).

The MSW generation has been increasing for years and this trend is predicted to continue, partly be-
cause of population growth and partly because of increasing waste generation per capita (TERI 2014).
Projections for MSW in Haridwar expect 278 t/d in 2025 (MoEFCC 2015) and 368 t/d in 2041 (Urban
Development Directorate 2015).

The MSW includes waste from households as well as commercial waste. The city development plan
from 2007 estimated household waste to make up 82% of the generated MSW, with another 6% gen-
erated by shops and commercial activities, 3% generated by fruit and vegetable markets, 2% gener-
ated by hotels, restaurants and dharamshalas, 1% construction and demolition waste and 6% other
waste (GHK 2007). Another study divided the estimated waste generation into 50% collected in resi-
dential areas, 32% collected as commercial waste and 18% collected by street sweeping (IPE 2009).

3.3.2 Organizational structure of SWM

The authority in charge of SWM in Haridwar is called Nagar Nigam Haridwar. Its organizational struc-
ture is depicted in Figure 27 and shows that Nagar Nigam Haridwar has many other responsibilities,
too. Among these responsibilities are city cleanliness, biomedical waste, wastewater drainage, commu-
nity toilets, stray cattle management, street lightning, and property tax (Nagar Nigam 2017a). “Mukhya
Nagar Adhikari” roughly translates to “Chief Municipal Officer”, and the department of Nagar Nigam
Haridwar responsible for solid waste management is the health department. For some duties (such as
door-to-door collection of MSW) Nagar Nigam Haridwar has contracted private organizations in pub-
lic-private partnerships.

61




Annex to: “Resource and Climate Protection through integrated Waste Management Projects in E+D-Countries — Example India”

Figure 27: Organization structure of Nagar Nigam Haridwar
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3.3.3 SWM programs relevant for Haridwar

Waste management projects in Haridwar are supported by many different programs. Some notable
programs are mentioned below, some of whom have already been described in detail in the interim
report about Bangalore.

3.3.3.1 Swachh Bharat Mission

Swachh Bharat Mission (SBM) is a national level campaign being implemented by the Ministry of Ur-
ban Development (MoUD) and by the Ministry of Drinking Water and Sanitation (MoDWS) for urban
and rural areas in India for ensuring hygiene, waste management and sanitation across the nation. The
mission lays down specific guidelines to be followed by governing bodies in a national level, state level
and city level.

Nagar Nigam Haridwar has received funds as part of the Swachh Bharat Mission (MoUD 2016, Ut-
taranchal High Court 2017), which intends to improve sanitation and solid waste management.

3.3.3.2 Namami Gange

Namami Gange is a program of the National Mission for Clean Ganga and intends to stop pollution of
the river Ganga and to revive the river (NMCG 2017). It focuses on sewage treatment infrastructure,
river-front development, river surface cleaning, biodiversity, afforestation and public awareness. In
Haridwar sieve-like devices will be installed at several bridges, ghats and the opening of nullahs carry-
ing sewage into the Ganga (Jaiswall 2017). Worshipping material and other waste collected there will
be thrown out using trash skimmers. In addition, several sewerage treatment projects in Haridwar
have been approved under Namami Gange: A new sewage treatment plant for 68 m3/d in Jagjeetpur
and one for 14 m3/d in Sarai as well as supplementing the existing sewage treatment plants for

27 m?/d in Jagjeetpur and 18 m®/d in Sarai with tertiary treatment (Press Information Bureau 2017).
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Though the Clean Ganga Mission does not target solid waste management itself, it funds systems to ad-
dress floating solid waste in the river and to reduce entry of solid waste into the river as a result of
poor sanitation practices in rural areas.

