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GOVERNMENT OF WEST BENGAL :
OFFICE OF THE SECRETARY / E-186)
Municipal Engineering Directorate | -
Department of Urban Development & Municiéﬁﬂ- AffdorEe - .
Bikash Bhawan, South Block (1” Floor) Salt Lake, Kolkata 700091
Phone No: (033)2337-5472 | R
E-mail: secretarymedte@gmail.com N2

No. SECYME/ 444 /1W-1 /2014-Pt-H

L

To L{,

Smt. Sujata Ghosh %
Special Secretary To The Govt. of W.B. Q'PDWU
Urban Development and Municipal Affairs Departme
(Municipal Affairs Branch), NAGARAYAN,

DF-8, Sector - |, Salt Lake, Kolkata - 700 064.

Subject- Verification of DPR of SWM, 10 TDP live waste & 50 TDP dead waste for Durgapur Municipal
Corporation.
Reference- i) UD/00/2018/08826 Pr. Secy UD & MA date-31/08/2018

iy UD/00/2018/08863 Pr. Secy UD & MA date-31/08/2018

Madam,

With reference to the above the undersigned is to submit herewith DPR of SWM, 10 TDP live waste & 50 TDP
dead waste, for Durgapur Municipal Corporation along with observations and recommendation annexed
separately.

This is for favour of your further necessary action please.

Yours faithfully

%E@a\%

SECRET
MUNICIPAL ENGINEERING DIRECTORATE
DEPARTMENT OF UD & MA
GOVERNMENT OF WEST BENGAL




Report in respect of DPR of SWM (Live
Waste) for Durgapur Municipal Corporation

CSIR - Central Mechanical Engineering Research Institute, a constituent
establishment of CSIR, Govt. of India has submitted 'Detail Project Report’ on
“Design, Development, Installation and Commissioning of Integrated Municipal
Solid Waste Disposal System (Live waste)” for Durgapur Municipal Corporation.
Salient features of the DPR are stated below;

1. Geographical data:

> The town is located at 23.48°N & 87.32°E

> Topography of the town is undulating having an average elevation of 65.0
meter.
» It is located at the downstream of Eastern Coalfield area and is on the

bank of river ‘Damodar’ just before it enters to alluvial plains.

o

> Area:

Demographical data:

» Population:

> Types of Wastes:

> Composition of wastes:

vV AV

Office of Addl. CE

Characteristic of Waste:
Present Collection System:
Primary Collection:

154.20 Sq.km

*4, 93,405 [As per 2001 Census Report. As per
record available with the undersigned,
population of town as per 2011 census is 5,
97,859 and projected population as on
2020 will be 7, 06,288)

No. of Wards: 43 Nos.

Population density 3,200 per Sq.km [As per
2001 population, presently it is 4,290
approximately]

Solid Waste Generation:

Production: 250.00 MT per day [based on study
conducted by the Department of Civil
Engineering, NIT Durgapur]

Like other Urban areas except wastes

generated by the Industrial establishment.
House hold wastes is about 182 MT per day and
Hospital wastes is about 3.00 MT. Balance
wastes are from Municipal, Commercial and
Institutional activities.

About 50% are corganic substances.

Municipai authority has introduced ‘door to door’
collection system by engaging manpower from
their end and by providing containerized push
cart, tricycle etc.
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» Secondary Collection:

> Disposal site:

5. Proposal:

> Mechanical segregation:
> Polymer waste Pyrolysis:

» Biogas Unit:
» Brick Plant:

> Project Details:

6. Scope of Works:
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Household wastes as collected from primary
System is then transferred to secondary
collection point where big containers are placed
at different strategic points of the city. Municipal
wastes are also stored at those containers along
with household wastes. Road site storage are
also frequently seen.

It is located at Bidhannagar. All wastes as

Stored at Transit points are then transported at

Disposal site / Dumping Ground by providing

Dumper, Lorry, Tractor etc. and finally disposed

in open dumps.

CSIR - CMERI has proposed complete Solid

Waste (Live Waste) disposal technique for the

town. Different components of the proposal are;

It will segregate Municipal waste into different

categories. These are;

a. Segregation of metallic waste, Iron waste &
non iron waste,

b. Segregation of non biodegradable wastes like
plastic & papers and directly fed into
Shredder for cutting to pieces and finally
sent to Pyrolysis Unit for production of fuel
and energy.

c. Segregation of biomass and sent to Biogas
Unit for production of biogas and manure.

d. Segregation of inert materials and sent to
Crusher Unit for breaking into pieces and for
producing bricks.

e. Capacity of Segregation Unit is 50 Kg/Hr.

It is capable of producing industrial fuel &

electricity from non biodegradable wastes like

plastic & papers. This proposal has included
under Dead Waste. Hence it has not proposed
for Live Wastes.

It is proposed to install Biogas Unit of 200 cum

capacity for treating of biodegradable wastes.

This proposal has included under Dead Wastes.

Hence it has not proposed for Live Wastes

CSIR - CMERI has submitted proposed ‘Layout

Plan’ for disposal of 10 TPD ‘Live MSW’, It is

proposed that segregation Unit will be of 10 TDP

capacity. It is proposed that Biogas Unit will be
of 200 cum capacity.




From the municipal part: Necessary land to be provided. Size of land wili

be of 80 meter X 60 meter.

Infrastructural facilities like Boundary wall,
Approach Roads etc. to be constructed.

Wastes are to be collected and dumping at site
to be done.

Electricity to the tune of 200 KVA is to be
provided at site.

Water @ 20 KLD is to be provided at site.

All movable & immovable properties are to be
insured.

Civil & Electrical works at the proposed site

for installation of 10 TPD integrated MSW
disposal system for Live Waste.

Design, development, instaliation &
commissioning of 10 TPD live mechanized
Segregation system to separate MSW into
biodegradable & non biodegradable components.
Design, development, installation &
commissioning of 50 ton composting Plant.
Design, development & commissioning of 200
cum biogas plant for processing of
biodegradable wastes from segregation Plant.
Design, development & installation of 300 kg/hr
briquette Plant.

Sale of by-products consisting of pyrolysis oil,
char, biogas, solid & liquid manure etc.
Operation & Maintenance of the Plant for 5 years
after its commissioning successfully.

Cost of the Project: Rs. 14.22 Crores.
Capital Cost; Rs. 9.65 Crores
Works & Services: Rs. 1.40 Crores

Equipments: Rs. 8.25 Crores.

Non Capital Costs: Rs. 4.57 Crores [For
5 years]

Manpower: Rs. 3.60 Crores

Overhead: Rs. 0.97 Crores

Funding pattern:

DMC: Rs. 10.62 Crores.

CSIR:Rs. 3.60 Crores. [Manpower]

Present DPR is descriptive types rather than technical. General scenarios
in the field of Solid Waste Management that are mostly prevailing are
discussed but very little about the town in question is stated in the

>
» From CSIR part:
7.
>
®
L ]
>
L ]
8.
»
>
9, Observation:
v
DPR.
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Clarification: This shortfall will not directly affect the present
Proposal.

v Quantum of wastes generated for the town have been assessed on the
basis of 2001 population. But at present, it must be increased to 390
IPD as per present population. Hence actual waste generation may be
about 56% higher than the assessment which should be considered in
the DPR.
Clarification: The matter was brought to the notice of the
officials of CMRI. They have agreed to update the figure henceforth.

10. Unique Approach:
If the present proposal be work according to commitment then it will be
an unique approach towards treatment of MSW since it has practically nil
or very nominal end product for which sanitary land fill is required. As a
result, if the installed capacities be increased on the basis of its
production then the town will be free from disposal hazards in
future.

11. Costs:
Per capita capital cost of the Project comes to Rs. 214.00 on the basis
of 2001 population. It may be considered that around 40% of total
expenditure for handling SWM system comes under ‘Treatment and
disposal’ Head. Hence it comes to Rs. 535 per capita which is comparable
with the cost assessment for Metropolitan cities assessed by NSWAI
(National Solid Waste Association of India). Moreover, since it is a Pilot
Project and implementing Agency is a reputed Institute, hence it may
be accepted for shake of future interest. However, value of revenue
to be earned from the Project has not been assessed in the DPR. It is
possible to get operation costs by selling fuel and bricks.

12. Conclusion:
The Proposal may be recommended for approval.

L*Yo%hz

Additional Chief Engineel’rg
Municipal Engineering Directorate
Govt. of West Bengal.

Additional Chief Engineer {Soutr)

ME.T
%z,% I

M.E. Directorate
Deptt. of UD & MA
Govt. of West Bengal
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Report in respect of DPR of SWM (Dead

Waste) for Durgapur Municipal Corporation

CSIR - Central Mechanical Engineering Research Institute, a constituent
establishment of CSIR, Govt. of India has submitted ‘Detail Project Report’ on
"Design, Development, Installation and Commissioning of Integrated Municipal
Solid Waste Disposal System (Dead waste)” for Durgapur Municipal Corporation.
Salient features of the DPR are stated below;

1. Geographical data:

» The town is located at 23.48°N & 87.32°E
> Topography of the town is undulating having an average elevation of 65.0

meter,

» It is located at the downstream of Eastern Coalfield area and is on the
bank of river ‘Damodar’ just before it enters to alluvial plains.

2. Demographical data:

> Area:

» Population:
>

>

2001 population.

154.20 Sq.km

*4, 93,405 [As per 2001 Census Report. As per
record available with the undersigned,
population of town as per 2011 census is 5,
97,859 and projected population as on
2020 will be 7, 06,288]

No. of Wards: 43 Nos.

Population density 3,200 per Sq.km [As per

Presently it is 4,290 approximately]
Solid Waste Generation:
Production: 250.00 MT per day [based on study

by the Department of Civil Engineering, NIT
Durgapur]
Types of Wastes: Like other Urban areas

generated by the Industrial establishment.
Composition of wastes: House hold wastes is

Hospital wastes is about 3.00 MT. Balance
wastes are from Municipal, Commercial and
Institutional activities.

Characteristic of Waste: About 50% are

3.
>
conducted
»
except wastes
»
about 182 MT per day and
>
organic substances.
4.

Office of Addl. CE

Present Coliection System:
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Primary Collection: Municipal authority has

collection system by engaging manpower from
their end and by providing containerized push
cart, tricycle etc.

Secondary Collection: Household wastes as

System is then transferred to secondary
collection point where big containers are placed
at different strategic points of the city. Municipal
wastes are also stored at those containers aiong
with household wastes. Road site storage are
also frequently seen.

Disposal site: It is located at Bidhannagar.

Stored at Transit points are then transported at
Disposal site / Dumping Ground by providing
Dumper, Lorry, Tractor etc. and finally disposed
in open dumps.

Proposal: CSIR - CMERI has proposed

Waste disposal technique for the town. Different
components of the proposal are;
Mechanical segregation: It will segregate

categories. These are;
a. Segregation of metallic waste, Iron waste &
. hon iron waste.

b. Segregation of non biodegradable wastes like
plastic & papers and directly fed into
Shredder for cutting to pieces and finally
sent to Pyrolysis Unit for production of fuel
and energy.

C. Segregation of biomass and sent to Biogas
Unit for production of biogas and manure.

d. Segregation of inert materials and sent to

. Crusher Unit for breaking into pieces and for
producing bricks.

e. Capacity of Segregation Unit is 50 Kg/Hr.

introduced ‘door to door’
»
collected from primary
>
All wastes as i
5
complete Solid
>
Municipal waste into different
>

Polymer waste Pyrolysis: It is capable of

producing industrial fuel &

Office of Addt. CE

electricity from non biodegradable wastes like
plastic & papers. Capacity of such Unit is 20
Kg/batch.
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>
dead waste
»
bricks from inert
6.
proposed ‘Plant
7.
»
provided. Size of land will
»
works to be done for
8.
»
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Biogas Unit: Since the present proposal is for

only, so biodegradable materials has already
been converted to manure. So, no Biogas Unit
has been proposed for ‘Dead Waste'.

Brick Plant: It is proposed to produce 2000

wastes mainly from building materials.
Project Details: CSIR - CMERI has submitted

Layout’ for disposal of 50 TPD ‘Dead MSW". It is
proposed that segregation Unit will be of 50 TDP
capacity while the capacity of 'Pyrolysis Unit will
be of 10 TDP. Apart from that, there is a
proposal of making bricks @ 2000 per day from
the inert wastes,

Scope of Works:

From the municipal part: Necessary land to be

be of 100 meter X 75 meter.

Infrastructural facilities like Boundary wall,
Approach Roads etc. to be constructed.
Wastes are to be collected and dumping at site
to be done.

Electricity to the tune of 200 KVA is to be
provided at site,

Water @ 20 KLD is to be provided at site.

All movable & immovable properties are to be
insured,

From CSIR part: Necessary Civil & Electrical

installation of 50 TPD Mechanical Segregation
Unit.

Design, development, installation &
commissioning of 10 TPD Polymer.

Design, development, installation &
commissioning of 2000 bricks per day Brick
Plant.

Operation & Maintenance of the Plant for 5 years
after its commissioning successfully.

