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Abstract: The practices of “zero waste city concept” which has been implemented successfully in very few town /cities in the
world, in that merely developed countries comes where there is availabilty of funds. It is in the developing countries that
research have been made towards sustainability due to the less or unavailability of funds. “Zero waste city ,” where the entire
municipal solid waste is treated with organic scientific method , is a perfectly sustainable & durable solution to the rapidly
increasing ecological , eco friendly and socio-domestic problem facing today’s era.

“Zero landfills approch” is another feature/side of zero waste city practices . Landfills requires high costs both private and
external costs that get hidden in taxes on already tax-paying citizens. It then becomes very relevant to find out sustainable
solutions to municipal solid waste management (MSWM). In this Zero waste city concept the “zero” or minimal waste to
landfills creates a efficient solution to MSWM. We can not place / keep waste for future generations not even to incure
unnecessary costs of maintaining unsustainable processes.

Keywords: zero waste city concept, MSWM, Zero landfills approch, SWM, sustainability

I. INTRODUCTION
Globaly today, we have adopted the linear economic model of manufacturing the goods and genrating the resultant waste from
consumption of these goods by “use &throw ” approach. The nature’s free services of pure water, clean air and unpolluted land, has
been increasingly get cantaminated/ distrubed due their over use
The zero waste concept enhance less/minimum/zero polution to land , water as well as air bt adapting effective methodolgy for
MSW Processing Because when Municipal solid waste (MSW) released into nature untreated pollutes water heavily , air and land,
and causes health issues and major climate change risks due to spread of pathoges air pollution due to release of toxic gases, soil
and water contamination due to leachate percolation etc
Due to MSW dumping at openly on dumping site causes global warming as its major source of emmision of carban dioxide(CO)
2 , & this unprocessed MSW releases methane & methaneous gases( GHG- green house gases) which are 16% contributor of
global warming ,so that its is essential to avoid completely /minimise the such pollutions to decrease the impact /risk factor on
environmental& living being’s health.
This can be done in two ways: one, by recycling and processing the entire waste so that there is no release of waste into the
ecosystem and, two, by analysing vital resources from the waste and using it for further production, this is the circular economy
model a “cradle to cradle” approach. “Zero waste” is a concept that enhances minimum or less or zero pollution to land, water and
air due to effective MSWM. Urban India is facing an increasing challenge to provide for the huge& exceeding infrastructural needs
of the growing urban population. According to the 2011 census, the population of India was 1.21 billion, of this 31% lives in urban
cities. It is further projected that by 2050 half of India’s population will stay in urban cities.
Solid Waste Management is one of the most essential &unavoidable services for maintaining the quality of life of the people in the
urban areas and for ensuring better standard facilities of health, sanitation and the weather . With this rapid increasing population,
the management of Municipal Solid Waste (MSW) in the country has emerged as a severe problem not only because of the
environmental and aesthetic & health concerns but also due to the overall quantities generated every day
With rising urbanization and change in lifestyle , food habits and social environment , the amount of municipal solid waste has been
increasing widely and its composition is also varing step by step. With huge migration of rural areas masses to urban region,
particularly in metro cities & cosmopolitian towns, MSW is being produced at an ever large increasing rate. The growing
population directly impacted the municipal solid waste generated in the surrounding areas. Again industrialization affects on
urbanization and increases population stage to there by increasing the overall waste generated
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Il. STUDY AREA