3.3.33 JNNURM and AMRUT

The Jawaharlal Nehru National Urban Renewal Mission (J]NNURM) was a national scheme launched by
the Government of India under the ministry of Urban Development to improve urban infrastructure
and services and identified 65 cities for the program. It envisaged a total investment of over 20 billion
US $. The seven-year mission was to end in 2011-12, but repeated extensions were given as the project
was delayed for reasons like land acquisition. The scheme was closed in 2015 (TNN 2015). The pro-
gram supported cities to improve their infrastructure services in a financially sustainable manner, to
(re-)develop their area, to develop urban reforms and appropriate framework, and to make their ser-
vices available to the urban poor. Haridwar’s JINNURM project was approved in 2009 with projected
costs of 167.2 million rupees and includes procurement of waste management equipment (such as
transport vehicles and bins), launching of door-to-door collection and construction of an integrated
SWM facility (Urban Development Directorate 2015). Half of the cities covered by JNNURM are cities
with more than one million inhabitants, the rest are state capitals or cities of some other importance
(IPE 2009, Urban Development Directorate 2015). The only other cities in the state of Uttarakhand
which participated in the NNURM scheme are Dehradun and Nainital (Urban Development Direc-
torate 2015).

AMRUT, Atal Mission for Rejuvenation and Urban Transformation, is the follow up program of JNN-
NURM, also launched by the Government of India under the Ministry of Urban Development. The pro-
gram has funds allocated of 500 billion rupees (nearly 8 billion US $) for five years from 2015 to 2020.
It covers 500 cities, where Haridwar is one of. Nevertheless, AMRUT focuses on infrastructure creation
with direct link to provision of better services to people like especially water supply, sewerage facili-
ties, parks and urban transport. Solid waste management is not a thrust area of AMRUT. (MoUD 2015)

3.34 Key rules and policies concerning SWM in Haridwar

In 2007, Haridwar’s City Development Plan identified non-compliance with the Municipal Solid Waste
(Management & Handling) Rules 2000 as the major problem of Haridwar’s solid waste management
(GHK 2007). These rules included the following obligations for municipal authorities (IPE 2009):

Segregated waste storage at source (and no littering)

Door-to-door collection

Daily sweeping of streets

Use of covered containers for secondary waste storage

Use of covered vehicles for transportation

Processing of waste through biological stabilization, recycling or waste to energy
Disposal of inert waste and rejects in Engineered Sanitary Landfills

vVVvyVvyVvyVvYyYYyvYyy

Especially the last two aspects have had a strong influence on the plans for Haridwar’s new integrated
SWM facility, which is currently under construction. Recently, the rules from 2000 were replaced by
an updated version, the Solid Waste Management Rules, 2016 (MoEFCC 2016). Haridwar’s new inte-
grated SWM facility will comply with these new rules, which also name some preferred treatment
technologies for biodegradable waste: biological stabilization (such as composting or biomethanation)
or waste to energy processes. Only non-recyclable, non-biodegradable, non-combustible and non-reac-
tive inert waste as well as rejects and residues from waste processing facilities shall be deposited in
landfills (MoEFCC 2016).
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Another influence on Haridwar’s waste management is a prohibition of using plastic for serving food,
commodities and packaging in the entire city of Haridwar and especially near the river Ganga (Na-
tional Green Tribunal 2015a). This ban was issued in July 2015 by the National Green Tribunal in reac-
tion to the huge amounts of plastic waste accumulated on the riverbanks. A fine of 5,000 rupees for
violation of the ban was decided. In fact, in December 2015 the National Green Tribunal extended that
ban on all cities on the Ganga’s riverbanks between Haridwar and the Ganga’s origin at Gomukh (Gau-
mukh) (National Green Tribunal 2015b). This second order clarified that forbidden plastic goods were
especially plastic carry bags, plates, glasses, spoons, and plastic packaging. The ban’s intention is for
people to replace these plastic goods by more environmentally friendly alternatives. A strict imple-
mentation of this ban by authorities could change Haridwar’s waste composition and especially reduce
the percentage of polythene. However, there are many businesses producing polythene products in the
district Haridwar and enforcement of the ban was met with resistance by traders (Tiwari 2015,
Jaiswall 2015). In August 2016, plastic in form of bags, plates and the like was still openly and fre-
quently used in Haridwar (Trivedi 2016). Sensitizing of pilgrims was deemed especially insufficient
and in the last seven months the Haridwar Municipal Corporation had confiscated 76 kg of polythene
and fined different traders 250,000 rupees.