Cost of the Project: Rs. 38.13 Crores.
Capital Cost; Rs. 25.21 Crores

Works & Services: Rs. 8.16 Crores
Equipments: Rs. 17.05 Crores.
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Non Capital Costs: Rs. 12.92 Crores

[For 5 years]

. Manpower: Rs. 6.39 Crores

° Overhead: Rs. 2.52 Crores

. Repair & Maint. Rs. 2.01 Crores
. Electricity & Water Rs. 2.00 Crores.

Funding pattern:

DMC: Rs. 31.74 Crores.

CSIR:Rs. 6.39 Crores. [Manpower]

Observation:

Present DPR is descriptive types rather than
technical. General scenarios in the field of Solid Waste Management that
are mostly prevailing are discussed but very little about the town in
question is stated in the DPR.

Clarification:  Thig shortfall will not directly affect the present
Proposal.

Quantum of wastes generated for the town
have been assessed on the basis of 2001 population. But at present, it
must be increased to 390 TPD as per present population. Hence actual
waste generation may be about 56% higher than the assessment which
should be considered in the DPR.

Clarification: The matter was brought to the notice of the
officials of CMRI. They have agreed to update the figure henceforth.

No 'Analysis Report’ in respect of
characteristic of wastes is given in the DPR. But, these sorts of analysis
are vital in respect of selection of appropriate treatment procedure. Waste
characteristics in the DPR are assumed on the basis of Survey Report
done by NIT, Durgapur. However, it is revealed from the DPR that NIT,
Durgapur was undertaken that survey prior 2001 [although date has not
mentioned in the DPR]. Urbanization pattern for the town has been
changed drastically during last few years. Accordingly, life style has also
been changed. So, it is beneficial if such analysis be undertaken as per
present scenario for better understanding waste character and its
composition.

Clarification: CSIR-CMERI clarified that they have taken
sample from Chandidas & Benachity Market for analyzing physical &
chemical composition of wastes. They have tested wastes from National
Test House, Kolkata. They have supplemented copies of such Test Report
and annexed herewith.

It is stated in the DPR that CSIR - CMERI has
developed mechanized Segregation Unit of capacity 50 Kg/hour. On the
other hand, they are proposing to install Segregation Unit of capacity 50

TPD. Hence clarity is required on this particular aspect.
Clarification: The have clarified that Plant capacity has been

upgraded accordingly.
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v CSIR - CMERI has recommended installing
Biogas Plant in the DPR for treating biodegradable wastes. But, they have
not kept any provision of that Unit in their detail proposal. Hence clarity
is required for this particular aspect.

Clarification: CSIR-CMERI has clarified that they have not
proposed any Biogas Unit for dead waste since it has already converted to
manure which may be used directly. However, they have proposed the
said Unit for Live Waste only.

v CSIR - CMERI has proposed in the DPR [Chapter
6] to install Mechanized Segregation Unit of capacity 50 TPD. On the
other hand, they are proposing to install Polymer Unit of capacity 10
TPD. Apart from that they are also proposing to install Bricks Plant of
capacity 2000 bricks per day. It is assumed that weight of those bricks
may be around 10 Tonne. Hence, it is not clear from the DPR how the
balance quantum of wastes to the tune of 30 TPD [50.00 - 10.00 -
10.00 TPD] may be treated and whose responsibilities it is. So, it
may be clarified prior its approval.

Clarification: As above.
11. Unique Approach:
If the present proposal be work according to commitment then it will be
an unique approach towards treatment of MSW since it has practically nil
or very nominal end product for which sanitary land fill is required. As a
result, if the installed capacities be increased on the basis of its
production then the town will be free from disposal hazards in
future.

12, Costs:
Per capita capital cost of the Project comes to Rs. 2,498.00 on the
basis of 2020 designed population and 350 MT wastes generation which is
on higher side. However, since it is a Pilot Project and impiementing
Agency is a reputed Institute, hence it may be accepted for shake of
future interest.
It may also be mentioned here that per capita Operation costs comes to
Rs. 256.00 per year. However, value of revenue to be earned from the
Project has not been assessed in the DPR. It is possible to get operation
costs by selling fuel and bricks.
Clarification: CSIR-CMERI has clarified that the Scheme is
proposed for 5 years operation & maintenance. As a result, it is require for
maintaining its machines during the operation period. Probable costs for
such repair & maintenance has been considered in the DPR and it is
around 6.00 Crores. Considering this, per tonnage cost is reasonable.

I % }\ﬂ%‘ ¥

(4

M.E. Directorate
Deptt. of UD & MA

Additional Chief Engineer (Southt Govt. of West Bengal
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Draft Reply of Minutes of Meeting between Durgapur Municipal Corporation & CSIR-CMERI, Durgapur on 15.06.18

S1 Query Reply
1.a. | Analysis of composition of MSW The composition of MSW varies significantly in different areas, and it changes significantly
(Live Waste) with time also. The local economy impacts on waste composition, as high-income groups use
more packaged products, resulting in higher volumes of plastics, paper, glass, metals and
textiles. Information about the physical and chemical composition of solid wastes is essential
for proper management of solid waste. Experiment was conducted on waste collected from
Chandidas and Benachity Market. The main physical composition of solid waste is given
below:
Components Overall (%)
Food, vegetable waste, green leaves 28.90
Banana stem, fruit stalk 5.39
Dry leaves 36.58
Plastics & Paper 10.73
Rags & Textiles 1.78
Rubber & Leather 0.62
Fish Waste (Scales & Fins) 5.15
Inert (dust, earthen cups, stones) 10.84
1.b. | Complete material flow of the process The complete Material Flow Diagram is attached as Annexure-I
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l.c | Laboratory test report of the bi-products | The following chemical analysis were performed at National Test House (Eastern Region),
Kolkata by CSIR-CMERI for the various by-products obtained from Municipal Solid Waste
Name of the Test Results
Manure analysis and their fertilizing impact Annexure-II
Leachate Analysis Annexure-I11
1.d | Probable list of vendors for procurement | Biogas & Manure:

of bi-products

1.
¢

Ashoka Biogreen Pvt. Ltd. At, Vill Talwade, Dist- Nasik (Maharashtra)

Get Green Bio Energy, 1st Cross, Bhuvaneshwari Nagar, RT Nagar, Bengaluru-
560032, Karnataka, India

Disha Bio Green Solutions, 21-Mnav Bengal Ambuja Housing Colony, City Center,
Durgapur-713216

Pyrolysis Oil & Char

1.

W

Royal Ecogreen Pvt. Ltd., No. 1418, Navjivan Commercial Society, Building No. 3,
Dr. DB Marg Mumbai Central, Central Building, Mumbai - 400008, Maharashtra,
India

Anand Oil Company, Bhupen Bose Avenue, Kolkata, West Bengal

LMR Polymers, Plot No. 88- 89 Part, APIIC, IDA, Pashamylaram, Hyderabad -
500016 Telangana, India

Pyrol Fuel Industries Pvt. Ltd. Plot No. 1, BRG Industrial Park, Nemawar Road
Malikhedi, Behind Hindustan Petroleum Gas Station, Indore-452016, Madhya
Pradesh, India

Royal Carbon Black Private Limited New Era House, Mogul Lane, Matunga West,
Mumbai-400016, Maharashtra, India

Pratibha Enterprises (Unit of Shri Sai Petroleum) No. 203/WZ 97, Sunder Place
Jawala Heri Market, Paschim Vihar, Delhi-110063, India

Bharat Carbon & Oil Industries C-603, 6th Fioor, Crystal Plaza Premises Co-
Op.Society Ltd, Link Road, Opp.Infinity Mall Andheri(W), Mumbai-400053,
Maharashtra, India
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8. Srivastava Petro Carbons Private Limited Sita Asthan, Sita Ghat, Bakshi Mohalla,
PS- Khajekalan, Patna-800008, Bihar, India

9. Star Biofuels Private Limited Shop No. 8, Town Hall, Jiwaji Ganj, Morena-476001,
Madhya Pradesh, India

10. Vardhaman Pyro Fuels India Pvt. Ltd. Plot No. 539-540, Sector 3, Pithampur,
Indore-454774, Madhya Pradesh, India

11. Sunrise Eco Energy Gate No. 506/507, Gangapur Road, Nashik-423101,
Maharashtra, India

12. Star Biofuels Private Limited Shop No. 8, Town Hall, Jiwaji Ganj, Morena-476001,
Madhya Pradesh, India

Possibilities by CSIR-CMERI for | Accepted and revised DPR has been submitted
Operation & Maintenance for 5 Years

‘u‘_‘m.‘mma




Annexure-I

LAND FILL
(OPTIONAL}
mm
oL
X AT—BT (ORGAMC)
1T=1.5T
PLASTIC
-] = -
- FMES. 1 5%
ﬁm asT-301
LICRED
| pwes| -1 AL mﬂhﬁﬁﬁtﬁ
[ X
PuASTC hrhwmk 2
\\\1- \ FYROLYSIS LT o (37-41)
i A

Buet 9

MATERIAL FLOW

immmw



adedls

BB S isliuv Uy e R R - g L e | D
fekypedokpueg ‘N S "iQ |EpuG) nypueg yieuy g WEABSNYINK 'A
B Dy iis ol R ¢ e +—prt A

kg paacsddy Ag pexoeyd Ag paisal

jEAR[R. Blapn aunpaocud Bupdwes
13 BlLRiS (30 lbwls lehe

1594 10} pash (SPOURH
Bikdh b2 YRUNK DRI

YN

“1apI0 {I0AU0D) 18811104 B4 )
s8] P souRwIONAg jo(slerY

B8I0Z/L0IE0 ‘oL BIOT/LOMED wadg
s b eRikER Rl
wiay 58

LL0TTHOT 1 21 a4} o Pieosy P ¥Rg

nly) L Rt leke

- {Aue 3] uoyeoiyoads orpoud

(2 2e ) aysye) ko kb

-dojaaus pajess e uj payoed Wiy J59 | {0 WO RSIIIER

I-HdN-MIND-Ed 88 poew seuleiuos Ajod e u) ejdweg kin3h kb [hitith IDIGLRA

way 53] o Uondisesag
Dbl kb BhIR IR

e § ON Jegsibay
@len) B @ Rl

LY0ZITHEL eeQ LLOZMANISIL0ILTS ON Y SHU0EN]
dibal ph B ofaeib b B30

-MdN-1H3RD-8d

8L0Z/L0MS0/DIHDIHIIHINIF00

S50

60ZC 1 L-indeBING ‘BnusAY |YPURD BUNEUER THIND-HISD 1Bh

o] pansy

dNOHD L '8 LSILNIIDS HS 'FArHINYS VIVEEVAIEd Ha il b Biny

Z } TrPOEB6SLELS) BLOZILOIEO VP00 LOZADIHIANIIHIN

safed P ON abey GN PP0J ansg p 3Rg O BIRVYINA] 153

S e b =k EEM  my e b e B kb IDIKG IR
180435 TYNISWIEELNI Sivoidiid3o 1S5l

fch lothl

160 004 - e3ey[0) ‘A3 Y] MES ‘A-403335 4D-¥20i8
L60 004 — Rieiolh ‘2l Bl 25 ‘G — kabk b1 - dipe
(uojBay uiesu]) aSNOH 1581 |BUOIBN
(kfs leh) Uik lo>h kgl

BIPU} jO JUSLILIBADE)
Heopps Bk

S/4/15/HIN - ON Wioy

SISA[EUY JINUB[A]

[[-Inxautry




28edl9

(ileonuByD}gs-18nueleg {(1esjweys)gs-1spuejag {eojWays O
Aedypedofipueg "N '8 g |epuUOly nypuag yleuy "2 WeA[SSHINN *A
L A e
0 LDog=sledigrm n-s v o g L
fgt paacaddy Ag peyseys Agl peise

N : Sewey

khspe

- /WPy

N {oing)

ssew Aq % (029
‘2 $2) WNiESEI0g |RIOL ¢
s Ag o, (N
et se) usBouyy jmoy z
s88W Aq % (5024}

Bu sjeydsoyd moj b

ey HGECHBECTY eluep 188) ‘ON IS

z z IPPOERESLELS L 8LOZ/LO/E0 YrO0/8L0ZADIHOANTIHLN
sabegd p oy atiey ON #Po3 nsq P e ON FRIILRT 53]
s @ el =N o e b e B EL DG G

LHOJ3Y TYNISNIHTLNI F1LVOIJIL-H3ID 1831

L60 00Z - B3eN{o) 'A3D 3R MRS ‘A-103235 4343018
160 00L — Ll ‘Z1k tis 201k ‘G — 120 ‘Ihik - Bl
(uocibay wisyse3y) asnoy isa] JEUO|IEN

(kts foh) LUK laks2h

BIPUJ JO JUSUIUIBADE)
e Dk




(jeanueyDiaS-I81u89g {ieapuey2)g@s-181us|08 [e2pway3 08

AeAypedoipueqg ‘N 'S 40 |epuUOl NYpUYE YIBUY 40 WEABSNLINK “A
4 vt
Bopg—daigns —frA
Ag paacuddy Ag peyaeyo Ag peise)
N SxlelsEy
pRayp
z 3PN
iIN LT T}
ssew Aq % '(OZM
‘'Y 810 SB) WN|SSel0d [BlC) £
ssew Ag % ‘(N
‘BU 90 se) uaboujiy (830 ) k4
ssew Aq %'(50Zd)
b e sjeydsoyd |BI0L b
P ynsay 188, BUIBN 150 ON IS
z z ZyPOLa6SLC1LSE §102/L0/20 BPO0RLIZAOIMONEIIHIN
saeqd p o abey ON 2Pp07 anss P aRQ ON ROYIR] Js0)
Lnd g b wl EE ry e b e B Kb 0ie% IR