It is important place from all sides in Pune district & city . Katraj is situated on 18°27713' north latitude and 73°51'42” east
longitude in Pune District (Figure.1). The total area of Katraj is 20 km? urban area, and Population is 3124458 as per Census
2011.Katraj, Ward 40 in Pune city in the western state of Maharashtra, India, is unique of the 41 such wards under Municipal
Corporation , pune(PMC). Katraj is a newly elaborated part of the town and the ward is a mix of slum households, semi-slum
chowl-households, apartment complexes and commercial areas. It has 34,578 households/families in total, 675 slum households
units, 31,917 non-slum households units and 1,986 commercial units. The statistics of residence in this region Katraj is 131,000.
Ward 40 was., Ward 40 has maintained this status for the 2-3 years, until date to process all waste also Ward 40 has no landfills. Its
success led to the replication of the model in 50 per cent of the wards, presently, memorandums of understanding (MOU) are being
prepared to replicate the model in all the remaining 21 wards of the district. In the remaining wards which have been copied, few per
cent (0-3%) of inerts are moved to landfill sites, hence they have not made it to the zero waste criteria. Ward 40 katraj can be termed
as “zero waste town” in a country that is ridden with an insurmountable waste problem. Though it is a mix of slum region and semi-
slum areas and waste segregation and disposal has been so hard to made in the other slum areas of the district, here they have gained
almost total segregation of wet and dry waste. Total Area — 20 km2,Height from mean sea level -450m(1480ft), an Average
temperature of katraj Pune — 31 OC and an Average Rainfall at katraj Pune — 600 mm
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Figure.2 Katraj, Pune(18°2713"' north latitude & 73°51'42” east Iongitude)
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IHILMETHODOLOGY
A. Collection of Data
1) Pune generates around 1600 tons of solid waste per day.amongs that 60tonn is from katraj region
2) 160 trucks collect waste door--to--door, collecting an average of 198 tons per day.
3) 847containers and 116 compactor buckets dispersed around Pune.
4)  Ward wise average-- 350 to 750 gms per capita per day
5) Construction and demolition waste generation —80--90 TPD
6) Garden waste generation — 50--60 TPD
7) Biomedical waste — 3 TPD

INTEGRATED SOLID WASTE MANAGEMENT

Tipper Trucks 158
Harticuttural
Tresed \ - srucion Compactors 12
- o Hotel Trucks 23
/ \ , Tractors 10
Shudge from STPS Road Sweeping
Ahd EXEY \ TR Dumper Placers g9
M SW Bulk Refuse Carrier (B.R.C.) 65
Waste and Dead
Andmals

oIn the first phase, a study of the project area was conducted. There was collection of )
data onthe current waste system, including mapping community waste bins and
current PMC truck routes and gathering information on waste pickers and PMC
workers.

* |n the second phase, the implementation system of waste management was done,
including doorstep collection and segregation. Education and awareness campaigns
were run.

7

\
+ In the third phase, there was implemention of waste disposal. Biogas or pellet plants
for organic waste material were made operational. Awareness campaigns were
continued.
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B. Analysing the data & Classification of Data

Sources and Composition of MSW

Description Percentage
Organic Matter 45 to 50
Recyclables from 35 to 40
-~ Residential &
Household S50 s9.1 Commercial
2 Street sweeping & 140 10.2 Inert Material 10 to 15
drainage cleaning
Other Parameters
3 Hotels S&restaurants 150 10.9 = Density - 437 Kg/m=
. GOV = 937 Kecal /Kg
4 Markets / commercial 50 2.8 - 22.85
/ area = CIN
5 C and D Waste 7S5 5.5
& Fruit, wegetable, Vish 7.5 0.5
meat marker waste
T Biomedical waste 1.8 o1

C. Implementation Of Data To Find Capasity,&Appropriate Technology

Technology Options for Treatment of Wet MSW

The technology options available for operation of the Municipal Solid Waste (MSW) are based on either bio conversion or thermal
based conversion. The bio-conversion process is pertinent to the organic fraction of wastes (wet waste), to form compost or to
collect biogas such as methane (biomethanation) and residual sludge (manure). The thermal conversion technologies are
incineration with or without heat recovery, pyrolysis process and gasification method, plasma pyrolysis and pelletization process or
manufacturing of Refuse Derived Fuel (RDF) are pertinent for treating dry waste or mixed waste. Composting Composting is a
process of properly systematic decomposition of the organic waste, typically in aerobic conditions, resulting in the production of
steady humus like product, compost. Considering the basic composition of wastes and the climate conditions, composting is highly
related in India. Composting of the segregated wet fraction of waste is followed. Mixed waste composting, with effective & durable
and appropriate pre-treatment of feedstock may be considered an interim solution; in such cases severe following of the compost
quality is needful.