3.3.5 Waste collection

The MSW Rules 2000 (as well as the updated SWM Rules 2016) demand door-to-door collection of
waste stored in a segregated manner. Back in 2007 the only door-to-door collection was carried out by
private sweepers engaged by Mohalla Swachhata Samities (MSS) in a few areas. In all other areas
waste was dumped in community bins/containers or onto the streets, where municipal street sweep-
ers accumulated the waste into small heaps and then deposited it in community bins/containers or
loaded it directly onto the transportation vehicles driving to the disposal site (GHK 2007). An article
from 2010 mentioned a correlation of the collection system and the wealth of inhabitants: While in
one wealthy colony no waste was thrown onto the street and instead a private sweeper was paid for
door-to-door collection, in some other less wealthy colonies waste was thrown onto the streets and
irregularly collected by municipal sweepers (Sharma et al. 2010). Under the JNNURM scheme, the pri-
vate company KRL Waste Management (Haridwar) Private Limited was commissioned to carry out
door-to-door collection in Haridwar. In early 2015, KRL provided door-to-door collection in 10 wards
and the other wards were covered by the municipal sweepers of Nagar Nigam Haridwar (Urban Devel-
opment Directorate 2015). In August 2016 KRL provided door-to-door collection in 16 wards and in
early 2017 in 22 of the total 30 wards, whereas the other wards were still covered by the municipality
(CPCB 2016, HMC 2016 & 2017).

For door-to-door collection, waste generators are asked to segregate biodegradable waste and non-
biodegradable waste (including recyclables), which are also referred to as wet waste and dry waste
respectively (MoEFCC 2016). In (UEPPCB 2006) biodegradable waste fractions listed are e.g. vegetable
waste, coconut shells, non-vegetarian waste, fruit peels, ash, garden waste, kitchen waste, whereas
non-biodegradable waste includes for example waste plastic, polythene covers, wooden things, bottles,
waste cloth, leather items, rubber items, and fused bulbs.

During the visit to Haridwar in March 2017 a door-to-door collection tour was accompanied and ex-
plained by Mr. Dubey (2017). He is in charge for the area Kankhal, supervising about 1000 households.
Collection takes place every day from about 7:30 am onwards, using bicycle rickshaws. Altogether, ap-
proximately 110 collectors visit about 200 households each, announcing their arrival by blowing a
whistle. The bicycle rickshaws have four bins on each side, which are intended for separate collection
of dry and wet waste (Figure 28). It was observed that full bins caused people to throw waste in other
bins and some people handed in bags with mixed waste.
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Figure 28: Door-to-door collection by bicycle rickshaw in March 2017
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When the bicycle rickshaw cannot take any more waste, the collector returns to a community con-
tainer (waste storage depot). There he manually extracts marketable recyclables from the waste, using
a hoe for aid (Figure 29). Afterwards, he deposits all other waste (wet waste as well as the remaining
dry waste) together in the community container, from where it is transported to the current final dis-
posal at the dumpsite (chapter 2.3.4). Bags with mixed waste were hardly opened.

The described door-to-door collection takes place in residential areas. In slum areas community bins
placed at suitable locations should be used in case of lack of access or narrow lanes. The bins will be
emptied into pick up vans. In private societies, multistoried buildings, and commercial complexes nor-
mally no sweepers are provided by the municipality. These establishments generally engage private
sweepers (IPE 2009).

(IPE 2009) estimated that recyclables make up 25% of the MSW collected by door-to-door collection
and that 15% of the collected MSW will be separated by waste collectors and sold as recyclables. This
significantly decreases the amount of waste which the municipality has to transport and treat. And this
does not even include the recyclables which households themselves sell instead of throwing them
away. (MoUD 2016) reports that of the 237 t/d generated waste in Haridwar only 170 t/d are col-
lected and transported.