1HOd3Y TYNIAWINILNI JAVOIAILH3D 1S3L

160 00Z - vefoldinlinth Aadihinoes 4o-yr0i8

160 00 — 1lbid|t ‘Ut Bi 2010 'C — 12Bk: ‘Jh 18 - Bl®
(uoiBey UJe1SET) FSNOH 158 (EUOLBN
(kets loh) U2Uk lofsh RIS

B1PUJ JO JUBWUISACD
Msbdir Dy




28ed|8

(IroNaay)) gS-ISUuRRs
ssiypedoipueg "N S Id

R e 4

ig paaoaddy

{ENWaY)) GS-Isnuabs
(epuoiy] nypusg Wiswy Sa
‘._‘-n-m—ﬂ c@r

Ag panaay)d

LT000

680

oro

orel

4l

6L

34218

g ww p gAnoay) 525584 % £6

Suy/Sw sy sB) MBIV

onEy N/

ssum A % (SO 58) WIRISSEIG] (549, L

ssBlll A % "(FOtd 58) Amgdsond wiol

ssuwl 4q o4 ‘(N se)uadolny [el0L

ssaul £q 9%, ‘uogae)) e Bl

SSBL AQ 9, "AJMISIOIA

(w8} *Ausuad ind

id

25 NI

(fenuayd) Os
WRARSIINIAA

B s

Ag pasalL

¥

‘"

ol

Hury

" XINNY
H 1 Frougs [oLoist $i0TIWIT
saded Jo oN adug sl APOD) anss] jo aed

160 00L - RIENIOH ‘A1) @fET YuS ‘A-10138S 'dD-NI0iE
o a4 BCF s G e

(e T akins SaE G

BIPU| JO JUBLIULIBAOY)
bk Rk

S/471S/HIN ON wiod

[[[-omxauuy

-fjALS [ROJ JO AIUISQY ANODO
‘umolg N nojt)
pnsay 1521

SITUey 16 MNsaT 18]

SISAjeuy djeyoed’|

awmey 1521 ON IS

¥ (9160/R10TAOIHDIAIHIN

“oN HEMIID WL




28udle

(Eenwng)) gS-Ispuag ({eatuiay)) gS-1sHuaRy (lenwayd) 08
iedypedoipueg "N 'S 1Q |epuoly nypueg Qeay d WRAPSNYINIA'A
,?,-D..o*-hbgwai-ﬁ"s no X _\:——rsf___“.’\
Ag pasosddy &g paydayd ig pana )
- 09°6¢ By/8w (uz se) vz 6l
- wit BqBw (N se) PN R
. oo /8w (3 se) Landsa Ll
- 6'8¢ /B qd se)ypearp 9
65°0% 3y/8w ‘(0 se) saddo)y  SI
= 929 BB (1) se) wnpuoa) vl
- Lt /3w (pD se) wopupr) €l
T ] nsay Jsay anuep 1S9 ONCIS
i 4 PPOGITEDLS 1S BIGT/TO/T ¥i QIDGF‘RIOUH)')HD-’{HH)HLN
sadug jo ‘oN aduy TTaN Aaped) anss] jo NeQ “an RIYNLAD IR L
L60 004 - @3 ;

'“”Wﬂmmw

AIOH "KatD 9HET RS ‘A-101286 ‘42048

n EI !:jUNI'N

llﬂui 1O JUBILIBADY)
iy Bk




28e |01

(1eapuay)) gs-1spuanng (jwatusay ) OS

([Ea1aay ) g§-1suuaLag
seaypedodpuey ‘N 'S (] [epucy Nypueg yleny i WEARSAYINEAA
RoBagmdeligieg sy T T'S'l‘“ﬂ" A
Ag pasoaddy Aq payday) Ag pajsal
a4 V8w (HOH) s8) ‘'spunodwio)) sjeuayy [
“1ag 3w ‘(4§ s&) apraonyy -y
1ad WBu(Nyse) apruniy 5
v 907 1Bw 1) se) spuoyy g
891 SSEU AQ o ‘(N sehualoayy jRIoL L
- (X2 /8w *(x se) waBoayn (eMuowILY ‘9
- (4 yBm'god g
169 TE R T T
oL Hd ¢
1i8 (/Bw 'spyos pasjossip qujay 7
| {/3ui ‘spyjos papuadsns fejoy,
LTI | JnsaY IS | amey Al ONCIS
SIEBET JO SIMSaI 183
IENXINNY
g jo o ey e o R i 1

S/3S/HIN S ON wiog

L60 00L - WHION ‘AD W H¥S ‘A-201335 ‘dD-d0|1Q

2{PUj JO IIALLIBADD
M Rilh




aBedill

{{edwiay ) ga-1spusiag
sesgpedoipueg <N ‘S 3q
re_.%‘l.gn@&uo% N -

Ad pasoxddy

([BARIIY D) GS-ISHUIRG

[EpUOLy NypuUBg YEUY "I
-y

Ag pa¥aay)

L9000

it

2000°0

LL

azo'y

N

N

N

Ueug 33 08
WRAPSRINT A

A
Afl pasay

U AGRIIAIAR W03 =, 30"

1w oz se)ouyy g1

V3w ‘(N se) N gl

A (31 se) dmanag g

/8w (gg se) peyp 91

y8w “(n) se) saddoy gy

/B ‘(a7 sB) wnpuetyy  pl

3w {(p) s6) wnpuipey gy

e (sy se) Juasay o7

)

sary HOSIY 153§ awey 183 ONCES
4 i PH9TT0.90%1 BIGL/T0/1T 191608107 DM DAH AN
sadeg jo oy ade g “Op AP0y ANSKY JO JE(] 0N UMPYIATY J8a ]

160 004 - ©1eNjo) ‘A3D e ijes A -10339€ YD-N20ig

160 o LAC L BT - b G e

2IPU{ JO JUBWIUIBADD
el Bilh




To

No. PME/Gen/MSWDS/2018
19" August, 2018

The Commissioner
Durgapur Municipal Corporation
Durgapur-713216

Sub: Projectproposal on Design, Development, Installation and Commissioning
of Integrated MSW Disposal System (iMSWDS) - reg.

Dear Sir,

On behalf of Director, CSIR-CMERI and /MSWDS Research team, | express our

heartfelt thanks to you for arranging the meeting with thePrincipal Secretary, Urban
Development & Municipal Affairs Department{US&MA) and other officials, Govt. of West
Bengal. With reference to the technical meeting held on 13.08.2018 at US&MA to discuss
the project on "Design, Development, Instailation and Commissioning of Integrated
MSW Disposal System (iMSWDS)", the followings are the submissions from CSIR-CMERI

for your perusal: -

1)

2)

In Durgapur city, the municipal waste generation is more than200 TPD which is dumped
at Shankarpur. The landfills emitted tons of methane per year Although landfills and
transfer station at Shankarpur provides an important municipal service to DMC, but local
residents are exposed to pollutants. Specially children aremore vulnerable to these
pollutants.Further, landfills tend to mummify their water contents, severely prolonging
oxidation and natural breakdown processes.While leachate is a clear environmental
liability, the severity of leachate-related problems increases manifold, as leachate seeps
into groundwater and causes water contamination. Therefore, it is required to adopt

robust and sustainable waste disposal system.

Waste must be sorted. One of the most commonly method of disposal of municipal
waste is composting. For waste to safely and completely compost, it must be organic.
This requires an extensive screening and separation process to get rid the waste of
glass, metal, stone, plastic and construction debris. The market survey in India shows
that majority of vendors providing solution in the area of MSW Management are using
manual segregation. The very process exposes the persons involved in segregation to

the huge health problems.
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3)

6)

The key challenge of the MSW Managementis to mechanise the segregation of
municipal solid wastes with minimal manual intervention. Each segregated items are to
be processed for recycling in different usable products.One of the Unique Selling Point
(USP) of CSIR-CMERI's technology is the Mechanised Segregation (patent
pending).

CSIR-CMERI has complete scientific solution albeit in R&D mode for municipal live
and dead wastes.There is existing landfillcontaining of approx. 3,60,000 ton in
Shankarpur. The proposed solution provided by CSIR-CMERI can mitigate the problems
of dead waste dumped in landfills. The issues like conversion of segregated fines into
compost through secondary treatment, brick making facility for inert material and C&D
waste etc. shall be attempted. It is worth mentioning that current commercial MSW
solutions provided by Indian vendors do not deal with the dead wastes. |n other
words, another Unique Selling Point (USP) of CSIR-CMERI is processing &
recycling of municipal dead wastes in /MSWDS Plant. CSIR-CMERI hoids a porifolio
of good number of IPRs related to MSW. The detailed portfolio of CSIR-CMERI is

enclosed herewith as Annexure.

The proposal was submitted on 16.07.18 for10 TPD live wastes and 50 TPD dead
wastes, where it was planned to operate and maintain the /MSWDS Plant for two years
after successful installation and commissioning. The cost of maintenance for the period
of two years was included, but as suggested to include the operation and maintenance of
the IMSWDSPlantfor ancther three years (i.e. total 5 years after installation and
commissioning) shall have financial implications.

The maintenance cost of /IMSWDSPlant includes spare parts (motor, conveyer belt,
etc.), labourfrepair cost, transportation cost, overheads, consumables and other tools.
The IMSWDS Plant is operated in harsh environments and probability of failures of
critical moving components is high. Further, there are chances of wear and tear of
moving element like. conveyor belts, bearings, etc. due to presence of particulates and
dusts, that warrant the frequent replacement of machine elements. Industry standards
suggest to take minimum 8% of the equipment costs as Comprehensive Maintenance
Contract (CMC). In this case, the estimated cost of the equipment is Rs.2530 Lakh and
taking 8% of the value, it comes to Rs. 202 Lakhs approx. As CSIR-CMERI considers
the IMSWDSPIlant as research platform for MSW, it has decided to bear 50% of the
maintenance cost. The remaining 50% i.e. Rs 100Lakhs/Year towards the maintenance
cost shall be borne by Durgapur Municipal Corporation(DMC). Hence, there is a
additional requirement of Rs. 300 Lakhs for CMC of additional three years.
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7) The operating cost ofiMSWDS Plant was originally proposed to be provided by DMC,
specially the electricity and water. Now, it is suggested to include the operating cost such
as electricity, water, fuel etc in the project proposal. The approx. power requirements of
all electrical machines iniIMSWDS Plant is3000 kWh / day.The current commercial rate
of electricity as applicable in Public utility/Specified Institution/Public Bodies in municipal/
non-municipal areas is approx. Rs. 7/kWh. Based on the above, the annual expenditure
towards the electricity to run the /MSWDS Plant is approx. Rs. 63 Lakhs and for five
years, it costs approx. Rs 315 Lakhs. Therefore, additional requirements for the funds
of Rs. 300 Lakhs to meet expenditure of electricity may be borne by DMC. Other
costs i.e. fuels costs, water etc. including revision of tariff of electricity from time to time
shall be borne by CSIR-CMERI.

In the view of above revision of scope of work i.e. inclusion of additional three years
of CMC of iMSWDS Plant and operating cost i.e. electricity etc., there is a requirement of
additional Rs 600 Lakhs to meet above mentioned expenditure.

| sincerely hope that we are able to provide you the complete information and required
clarifications in regards to the proposed IMSWDS Plant project

We look forward to receive your valued order.

Thanking you,

Very sincerely,

(Dr. N. C. Murmu)
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Preface

The management of municipal solid waste in India has surfaced or continued to be a severe
problem not only because of environmental and aesthetic concerns but also because of the
enormous quantities generated every day. Even though only 31% of Indian population resides
in urban areas, it generates a gigantic 1,43,449 metric tonnes per day of municipal solid
waste, as per the Central Pollution Control Board(CPCB), 2014-15 and these figures increase
every day with an increase in population. To further add to the problem, the total number of
towns (statutory and census) in the country have also increased from 5,161 in 2001 to 7,936in
2011, thus increasing the number of municipal waste generation by 2,775within a decade.
The management of municipal solid waste is one of the main functions of all Urban Local
Bodies(ULBs) in the country. All ULBs are required to meticulously plan, implement and
monitor all systems of urban service delivery especially that of municipal solid waste. With
limited financial resources, technical capacities and land availability, urban local bodies are
constantly striving to meet this challenge.
With the launch of the flagship programme by the Government of India, Swachh Bharat
Mission in 2014 that aims to provide basic infrastructural and service delivery with respect to
sanitation facilities to every family, including toilets and adopting the scientific methods to
collect, process and disposal of municipal solid waste. The mission focuses on quality and
sustainability of the service provision as well as emphasizing on the commitment on every
stakeholder to bring about a visible change in society.
The three most popular options for processing and disposing of MSW are:

e Converting it into compost

o Converting it to energy

¢ Sanitary landfill

Converting MSW into Compost

In this method, the waste is exposed to anaerobic microbes, like bacteria, which breakdown
the organic matter in the absence of oxygen to form biogas (mixture of methane and carbon-
di-oxide) and compost (solid and liquid residual). Biogas can be used as fuel for cooking or

for generator to convert it to electricity. The liquid slurry can be used as organic fertilizer.

