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FOREWORD

Hardeep S Puri

H o n 6Midiseer of State (Independent Charge)
Ministry of Housing & Urban Affairs

The Swachh Bharat Mission, which aims to make India a

clean and open defecation free nation by October 2019,
needsto becomea 6 J A n d o Wwith pdrticipation from
every stakeholder.

We have taken up a multi-pronged strategy for making the
Missiona p e o p mavément. Asthe mission is completing
3 years, it is heartening to note that the Swachh Bharat
Missionhas caught the imagination of citizens.

The increased participation from citizens, be it as part of

our thematic dri ves, or voluntary o6Swachhatad a
from inspired individuals and organizations, is slowly but

surely pushing the Missiontowards becomingaé peop |l e 6 s

movement 0.

| am pleased to see the ready reckoner on technologies

in Waste to Wealth being released by my Ministry. This

compendium will lay out various technology options

available in converting waste to wealth resource. The

compendium also has a collection of case studies from all

over the country which can be effectively replicated. It is

my firm belief that this will go a long way in making waste

managers active participants in our collective journey

towards a ASwachh Bharato by 2nd October 2019
turning waste into a wealth resource.
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FOREWORD

Durga ShankerMishra
Secretary
Ministry of Housing & Urban Affairs

With Swachh Bharat Mission (Urban) approaching its
3-year mark, it becomesimperative for us to expedite
efforts towards making our urban areas clean, healthy
and liveable.

For SwachhBharat Missionto be a continuing success,
it is important that we look at waste as a resource and
not as garbage that should be discarded at the landfill
site. Overflowing landfill sites are leading to air, land and
water pollution in addition to loss of valuable wealth that
could have been extracted from the waste.

If we as households, shopkeepers, healthcare providers,
students, teachers, priests, bulk waste generators,
RWAs, visitors, customers, etc commit towards
extracting wealth out of waste, | am positive that we will
not only achieve a clean India but this cleanlinesswill be
sustained even after the mission period.

In view of this, the Ministry of Housing and Urban Affairs
is releasing a ready reckoner on technologies in Waste
to wealth. This compendium will let one explore various
technology options that are now available to generate
wealth from waste.
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PREFACE

The Swachh Bharat Mission (SBM) has to achieve the objective of 100%
municipal solid waste processing and disposal by 2019. The target is
achievable once the ULBs start looking at waste as a renewable resource.
The confidence of meeting the target emerges from the fact that all waste
processing technologies, from the basic to sophisticated have been harnessed
in India itself and can be replicated with minimal re -adjustments suiting to
specific sites and ULBs.

This Ready Reckoner on Waste to Wealth is an effort under SBM to put

together the available waste processing technologies in a simple way with

working case studies for the ULB decision maker
them in identifying technologies suiting to their requirements. With the coming

into force of SWM Rules 2016 provisions, all bulk generators also need to

process waste by themselves and this Ready Reckoner is useful for them also.

Once bulk generators carryout waste processing, the burden on the ULBs is

likely to comedown by 15-20%.

Regarding collection and transportation of MSW, ULBs have achieved about
90% efficiency, but the gap in processing is substantial. Addressing these
gaps in processing by suitably implementing the given models of generating

revenues out of waste processingis the aim of this ReadyReckoner.

For other components of MSWM chain, reference may be made to the

Municipal Solid Waste Management Manual 2016 published by CPHEEO,

Ministry of Housing and Urban Affairs. In keeping with the improvements

in waste processing, this Ready Reckoner will be regularly updated. Users

are requested to refer to the Ilvwavest versior
swachhbharaturban.in also.
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LIST OF ABBREVIATIONS

AMC Ahmedabad Municipal Corporation

BBMP Bruhat Bengaluru Mahanagara Palike

C/N Carbon Nitrogen Ratio

CQ, Carbon Dioxide

cm Centimetre

CERC Central Electricity Regulatory Commission

CPCB Central Pollution Control Board

CPHEEO Central Public Health and Environmental Engineering Organisation
C&D Construction and Demolition

DBOO Design Build Own and Operate

E-Waste Electronic Waste

FCO Fertilizer Control Order

GHG GreenHouse Gas(es)

H,S Hydrogen Sulphide

JMC Jabalpur Municipal Corporation

kwh Kilo Watt Hour

LA Local Authority

LCV Low Calorific Value

MSEDCL Maharashtra State Electricity Distribution Company Limited
MDA Market Development Assistance

MW Megawatt

MT Metric Tonne

MoHUA Ministry of Housing and Urban Affairs

MNRE Ministry of New and Renewable Energy

MOEFCC Ministry of Environment, Forest and Climate Change
MSW Municipal Solid Waste

MSWM Municipal Solid Waste Management
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NDMC North Delhi Municipal Corporation
0o&M Operation and Maintenance
owcC Organic Waste Composter

PPM Parts Per Million

PA Per Annum

PROM Phosphate Rich Organic Manure
PCC Pollution Control Committee

RRE Public Private Partnership

PWD Public Works Department

PMC Pune Municipal Corporation

RDF Refuse Derived Fuel

RCC Reinforced Cement Concrete
RWA ResidentsWelfare Association
SHG Self Help Group

SWM Solid Waste Management

SPV SpecialPurpose Vehicle

SERC State Electricity Regulatory Commission
SPCB State Pollution Control Board
SDMC South Delhi Municipal Corporation
T™MC Thrissur Municipal Corporation
TPD Tonnes Per Day

ULB Urban Local Body

WLE Wasteto Energy
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BACKGROUND

1.1 MUNICIPAL SOLID WASTE: AN OVERVIEW

Municipal Solid Waste (MSW), commonly known as garbage or trash is a waste from everyday items
that is discarded by us. Our daily activities give rise to a variety of solid wastes of different physico-
chemical characteristics, which harm the surroundings unless properly managed and processed.
Cleaning up of waste contamination is much more expensive compared to its prevention at every
stage of possible contamination. We are facing a huge challenge to properly manage waste. Faced
with huge volumes and heavy expenditure for management, efforts should be made to reduce waste

volumes and generate earnings from treatment thereof.