Composting Process In-Vessel Composting

Water  Heat €0 the blaflter
W & i i ing aif back into

Anin-vessel unit controls temperature, aeration, and molsture 1o accelerate decomposition of organic waste

Aerated Stafic Pile Composting Refuse Derived Fuel

Windrow Compesting
D
o}
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D. Biomethanation/ Anaerobic Digestion

Biomethanation involves controlled biological degradation cycle of organic wastes by microbial activity in the absence of oxygen.
The process involves the anaerobic (without air) decomposition process of wet organic wastes to produce a methane rich biogas fuel
and a small amount of residual sludge that can be used for making compost. It takes place in digester tanks or reactors, which enable
control of temperature and pH levels for optimizing process control. Methane-rich gas produced is suitable as fuel for energy
generation. The residual sludge is also produced, which is suitable for enriching compost materials. Input preparation or source
separation is required to ensure that waste is free of non-organic contamination. Anaerobic digestion is best following practices to
the treatment of wet organic feed stocks such as high moisture agricultural biomass, food waste, and animal wastes involving
manure and domestic sewage. A made feedstock stream with less than 15 percent Total Solid (TS) is considered wet and feed stocks
with TS greater than 15-20 percent are considered dry. Feedstock is typically diluted with process water to gain the achieveble
solids content during the preparation stages.

Biomethanation

Description Value
Biogas Generation ~ 300+5% m3/day

Calorific Value 4800--5000
Keal/ cum

Engine Efficiency ~ 25%

Electricity 1.5 kWh/cum
Generation of Biogas

Equivalent 450kWh/day
Electricity
Generation

Auxiliary Power @50 kWh/day
requirement

Net Surplus 400 kWh/day
Electricity for sale
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E. Selection of Appropriate tool & Technology for Processing

Criteria

Applicable with
Population Size

Facility Location *,2

Buffer Zone (no
Development Zone)

Natural Environment

Land Requirement

Waste Quantity which
can be managed by a
single facility
Requirement for
Segregation prior to
technology

Rejects

Potential for Direct
Energy Recovery

Technology Maturity

Windrow Composting
Above 1 Lakh

Plant should be located at least
one km away from habitation,
if it is open windrow
composting. The distance
could be 500m in case of
covered plants.
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Vermi Composting
Between 5,000 to 1 Lakh

Within the residential area
(with appropriate
environmental safe guards)

Biomethanation

Small scale — between 5,000
to 25,000

Can be extended to Large
scale as in case of Sholapur

Plant should be located at
least 500 m away from
residential areas, for plant
sizes upto 500 TPD.

500 m for facilities dealing with 100 TPD or more of MSW; 400 m for facilities for dealing
with more than 75 or less than 100 TPD; 300 m for facilities dealing with 50-75 TPD of MSW;
200 m for facilities dealing with less than 50 TPD MSW.

For Decentralized plants handling less than 1 TPD MSW no buffer zone is required; however
adequate environmental controls are required.

Composting in coastal/ high
rainfall areas should have a
shed to prevent waste from
becoming excessively wet and
thereby to control leachate
generation

High

(For 500TPD of MSW: 6 ha of
land is required)

25 TPD and above

High

About 30% including inert if
only composting is done

No

Windrow composting
technique is well established

Composting in coastal/ high
rainfall areas should have a
shed to prevent waste from
becoming excessively wet and
thereby to control leachate
generation

High
(Suitable for quantities less
than 25 TPD)

1TPDto 25 TPD

Very high

About 30% including inert

No

Community scale projects are
successful

Low to Moderate

For small units: 500 sg. m for
S5MT unit

For large scale: 300 TPD of
MSW: 2 ha of land is
required)