Converting Municipal Solid Waste to Energy (WTE)
In this process thermal breakdown of MSW in high temperature environment is done to

reduce MSW into a slag and syngas. The syngas can be used in gas engines/ gas turbines to



generate electricity, steam or other such forms of energy. Waste to energy generates clean,

reliable energy from a renewable fuel source, thus reducing dependence on fossil fuels.

Both these methods (Converting MSW into compost and Converting MSW into energy) have

environmental benefits compared to third method disposing of MSW in landfills. Both the

methods would reduce the quantity of wastes and generate a substantial quantity of energy

which in turn reduce pollution of water and air, thereby offering a number of social and

economic benefits. Some of the strategic and financial benefits from implementation of both

the methods are:

Government Incentives - The government of India already provides significant
incentives for appropriate dispose of MWS, in the form of capital subsidies and feed
in tariffs. With concerns on climate change, there are more chances of increased
incentives by government.

Co-product Opportunities - Depending on the technology/route used for energy
recovery, eco-friendly and “green” co-products such as charcoal, compost, nutrient
rich fertilizer or bio-oil can be obtained.

Job Opportunities - With distributed waste management, new opportunities emerge

for companies to provide support services. Every machine, required to dispose-off

- MSW, opportunities of maintaining, servicing, or taking care of it emerge. In other

words, the technology will boost job opportunity. To add further this could be
significant international expansion possibilities for Indian companies, especially

expansion into other Asian countries.

The present project proposal aims to develop novel technologies that are innovative to extract

wealth out of waste. The major technological interventions proposed are:

» Design & development of mechanized segregation system to separate Municipal Solid

Waste into biodegradable & non-biodegradable components;

# Design & development of safe, environment friendly process for disposal of polymer

waste utilizing pyrolysis;

» Design & development of biogas plant for disposal of biodegradable waste.

The major advantages of the proposed technologies include:

» Minimization of Landfill option, which is becoming crucial due to the continuously

reducing space for sanitary landfills;



» Lowering environmental footprint through significant reduction in quantities of air
pollutants;

» Reducing dependence on imported oil by using pyrolysis oils from waste polymers which
are low priced;

» Use of pyrolysis gas generated from polymer waste pyrolysis plant to run gas
engines/turbine and produce electricity;

» Environment friendly disposal of biodegradable waste through generation of Biogas which
will definitely support the dwindling energy resources. The gas can be used for as fuel in
the kitchen or for power generation;

» Generation of high quality, weed free manure from biogas plant which is an excellent soil
conditioner. This is very important for replenishing organic carbon in the undernourished
soil afier years of agriculture;

» Downstream employment generation for the rural/urban poor.
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CHAPTER 1
INTRODUCTION

1.1 PREAMBLE

Over the years, there has been a continuous migration of people from rural and semi-
urban areas to towns and cities. The proportion of population residing in urban areas has
increased from 10.84% in 1901 to 25.70% in 1991. The number of class I cities has increased
from 212 to 300 during 1981 to 1991, while class II cities have increased from 270 to 345
during the same period. The increase in the population in class I cities is very high as
compared to that in class II cities. The uncontrolled growth in urban areas has left many
Indian cities deficient in infrastructural services such as water supply, sewerage and
municipal solid waste management.

Most urban areas in the country are plagued by acute problems related to solid waste
and become a tenacious problem. It is not uncommon to find 30-50% of staff and resources
being utilized by Urban Local Bodies for these operations. Despite this, there has been a
progressive decline in the collection and disposal of municipal solid waste including hospital
and industrial wastes, as well as measures for ensuring adequacy of environmental sanitation
and public hygiene. In many cities nearly half of solid waste generated remains unattended,
giving rise to insanitary conditions especially in densely populated slums which in turn
results in an increase in morbidity especially due to microbial and parasitic infections and
infestations in all segments of population, with the urban slum dwellers and the waste
handlers being the worst affected.

Solid Waste Management is a part of public health and sanitation, and according to
the Indian Constitution, falls within the purview of the State list. Since this activity is non-
exclusive, non-rivaled and essential, the responsibility for providing the service lies within
the public domain. The activity being of a local nature is entrusted to the Urban Local Bodies.
The Urban Local Body undertakes the task of solid waste service delivery, with its own staff,
equipment and funds. In a few cases, part of the said work is contracted out to private
enterprises.

There is lack of community awareness either about the likely perils due to poor waste
management or the simple steps that every citizen can take which will help in reducing waste

generation and promote effective management of solid waste generated. The degree of
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community sensitization and public awareness is low. There is no system of segregation of
organic, inorganic and recyclable wastes at household level.

It is estimated that the total solid waste generated by 300 million people living in
urban india is 38 million tonnes per year. The disposal of municipal solid waste is one of the
pressing problems of city life, which has assumed great importance in the recent past. With
the growing urbanization as a result of planned economic growth and industrialization,
problems are becoming acute and call for immediate and concerted action. The proper
disposal of urban waste is not only absolutely necessary for the preservation and
improvement of public health but it has an immense potential for resource recovery.

It is estimated that about 1,45,000 MT of Municipal Solid Waste is generated daily in
the country. Per capita waste generation in major cities ranges from 0.20 kg to 0.60 kg.
Generally, the collection efficiency ranges between 70 to 90% in major metro cities whereas
in several smaller cities the collection efficiency is below 50%. It is also estimated that the
Urban Local Bodies spend about Rs.500 to Rs.1500 per ton on solid waste for collection,
transportation, treatment and disposal. About 60-70% of this amount is spent on street
sweeping of waste collection, 20 to 30% on transportation and less than 5% on final disposal
of waste, which shows that hardly any attention is given to scientific and safe disposal of
waste. Landfill sites have not yet been identified by many municipalities and in several
municipalities, the landfill sites have been exhausted and the respective local bodies do not
have resources to acquire new land. Due to lack of disposal sites, even the collection
efficiency gets affected.

Very few Urban Local Bodies in the country have prepared long term plans for
effective Solid Waste Management in their respective cities. For obtaining a long term

economic solution, planning of the system on long-term sustainable basis is very essential.

1.2 PROBLEMS BEING FACED BY URBAN LOCAL BODIES

Barring a few progressive municipal corporations in the country, all other local bodies
suffer due to non-availability of adequate expertise and experience; thereby the solid waste is
not properly handled resulting into creation of environmental pollution and health hazards.
As mentioned earlier, these local bodies lack technical, managerial, administrative, financial
resources, adequate institutional arrangements. Similarly, Defense, Railways, CPWD and
several Government of India Organizations/Undertakings having large establishments in the
cities and towns lack the technical knowhow of managing urban solid waste. It is, therefore,

very necessary to provide proper guidance in the Urban Local Bodies/Government
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Agencies/Establishments referred above, to make them efficient in managing the solid waste

generated in their respective areas/cities/towns.

1.3 NEED OF THE PROJECT

Looking to the existing SWM system, the Ministry of Environment & Forest has
notified Municipal Solid Waste (Management & Handling) Rules 2016 under the
Environment Protection Act 1986. According to these rules, all the municipal authorities
were expected to improve solid waste management practices in terms of aforesaid rules by
December, 2003. But, the situation did not improve as expected for want of adequate
technical know-how and lack of human and financial resources.

It has been estimated that the average daily waste generation from Durgapur is around 250
TPD. With the projected population as 647,361 in the year 2020, it is estimated that 275 tons
of MSW would be generated in the year 2020. Currently, the waste is being collected,
transported and disposed at Shankarpur a dumping yard without any scientific processing,
giving an ugly face to the city. These practices attract a lot of objection in view of open
dumping of MSW and obnoxious odour and fly formation in the open dump yard. These
practices also pose greater risk of ground water contamination due to percolation. According
to World Health Organization (WHO) nearly five million people die due to disease caused by
faulty disposal system and poor collection practices of waste over the years. As per the report
of WHO, there are twenty two diseases which are directly related to improper management of
solid waste. The rodent and vector insects transmit various diseases like dysentery, cholera,
plague, typhoid, infective hepatitis and other. haphazard disposal of

In order to protect the public health and environment, it is need of the hour to find a
suitable method for MSW disposal. Therefore, the present project has been undertaken to
assess the existing SWM system, identify the gaps of the existing system and propose plan
for eco-friendly disposal of solid waste. After evaluating various options available for MSW
disposal and assessing factors like land availability, calorific value of MSW, paucity of land
for Land Fill etc., it is suggested that disposal of MSW through technologies developed by
CSIR-CMERI which include mechanized segregation of waste, utilization of the segregated
bio-degradable waste and polymer waste are the most ideal ways for eco-friendly disposal of
MSW at Durgapur.
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CHAPTER 2
PRINCIPLES OF MUNICIPAL SOLID WASTE

MANAGEMENT

2.1 INTRODUCTION
Management of municipal solid waste involves (a) development of an insight into the
impact of waste generation, collection, transportation and disposal methods adopted by a

society on the environment and (b) adoption of new methods to reduce this impact.

2.1.1 Solid Waste Generation

Municipal Solid Waste (MSW) is the trash or garbage that is discarded day to day ina
human settlement. According to MSW Rules 2000, MSW includes commercial and
residential wastes generated in municipal or notified areas in either solid or semi-solid form
excluding industrial hazardous wastes but including treated bio-medical wastes. Waste
generation encompasses activities in which materials are identified as no longer being of
value (being in the present form) and are either thrown away or gathered together for

disposal. Municipal Solid Waste consists of the following kinds of waste.

]"fg': i Sowrces of MSW Generation
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The other kinds of waste found in urban settlements are:
1) Industrial or Hazardous Waste,
2) Bio-Medical or Hospital Waste, and
3) E-Waste

The Industrial hazardous waste is managed through Hazardous Waste (Management
and Handling) Forth Amendments Rules 2010. Hazardous waste is typically identified with
properties of ignitability, corrosivity, reactivity and toxicity. Hence urban local bodies must
ensure that industrial waste in their command area does not get mixed with the municipal
solid waste stream, failing which will result in economic losses (as hazardous waste treatment
costs much higher than the municipal solid waste) and health & safety hazards (Contaminants
like heavy metals, chromium, mercury, etc. when found in the municipal waste stream will
contaminate the compost produced by the city. When farmers buy the compost it will
indirectly affect the food chain) while treating such wastes.

According to the Hazardous Waste Management Rules 2010, the onus of managing
and treating hazardous waste lie with the waste generator, and the urban local body has to
ensure that such waste does not contaminate municipal waste stream in their area of
authority.

A society receives energy and raw material as inputs from the environment and gives
solid waste as output to the environment. In the long-term perspective, such an input-output

imbalance degrades the environment.

2.1.2 Environmental Impact of Solid Waste Disposal on Land
When solid waste is disposed off on land in open dumps or in improperly designed
landfills (e.g. in low lying areas), it causes the following impact on the environment:
(a) ground water contamination by the leachate generated by the waste dump
(b)  surface water contamination by the run-off from the waste dump
(c) bad odour, pests, rodents and wind-blown litter in and around the waste dump
(d)  generation of inflammable gas (e.g. methane) within the waste dump
(e) bird menace above the waste dump which affects flight of aircraft
H fires within the waste dump
(g)  erosion and stability problems relating to slopes of the waste dump
(h)  epidemics through stray animals

(i) acidity to surrounding soil and release of greenhouse gas
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2.1.3 Objectives of Solid Waste Management
The objectives for solid waste management are:
e Maximize resource recovery / minimal emissions;
e Minimize impact on environment, human intervention, space requirement, impact on
health hazard;
e No waste visibility;
e Elimination of MSW’s inherent hazards:
Obnoxious odours

GHG emissions

vV ¥V V

Disease vectors and transmissions
Ground water contamination

Attracting stray animals & birds

v WV VW

Unhygienic & visually ugly site
+ Making a clean & hygienic smart city

2.2  PRINCIPLES OF MUNICIPAL SOLID WASTE MANAGEMENT

Municipal Solid Waste Management involves the application of principle of
Integrated Solid Waste Management (ISWM) to municipal waste. ISWM is the application of
suitable techniques, technologies and management programs covering all types of solid
wastes from all sources to achieve the twin objectives of (a) waste reduction and (b) effective

management of waste still produced after waste reduction.

2.2.1 Waste Reduction

It is now well recognized that sustainable development can only be achieved if society
in general, and industry in particular, produces ‘more with less’ i.e. more goods and services
with less use of the world’s resources (raw materials and energy) and less pollution and

waste. The government is committed to reducing the amount of waste.

2.2.2 Effective Management of Solid Waste

Effective solid management systems are needed to ensure better human health and
safety. They must be safe for workers and safeguard public health by preventing the spread of
disease. In addition to these prerequisites, an effective system of solid waste management

must be both environmentally and economically sustainable.
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e Environmentally sustainable: It must reduce, as much as possible, the environmental
impacts of waste management.
e Economically sustainable: It must operate at a cost acceptable to community.