The composition of municipal solid waste varies greatly from place to place and from time to time.
It predominately includes food waste, household waste, market waste, packaging materials and
products which are no longer useful. The sources can be residential, commercial, institutional and
industrial. In the definition of municipal waste, the industrial waste, agricultural waste, medical waste,
radioactive waste or sewage sludge is not included.
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Source Typical Waste Generator Solid Waste Contents
Residential Single and multiple households/ Food wastes, paper, cardboard, plastics,
dwellings textiles, leather, yard wastes, wood, glass,

metals, ashes, special wastes (e.g., bulky
items, consumer electronics, batteries, oil,
tires), and household hazardous wastes.

Commercial Shops, Stores, Hotels, Restaurants, Paper, cardboard, plastics, wood, food
Markets, Office, Malls etc., wastes, glass, metals, special wastes,
hazardouswastes
Institutional Schools, Hostels, Hospitals, Paper, cardboard, plastics, wood, food
Government and Private Office wastes, glass, metals, special wastes,
Complexes hazardouswastes.
Construction and Demolition Construction sites, road repairs, Wood, Steel, Concrete Debris, Glass,
Waste renovation sites, demolition of buildings  Sand, Tiles, Bituminous Concreteetc.
Municipal Services Street Sweeping, landscaping, Street sweepings; drain silt; landscape
Cleaningof parks, beaches, other and tree trimmings; wastes from parks,
recreational areas beaches, and other recreational areas

Waste collection and processing is performed by the Urban Local Body (ULB)/ Local Authority (LA) in
the area under its jurisdiction. Waste disposal has to meet scientific standards otherwise it has serious
detrimental effects on human health and environment. The Sustainable waste management hierarchy

is given below:

Most
Preferred

Composting: Processing organic waste
to recover compost (Windrows, In-Vessel
& Vermi-Composting, etc.)

Waste to Energy: Recover

energy before final disposal of

waste (RDF, Biomethanation,
Incineration etc)

Least
Preferred

Improper waste management is one of the main causes of environmental pollution. The World Health
Organization (WHO) has observed that 22 types of diseases are associatedwith improper management
of municipal solid waste. Also, there are social implications of improper waste management which
disproportionately affect the poorer communities living in slums and areas nearer to landfills and
dumpsites. Millions of waste pickers are exposedto hazardous substanceswhile collecting waste in
the dumpsites seriously impacting their health and life expectancy. The improper waste management
largely contributes to air, land and water contamination.

! Source: Waste and Human Health: Evidence and Needs: World Health Organisation, 2015
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Municipal solid waste comprises of bio-degradable, recyclable and inert waste. The biodegradable
waste stream is the bulk of MSW and most contaminating as it consists of discarded food, vegetables,
fruits, meat and moisture, forming potent base for germs to multiply.

Next comes the recyclable waste which is most voluminous comprises of paper, plastics, metal,
glass, fiber, cardboard, wood board etc. Theseif kept separately have lot of value but if mixed with
biodegradable and inert waste, make a huge bulk of waste contaminated with germs and if crudely
dumped together make for an environmental disaster. The inert waste is from swept dust, sand, ashes
and materials of building construction & repair. If kept separate these are reusable and harmless but
their indiscriminate disposal will form pockets for germs and pests to lodge and proliferate in the
environment.

Municipal Solid waste

Kitchen Waste Paper S Napkins
L Food Waste A ) C y Bandages
v v v
@ D @ D @ N
Vegetable Waste Plastics Pebbles [ Aerosol cans j
Non-Vegetarian \ AN o
Waste » ¢ » 4 ¢ N
v Wood, Board, Dirt and
0 LChips, Cardboards J L Gravels )
Gardenwaste v v
- - Metal, Glass, N Construction and b
Rubber, Rags Demolition Waste

Z o\l

As generalized above, waste calls for proper scientific management from generation to final disposal.

Along this trail of management, waste can be turned to a resource. Hence there exists a case for every

ULB/LAand stakeholder in the waste chain to appropriate the sloganfi Wa stad Vée a | Thisdeady
reckoner aims to provide information to every stakehc
involving the processing and treatment of waste to convert and recover from it financially valuable

outputs. Consideringthe socialand environmental benefits of waste processing, waste can truly be

called a wealth resource. It is therefore the duty of everyone to handle waste as a resource, right from

segregation at source to its scientific processing.

Apart from processing there are inseparable aspects of waste management in its proper storage,
collection, transportation and final disposal which are not dealt within the ready reckoner. However, it
is essentialthat all these associatedaspectsare also managed to preserve the resource potential of
waste.
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1.2. WASTE GENERATION AND MANAGEMENT SCENARIO

According to Report of Task Force on Wasteto Energy, an estimated 62 Million tonnes? of MSW
waste is generated annually by 377 Million people in
indiscriminately at dump yards in an unhygienic and unscientific manner by the municipal authorities
leading to problems of health and environmental degradation. If the estimated 62 Million tonnes annual
generation of MSW continues to be dumped without treatment, it would need 3, 40, 000 cubic metres
(1240 hectares per year at 10 metre height and density of 500 kg/m?) of landfill space every day.
Considering the projected waste generation of 165 Million tonnes by 2031, the land consumed by
landfills for 20 years could be as high as 45,400 hectares of precious land, which the country cannot
afford. The task force report considers it imperative to minimize the waste going to landfills by at least
75% through processing of MSWusing appropriate technologies.

The Central Public Health and Environmental Engineering Organization (CPHEEOunder Ministry of
Housing and Urban Affairs has developed the Municipal Solid Waste Management Manual 2016,
which provides detailed guidance to urban local bodies on the planning, design, implementation and
monitoring of comprehensive municipal solid waste management systems.

As the Municipal Solid Waste Management Manual 2016 and the Report of the Task Force on Waste to

Energy are in the nature of technical guidebooks, Ministry of Housing and Urban Affairs has prepared

this Ready Reckoner f or 0 Wast echhtBbaraiWissidntinitiative Kbathea g e me n t
guidance of decision makers and all other stakeholders in simple and easily understandable format for

waste processing and resource recovery thereof.