1-5 TPD at small scale to

Very high

About 30% from mixed
waste

Yes

Feasibility for segregated
biodegradable waste is
proven. Not suitable for
mixed waste
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F. Waste Treatment Technology Options Based on Population Size

Population
Range/ Waste

Generated
(TPD)

Population: Less
than
50,000

Quantity:  Less

than 10 TPD

Population: 50,000
to 1 Lakh

Quantity: 10
TPD to 30 TPD

Population: 1
Lakh to 10 Lakh

Quantity: 30
TPD to 500 TPD

Population: 10

Lakh to 20 Lakh

Quantity: 500
TPD to 1000
TPD

Technology Option

Wet Waste

Windrow
Composting
Vermi
Composting
Biomethanation
(Nisarguna)

Windrow
Composting
Vermi
Composting
Biomethanation
(Nisarguna)

Windrow
Composting
Biomethanation

Windrow
Composting
Biomethanation
Waste to Energy

Dry Waste

Material Recovery
& Recycling

Material Recovery
& Recycling

Material Recovery
& Recycling
RDF

Material Recovery
& Recycling

RDF

Waste to Energy

Minimum
Requirement

Segregate wet organic
waste at source for
Biomethanation/ Vermi
Composting

Dry waste for recycling
and material recovery

Inert to
Landfill

Regional

Segregate wet organic
waste at source for
Biomethanation/ Vermi
Composting

Dry waste for recycling
and material recovery

Inert to
Landfill

Regional

Segregate wet organic
waste at source for
Biomethanation

Dry waste to be recycled
or converted in to RDF
as feedstock for
centralized facility

Inert to
Landfill

Regional

Segregate wet organic
waste at source for
Biomethanation

Dry waste to be recycled
or converted in to RDF
as feedstock

for power plants

Value Added
Product

Compost
(Manure)/ Biogas

Recyclables:
Paper/ Plastics/
Metals

Compost
(Manure)/ Biogas

Recyclables:
Paper/ Plastics/
Metals

Compost
(Manure)/ Biogas/
RDF

Recyclables:
Paper/ Plastics/
Metals

Compost

(Manure)/ Biogas/
RDF/

Electricity

Recyclables:
Paper/ Plastics/
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e Material Recovery

Metals

Inert to Landfill

Population: 20 e Windrow & Recveli Segregate wet organic Compost

Lakh and above Composting RDFecyc ing waste at source for (Manure)/ Biogas/
- o Biomethanation ° Biomethanation RDF/

Quantity:  More o Waste to Energy

than 1000TPD ~ ° \WVastetoEnergy

Dry waste to be recycled Electricity

or converted in to RDF Recyclables:
as feedstock for power Paper/ Plastics/
plants Metals

Inert to Landfill

G. Computation Of Requirment, Transportation, Cost, Misc Expences Etc

Table |. Generation and Disposal Matrix of Waste in Ward

40 (March 2018)
Generation and Disposal Matrlx
Generation Disposal
Waste Typa TPD TPD  End Uses
Wet waste 1 3 To biomethanation plant
19 Tofarmers for farm use
Drry waste FL 30 To private operator
Mixed waste ] for segregation, re-use,
recycle and processing
Totl 52 52
Table 3. Economics of the Blomethanation Plant
Biomethanation
Plant capacity 5 tonnes
Input from Ward 40 1 e
Input fram ather wards 2 tonnes
Revenue econamics
{Biomethanation)
Particulars L4
Value of electricity (3-ton feed) 1613
per day
Less: Oparating costs por day 1728
et excess revenuel/Saving per day 885
Annizal axeess revenug 292,050

Table 2. Transport Cost Savings Accruing to the Pune Mu-
nicipal Corporation (April 2018)

Transport Cost Savings Accrued to PMC
Mton SavingMT" Total/Day
Transport cost saving due to farmers collecting wet waste

(WW) directly
WW to farmers (savings) 19 700 13,300

Transport cost savings due to transfer of WV for biomethanation

WW to biogas 3 700 2,100
Transport cost savings due to transfer of waste to private
operator
Transport charges to 30 700% 21,000
dumpsite
Less: Tipping fees 30 350% 10,500
Net savings 10,500
Total savings/day 25,900
Annual savings 8,547,000
Source: The authors.
Notes: *: Metric Tonne.