Clearly it is difficult to minimize the two variables, cost and environmental impact,
simultaneously. There will always be a trade off. The balance that needs to be struck is to
reduce the overall environmental impacts of the waste management system as far as possible,
within an acceptable level of cost.

An economically and environmentally sustainable solid waste management system is
effective if it follows an integrated approach i.e. it deals with all types of solid waste
materials and all sources of solid waste. A multi-material, multi-source management
approach is usually effective in environmental and economic terms than a material specific
and source specific approach. Specific wastes should be dealt within such a system but in
separate streams. An effective waste management system includes one or more of the
following options:

(a) Waste collection and transportation.

(b) Resource recovery through sorting and recycling i.e. recovery of materials (such as
paper, glass, metals) etc. through separation.

(c) Resource recovery through waste processing i.e. recovery of materials (such as
compost} or recovery of energy through biological, thermal or other processes.

(d) Waste transformation (without recovery of resources) i.e. reduction of volume,
toxicity or other physical/chemical properties of waste to make it suitable for final
disposal.

{e) Disposal on land i.e. environmentally safe and sustainable disposal in landfills.

2.2.3 Functional Elements of Municipal Solid Waste Management

The activities associated with the management of municipal solid wastes from the
point of generation to final disposal can be grouped into the six functional elements: (a) waste
generation; (b) waste handling and sorting, storage, and processing at the source; (c)
collection; (d) sorting, processing and transformation; (e) transfer and transport; and (f)

disposal.

Waste Generation: Waste generation encompasses activities in which materials are
identified as no longer being of value (in their present form) and are either thrown away or

gathered together for disposal. Waste generation is, at present, an activity that is not very

Page | 7



controllable. In the future, however, more control is likely to be exercised over the generation
of wastes. Reduction of waste at source, although not controlled by solid waste managers, is

now included in system evaluations as a method of limiting the quantity of waste generated.

Waste Handling, Sorting, Storage, and Processing at the Source: The second of the six
functional elements in the solid waste management system is waste handling, sorting, storage,
and processing at the source. Waste handling and sorting involves the activities associated
with management of wastes until they are placed in storage containers for collection.
Handling also encompasses the movement of loaded containers to the point of collection.
Sorting of waste components is an important step in the handling and storage of solid waste at
the source. For example, the best place to separate waste materials for reuse and recycling is
at the source of generation. Households are becoming more aware of the importance of
separating newspaper and cardboard, bottles/glass, kitchen wastes and ferrous and non-

ferrous materials.

On-site storage is of primary importance because of public health concerns and aesthetic
consideration. Unsightly makeshift containers and even open ground storage, both of which
are undesirable, are often seen at many residential and commercial sites. The cost of
providing storage for solid wastes at the source is normally borne by the household in the
case of individuals, or by the management of commercial and industrial properties.

Processing at the source involves activities such as backyard waste composting.

Collection: The functional element of collection includes not only the gathering of solid
wastes and recyclable materials, but alse the transport of these materials, after collection, to
the location where the collection vehicle is emptied. This location may be a material

processing facility, a transfer station, or a landfill disposal site.

Sorting, Processing and Transformation of Solid Waste: The sorting, processing and
transformation of solid waste materials is the fourth of the functional elements. The recovery
of sorted materials, processing of solid waste and transformation of solid waste that occurs
primarily in locations away from the source of waste generation are encompassed by this
functional element. Sorting of commingled (mixed) wastes usually occurs at a materials
recovery facility, transfer stations, combustion facilities, and disposal sites. Sorting often
includes the separation of bulky items, separation of waste components by size using screens,

manual separation of waste components, and separation of ferrous and non-ferrous metals.
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Waste processing is undertaken to recover conversion products and energy. The
organic fraction of Municipal Solid Waste (MSW) can be transformed by a variety of
biological and thermal processes. The most commonly used biological transformation process
is aerobic composting. The most commonly used thermal transformation process is

incineration.

Waste transformation is undertaken to reduce the volume, weight, size or toxicity of
waste without resource recovery. Transformation may be done by a variety of mechanical
(ex. shredding), thermal (ex. incineration without energy recovery) or chemical (ex.

encapsulation) techniques.

Transfer and Transport: The functional element of transfer and transport involves two
steps: (i) the transfer of wastes from the smaller collection vehicle to the larger transport
equipment and (ii) the subsequent transport of the wastes, usually over long distances, to a

processing or disposal site. The transfer usually takes place at a transfer station.

Disposal: The final functional element in the solid waste management system is disposal.
Today the disposal of wastes by landfilling or uncontrolled dumping is the ultimate fate of all
solid wastes, whether they are residential wastes collected and transported directly to a
landfill site, residual materials from Materials Recovery Facilities (MRFs), residue from the
combustion of solid waste, rejects of composting, or other substances from various solid
waste-processing facilities. A municipal solid waste landfill plant is an engineered facility
used for disposing of solid wastes on land or within the earth’s mantle without creating
nuisance or hazard to public health or safety, such as breeding of rodents and insects and

contamination of groundwater.
2.3 HIERARCHY OF WASTE MANAGEMENT OPTIONS

Current thinking on the best methods to deal with waste is centered on a broadly
accepted ‘hierarchy of waste management’ (arrangement in order of rank) which gives a
priority listing of the waste management options available. The hierarchy gives important
general guidelines on the relative desirability of the different management options. The
hierarchy usually adopted is (a) waste minimization/reduction at source, (b) recycling, (c)
waste processing (with recovery of resources i.e. materials (products) and energy), (d) waste

transformation (without recovery of resources) and (e) disposal on land (landfilling).
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The highest rank of the ISWM hierarchy is waste minimization or reduction at source,
which involves reducing the amount (and/or toxicity) of the wastes produced. Reduction at
source is first in the hierarchy because it is the most effective way to reduce the quantity of

waste, the cost associated with its handling, and its environmental impacts.

The second highest rank in the hierarchy is recycling, which involves (a) the
separation and sorting of waste materials; (b) the preparation of these materials for reuse or
reprocessing; and (c) the reuse and reprocessing of these materials. Recycling is an important
factor which helps to reduce the demand on resources and the amount of waste requiring

disposal by landfilling.

The third rank in the ISWM hierarchy is waste processing which involves alteration
of wastes to recover conversion products (e.g., compost) and energy. The processing of waste

materials usually results in the reduced use of landfill capacity.

Transformation of waste, without recovery of products or energy, may have to be
undertaken to reduce waste volume (e.g. shredding and baling) or to reduce toxicity. This is
usually ranked fourth in the ISWM hierarchy.

Ultimately, something must be done with (a) the solid wastes that cannot be recycled
and are of no further use; (b) the residual matter remaining after solid wastes have been pre-
sorted at a materials recovery facility; and (c) the residual matter remaining after the recovery
of conversion products or energy. Landfilling is the fifth rank of the ISWM hierarchy and
involves the controlled disposal of wastes on or in the earth’s mantle. It is by far the most
common method of ultimate disposal for waste residuals. Landfilling is the lowest rank in the
ISWM hierarchy because it represents the least desirable means of dealing with society’s
wastes.

It is important to note that the hierarchy of waste management is only a guideline.
2.4 WASTE MINIMISATION

Waste minimization or reduction at source is the most desirable activity, because the
community does not incur expenditure for waste handling, recycling and disposal of waste
that is never created and delivered to the waste management system. However, it is an

unfamiliar activity as it has not been included in earlier waste management systems.
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To reduce the amount of waste generated at the source, the most practical and
promising methods appear to be (i) the adoption of industry standards for product
manufacturing and packaging that use less material, (ii) the passing of laws that minimize the
use of virgin materials in consumer products, and (iii) the levying (by communities) of
cess/fees for waste management services that penalize generators in case of increase in waste

quantities.

Modifications in product packaging standards can result in reduction of waste
packaging material or use of recyclable materials. Minimization of use of virgin raw

materials by the manufacturing industry promotes substitution by recycled materials.

Sorting at source, recycling at source and processing at source (e.g. yard composting)

helps in minimizing waste.

One waste management strategy used in some communities in developed countries is
to charge a variable rate per can (or ton) of waste, which gives generators a financial
incentive to reduce the amount of waste set out for collection. Issues related to the use of
variable rates include the ability to generate the revenues required to pay the costs of
facilities, the administration of a complex monitoring and reporting network for service, and
the extent to which wastes are being put in another place by the generator and not reduced at

source.
2.5 RESOURCE RECOVERY THROUGH MATERIAL RECYCLING

Material recycling can occur through sorting of waste into different streams at the
source or at a centralized facility. Sorting at source is more economical than sorting at a

centralized facility.
2.5.1 Sorting at Source

Sorting at source (home sorting) is driven by the existing markets for recyclable
materials and the link between the house holder and the waste collector. The desirable home

sorting streams are:

(a) Dry recyclable materials e.g. glass, paper, plastics, cans etc.,
(b) Bio-waste and garden waste,
(c)  Bulky waste,

(d) Hazardous material in household waste,
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(e) Construction and Demolition waste, and
® Commingled MSW (mixed waste).

At present recycling of dry recyclables does take place at the household level in India.
However, source separation and collection of waste in streams of (b), (¢), (d) and (e) has to be

developed in most cities.
2.5.2 Centralized Sorting

Centralized sorting is needed wherever recyclable materials are collected in a

commingled (mixed) state.
Hand sorting from a raised picking belt is extensively adopted in several countries.

Mechanized sorting facilities using magnetic and electric field separation, density
separation, pneumatic separation, size separation and other techniques are used in some
developed countries. Such facilities are usually prohibitively expensive in comparison to

hand sorting.

In India, centralized sorting is not adopted. However, some intermediate sorting does
occur after household wastes reach kerbside collection bins (dhalaos) through ragpickers.
There is a need to formalise this intermediate sorting system or develop a centralized sorting

facility to minimize recyclable materials reaching a waste processing facility or a landfill.
2.5.3 Sorting Prior to Waste Processing or Landfilling

Home sorting and centralized sorting processes normally recover most of the
recyclable materials for reuse. However, a small fraction of such materials may escape the
sorting process. Sorting is also undertaken just prior to waste processing, waste
transformation or landfilling to recover recyclable materials. In a landfill, sorting may be
carried out by ragpickers immediately after spreading of a layer of waste. In waste processing

or transformation centres, manual sorting or size separation is usually undertaken.

Wherever manual sorting is adopted, care must be taken to ensure that sorters are

protected from all disease pathways and work in hygienic conditions.
2.6 RESOURCE RECOVERY THROUGH WASTE PROCESSING

Biological or thermal treatment of waste can result in recovery of useful products

such as compost or energy.
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2.6.1 Biological Processes

Biological treatment involves using micro-organisms to decompose the biodegradable

components of waste. Two types of processes are used, namely:

(a)  Aerobic processes: Windrow composting, aerated static pile composting and in-vessel
composting; vermi-culture etc.

(b)  Anaerobic processes: Low-solids anaerobic digestion (wet process), high-solids
anaerobic digestion (dry process) and combined processes.
At present recycling of dry recyclables does take place at the household level in India.

However, source separation and collection of waste in streams of (b), (c), (d) and (e} has to be

developed in most cities.

In the aerobic process the utilizable product is compost. In the anaerobic process the
utilizable product is methane gas (for energy recovery). Both processes have been used for
waste processing in different countries — a majority of the biological treatment process
adopted world-wide are aerobic composting; the use of anaerobic treatment has been more

limited.

In India, aerobic composting plants have been used to process up to 500 tons per day

of waste.
2.6.2 Thermal Processes

Thermal treatment involves conversion of waste into gaseous, liquid and solid
conversion products with concurrent or subsequent release of heat energy. Three types of

systems can be adopted, namely:

(a)  Combustion systems (Incinerators): Thermal processing with excess amounts of air.

{b)  Pyrolysis systems: Thermal processing in complete absence of oxygen (low
temperature).

(c) Gasification systems: Thermal processing with less amount of air (high temperature).
Combustion system is the most widely adopted thermal treatment process world-wide

for MSW. Though pyrolysis is a widely used industrial process, the pyrolysis of municipal

solid waste has not been very successful. Similarly, successful results with mass fired

gasifiers have not been achieved. However, both pyrolysis and gasification are emerging as

viable alternatives in the present.
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To be viable for energy recovery through thermal processing, the municipal solid
waste must possess a relatively high calorific value. In the MSW generated in developed
countries, presence of significant quantity of paper and plastics yields a high calorific value
of the MSW (typically above 2000 kcal/kg) which makes it suitable for thermal processing.
In Indian MSW, the presence of high quantities of bio-degradable matter results in a low
calorific value of the MSW (typically less than 1000 kcal/kg). In its mixed form, such waste
may not be suitable for thermal processing. However, removal of inerts from Indian MSW as
well as development of combustion system for low-calorific value wastes can result in a

reversal of this position in the future.