This report is a compendium of various recommendations provided by the above mentioned reports
and other best practices on SWM to help ULBs/LAs to identify technically feasible, financially affordable
and environmentally sound processingtechnologies for municipal solid waste.

1.3. STATUTORY PROVISIONS FOR MANAGEMENT OF SOLID WASTE / WASTE IN
GENERAL
1.3.1 Evolution of Laws

India has made constitutional safeguards for the protection and preservation of the environment and
made several laws and acts. The laws concerning waste management in India are mentioned below:

Year Laws Areas of Application Revised
1974 The Water (Prevention and Control of Pollution) Industries, Landfills 1988
Act
1975 The Water (Prevention and Control of Pollution) Industries, Landfills -
Rules
1981 The Air (Prevention and Control of Pollution) Act Industries -

2 Asper 2011 census, 377 million people , generate 62 million tonnes of MSWper year which is based on an average per
capita generation of 450 gm per person per day- Source: Report of the Task Force on Wasteto Energy
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1986 The Environment (Protection) Act Industries -
1998 The Bio-Medical Waste (Management and BiomedicalWaste from 2016
Handling) Rules Health Care Facilities
1998 Hazardous Waste (Management, Handling & Hazardous Wastefrom 2016
Transboundary Movement) Notified 2008 Industries
2000 Solid waste (Management and Handling) Rules Waste Generation, Waste 2016
2000 Collection& Transportation,
Waste Processing, Waste
Disposal
2010 National Green Tribunal Act Industries, Municipalities -
2011 The Plastic Waste (Management and Handling) Plastic Waste 2016
Rules
2011 E-Waste (Management and Handling) Rules E-Waste 2016
2016 Construction and Demolition Waste C&DWaste 2016

Management Rules

The Ministry of Environment & Forest had notified the Municipal Solid Wastes (Management and
Handling) Rules in 2000, making it mandatory for municipal authorities to set up waste processing and
disposal facilities, identify sanitary landfill sites, and improve existing dumpsites. The compliance did
not happen, mainly because of the inability of municipalities to implement waste segregation, and lack
of institutional and financial means to implement waste processing and disposal projects. Government
of India has revised the Municipal Solid Waste (Management and Handling) Rules2000 and notified
the Solid Waste Management Rules 2016 on April 8, 2016. The salient features of the SWM Rules
2016 (hereafter called Rules) are as under:

Areas of Coverage:

Urban Local Bodies

Outgrowths in Urban Agglomerations

CensusTowns as declared by the Registrar Generaland CensusCommissionerof India
Notified Areas

Notified Industrial Townships

Areas under the control of Indian Railways

Airports / Airbases

SQe o e 0 o -

Ports and Harbours
Defense Establishments

j-  Special Economic Zones

k. State and Central Government Organizations

[. Placesof Pilgrimage

m. Placesof Religiousand historical importance as may be notified by respective State Government
from time to time
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2. The Waste Generators are classified as:

. Every domestic, institutional, commercial and any other non-residential solid waste generator
situated in any of the above areas.

. Event Organizers

iii. StreetVendors

iv. RWAs& Market Associations

v. Gated Communities having more than area 5000 sq. metres

vi. Hotelsand Restaurants, etc.,

3. Duties of Waste Generators and Authorities

a. Every Waste Generator shall segregate waste and store separately and hand over to Municipal
workers or authorized waste pickers

b. Local Authority / Panchayatsshall prepare SWMplan with timeline and its implementation, segregate,
adopt 3 R 6 material recovery, processing/disposal of waste, user fee and levy spot fines

¢. SPCB9d PCCsshall monitor, issue authorization and regulate.

d. Manufacturers/Brand Owners shall facilitate collect back wastes of their products and provide
pouch for packaging sanitary wastes, etc.,

e. Industry (cement, power plant, etc.) shall use RDFfrom within 100 Km of their location

f. Operator of facilities shall follow guidelines/standards

g. Wasteto Energy plants for waste with 1500 Kcal/kg and above and for co-incineration in cement
and power plants.

4. Time Frame for Implementation of SWM Rules 2016 notified on 8th April 2016
i. ldentifying a suitable site for setting up SWMfacility & regional sanitary landfill : By April, 2017 (1 year
from the date of notification)
ii. Procurementof the identified sites for setting up the SWMfacility and Sanitary landfill : By April,
2018 (2years from the date of notification)
ii. Enforcing waste generators to practice segregation of waste at source : By April, 2018 (2 years
from the date of natification)
iv. Ensure door-to-door collection of segregated waste and its transportation in scientific manner : By
April, 2018 (2years from the date of notification)
v. Ensure separate management of Construction and Demolition (C&D) wastes : By April, 2018
(2 years from the date of notification)
vi. ULBswith 1,00,000 Plus population should have entire SWM system in place : By April, 2019
(3 years from date of natification)
vii. ULBswith less than 1,00,000 population should have entire SWM system in place : By April, 2019
(3 years from date of natification)
viii. Bio-remediation or capping of existing dumpsites: By April, 2021 (5 years from date of notification).
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1.4. BEST SOLID WASTE MANAGEMENT PRACTICE
The best practices of municipal solid waste management are the 3Rs- Reduce, Reuseand Recycle

1. Reduce-

A Reducewaste generation in the first place

A Consumeless=Waste less

A Decline plastics and disposals

A Decline plastic shopping bags

A Decline packaging

A Return packaging/dead product to manufacturers.

2. Reuse-

A Find safe usage for leftover foods, vegetables, fruits, etc.,
A Reusedisposablessafely at personal level

A Reusepackaging and wrapping

A Reuseltems as much as possible

3. Recycle-
Return waste materials back into consumption cycle and for resource recovery.

Key: Segregation is the key for Recycling and for

Resource Recovery from Wastes:

Bio-degradable Waste Inert Recyclables

Composting As building materials Revert to manufacturing process for
Biomethanation APaper
APlastics
AGlass
AMetal
ARubber
If not, convert into RDFand use as a fuel for Heat and
Energy

1.5. NEED FOR A READY RECKONER FOR WASTE TREATMENT & PROCESSING
TECHNOLOGIES

To manage the current challenges of urban waste management, an integrated approach to waste

management involving planning, financing, construction and operation of facilities for the segregation,

collection, transportation, recycling, treatment and final disposal of the waste could be considered.