#: hewpz//pme_gov.in/en/swm
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Table 4. Revenues, OFPEX and Met Cash Revenue of Table 8. Checklisz of Critical Factors Necessary for a Succes-

Segregacion and RDF Plane Operator (March-April 2018) ful Zero Waste Project
Econamics of Private Operscors Segregacing. Reselling. 5r. Mo Governance and Planndng Wlard 40 (+)
R.t—l.d-ll'!u‘“.!q'ﬂil'! ] Substantial change i consumer's -
Friear befaviour and conpumpton paern
r PAYT, sufficient regulations ard rules v
Revenus (30 TPD DW & MW feed) 12771000 Tor FISWWT
Annual OPEX 7976000 3 Modifications in the logistics system, +
MNet retained cash revenue (post-tax) 5.356.500 dewelopment of pulblic-private
Sowrces Auchon” caloulybors besed on Admya Wasie Paper Supplers L: ! ) and !
= Brvtines sy team
i - & Prmufr.mwmun'h— W
Mot : Ory Wasa, resareh and dewslogment of
P Mioned WYaste : kit aioiad
Table 5. Couta arvl Reveruns of the Plascic Recycling Plane Production and waste Management.
{dpril 20 18) Crperaticnal
5. Produsct redesigning to efiminate L
Economics of Plastic Fecyding Plant® “ulﬂﬂﬂ"mmﬂmﬂlmﬂ
HMTD the composition of produscts
Inputiiesd 1,200 & Pricritize use of renewablde raw v
Sellable ourput B0 n'uurla!l
Serap sale D360 7. Investing in products made with "
!I':b:l mmhlndlﬂ;r-u
i 22,800 B, Inwesting in Babour traineng W
Towd OPEX 19260 Source: Pistzsch, Ribeero, and de Medeings®
ke reverue’day 1540 Mot PAYT: Pay bt yoms Thiem

Anraal net revenose 1 &8 200

Source: The ssthon

Tabde 7, Erphogenarainoorss Dus 1o the MV of Werd 40
Plarch 308G

Motes: *Dietafs of input and output priciag m sppesdis A

Foy of Pedsple  Aral Wepoime

Table &, Totsl Benefits to the Public-Private Partrership s el
TR [waINTR pal iy r.
(PPP] of Ward 40 (April DO1E) . .;_ ’-:’;'Jﬂ
R e 1 i
Combened Benefits of PPP 4 R S 3 [ 12000 AIT000
Transport cost saving to PMC 8,547,000 5 :“"“"*“"‘m"l""" x LMcoh
P ——— (¥ 13808000
Benefits to eperators & B16T50 s cranced soley
Biomwechanagion 292,050 d-.-qn:-n--l;-
Segregathon/resalelre-une 5.356.500, st Wl s (ks Cpayy
Recpcling of plastics 1.168,200 I P e o -
Total financial benefitsiyear 15,363,750 Total ernployrmant 0% 53,0 18, 0o
and income (SRR 140
Sowrces: The wthors pencraied !-UEHI = &K

Soamrre: Tra matorn

(VI
NobleExchange™
Trash to Treasure

Model For Metro Cities Converting Food Waste into
Bio-CNG (Green Public Transportation] & Organic Manure

BOO tons of Bio-waste " il
e day i Puaoe o Stake Holder Benefit

MobleExchange
Environment Solutions
Organic Waste

Organic Manure
150 Tons per day

il
:

chdelsatovnet ", " Boost in CNG vehicle sales even
it i S 45 Tomnsoff Blio~CH Gy in non CNG Grid locations
3 (Purified &
1 B ..l
. gif_e_ﬁ/i’ sealine - Rural Poor “waste to Fuel processing plants
CNG Buses S = o
25 buruhg Bio-CN:}u';;'M_]hanl . | s=m=m] [sesssm]