2.7 WASTE TRANSFORMATION (WITHOUT RESOURCE RECOVERY)
PRIOR TO DISPOSAL

At the end of all sorting processes, biological processes and thermal processes, the
non-utilizable waste has to be disposed off on land. Prior to this disposal, waste may need to
be subjected to transformation by mechanical treatment, thermal treatment or other methods

to make it suitable for landfilling.
2.7.1 Mechanical Transformation

Sorting of waste may be undertaken to remove bulky items from the waste. Shredding

of waste may be undertaken for size reduction to enable better compaction of waste.
2.7.2 Thermal Transformation

In regions where land space is very scarce (e.g. islands), waste with low calorific
value may be subjected to combustion without heat recovery to reduce the volume of waste
requiring disposal on land. Combustion transformation processes are similar to those

discussed in Section 2.6.2.

2.8 DISPOSAL ON LAND

Waste is disposed off on land in units called landfills which are designed to minimise
the impact of the waste on the environment by containment of the waste. Usually three types
of landfills are adopted. Landfills in which municipal waste is placed are designated as
“MSW Landfills” or “Sanitary Landfills”. Landfills in which hazardous waste is placed are
designated as “Hazardous Waste landfills”. Landfills in which a single type of waste is placed

(e.g. only construction waste) are designated as “Monofills™.
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2.9 COMPONENTS OF MUNICIPAL SOLID WASTE MANAGEMENT SYSTEM

Currently, in India, source separation and collection of dry recyclables is fairly well
developed at the household level, commercial centers and institutional areas. These
recyclable are further removed by ragpickers at various intermediate stages. Central sorting,

whether manual or mechanized, is not adopted.

Source separation of bio-waste, construction and demolition waste as well as polymer
waste is rarely done; consequently, most of the waste collected is a mixture of these
components. Such mixed waste is rarely suitable for biological processing or thermal
processing as it has high content of inert material, low calorific value and indeterminate

mixing of hazardous elements (such as insecticides, paints, batteries etc.) at the micro level.

In some cities, good quality bio-waste is collected from fruit and vegetable markets
and subjected to biological processing {(aerobic) to produce compost. Such processing plants

help reduce the quantity of waste reaching landfills.

Thermal processing of mixed municipal waste has not been successful in India.
Biological processing of mixed municipal waste yields low quality compost which may have

contaminants in excess of permissible limits.

Biological processing becomes viable once construction and demolition waste and
hazardous waste streams are isolated from the bio-waste stream. Thermal processing of waste
becomes viable only if sufficient high calorific value components (such as paper, plastic) are

present in the waste.

Waste segregation and recovery of energy from segregated waste in an eco-friendly
way is usually not a major component in an integrated municipal waste management system
at present. However, compaction of raw solid waste before it proceeds the landfill site is the
most common route of waste disposal undertaken by local bodies for reduction of landfill

area.
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CHAPTER 3
COMPOSITION AND QUANTITY OF SOLID

WASTE

3.1 INTRODUCTION
The information on the nature of wastes, its composition, physical and chemical
characteristics — and the quantities generated are basic needs for the planning of a Solid

Waste Management system.

3.1.1 Terminology and Classification

In the literature, it is observed that various authors have used different terminology to
describe the nature of wastes. In this text, ‘composition’ refers to the limited list of
components or constituents, such as paper, glass, metal, plastic and garbage, into which an
aggregate of municipal waste may conveniently be separated. ‘Characteristics’ on the other
hand, refers to those physical and chemical properties, which are relevant to the storage,
collection, treatment and disposal of waste such as density, moisture content, calorific value
and chemical composition. In addition to these general terms, there are a number of more
specific terms which, for greater clarity, must also be defined. A comprehensive list of
definitions is therefore presented later in this chapter. Some terms, like ‘domestic waste’ and
municipal waste refer to the sources of the wastes, while others, such as ‘garbage’, ‘street

waste” and ‘hazardous waste’, indicate the types of wastes.

3.1.2 Variations in Composition and Characteristics

An examination of the composition and characteristics of wastes in different parts of
the country underscores the profound influences of national income, socio-economic
conditions, social developments and cultural practices, and thereby focuses attention on the
importance of obtaining the data locally.

Since different kinds of solid waste management system are designed for the future as
well as the present, careful consideration should be given to changes that may occur during
the design life of a system. Changes are inevitable, occur at an increasingly rapid rate in
response to the increasing pace of social and technological development and the nature and
extent of such changes cannot be predicted with accuracy. A built-in flexibility in the waste

management system hence becomes essential. Nevertheless, it is possible to identify some of
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the factors that are likely to cause changes in waste composition and characteristics, which

will enable planners to make reasonable judgements about the future.

3.2  DEFINITIONS AND CLASSIFICATION OF SOLID WASTES

In order to plan, design and operate a solid waste management system, a thorough
knowledge of the quantities generated, the composition of wastes and its characteristics are
essential. As a first step, a proper definition of the terms is necessary to avoid the general

confusion that is common in the usage of these terms.

3.2.1 Definitions

There are many terms, which relate to the types and sources of wastes and these too
must be defined. Based on the source, origin and type of waste a comprehensive classification
is described below:

(i) Domestic/Residential Waste:

This category of waste comprises the solid wastes that originate from single and
multi-family household units. These wastes are generated as a consequence of household
activities such as cooking, cleaning, repairs, hobbies, redecoration, empty containers,
packaging, clothing, old books, writing/new paper, and old furnishings. Households also
discard bulky wastes such as furniture and large appliances which cannot be repaired and

used.
(i)  Municipal Waste:

Municipal waste includes wastes resulting from municipal activities and services such
as street waste, dead animals, market waste and abandoned vehicles. However, the term is
commonly applied in a wider sense to incorporate domestic wastes, institutional wastes and

commercial wastes.
(iii) Commercial Waste:

Included in this category are solid wastes that originate in offices, wholesale and retail
stores, restaurants, hotels, markets, warchouses and other commercial establishments. Some

of these wastes are further classified as garbage and others as rubbish.
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(iv)  Institutional Waste:

Institutional wastes are those arising from institutions such as schools, universities,
hospitals and research institutes. It includes wastes which are classified as garbage and
rubbish as well as wastes which are considered to be hazardous to public health and to the

environment.
(v)  Garbage:

Garbage is the term applied to animal and vegetable wastes resulting from the
handling, storage, sale, preparation, cooking and serving of food. Such wastes contain
putrescible organic matter, which produces strong odours and therefore attracts rats, flies and

other vermin. It requires immediate attention in its storage, handling and disposal.
(vi)  Rubbish:

Rubbish is a general term applied to solid wastes originating in households,

commercial establishments and institutions, excluding garbage and ashes.
(vii)  Ashes:

Ashes are the residues from the buming of wood, coal, charcoal, coke and other
combustible materials, for cooking and heating in houses, institutions and small industrial
establishments. When produced in large quantities at power generating plants and factories
these wastes are classified as industrial wastes. Ashes consist of a fine powdery residue,

cinders and clinker often mixed with small pieces of metal and glass.
(viii) Bulky Wastes:

In this category are bulky household wastes which cannot be accommodated in the
normal storage containers of households. For this reason they require special collection. In
developed countries bulky wastes are large household appliances such as cookers,
refrigerators and washing machines as well as furniture, crates, vehicle parts, tyres, wood,
trees and branches. Metallic bulky wastes are sold as scrap metal but some portion is
disposed of at sanitary landfills.
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(ix)  Street Sweeping:

This term applies to wastes that are collected from streets, walkways, alleys, parks
and vacant lots. In the more affluent countries manual street sweeping has virtually
disappeared but it still commonly takes place in developing countries, where littering of
public places is a far more widespread and acute problem. Mechanized street sweeping is the
dominant practice in the developed countries. Street wastes include paper, cardboard, plastic,

dirt, dust, leaves and other vegetable matter.
(x}) Dead Animals:

This is a term applied to dead animals that die naturally or accidentally killed. This
category does not include carcass and animal parts from slaughterhouses which are regarded
as industrial wastes. Dead animals are divided into two groups, large and small. Among the
large animals are horses, cows, goats, sheep, hogs and the like. Small animals include dogs,
cats, rabbits and rats. The reason for this differentiation is that large animals require special
equipment for lifting and handling during their removal. If not collected promptly, dead
animals are a threat to public health because they attract flies and other vermin as they
putrefy. Their presence in public places is particularly offensive and emits foul smell from

the aesthetic point of view.
(xi} Construction and Demolition Wastes:

Construction and demolition wastes are the waste materials generated by the
construction, refurbishment, repair and demolition of houses, commercial buildings and other
structures. It mainly consists of earth, stones, concrete, bricks, lumber, roofing materials,
plumbing materials, heating systems and electrical wires and parts of the general municipal
waste stream, but when generated in large amounts at building and demolition sites, it is
generally removed by contractors for filling low lying areas and by urban local bodies for

disposal at landfills.
(xii) Industrial Wastes:

In the category are the discarded solid material of manufacturing processes and
industrial operations. They cover a vast range of substances which are unique to each

industry. For this reason they are considered separately from municipal wastes. It should be
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noted, however, that solid wastes from small industrial plants and ash from power plants are

frequently disposed of at municipal landfills.
(xiii) Hazardous Wastes:

Hazardous wastes may be defined as wastes of industrial, institutional or consumer origin
which, because of their physical, chemical or biological characteristics are potentially
dangerous to human and the environment. In some cases although the active agents may be
liquid or gaseous, they are classified as solid wastes because they are confined in solid
containers. Typical examples are: solvents, paints and pesticides whose spent containers are
frequently mixed with municipal wastes and become part of the urban waste stream. Certain
hazardous wastes cause explosions in incinerators and fires at landfill sites. Others, such as
pathological wastes from hospitals and radioactive wastes, require special handling at all
time. Good management practice should ensure that hazardous wastes are stored, collected,
transported and disposed off separately, preferably after suitable treatment to render them

innocuous.
(xiv) Sewage Wastes:

The solid by-products of sewage treatment are classified as sewage wastes. They are
mostly organic and derive from the treatment of organic sludge from both the raw and treated
sewage. The inorganic fraction of raw sewage such as grit is separated at the preliminary
stage of treatment, but because it entrains putrescible organic matter which may contain
pathogens, must be buried / disposed off without delay. The bulk of treated, dewatered sludge
is useful as a soil conditioner but invariably its use for this purpose is uneconomical. The
solid studge therefore enters the stream of municipal wastes unless special arrangements are

made for its disposal.

3.2.2 Classification

Because of the heterogeneous nature of solid wastes, no single method of
classification is entirely satisfactory. In some cases it is more important for the solid waste
specialist to know the source of waste, so that classifying wastes as domestic, institutional or
commercial, for example, is particularly useful. For other situations, the types of waste,
garbage, rubbish, ashes, street waste is of greater significance because it gives a better
indication of the physical and chemical characteristics of the waste. The principal

classification is given in Table 3.1. The first three types, garbage, rubbish and ashes are those
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which make up the bulk of municipal wastes, derived principally from households,

institutions and commercial areas. These wastes pose the most alarming/serious problems in

urban areas.

Table 3.1: Classification of Solid Wastes

TYPES OF SOLID
WASTE

DESCRIPTION

SOURCES

Food waste

(garbage)

Rubbish

Ashes and

Residues

Bulky waste

Street waste

Dead animals
Construction

& demolition

waste

Wastes from the preparation,
cooking, and serving of food.
Market refuse, waste from the
handling, storage, and sale of
produce and meats and
vegetable

Combuastible (primary organic)
paper, cardboard, cartons, wood,
boxes, plastics, rags, cloth,
bedding, leather, rubber, grass,
leaves, yard trimmings
Noncombustible (primary
inorganic)

metals, tin cans, metal foils, dirt,
stones, bricks, ceramics,
crockery, glass bottles, other
mineral refuse

Residue from fires used for
cooking and for heating
buildings, cinders, clinkers,
thermal power plants.

Large auto parts, tyres, stoves
refrigerators, others large
appliances, furniture, large
crates, trees, branches, palm
fronts, stumps, flotage

Street sweepings, Dirt, leaves,
catch basin dirt, animal
droppings, contents of litter
receptacles, dead animals
Small animals: cats, dogs,

poultry etc.
Large animals: horses, cows etc.

Lumber, roofing, and sheathing
scraps, crop residues, rubble,
broken concrete, plaster, conduit
pipe, wire, insulation etc.

Households, institutions
and commercial such as
hotels, stores, restaurants,

markets, etc.

Streets, sidewalks,

alleys, vacant lots, etc.

Construction and
demolition sites,

remodeling, repairing sites
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Industrial

waste & sludges

Hazardous wastes

Horticulture

Wastes

Solid wastes resulting from
industry processes and
manufacturing operations, such
as food processing wastes,
boiler house cinders, wood,
plastic and metal scraps and
shaving, etc. Effluent treatment
plant sludge of industries and
sewage treatment plant sludges,
coarse screening, grit & septic
tank

Hazardous wastes: pathological
waste, explosives, radioactive
material, toxic waste etc.

Tree-trimmings, leaves, waste
from parks and gardens, etc.

Factories, power plants,

treatment plants, etc.

Households, hospitals,
institution, stores, industry,
etc.