The challenge has many elements-

1. Sourcesegregation needsto be encouraged and mandated

2. Efficiencyhasto be bought to collection of waste,

3. Scientific treatment/processing of waste mandated along with final disposal.
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Source segregationinto dry and wet waste is vital for proper treatment of waste. It allows for cleaner
streets and roads, effective waste treatment promoting recycling & reuse and safer disposal of waste.

This ready reckoner focuses on the treatment/processing of municipal solid waste (MSW) and
stressesupon the importance of waste segregation at source and has been prepared based on the
Solid Waste (Management & Municipal Handling) Rules 2016; the Municipal Solid Waste Management
Manual 2016 by the Central Public Health & Environmental Engineering Organization (CPHEEO)xnd
the recommendations of Report of Task Force on Waste to Energy, Planning Commission, May 2014.

The rules stipulate that all urban local bodies are responsible for proper collection, storage,
transportation, processing and disposal of the municipal wastes. Only the residual inert after due
processing of waste is to be disposedinto a sanitary landfill in accordancewith the rules. The rules
direct the use of composting, vermi composting, anaerobic digestion or biomethanation for treatment
of biodegradable waste. Incineration with or without energy recovery including pelletization and other

thermal processescan also be used for processing of municipal wastes.

All the technologies/ processesbeing used in India are brought together in this simplified guide for
enabling the decision makerdéds awareness and gui de
to their requirements and restraining conditions. The ready reckoner gives the simple description,

range of application, requirements, benefits, outputs and examples of case studies of the process/

technology concerned. All other aspects of MSW management are outside the ambit of this ready

reckoner.
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GOVERNMENT INITIATIVES FOR
PROMOTING WASTE TO WEALTH

Under the Swachh Bharat Mission, Ministry has taken several initiatives along with sister Ministries
and Departmentstopr omot e fAWaste to Wealtho and for enabl i
(Management and Handling) Rules, 2016. The same are detailed below:

The list of initiatives undertaken by the Central Government are as under:

2.1 WASTE TO COMPOST

The Union Cabinet has approved for a Policy on Promotion of City Compost. Under the policy, a
provision has been made for market development assistanceof Rs. 1500 per tonne of city compost
for scaling up production and consumption of the product. Market development assistance would
lower purchase cost of city compost to farmers. Compostfrom city garbage would not only provide
carbon and primary/ secondary nutrients to soil but will also help in keeping the city clean. Eco -Mark
standard for City Compostwould ensure that environment friendly quality product reachesthe farmers.

Apart from this, the Ministry has also eased some
encourage the compost producers to sale the compost in bulk (without packing) for the benefit of
farmers.

2.1.1 Compost Policy: Market Development Assistance Policy under Swachh Bharat
Mission Initiative

1. Market Development Assistance (MDA) of Rs. 1500 per metric tonne of city compost to be paid to
fertilizer marketing companies.

2. Fertilizer Marketing Companiesobligated to purchase all city compost manufactured by respective
cities to which they have been tagged.

3. Amendment on 28th September2016: ULBs/ Compost Manufacturers can also market compost
directly to farmers (in bulk) and claim MDA of Rs. 1500 per tonn e. DAC&FW Noatification in this
regard releasedfor 43 plants and Notification for 47 plants is underway.

2.2 WASTE TO ENERGY

The Union Cabinethas approved the proposal of the Ministry of Power for amendments in the Tariff
Policy. For the first time a holistic view of the power sector has been taken and comprehensive
amendments have been made in the Tariff Policy 2006. Swachh Bharat Mission to get a big boost
with procurement of 100% power produced from Waste-to-Energy plants.
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Thepr ovi sion in the Electricity Tariff Policy 2006 i s
Municipal Solid Waste at the Rate Determined by Appropriate A u t h o by iStaty Electricity DISCOMs.

2.2.1 Guidelines by Task Force Constituted by Planning Commission on Waste to Energy

The guidelines by the Task Force constituted by the Planning Commission (2014) for establishing

Waste to Energy plants include the following:

1. appropriateness of WtE for a community must be evaluated on a case-by-case basis and should
only be considered after waste reduction and responsible recycling programs are implemented.

2. Minimum eligibility criteria for getting financial support to set up WtE plants are the following:

A Municipal authority must select a suitable concessionairethrough a competitive bidding to set up,
operate and maintain the waste processing facility for a long term not below 20 years (DBOOT).

A The applicant must be a developer or technology provider who will actually construct, operate and
maintain the plant;

A The developer must have critical staffing on board on full time basis or on long term contract;

A The developer must have past experience of operation and maintenance (O&M) of at least one such
plant.

The Task Force Report clearly mentions the suitability of WtE plants when total waste generated is
more than 550 TPD, along with composting for biodegradables as well as making RDF. This is suitable
for ULBshaving population of 10 Lakhsand above.

Considering the high costs of transportation of waste as well as the processed waste products
and existence of extensive urban sprawl in large ULBs, coupled with the obligation of renewable
energy on Electricity Discoms mandated to procure 100% power for WtE plants under Tariff Policy Dt.
28.01.2016, setting up WtE Plantsis ideal for large ULBs.

2.2.2 Policy Initiatives for WtE under Swachh Bharat Mission

CERQC ariff for RDFbasedMSWProjectsand MSWProjects

Technology Levellised Variable Cost Applicable Benefit of Net Levellised Tariff
Fixed Cost Tarff Rate Accelerated

Depreciation

FY 2015-16 FY2015-16 (if availed) (upon adjusting
for Accelerated
Depreciation benefit)

(if availed)
(Rs/kwWh) (Rs/kwh) (Rs/kWh) (Rs/kWh) (Rs/kWh)
MSW 7.04 0.00 7.04 0.54 6.50
RDFbased MSW 4.34 3.56 7.90 0.31 7.59
A S 7 VAR
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The above tariff will be applicable for entire useful life of 20 years for the MSW/RDF based MSW
projects commissioned during FY 2015-16. However, in case of RDF based MSW projects, the
variable component of tariff will change eachyear based on the escalationfactor of 5%.