Figure 29: Unloading and separating collected waste at community container

Photos by ifeu Heidelberg

In general, recyclables from informal collection are sold to Kabadiwallas, which are small scrap aggre-
gators and function as intermediaries in the market for recyclables. In March 2017 one Kabadiwalla
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shop was visited which mostly bought commercial recyclables (Figure 30). The Kabadiwalla employes
10 - 15 people which are responsible for going door-to-door and collecting recyclable material, then
segregating it into different streams at the collection point. Cardboard is sold to a recycling plant in
Dehradun and other recyclables are sold to merchants. The Kabadiwalla shop was well equipped with
a weighing machine for waste, a safe and a fire extinguisher. The Kabadiwalla estimated the number of
Kabadiwallas in Haridwar to be 200 - 400.

Figure 30: A Kabadiwalla (itinerant trader) shop

Photos by ifeu Heidelberg

Especially in wards without door-to-door collection, much MSW is thrown onto streets or into surface
drains (GHK 2007, National Green Tribunal 2015a). Waste thrown into surface drains can block them
and small scrap material often ends up in the river Ganga (National Green Tribunal 2015a). Removal of
stuck waste was witnessed during the visit in March 2017 (see Figure 31). Waste on streets is col-
lected by street sweepers and usually deposited in community containers and bins, similar to the con-
tainers used for waste from door-to-door collection. Those containers and bins are placed in all wards
and add up to approximately 200 (GHK 2007, CPCB 2016). An inspection team of the Central Pollution
Control Board deemed their number sufficient in 2016, whereas the National Green Tribunal men-
tioned an unsatisfactory number of these in 2015 (National Green Tribunal 2015a, CPCB 2016). In ad-
dition, the National Green Tribunal criticized huge quantities of waste on the river banks and ghats
and ordered Nagar Nigam to install more bins, which are to be emptied every day. They also directed
Nagar Nigam to prevent people from throwing waste on river banks and ghats and clean those areas
daily. During the inspection by members of the Central Pollution Control Board (as well as during the
visit in March 2017), the waste collection gave a better impression: little waste was left on the streets,
although several surface drains were littered with waste (CPCB 2016).

In 2016, street sweepers used handcarts to collect the waste, and bicycle rickshaws and wheelbarrows
with PE containers were used for door-to-door collection (CPCB 2016). Tractor trolleys, tipping trucks,
dumper placers, and front end loaders were used for transportation of waste.

3.3.6 Waste composition and other properties

(IPE 2009) includes an investigation of the physical and chemical composition of MSW in Haridwar.
Four samples were taken from MSW transported from four economically different wards to the dis-
posal site. The average weight of these samples was 2508 kg. The determined waste composition is
summarized in Table 10.
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Table 10: Waste composition of samples from four wards arriving at disposal site

Waste fraction \ Portion [% by mass]  Details

Organics 50.35 Mostly kitchen waste (35.10), green leaves (7.46) and dry
leaves (4.17)

Paper 5.08

Plastic 8.40 PE bags (7.13) and plastics (1.27)

Textiles 9.60

Glass 0.12

Inerts 23.91 Sand/earth/soil (19.95) and construction & demolition waste
(3.96), which was made up of stone, lime, bricks and ceram-
ics

Metals 0.06

Wood 0.38

Others 1.24 Rubber/leather (0.53), school bags (0.5), thermocole® (0.18)
and human hair (0.03)

Source: (IPE 2009)
1) Indian term for polystyrene

Further testing of the samples revealed on average a moisture content of 39.75%, organic matter of
9.38% of dry weight, C/N ratio of 17.71 and calorific value of 1,838.5 kcal/kg dry weight (7.70 M]/kg
dry weight). The calorific value corresponds to 730 kcal/kg wet weight (3.05 M]/kg wet weight).

During a project reported in (Jain & Sharma 2011), 12 samples of new and old MSW were taken at the
dumpsite at Chandighat. Because of the different ages of the MSW and because each sample weighed
just 1 kg, waste composition as well as other waste properties varied widely. The average calorific
value was determined to be 8.217 M]/kg wet weight, but some samples had already started drying nat-
urally at the dumpsite and the average moisture content was consequently just 20.5%. The average
fixed carbon was 17.3% of wet weight with a range of 12% to 24%, the volatile matter was 21% and
the ash content 41.2%.