Parks, gardens, roadside

trees, eic.,

Source: Solid Waste Management in Developing Counntries by Bhide & Sunderasan, INSDOC April, 1983

3.3 Composition and Characteristics

The composition and characteristics of municipal solid wastes vary throughout the

world. Even in the same country it changes from place to place as it depends on number of

factors such as social customs, standard of living, geographical location, climate etc. MSW is

heterogeneous in nature and consists of a number of different materials derived from various

types of activities. Even then it is worthwhile to make some general observation to obtain

some useful conclusions.

» The major constituents are paper and putrescible organic matter;

* Metal, glass, ceramics, plastics, textiles, dirt and wood are generally present although not

always so, the relative proportions depending on local factors;

* The average proportion of constituents reaching a disposal site(s) for a particular urban

area changes in long term although there may be significant seasonal variations within a

year.

For these reasons an analysis of the composition of solid waste, for rich and poor

countries alike, is expressed in terms of a limited number of constituents. It is useful in

illustrating the variations from one urban center to another and from country to country. Data

for different degrees of national wealth (annual per-capita income) are presented in Table 3.2.

Page | 22




Waste composition also varies with socio-economic status within a particular community,

since income determines life-style — consumption patterns and cultural behaviour.

Table 3.2: Patterns of Composition, Characteristics and Quantities

Low Income Middle Income High Income
Countries Countries Countries

(1) 2 3)
Composition:
(% by weight)
Metal 02-25 1-5 3-13
Glass, Ceramics 0.5-3.5 1-10 4-10
Food and Garden waste 40-65 20-60 20-50
Paper 1-10 15-40 15-40
Textiles 1-5 2-10 2-10
Plastics/Rubber 1-5 2-6 2-10
Misc. Combustible 1-8 - -
Misc. Incombustible - 3 .
Inert 20-50 1-30 1-20
Density (kg/m?) 250-500 170-330 100-170
Moisture Content 40-80 40-60 20-30
(% by wt)
Waste Generation 0.4-0.6 0.5-0.9 0.7-1.8
(kg/cap/day)

(1) Countries having a per capita income less than US$360 (1978 prices)

(2) Countries having a per capita income US$360-3500 (1978 prices)

(3) Countries having a per capita income greater than US$3500 (1978 prices)
Source: Holmes, J: Managing Solid Waste in Developing Countries.

Several conclusions may be drawn from this comparative data:

. The proportion of paper waste increases with increasing national income;

. The proportion of putrescible organic matter (food waste) is greater in countries of

low income than those of high income;

. Variation in waste composition is more dependent on national income than

geographical location, although the latter is also significant;

. Waste density is a function of national income, being two to three times higher in the

low-income countries than in countries of high income;

. Moisture content is also higher in low-income countries; and
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. The composition of waste in a given urban center varies significantly with socio-

economic status (household income).
3.3.1 Characteristics of Municipal Solid Waste in Indian Urban Centres

National Environmental Engineering Research Institute (NEERI) has carried out
extensive studies on characterisation of solid waste from 43 cities during 1970-1994. The
average characteristics have been presented in Tables 3.4 and 3.5. The paper content
generally varies between 2.9 to 6.5% and increases with the increase in population. The
plastics, rubber and leather contents are lower than the paper content, and do not exceed 1%
except in metropolitan cities. The metal content is also low, viz. less than 1%. The low values
are essentially due to the large scale recycling of these constituents. During a study in
Bombay (1993-94), samples were collected both at the source as well as disposal sites to
ascertain the extent of recycling. The paper is recycled on a priority basis while the plastics
and glass are recycled to a lesser extent. The biodegradable fraction is quite high, essentially
due to the habit of using fresh vegetables in India. The high biodegradable fraction also
warrants frequent collection and removal of solid waste from the collection points. The ash
and fine earth content of Indian municipal solid waste is high due to the practice of inclusion
of the street sweepings, drain silt, and construction and demolition debris in municipal solid
waste. The proportion of ash and fine earth reduces with increase in population due to
improvements in the road surfaces. Percentage of inert material increases with the increase in
population may be due to fast than construction and demolition waste find its way into the
municipal solid waste disposal stream. High ash and earth content increases the density of
municipal solid waste which are between 350 and 550 kg/m’ in Indian cities.

The chemical characteristics indicate that the organic content of the samples on a dry
weight basis ranges between 20 to 40%. The nitrogen, phosphorus and potassium content of
the municipal solid waste ranges between 0.5 to 0.7%, 0.5 to 0.8% and 0.5 to 0.8%
respectively. The calorific value ranges between 800-1000 kcal’kg. Knowledge of the
chemical characteristics is essential in selecting and designing the waste processing and
disposal facilities.

Ragpickers are observed to be more active in bigger cities. They prefer to remove
paper, plastics, rags and packaging and such other material, which is light and also have a
high calorific value. The remaining waste hence tends to have a higher inert content and a

lower calorific value.
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The demolition activity is observed to increase with population leading to increased

inert content and reduced organic content in MSW.

Table 3.3: Physical Characteristics of Municipal Solid Wastes in Indian Cities

Population | Number of Paper Rubber, Glass Metals Total Inert
Range Cities Leather and compostable
(in million) Surveyed Synthetics maiter
0.1t00.5 12 2.91 0.78 0.56 033 44.57 43.59
05t01.0 15 2.95 0.73 0.35 0.32 40.04 48.38
1.0t0 2.0 4.71 0.71 0.46 0.49 38.95 44.73
2.0t05.0 3.18 0.48 0.48 0.59 56.67 49.07
>5 6.43 0.28 0.94 0.80 30.84 53.90

All values in table 3.3 are in percent, and are calculated on net weight basis
Source: Background material for Manual on SWM, NEERI, 1996.

Table 3.4: Chemical Characteristics of Municipal Selid Wastes in Indian Cities

Population No. of Moisture | Organic | Nitrogen | Phosphorus | Potassium | C/N | Calorific
Range (in Cities % matter as Total as P>0s as KO Ratio | value*
’ million) Surveyed % Nitrogen % % in
i % keal’kg
- 0.1-0.5 12 25.81 37.09 07N 0.63 0.83 30,94 | 1009.89
0.5-1.0 15 19.52 25.14 0.66 0.56 0.69 2113 | 900.61
1.0-2.0 9 26.98 26.89 0.64 0.82 0.72 23.68 | 980.05
i 2.0-5.0 21.03 25.60 0.56 0.69 0.78 2245 | 907.18
=5 4 38.72 39.07 0.56 0.52 0.52 30.11 | 800.70

All values, except moisture, are on dry weight basis.
* Calorific value on dry weight basis
Source: Background material for Manual on SWM, NEERIL, 1996.

3.4. Quantities
The information regarding waste quantity and density coupled with waste generation
rate (by weight), is important while assessing the payload capacity of the collection
equipment. It is possible to estimate the number of vehicles required for the collection and
transportation of waste each day.
While per capita waste generation is a statistic, which is necessary for indicating
# trends in consumption and production, the total weight and volume of wastes generated by
the community served by the management system are of greater importance in planning and

design. As in all other aspects of data collection for the planning and design phases. data on
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waste generation, weight and volume should be collected by each authority for application in

its own area of operation.
3.4.1 Per Capita Quantity of Municipal Solid Waste in Indian Urban Centres

The quantity of waste from various cities was accurately measured by NEERI. On the
basis of quantity transported per trip and the number of trips made per day the daily quantity
was determined. The quantity of waste produced is lesser than that in developed countries
and is normally observed to vary between 0.2-0.6 kg/capita/day. Value upto 0.6 kg/capita/day
are observed in metropolitan cities (Table 3.6). The total waste generation in urban areas in
the country is estimated to be around 38 million tonnes per annum.

Forecasting waste quantities in the future is as difficult as it is in predicting changes of
waste composition. The factors promoting change in waste composition are equally relevant
to changes in waste generation. An additional point, worthy of note, is the change of density
of the waste as the waste moves through the management system, from the source of
generation to the point of ultimate disposal. Storage methods, salvaging activities, exposure
to the weather, handling methods and decomposition, all have their effects on changes in
waste density. As a general rule, the lower the level of economic development, the greater the
change between generation and disposal. Increases in density of 100% are common in

developing countries, which mean that the volume of wastes decreases by half.

Table 3.5: Quantity of Municipal Solid Waste in Indian Urban Centres

Population Range No. of Urban Total population (in | Awverage per capita Quantity

(in million) Centres (sampled) million) value (tonnes/day)
{(kg/capita/day)

<0.1 328 68.300 0.21 14343.00

0.1-0.5 255 56914 0.21 11952.00

0.5-1.0 31 217129 0.25 543200

1.0-2.0 14 17.184 0.27 4640.00

2.0-5.0 6 20.597 0.35 7209.00

>5 3 26.306 0.50* 13153.00

* (.6 kg/capita/day generation of MSW observed in metro cities
Source: Background material for Manual on SWM, NEERI, 1996.
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3.4.2 Estimation of Future per Capita Waste Quantity

For purposes of project identification, where an indication of service level must be

estimated and data from the project preparation stage have not yet been developed, the

following municipal refuse generation rates are suggested:
Residential refuse

Commercial refuse

Street sweepings

Institutional refuse

0.3 to 0.6 kg/capita/day
0.1 to 0.2 kg/capita/day

0.05 to 0.2 kg/capita/day
0.05 to 0.2 kg/capita/day

If industrial solid waste is included in municipal refuse for collection and/or disposal

purposes, from 0.1 to 1.0 kg/capita/day may be added at the appropriate step where the

municipality must estimate service delivery requirements. These generation rates are subject

to considerable site-specific factors and are required to be supported by field data.

3.4.3 Relation between Gross National Product (GNP) and Municipal Solid Waste

Generation

The consumption of raw materials and finished product by the community is directly

proportional to the Gross National Product (GNP) of the country. Since the solid waste

quantities are directly proportional to the quantity of material consumed the increase in per

capita solid waste quantities would be directly proportional to the per capita increase in GNP.

Table 3.6 shows the relation between GNP and expected generation of municipal solid waste,

based on the study conducted by the United Nations in 1995.

Table 3.6: Relation between GNP and Expected Generation of Municipal Solid Waste

SL Country During the year 1995 During the year 2025
No. GNP Per Urban Urban MSW | GNP Per Urban Urban MSW
Capita Population Generation Capita Population Generation
(US$) (% of Total) | (kg/capita/day) (US$) (% of Total) | {(kg/capita/day)
Low Income 490 27.8 0.64 1,050 48.8 0.6-1.0
1 Nepal 200 3.7 0.50 360 34.3 0.6
2 [Bangladesh 240 18.3 0.49 440 40.0 0.6
3 Myanmar 240 26.2 0.45 580 47.3 0.6
4  |Vietnam 240 20.8 0.55 580 39.0 0.7
5 [Mangolia 310 60.9 0.60 560 76.5 0.9
6 |India 340 26.8 0.46 620 45.2 0.7
7 |Laoc PDR 350 21.7 0.69 850 44.5 0.8
8 [China 620 303 0.79 1,500 54.5 0.9
9 |Sri Lanka 700 22.4 0.89 1,300 42,6 1.0
Middle Income 1,410 37.6 0.73 3,390 61.1 0.8-1.5
10 findonesia 980 354 0.76 2,400 60.7 1.0
11 [Philippines 1,050 542 0.52 2,500 74.3 0.8
12 [Thailand 2,740 20.0 1.10 6,650 39.1 1.5
13 Malaysia 3.890 §3.7 0.81 9,400 72.7 14
| High Income 30,990 79.5 1.64 41,140 88.2 1.1-4.5
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14 [Republic of Korea 9,700 81.3 1.59 17,600 93.7 1.4
15 |Hong Kong 22,990 95.0 5.07 31,000 97.3 4.5
16 |Singapore 26,730 100 1.10 36,000 100 1.1
17 apan 39,640 77.6 1.47 53,500 84.9 1.3

(1 USS = 40 INR)
Source: “What a Waste”, Solid Waste Management in Asia, Urban Development Sector Unit,

East Asia and Pacific Region, October, 1998

3.4.4 Rate of Increase Based on Experience in Other Cities

If data from other cities having registered similar pattern of development in the past is
available, it can be used. However, data from other similar cities on rate of increase in per
capita per day of solid waste may not be readily available. Due to difference in socio-
economic factor, migration of population, industrialisation and waste quantities, a
comparison of increase in per capita waste of one Indian city with that of comparable cities in

other developing countries will also not be applicable.

3.4.5 Seasonal Variations

Seasonal variations in waste quantities must be accommodated by the management
system. They arise from seasonal factors with respect to both climate, cultural and religious
events. During monsoon, the waste becomes wet and heavy and total tonnage increases.
Quantities of solid waste may also increase during cultural and religious festivals. Climate
affects the generation of vegetative waste (yard and garden) or plant growth responds to
favorable temperatures and soil to autumn while in tropical areas, where temperatures are
always favorable, maximum growth is in the season of rainfall. At the end of the growth

season (autumn dry season) leaves may comprise a significant proportion of the solid wastes.