Based on this guidance of CERC, the appropriate State Electricity Regulatory Commission (SERC) can
determine the tariff for the particular Waste to Energy plant set up under the area of its jurisdiction OR
SERCcan have its own analysis.

Tariff Policy under Central Electricity Act, 2003 as amended

The policy as notified on 28.01.2016 mentions at 6.4 (1) (ii) that Distribution Licensee (s) shall
compulsory procure 100% power produced from all waste-to-energy plant in the State, in the ratio
of their procurement of power from all sourcesincluding their own, at the tariff determined by the
appropriate Commissionunder Section-62 of the Act (Ministry of Power Resolution, New Delhi, 28
January, 2016 regarding TARIFFPOLICY).

2.3 CONSTRUCTION AND DEMOLITION WASTE

To minimize the quantity of inert reaching to landfill and to promote reuse/ recycle of construction &
demolition waste (C&D waste), the Bureau of India Standards (BIS) has amended the specification for
coarse and fine aggregate for concrete (Third Revision) (IS: 383-2016). The products from C&D waste
could also be used for non-structural purposes like kerb stone, paver block and road construction,
etc. aswell as for structural purposes.

In March 2015, BIS hasissued proposed revisionsin IS: 383, which will allow use of coarse and fine
aggregate derived from processing of recycled concrete as part replacement of natural sand (18). The
amounts permitted, for both coarse and fine aggregate, are;

A 100 percent in lean concrete (up to M15 grade),

A 25 percent in plain concrete, and

A 20 percent in RCC(up to M20 grade).

CPWDissued guidelines on Reuse & Recyclingof Construction & Demolition Waste through a book
titted CPWD Guidelines for Sustainable Habitat.
http://cpwd.gov.in/Publication/Guideleines_Sustainable_Habitat.pdf

CPCB has launcheca i GUI D BN ENWERONMENTAL MANAGEMENDFC& D WASTESO
which they have prepared in compliance with the Rule 10 sub-rule 1(a) of C & D Waste Management
Rules, 2016, which was releasedin March, 2017. The reference link is provided as under to read and

understand more about its management:
http://cpcb.nic.infupload/Latest/Latest 171 Final C&D_March_2017.pdf
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2.4 PLASTIC WASTES DISPOSAL MECHANISM

2.4.1 Plastic Waste in Road Construction

A Government order in November 2015 has made it mandatory for all road developers in the country

to use. Same amount of waste plastic, along with bituminous mixes, for road construction. Road

developerswill now have to use waste plastic along with hot mixes for constructing bitumen roads

within 50 km of periphery of any city that has a population of over five lakh. In recently released

guidelines for developers, the government has made it mandatory that in case of non -availability

of waste plastic, the developer has to seek the ro
constructing only bitumen roads.

MORTH has also issued a direction to all states to use bituminous mixes with the waste plastic in
at least a 10 km stretch as a pilot project. It further state that in order to study the performance
of these roads, Central Road Research Institute (CRRI) reputed engineering colleges like 1ITs/ NITs/
Government Engineering colleges may also be engaged so that the efficiency of the system can be
confirmed before making it mandatory in the contracts.

The Ministry has further directed that all the agencieshave to take measuresfor implementation of the
same and send the details identified stretches to be constructed with waste plastic and the feedback
on the performance of the stretches constructed with waste plastic may be sent to the Chief Engineer
with a 6-month interval. State agencieshave been askedto send an action taken report to the ministry.

Advantages of Plastic Tar Road:

A well-constructed Plastic Tar Road will result in the following advantages.
A Strength of the road increased (Increased Marshall Stability Value)
A Better resistance to water and water stagnation
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A No stripping and have no potholes.

A Increased binding and better bonding of the mix.

A Increased load withstanding property( Withstanding increased load transport)
A Overall consumption of bitumen decreases.

A Reduction in pores in aggregate and hence less rutting and raveling.

A Better soundnessproperty.

A Maintenance cost of the road is almost nil.

A The Road life period is substantially increased.

A No leaching of plastics.

A No effect of radiation like UV.

It has been found that modification of bitumen with shredded waste plastic marginally increases
the cost by about Rs. 2500 per tonne. However this marginal increase in the cost is compensated
by increasein the volume of the total mix, thereby resulting in less overall bitumen content, better
performance and environmental conservation with usage of waste plastic.

2.5 E-PROCUREMENT THROUGH i GE Mo

The Government has facilitate a portal Markemmpl atedG

All Central government and State Government Ministries/ Departments including its attached/

subordinate offices, Central and State autonomous bodies, Central and State Public Sector Units

and local bodies etc. are directed to make procurement through GeMportal. Its salient features and
benefits are as under:

A Direct accessto all Govt. departments registered

A One stop marketing place with minimal marketing efforts.

A No need to watch for tenders of different Govt. departments.

A Freedom from Product registration: No need to run for product and model registration etc.

AProducts accepted against supplieroés guispatahnt ee/ wa
inspection testing and evaluation procedures.

A Freedom from fixed specifications: No need to customize to given specifications. Market your
product with all features defined by you. Update and upgrade products as soon and as many times
asyou find it necessary.

A Dynamic pricing i price can be changed based on market conditions i no fixed price for whole year
i no fear of fluctuation of raw material prices or exchange rate variations.

A Dynamic product listing i no need to run for model up-gradation/changes. List your latest products
and market them based on features and your competitive prices.

A Get complete information of all Govt. requirements through Annual Procurement Plans.

A Timely payment.

A Consistentand uniform purchase procedures.