(Sharma et al. 2010) describes the composition of MSW which was sampled by door-to-door collection
from 400 households of four economically different wards in Haridwar during one week in November
2008. Prior to the survey, the selected households were provided with two dustbins for source separa-
tion of “biodegradable” waste (including paper and coconut shells) and “non-biodegradable” waste.
The results of the study are summarized in Table 11.

Table 11: Waste composition after door-to-door collection

Waste fraction Portion [% by mass] Details

Organics 65.7 Mostly vegetables (22.8), food (17.5), leaves (8.8) and
fruit (7.0)

Paper 21.9

Plastic 6.7 Plastic materials (4.7) and PE (2.0)

Glass 1.6

Others 4.1 Bottles (1.2), crockery (0.9), coal (0.9), rubber (0.6) and
fused bulbs (0.5)

Source: (Sharma et al. 2010)
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In contrast to the results of (IPE 2009), the waste collected by door-to-door collection included no tex-
tiles, no construction & demolition waste and no sand/earth/soil. At least textiles are to be expected
also in household waste, although part of the textile waste comes from pilgrims which leave their old
clothes on the river banks/ghats after bathing in the holy river Ganga (National Green Tribunal 20153,
CPCB 2016). Sweeping of unpaved streets could contribute to the high proportion of sand/earth/soil,
as suggested in (IPE 2009), but removing waste and associated silt from Haridwar's surface drains is
said to be the main origin of the sand/earth/soil, which is illustrated by Figure 31.

For GHG calculations the waste composition given in (IPE 2009) was used, because it is more compre-
hensive then information from (Sharma et al. 2010) and more representative compared to the random
samples of landfilled waste in (Jain & Sharma 2011). Based on this composition, the biogenic carbon
content was calculated as 13.4% of wet waste and fossil carbon content as 5.7% of wet waste.

Figure 31: Waste and mud removed from open canals

Photos by ifeu Heidelberg

3.3.7 Treatment and disposal of MSW
3.3.7.1 Overview

MSW from Haridwar is not treated before disposal at dumpsites (MoEFCC 2015, CPCB 2016). Site vis-
its and the workshop in March 2017 confirmed this. Currently, MSW is dumped near the construction
site for an integrated solid waste management facility near Sarai, which will include a sanitary landfill
as well as a compost plant (CPCB 2016). Use of the old dumpsite at Chandighat has been forbidden in
2015, although a lack of alternative dumpsites prevented an immediate stop of dumping (National
Green Tribunal 20153, Tiwari 2015). Another dumpsite at Jwalapur has been abandoned already be-
fore 2007 and since then, the dumpsite at Chandighat was the only one in use until recently (GHK
2007, Jain & Sharma 2011, CPCB 2016). OpenStreetMap mentions yet another disposal site, but this
one lies on the company grounds of BHEL and is mentioned by no documents concerning MSW, so that
it can be assumed to be a company disposal site (OpenStreetMap contributers 2017). The location of
the disposal sites can be seen in Figure 32.
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Figure 32: Waste disposal sites near Haridwar
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3.3.7.2 Currently used dumpsite near Sarai

Already in 2009 the municipal authority has reportedly dumped waste near the construction site for
the integrated SWM facility, which is situated on land belonging to the municipal authority (IPE 2009).

During the visit in March 2017, the then used dumpsite near the construction site was said to be used
as the only dumpsite for about a year. From observations and interviews with KRL employees at the
site the dumpsite has no form of bottom sealing. Access to the site was unrestricted, as can be seen in
Figure 33. New waste was brought in tippers and dumper placers (trucks carrying containers). The
height of the dumped waste varied widely with an average height of about 2-3 m. While only the newly
deposited waste in front areas of the dumpsite smelled, in back areas of the dumpsite several trails of
smoke revealed smoldering fires. Since the smoldering waste was deposited too low and probably not
long enough ago to be producing methane, the smoldering fires most likely originated from self-igni-
tion of waste. Many birds and a few dogs were seen on the dumpsite. Although only one informal sec-
tor person was seen, there were many small heaps covered with blankets at the outskirts of the
dumpsite, containing collected recyclables such as paper and plastics (Figure 34).
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Figure 33: Pictures of the currently used dumpsite near Sarai in March 2017