Partraban GHG Friendly Transport
Mahamandal Litd 1.6 fakdh b per day
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IV.RESULT

S| ) (.| | | ||

COMMUNITY BINS REMOVAL

Container Reduction Chart - e
‘Beginning of
the Project
At the End of
Dec2018

Ho. Containers  Atthe End of Dec

Befure Project 2020
R 1T I —
315t Dex 2019

|
IMPLEMENTATION METHODS
NTEGRATI WLID WASTE MANAGEMENT 5YS

= Shudy exdsting washe management system by word, Collect maps and data on
rumber of properie:s and cordainers, wasle composilion, &ic

» Dafine sirategy based on sfudy results and establish systern requirements,
* Provision of materials incheding bins. pushcarts, cycle rickshaws, eic

L

= Fresentation fo ward officials: Implementation plans
= Launch project joinlly with all pariners.

= Distribute materials o woste pickens.

+ Establish seperate system for wet and dry waste,

+ Creation of ward-level mop: delerming feeder points

= Fnplameniation of deorlo-door colleclion and leadar syshems.

= First round of fraining for PMC workers and woste pickers: educalion compoigns.
+ infegrale waste pickars info doorstep collection,

Weeks 7-10

* Pocket-wise implemaniation. Remowve community containan syitematically,
streamiing new doorstep collection and feeder sysferms,

= Continued resident education compaigns: ditibute seperate bins fo homes,
* Invalve orea residents inlocal cleoniness campalgn, “Swatchnta Mitrg™,

Weeks 11-12

= Devalop infegrated disposal systemn. Sale of all dry waste and ward-level
ﬂmcmng ol all wet waste through biogas plants. composting and olfer
technologies.,

SOCIETY LEVEL COMPOSTING

{e22354 | | 2
|properties | | 41,224 |
{¢21.41TPD | | Properties
| W e 4267TPD

DOORSTEP COLLECTION MODEL

Households, socketies, and commercial properiies segregate waste
inle afganic (wet) and norganic {dry) wasle

DAY WARTE | WET WARTE

| Furiher sagragation by WP into | WP dalivers wel wasto for
recyclaties beogas,

¥
Wil waste feused B
fertilizer, electricity

Bicew lofl, worker shrod wol wasbe, the Sl slep n the oigarsc fusl pelis] process.
Fight, wet wasie i3 delivered o the new Diogas pland in Kty

Steps in Establishing the Zero Waste System

Step 1: Materials for
new system like
pushcarts and bins
were provided for
segregated waste.

Step 2: Secondary
collection sites were
determined and a
ward map was
created.

Step 3: Waste pickers
were integrated into
door-to-door
collection service

Step 6: Door-to-door
collection was
streamlined and
community waste
bins removed

Step 7: A
comprehensive
disposal system was
developed.

Step 8: Plants to reuse

organic waste were set

up through conversion
to electricity or
alternative fuel.

Step 5: Containers for

segregated waste
were distributed.

Step 9: Dry waste was sold to
scrap yards by waste pickers.
Value of plastics and other
materials increased because
the waste was not soiled,
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V. CONCLUSION

If we are looking at a durable & smart but effective , clean environment for our progeny to grow in, we definitely cannot behind
waste and a “cradle to grave” linear economic model where resources are depleting at a rate that will not leave much for them and
the generations to come. We also cannot leave a hierachy of landfills, nay dumpsites with mountains of waste polluting land, air and
soil, the effects of which will be borne mostly by them in radical, dangerous and unfortunate ways for it takes time for this pollution
to travel through the *“earth, worm, healthy life cycle” and then leaves no bird song for the springs to come . If we are to bring this,
then the only solution that can gain out in all types of ethics is a “zero waste” and round type model economy that reduces the stress
on precious sources, follows the round economy’s “cradle to cradle” map and leaves “zero landfills achievement ” for the future

scope
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