For more reference the below link can be visited:
https://gem.gov.in/

Lo 1|
% TGRS )

\ R - Lo ey / LT



26 |WASTE TO WEALTH

TECHNOLOGY OPTIONS FOR
PROCESSING OF WASTE

The Municipal Solid Waste contains organic fraction (biodegradable waste) and inorganic fraction
(dry waste including recyclable and combustible materials) and the inert & C&Dfractions. There are
various technologies by which different fractions of waste can be processed. The several methods of
processingand treatment of municipal solid waste can be grouped together as:

1. Biological Processing (Composting and Biomethanation)
2. Thermal Processingor Waste to Energy Processing
3. Processingfor Reuse(especially for C&D Waste, Plasticsin Roads)

The bio-degradable waste can be processed using biological (biechemical) conversion by Composting
or biomethanation. Composting will yield bio-fertilizer commonly known as city compost useful as
a soil conditioner, whereas Biomethanation will yield biogas as its output which can be used for
production of electricity and heat/ light.

Dry/Combustible waste can be processed through thermal processing (waste to energy) which
includes Incineration, Gasificationand Pyrolysis. The output could be electricity which can be sold to
electricity distribution companiesat a set tariff.

Inerts shall be sent to scientific landfills. Construction and Demolition (C&D) Waste although not part of
municipal waste, is a huge problem due to mixing of C&Dwaste with the municipal waste.

The classification/ characterization of the waste and the technology options for its treatment have been
clearly depicted in the Report of Task Force on Waste to Energy and the same is shown in the figure
below. The figure givesthe pathways as to the waste processingtechnology to be opted for a given
type of waste. The various processing technologies are briefly described in the subsequent sections.




v
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Source: Report of the Task Forceon Waste to Energy, Planning Commission,May 2014

3.1 BIOLOGICAL (BIOCHEMICAL) PROCESSING TECHNOLOGIES
Bio-chemical conversion of biodegradable MSW can be categorized into composting and
biomethanation. Composting is an aerobic process in which biologically degradable wastes are
converted through biochemical transformation to yield stable granular material commonly called City

Compost- which could be used as soil conditioner and nutrient provider.

Y

J{ Pyrolysis ]

v

Steam Turbine }

Biomethanation is an anaerobic slurry-phase process that can be used to recover nutrients and energy

contained in biodegradable waste. Biogas can be used either as a source of thermal energy or to
generate electricity by using gas engines or for gas lighting.

3.1.1 Understanding Biodegradable Waste

Biodegradable waste includes any organic matter in waste which can be broken down into carbon
dioxide, water, methane or simple organic molecules by micro-organisms and other living organisms,
using aerobic digestion, anaerobic digestion or similar processes.

3.1.2 Sources of Biodegradable Waste

Biodegradablewaste is commonly found in municipal solid waste as green waste, food waste, paper
waste, and biodegradable plastics. Other biodegradable wastes include human waste, manure,
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sewage, sewage sludge and slaughterhouse waste, which however are to be kept out of the municipal
waste. The sourcesof the biodegradable waste are mentioned below:

Kitchen Waste

* Vegetable/ Fruit Peels * Chicken/Fish Bones * Teabags
* Cooked Food/ Left Overs * Rotten Fruits/Vegetables + Coffee Grinds
* Egg Shells = Tissue paper Soiled with Food -+ Leaf Plates

Garden Waste

* Fallen Leaves/Twigs * Puja Flowers/Garlands

)

* Human Waste * Manure = Sewage Sludge

Figure: Componentsof bio-degradable waste

3.1.3 Composting

Composting involves the breakdown of organic waste by microorganisms in the presence of air, heat
and moisture. This can be carried out on a small scalein householdsor on a large scale depending
upon the quantity of waste to be processedand space available. Bacteria, fungi and actinomycetes
act upon the waste to convert it into sugars, starch, and organic acids which in turn, are acted upon
by high-temperature loving bacteria, resulting in a stable product called City Compost.

3.1.3.1 SWM Rules 2016: Provision on Composting
A Clause4 Duties of Waste Generators ( Section 6, 7, 8)
A Clause 15 Duties and Responsibilitiesof Local Authorities ( section m, ¢, u, V)

3.1.3.2 Benefits of Composting

1. The economic benefits of compost use include improved soil condition, enhanced water retention
capacity of soil, increased biological activity, micronutrient content, and improved pest resistance
of crops.

2. Composting minimizes or avoids GHGemissionsfrom waste.

3. Compost is useful as organic manure; it contains macronutrients (nitrogen, phosphorous, and
potassium) as well as micronutrients. When used in conjunction with chemical fertilizers, optimum
results are obtained.
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4. Reducesdependencyon chemicalfertilizers

5. Compostcan be used to revitalize impoverished soils and waste lands.

6. Compost may also be used as a bio matrix in remediation of chemical contaminants and as a
remediated soil in contaminated sites where it helpsin binding heavy metals and other contaminants,
reducing leachate and bio-absorption.

3.1.3.3 Composting Process

Process Biology

Different organisms already presentin MSWare known to play a predominant role in breaking down
biodegradable constituents of MSW. A succession of microbial growth and activity among the bacteria,
fungi, actinomycetes, yeasts, etc. takes place during the process, whereby the environment created
by one community of microorganisms encouragesthe activity of a successorgroup. Different types
of microorganisms are therefore active at different times and locations within the windrow depending
upon the availability of substrate, oxygen supply, and moisture content of the organic matter.

1. Thermophilic Stage- Heat Generation (Sanitization)

This is the first phase of composting wherein microorganisms decompose the easily degradable
organic substancesproducing heat as a result of intense metabolic activity. In most caseswith moisture
content of 55%1 60% and air voids of 20%i 30% in the windrow (garbage heap for composting), a
temperature rise from 35°C to 55°Ci 65°C is achieved within 2i 3 days.

Windrows are turned at regular intervals to expose inner material to air so that temperature in these
fresh sectionsrises again, and gradually the whole windrow is sanitized from pathogens.

2. Mesophilic Stage

In the second stage, due to reduction in available food and nutrients, the microbial activity reduces,
causing a decline in the temperature of the heap. There is a shift in the type of microbial species. The
composted material becomes dark brown during this stage due to humus synthesis and starts to
stabilize

3. Curing Stage

Curing of compost is done after the material from the windrow is screened. The screened material is
then allowed to mature by curing stage. This is a very important phase in the composting process.
Microbial species degrading complex polymers such as cellulose, lignin, etc., increase drastically
during this phase.