Photos by ifeu Heidelberg

Figure 34: Sorted out recyclables at the currently used dumpsite near Sarai

Photos by ifeu Heidelberg

3.3.7.3 Dumpsite at Chandighat

This dumpsite is situated east of Haridwar near the national highway 74 and a riverbank called Chan-
dighat or Chandi Ghat. It extends over an area of approximately 1.5 km? (Jain & Sharma 2011). No ma-
chinery for treatment of waste was placed at the site and neither any fencing or other visible boundary
(National Green Tribunal 2015a). This allowed for animals to eat waste and for the wind to spread
waste over a large area (National Green Tribunal 2015a).
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In July 2015 the National Green Tribunal forbade any further dumping at this site, because it is located
within the Ganga’s flood plain (National Green Tribunal 2015a). Due to the site’s location, floods pose
the threat that waste and leachate from waste could get into the river. Despite the prohibition, contin-
ued use of the dumpsite has been reported in September 2015 due to lack of an alternative dumpsite
(Tiwari 2015). According to an inspection in August 2016, more than three quarters of the dumpsite
had been capped with soil and vegetation (CPCB 2016). According to the Haridwar Municipal Corpora-
tion (HMC 2016 & 2017), the dumpsite was finally closed in January 2016. The National Green Tribu-
nal has issued that once the integrated SWM facility near Sarai is operating, the entire waste deposited
at the Chandighat dumpsite shall be segregated and moved to the new integrated SWM facility (Na-
tional Green Tribunal 2015b).

3.3.7.4 Integrated SWM facility near Sarai

Plans for future treatment and disposal of Haridwar’s waste were significantly influenced by the Mu-
nicipal Solid Waste (Management & Handling) Rules, 2000. Since door-to-door collection and segre-
gated storage of waste at the source are demanded by these rules, at least 100 t/d of (mostly) biode-
gradable waste are expected to be available for separate treatment (IPE 2009). As a result, a compost
plant together with an engineering sanitary landfill is under construction to provide future treatment
and disposal of Haridwar’s MSW. The compost plant has been designed for a capacity of 100 - 150 t/d
biodegradable waste during a first phase from 2015 until 2025 and 150 - 200 t/d during a second
phase from 2025 until 2040, while the landfill’s capacity is planned to be 50 t/d (MoEFCC 2015, CPCB
2016) and potentially increasing with the increasing waste generation (IPE 2009). An additional stor-
age area in the compost plant will allow for storage of biodegradable waste during times of increased
waste generation, such as religious festivals (IPE 2009). Recyclables are meant to be collected sepa-
rately and recycled, thus leaving only separately collected inert materials (mainly soil from road
sweeping) for deposition in the landfill (IPE 2009). In addition, rejects from the compost plant will be
deposited at the landfill (IPE 2009).

As a public-private partnership, KRL Waste Management (Haridwar) Private Limited has been con-
tracted to build the integrated SWM facility (Nagrath 2016, HMC 2016 & 2017). This is the same com-
pany as the one contracted to collect waste in Haridwar.

The location of the proposed areas for both phases can be seen in the Annexure, chapter 3.5.1, and the
compost plant’s layout plan from 2016 for a capacity of 100 t/d in chapter 3.5.2 (IPE 2009) describes
the intended composting process as follows: The daily collected segregated waste will be unloaded on
the concrete yard in a heap and then formed into windrows. Leachate from the compost will flow
through drains into a leachate tank from where it will be recycled back onto the windrows. Especially
in summer the leachate will not be enough to keep the waste adequately moist and additional water
will be needed. Excess leachate will be treated at the already existing municipal sewage treatment
plant nearby (location see Annexure, chapter 3.5.128). Because the waste could become too wet during
rainfalls, the windrows should be covered with laminated plastic sheets. The windrows will be turned
once every 7 days and after 7 - 8 weeks the compost will be sieved by several rotary screens and dis-
patched. Thorough separation of the biodegradable waste at its source is necessary to enable produc-
tion of high quality compost.