Bacteria represent 80% of composting microbes. Free living nitrogen fixing bacteria, de -nitrifiers,
sulphate reducers and sulphur oxidizers are important constituents of the total microbial population.
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3.1.3.4 Physical and Chemical Parameters

Moisture: Moisture is a critical factor in composting because the microbes need moisture for survival
and growth. Moisture tends to occupy the free air space between the decomposing particles. Hence,
when the moisture content is too high, anaerobic conditions set in and composting is affected.

Aeration: The composting process requires adequate supply of oxygen for biodegradation by
microorganisms. Under aerobic conditions, decomposition rate is 10i 20 times faster than under
limited oxygen supply or anaerobic conditions.

Carbon to Nitrogen Ratio: MSW in India has a general carbon-to-nitrogen (C/N) ratio of around
30:1, which is ideal for decomposition. The organisms involved in stabilization of organic matter utilize
about 30 parts of carbon for each part of nitrogen. C/N ratio below 25:1 results in foul smell and a
higher C/N ratio will impede the decomposition process

Aeration: The composting process requires adequate supply of oxygen for biodegradation by
microorganisms. Under aerobic conditions, decomposition rate is 107 20 times faster than under
limited oxygen supply or anaerobic conditions.

Temperature: Under properly controlled conditions, temperatures are known to rise beyond 70°C
in aerobic composting. This increasedtemperature results in increasedrate of biological activity and
faster stabilization of the material. However, if the temperature becomesvery high (>75°C), organisms
and enzymesgets deactivated and the rate of activity may decrease.

Particle Size: The optimum particle size should have enough surface area for rapid microbial activity
with enough void spaceto allow air to circulate for microbial respiration. The feedstock composition
can be manipulated to create the desired mix of particle size and void space.
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3.1.3.5 Composting Technologies
3.1.3.5.1 Windrow Composting

Windrow Composting:

Windrow composting is the production of
compost by piling biodegradable waste, in
long rows (windrows). This method is suited to
producing large volumes of compost. These
rows are regularly turned over to improve
porosity/voids and oxygen content, mix in or
remove moisture, and redistribute cooler and
hotter portions of the pile. Windrow composti ng

is a commonly used composting method.

_ | y

Environmental Concerns

Landfill Emissions Leachate

(whether there is a need of landfill for (Whether the technology/process is (Whether the technology /Process
the technology/process) associatedwith emitting gases) generates leachate

Yesfor inert residue Yes Yes

Important Points on Windrow Composting

Parameters

Type of waste Organic Waste (All type of Wet-Biodegradable Waste)

Suitability (Tons/day) Min: 100 Tonnes/day Max: 1000 Tonnes
Approx. Area Requirement (m?) Min: 12000 m? Max: 8000-10000 m?
Approx. Capital Investment (Rs.) Min: 10-12 Cr. Max: 100-110 Cr.
Compost Generation Resource: Compost Min: 15 TPD Max: 125-150 TPD
Approx. Operational costs (Rs.) Rs. 1000 per Tonnes of Compost

ProcessingPeriod 45 Days per batch

Type of Labour Requirement Skilled + Semi Skilled + Unskilled

Suitability Large Quantity of Waste

Large piece of land
Agriculture and Horticulture activity in surrounding

Indicative Income Rs. 30,000/day Rs. 3,00,000/day

e , £ Y N kY= b L ) f
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Case Study on Windrow Composting-1

-
Windrow Composting:
{;v‘hl? Cgmmﬁcﬂ p‘,gm =‘r Okhla Waste to Compost Plant
dod +
" I Processing Capacity: 200 TPD
P i I I
T ‘ | ;. ® ‘ Compost Production: 30 TPD
— _

Company/Organization/Players: South Delhi Municipal Corporation along with IL&FS
Environmental Infrastructure & Services Limited

Details on the Project:

The Okhla compost plant was set up on Public Private Partnership (PPP) in association with South
Delhi Municipal Corporation of Delhi (SDMC). Today the plant processes200 Tonnes of MSWeach
day and produces 30 TPD of organic compost.

The Process:

The production processof compost involves the following processes:
1. Windrow formation under the Monsoon Sheds
CoarseSegregation

Refinement

End Product

Packaging

ok wbd

Products:

The facility produces compost and is marketed in the brand name of two products:

1. Greenphos: Organically bound, value added Phosphate Compost which is enriched with beneficial
microbe culture along with the presence of essential nutrients like Carbon, Nitrogen, Potassium,
Calcium, Zinc, Iron etc.,

2. Harit Lehar: A humus rich organic compost, compliant to standards of Fertilizer Control Order (FCO)
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Case Study on Windrow Composting-2

Windrow Composting:

Ahmedabad Municipal
Corporation

Processing Capacity: 500 TPD

Compost Production: 55 TPD

— _J
Company/Organization/Players: Ahmedabad Municipal Corporation along with Excel Industries
Limited

Details on the Project:
Model: PPP

Ahmedabad the capital of Gujarat covers 500 km? area in the heart of the state. Population of the city
is around 7.5 million. City collects and transports approx. 4000 Tonnes of garbage every day.

Excel Industries Ltd has signed 30-year agreement with Ahmedabad Municipal Corporation (AMC) in
1997 for 500 TPDMSWprocessingfor converting it into compost. AMChas given 25-acre land on 1
rupee/sq. mtr rent basis. This is the oldest & largest surviving MSW treatment compost plant in India.

As per the original agreement, Excelis giving 2.5% royalty to AMCon realization price of compost. The
plant is one of the highest producers of good quality City Compostin India.

e, I RV PAAR

— . LR L

- rars

T SN =57 R

IR AN
e B ; 4 R



34 | WASTE TO WEALTH

3.1.3.5.2 Vermi Composting

n
Vermi Composting
Vermi compost (or vermin-compost) is the
product of the composting process using
various speciesof worms, usually red wigglers,
white worms, and other earthworms, which
feed in mixture of decomposing vegetable
or food waste, and release droppings called
vermi cast (also called worm castings, worm
humus or worm manure) is the end -product
of the breakdown of organic matter by an
Sy e, eida - b A earthworm.
— J
Environmental Concerns
Landfill Emissions Leachate
(whether there is a need of landfill for (Whether the technology/process is (Whether the technology /Process
the technology/process) associatedwith emitting gases) generates leachate
No No No

Important Points on Vermi Composting

Parameters

Type of waste Only Organic Waste
Suitability (Tons/day) Min: 0.1 Tonnes/day Max: 2 Tonnes/day
Approx. Area Requirement (m?) Min: 25 m? Max: 1000 m?
Approx. Capital Investment (Rs.) Min: 2.0 Lakhs Max: 5.0 Lakhs
Approx. Operational Costs(PA) Min: Rs.50000 Max: 2.0 Lakhs
Energy/ Resource Generation Resource: Compost Min: 20 Kg Max: 0.40TPD
Type of Labour Requirement Unskilled
Indicative Income Rs. 70/day Rs. 1400/day
7,
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Case Study on Vermi Composting

~
Vermi Composting
Bruhat Bengaluru
MahanagaraPalike (BBMP)
Processingcapacity:
20 TPD
— _J

Company/Organization/Players: Bruhat Bengaluru Mahanagara Palike (BBMP) along with MSGP
Infratech Private Limited

Project Details:

The waste is placed in vermi pits made from Granite Stone slabs or bricks and cement. The beds
are 1 metre wide, 0.75 metre high and 10 metre long. Two beds are placed next to each other and
in between each set of two beds there is a passageway of about 0.6 metre. The beds are covered.

The beds have a layer of coconut husk or similar bedding material at the bottom to facilitate drainage
and movement of the worms. Worms of the species Eisenia foetida will be released on top of the
waste. Approximately 30 kg of worms or about 100,000 worms is required for each of the vermi bed.

Maturation

After 30 to 40 d ays, the vermi compost is harvested manually and the harvested compost is stored for
about two weeks to allow cocoonsto hatch. At the end of this period the worms in the compost are
again separated and the worms are placed back in the vermi beds.

Screening
The compostis screened manually using inclined screenswith mesh size of 8mm and 4mm.

Quality Control
In order to ensure that quality of the compost is tested in a lab to determine the nitrogen, phosphorus
and potassium and organic content. The compost is also tested in the field by applying it in test plots.

Model:

PPR DBOO (Design Build Own and Operate). Land and waste provided by BBMP whereas the
private party made full investment for the plant and also for O&M Private party gets the revenues from
sale of vermi-compost whereas B B M Robligation to treat is also fulfilled.
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3.1.3.5.3 Aerated Static Pile Composting

Aerated Static Pile Composting:

Aerated Static Pile (ASP) composting, refers to the
system used to biodegrade organic material without
physical manipulation (turning) during composting.
The blended waste is usually placed on perforated
piping, providing air circulation for controlled aeration.

It may be in windrows, open or covered, or in

closed containers. With regard to complexity and
cost, aerated systems are most commonly used by

larger, professionally managed composting facilities,
although the technique may range from very small, simple systems to very large, capital
intensive, industrial installations.

Aerated static piles offer process control for rapid biodegradation, and works well for processing
saturated wet waste and large volumes. ASPfacilities can be under roof or outdoor windrow
composting operations, or totally enclosed in-vessel composting, sometimes referred to tunnel
composting.

Environmental Concerns

Landfill Emissions Leachate

(whether there is a need of landfill for (Whether the technology/process is (Whether the technology /Process
the technology/process) associatedwith emitting gases) generates leachate

Yes, for inert residue No Yes

Important Points for Aerated Static Pile Composting

Type of waste Only Organic Waste

Suitability (Tonnes/day) Min: 100 Tonnes/day Max: 1000 Tonnes/day
Approx. Area Requirement (m2) Min:13000 m? Max: 90000 m?
Approx. Capital Investment (Rs.) Min: 15 Cr. Max: 125 Cr.

Approx. Operational Costs(PA) Rs. 1200 per Tonne of compost

Energy/Resource Generation Resource: Compost Min: 18 TPD Max: 180 TPD

Type of Labour Requirement Semi-Skilled + Unskilled

Indicative income Rs. 36000/day Rs. 360000/day
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3.1.3.5.4 In Vessel Composting

In Vessel Composting:

In-vessel composting generally is a method that
confines the composting materials within a building,
container, or vessel.

In-vessel composting systems can consist of metal or
plastic tanks or concrete bunkers in which air flow and
temperature can be controlled, using the principles of
afbi or e @endradlyth@ air circulation is metered

in via buried tubes that allow fresh air to be injected
under pressure, with the exhaust being extracted through a bio-filter, with temperature and
moisture conditions monitored using probes in the mass to allow maintenance of optimum
aerobic decomposition conditions.

This technique is generally used for municipal scale organic waste processing, including final
treatment of sewage bio-solids. It can also refer to aerated static pile composting with the
addition of removable coversthat enclose the piles.

Environmental Concerns

Landfill Emissions Leachate

(whether there is a need of landfill for (Whether the technology/process is (Whether the technology /Process
the technology/process) associatedwith emitting gases) generates leachate

Yes, for inert residue No Yes

Important Points for In Vessel Composting

Parameters

Type of waste Only Organic Waste
Suitability (Tonnes/day) Min: 0.10 Tonnes/day Max: 2 Tonnes/day
Approx. Area Requirement (m2) Min: 15 m? Max: 150 m?
Approx. Capital Investment (Rs.) Min: 10 Lakhs Max: 2 Cr.
Approx. Operational Costs(PA) Rs. 150 per Tonne of Compost
Energy/ Resource Generation Resource: Compost ~ Min: 10 kg Max: 0.2 TPD
Type of Labour Requirement Semiskilled + Unskilled

Indicative Income Rs. 50/day Rs. 1000/day
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