In August 2016 the compost plant structure for the first phase was under construction. Roller com-

pacted concrete foundations and columns for sheds were under installation, whereas the construction
of the engineering sanitary landfill had not yet started (CPCB 2016). The office building and the work-
shop for vehicles were already constructed and one row of plantation was planted along the boundary

28 This sewage treatment plant can also be seen on aerial photographs at 29° 53’ 35” north latitude and 78° 5’ 21” east longi-
tude (see for example wikimapia 2017).
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of the MSW facility, although the facility’s environmental clearance demands at least three rows
(MoEFCC 2015, CPCB 2016).

The visit in March 2017 revealed sheds and paved areas quite similar to the plan in the Annexure,
chapter 3.5.2. Therefore, the names used in that plan will be used to describe the observed state of
construction in March 2017 (see Figure 35). The roofs of the process shed as well as the high roof shed
with the storage area were all finished and the floor of the sheds was nearly finished. Several mounts
for machinery were constructed mostly in the process shed and KRL employees working on the site
informed that machinery was planned to be installed a week later. The composting will take place in
the open on the windrow area, which was covered with gravel. In contrast, the drying area between
the windrow area and the process shed was covered with concrete. The weigh bridge had also been
constructed. Construction of the sanitary landfill, however, still had not started. During the workshop
HMC representatives explained that the process will include a mechanical pre-treatment, and the IT
official assumed that the beginning of the operation may take another six months.

Figure 35: State of construction of the compost plant in March 2017: process shed, high roof shed,
windrow area and weigh bridge (from top to bottom and from left to right)

Photos by ifeu Heidelberg

(IPE 2009) also describes the plans for the engineering sanitary landfill. The environmental clearance
of the integrated SWM facility reinforces some aspects of these plans with official requirements
(MoEFCC 2015). The bottom of the landfill base will be made up of compacted soil, which must be
topped with a composite liner made of geosynthetic clay liner (GCL) and above it a high-density poly-
ethylene (HDPE) liner. They are intended to prevent any infiltration of leachate in the soil below the
landfill. On top of this will be the leachate collection system, consisting of a 30 cm gravel layer with
embedded perforated HDPE pipes and covered with a geotextile separator layer. The geotextile must
then be covered with a 30 cm soil layer for protection and finally a GCL to impede percolation. The
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HDPE pipes will be connected to a leachate collection tank, from where the leachate should be trans-
ported to a sewage treatment plant for treatment. At the end of each working day newly deposited
waste should be covered with 10 — 15 cm soil and the average final height of waste is intended to be
8.4 m. After landfill closure, 20 — 30 cm gravel with embedded passive gas vents will be placed on top
of the waste. The gravel will be covered with a 60 cm compacted soil layer (mixed with Bentonite) and
a HDPE liner to reduce the infiltration of water into the landfill. Above these, 15 cm gravel covered by a
geotextile will help in draining infiltrated water and only a 45 cm soil layer for vegetation growth will
be placed on top of them. Passive gas vents were chosen over a proper gas collection system including
treatment of the captured gas because deposited waste should be (mostly) inert and produce only very
small quantities of gas. Although some rejected large organics from the compost plant will be depos-
ited in the landfill together with the inert waste, the biodegradable proportion of the deposited waste
is expected to be below 5%. Consequently, no gas treatment will be installed for the predicted small
amount of gas.

Furthermore, the National Green Tribunal recommended spreading disinfectant on an open landfill
regularly (National Green Tribunal 2015a).

The construction of the integrated SWM facility is happening later and slower than intended because it
has been delayed by lack of funding since 2015. Constructing the integrated SWM facility is part of
Haridwar’s JNNURM project, which was approved in 2009 with projected costs of 167.2 million rupees
(Urban Development Directorate 2015). The JNNURM project and funding ended in March 2015 (TNN
2015). By then not even half the funding for Haridwar’s project had been released and most of the re-
leased funding had been used to buy equipment for collection and transport of waste. Since then Utta-
rakhand’s state government has provided some funding for the project (Nagrath 2016).
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3.5 Annexure Haridwar
3.5.1 Annexure 1: Area of the integrated SWM facility
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Layout of the future compost plant with a capacity of 100 t/d

Annexure 2

3.5.2
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