3.5  Physical Characteristics
3.5.1 Density

A knowledge of the density of a waste i.e. its mass per unit volume (kg/m3) is
essential for the design of all elements of the solid waste management system viz.
Community storage, transportation and disposal. For example, in high-income countries,
considerable benefit is derived through the use of compaction vehicles on collection routes,
because the waste is typically of low density. A reduction of volume of 75% is frequently
achieved with normal compaction equipment, so that an initial density of 100 kg/m3 will
readily be increased to 400 kg/m3. In other words, the vehicle would haul four times the

weight of waste in the compacted state than when the waste is uncompacted. The situation in

Page | 28




low-income countries is quite different: a high initial density of waste precludes the
achievement of high compaction ratio. Consequently, compaction vehicles offer little or no
advantage and are not cost-effective.

Significant changes in density occur spontaneously as the waste moves from source to
disposal, as a result of scavenging, handling, wetting and drying by the weather, vibration in
the collection vehicles. The values shown in Table 3.7 reflect densities at the pick-up point.

Table 3.7: Density of Municipal Solid Wastes in Some Cities

Sk No. City Density (kg/m°)
1 Bangalore 390
2 Baroda 457
3 Delhi 422
4 Hyderabad 369
5 Jaipur 537
6 Jabalpur 395
7 Raipur 405

Source: Solid Waste Management in Developing Countries INSIDOC, 1983
N.B.: The above figures may be taken as indicative and actual field measurements must be made while

designing solid waste management schemes for towns and cities.
3.6  Chemical Characteristics

A knowledge of chemical characteristics of waste is essential in determining the
efficacy of any treatment process. Chemical characteristics include (i) chemical; (ii) bio-
chemical; and (iii) toxic.
Chemical: Chemical characteristics include pH, Nitrogen, Phosphorus and Potassium (N-P-
K), total Carbon, C/N ratio, calorific value.
Bio-Chemical: Bio-Chemical characteristics include carbohydrates, proteins, natural fibre,
and biodegradable factor.
Toxic: Toxicity characteristics include heavy metals, pesticides, insecticides, Toxicity test for
Leachates (TCLP), etc.

The waste may include lipids as well.
3.6.1 Classification

A knowledge of the classes of chemical compounds and their characteristics is
essential in proper understanding of the behaviour of waste as it moves through the waste
management system. The products of decomposition and heating values are two examples of
the importance of chemical characteristics. Analysis identifies the compounds and the percent

dry weights of each class. The rate and products of decomposition are assessed through
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chemical analysis. Calorific value indicates the heating value of solid waste. Chemical
characteristics are very useful in assessment of potential of methane gas generation. The
various chemical components normally found out in municipal solid waste are described
below. The product of decomposition and heating values are two examples of the importance
of chemical characteristics. Analysis identifies the compounds and the per cent dry weight of
each class.

(i) Lipids:

Included in this class of compounds are fats, oils and grease. The principal sources of
lipids are garbage, cooking oils and fats. Lipids have high calorific values, about 38000
kcal/kg, which makes waste with a high lipid content suitable for energy recovery processes.
Since lipids in the solid state become liquid at temperatures slightly above ambient, they add
to the liquid content during waste decomposition. They are biodegradable but because they
have a low solubility in waste, the rate of biodegradation is relatively slow.

(ii) Carbohydrates:

Carbohydrates are found primarily in food and yard waste. They include sugars and
polymers of sugars such as starch and cellulose and have the general formula (CH20)X.
Carbohydrates are readily biodegraded to products such as carbon dioxide, water and
methane. Decomposing carbohydrates are particularly attractive for flies and rats and for this
reason should not be left exposed for periods longer than is necessary.

(iii) Proteins:

Proteins are compounds containing carbon, hydrogen, oxygen and nitrogen and
consist of an organic acid with a substituted amine group (NH2). They are found mainly in
food and garden wastes and comprise 5-10% of the dry solids in solid waste. Proteins
decompose to form amino acids but partial decomposition can result in the production of
amines, which have intensely unpleasant odours.

(iv)  Natural Fibres:

This class includes the natural compounds, cellulose and lignin, both of which are
resistant to biodegradation. They are found in paper and paper products and in food and yard
waste. Cellulose is a larger polymer of glucose while lignin is composed of a group of
monomers of which benzene is the primary member. Paper, cotton and wood products are
100%, 95% and 40% cellulose respectively. Since they are highly combustible, solid waste
having a high proportion of paper and wood products, are suitable for incineration. The
calorific values of oven dried paper products are in the range 12000 — 18000 kcal/kg and of
wood about 20000 kcal/kg, which compare with 44200 kcal’kg for fuel oil.
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(v)  Synthetic Organic Materials (Plastic):

In recent years, plastics have become a significant component of solid waste
accounting for 5-7%. Plastic being non-bio-degradable, its decomposition does not take place
at disposal site. Besides, plastic causes choking of drains and environmental pollution when
burnt under uncontrolled condition. Recycling of plastics is receiving more attention, which
will reduce the proportion of this waste component at disposal sites.

(vi)  Non-combustibles:
Materials in this class are glass, ceramic, metals, dust, dirt, ashes and construction.

Non-combustibles account for 30-50% of the dry solids.

3.7  Conclusion

No rational decisions on municipal solid waste system are possible until data of
composition and quantity of solid waste are available. The method and capacity of storage,
the correct type of collection vehicle, the optimum size of crew and the frequency of
collection depend mainly on volume and density of wastes. Climate also has some influence.
The disposal method may be dependent on the type of material recycled, organic content of
waste, which could be composted, and the combustible material, which could be a source of

energy.
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CHAPTER 4
THE PLANNING AREA

41 INTRODUCTION

Durgapur is an industrial metropolis in the state of West Bengal, India, located about
160 km from Kolkata. It was a dream child of the great visionary Dr. Bidhan Chandra Roy,
the second chief minister of the state. The well laid out industrial township was designed by
Joseph Allen Stein and Benjamin Polk. It is home to the largest industrial unit in the state,
Durgapur Steel Plant, one of the integrated steel plants of Steel Authority of India Limited.
Alloy Steels Plant of SAIL is also located here. There are a number of power plants, chemical
and engineering industries. Some metallurgical units have come up in recent years.

Durgapur is located at 23.48°N 87.32°E. It has an average elevation of 65 m (213 ft).
Durgapur is situated on the bank of river Damodar, just before it enters the alluvial plains of
Bengal. The topography is undulating. The coal-bearing area of the Ranigunj coalfields lies
just beyond Durgapur, although some parts intrude in to the area. The area was deeply
forested till recent times, and some forests are still there, standing witness to its wild past.

Solid Waste Management is one of the important obligatory functions of not only
urban local bodies but also of rural local bodies. But this essential service is not efficiently
and properly performed by the local bodies of West Bengal, resulting in many health and
sanitation problems. It is observed that lack of financial resources, institutional weakness,
improper selection of technology, transportation systems and disposal options, public’s
apathy towards environmental cleanliness and sanitation have made this service
unsatisfactory.

The fundamental objective of Solid Waste Management program is to minimize the
pollution of the environment as well as utilizing the waste as a resource. These goals should
be achieved in a way that is financially sustainable, i.e. using methods that can be afforded by
the community over the long term and with minimum risk to the persons involved.

In the context of epidemiological transition in West Bengal, solid wastes pose a major
concern. Though to some extent, there has been a tremendous improvement in the field of
total sanitation, particularly household sanitation, which has contributed to the drastic
decrease in the incidence of diarrhoeal diseases, the social sanitation including the waste
disposal is a contributor to the emerging infectious and new diseases. When we consider the

solid waste management scenario of West Bengal, we can see that the exact quantity of waste
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generated in West Bengal is not totally known except for certain micro level studies
conducted in different towns and municipalities. The rapid urbanization and consumerism

makes it a tedious process and due to this, the composition of wastes also varies.

42 TYPES OF SOLID WASTE FOUND IN DURGAPUR MUNICIPAL
CORPORATION (DMC)

a) Ashes and residues: Materials remaining from the burning of wood, coal, coke and other
inflammable wastes in institutions, homes, stores, industrials and municipal facilities for the
purpose of heating and cooking and above all the remains of combustible wastes are
categorized as ashes and residues. These materials are generally composed of fine powdery
materials, cinders, and small amounts of burned and partially burned materials.

b) Rubbish: This comprises of various kind of flammable and inflammable materials of
households, institutions of commercial activities etc. The combustible rubbish includes the
materials such as paper, cardboard, furniture parts, textiles, rubber, leather wood etc. Non-
combustible rubbish consists of glass, broken crockery, plastic, discarded tins, aluminium
cans and materials made of ferrous and non-ferrous materials.

¢) Demolition and construction waste: Waste from demolished buildings and other
structures are classified as demolition waste. Waste from the construction, remodeling and
repairing of individual residences, housing complexes, multi storied flats, commercial
buildings etc. are classified as construction wastes which includes stones, concrete, bricks,
plaster and plumbing.

d) Industrial process wastes: It consists of the solid and semi-solid wastes coming from
industrial plants. The specific characteristics of these wastes vary depending on the nature of
the manufacturing process.

¢) Municipal wastes: Wastes such as street sweeping materials, roadside litter, litter from
municipal dustbins, dead animals and abandoned vehicles. Municipal waste includes rubbish,
trash and almost all types of waste.

f) Food waste: Food wastes are the residues of various kind of foods like fruit, vegetable,
animal product resulting from handling, preparation and eating of foods.

g) Other waste: Besides the above-mentioned types of wastes many other kinds of
biodegradable and non-biodegradable wastes are found coming from different sources like
hospital, market, pathological lab etc. The biodegradable waste consists of all carbonaceous
wastes and non-biodegradable waste includes inorganic wastes and non-degradable

polymeric organics like certain types of plastics.
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43 SOURCES OF SOLID WASTE GENERATED IN DURGAPUR

a) Waste from residential areas: The waste generated from residential areas is generally
named as domestic waste. This kind of waste varies a lot based on the socio-economic
conditions and cultural situations. In developed residential areas where gas or electricity is
used for cooking, the waste generated will be less compared to the low-income residential
areas where wood or charcoal is used as fuel. Paper, cardboard, tin and bottles are found to be
more in prosperous settlements and in commercial areas.

b) Waste from shops/vegetable/ fruit market: The wastes generated from the shops,
vegetable and fruit market consists of polythene, paper, dried plantain leaves etc. Most of the
wastes coming from shops and vegetable or fruit market are degradable in nature which is
used for wrapping agricultural goods.

¢) Waste from hospital/ nursing home/medical stores: Hospital, nursing homes and
medical stores have a great contribution on solid waste generation at DMC. Ditferent kind of
solid wastes like unused medicine, saline bottles, medicine cover are generated some of
which are non-degradable.

d) Waste from Hotels/Restaurants/Eating stalls: Hotels and Restaurants generate both
degradable and non-degradable waste. The domestic type waste generated will be large in
quantity and hence to be removed daily. They can be provided with separate bins for waste
collection.

¢) Waste generated by street hawkers: Street food vendors and hawkers generate large
quantities of waste particularly food waste and plastic paper plates.

f) Waste from Slaughter Houses/ Fish markets: Slaughterhouses and fish markets generate
highly putrescible matter. They decay very fast and are the main reason for the malodors near
these premises. No paper collection or removal is practiced and hence the waste rots in the

premises itself.

4.4 STATUS OF SOLID WASTE GENERATION IN DURGAPUR

The total quantity of solid waste generated in West Bengal is not estimated accurately.
A study conducted at Durgapur City Corporation by the Department of Civil Engineering,
NIT Durgapur shows that a total of 224 tonnes of solid waste is generated per day from
various sources. The sample survey conducted at 43 wards showed that among these 224
tonnes, 181 tonnes of solid waste are from households. The wastes are mainly generated by
shops and commercial establishments, hotels, hospitals and clinical laboratories of the City

generate both infectious and non-infectious wastes, which comes to about 2-3 tonnes per day.
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The other sources of waste generated in the City are offices, educational institutions,
marriage halls, slaughterhouses etc.

A detailed study has also been conducted by the same group on the informal sector
involving collection of non-degradable waste like plastics, paper, metals and glasses. During
the study they identified more than 500 rag pickers who were involved in collection of non-
degradable waste directly from the sources or from the waste dumps. They sell these wastes
to the wholesale waste collectors who transport these materials to Durgapur for recycling.
The physical characteristics of the waste generated in Durgapur City Corporation shows that
50% of the waste generated are organic substances, which are suitable for composting. Thus,
from the detailed study and similar other studies in City Corporations, they inferred that a

total of 250-350 tonnes of solid wastes are generated per day in almost all Corporation areas.

4.8 PRESENT STATUS OF SOLID WASTE MANAGEMENT IN DURGAPUR

In spite of the availability of a number of proven technologies, the local self-
government institutions are not in a position to implement any, because of various socio-
political and techno-economic issues. Hence, majorities of the Municipalities, Towns and
Panchayats are still in need of small-scale waste treatment units. Solid waste management
rose as a problem for public recently and before that no one considered this. The main
constraints in implementing proper solid waste management programme are lack of political
will and solid waste management was never given priority in the agenda of any political
party. Difficulty in acquiring sites for waste management is another problem faced by many
authorities and local self- government institutions. Lack of faith in the success of the solid
waste management programme was another problem and this still remains in Durgapur
Corporation.

Present system of waste management in West Bengal, including large and small
municipalities include depositing in Municipal waste bins or Dumper Placer Containers,
dumping in open spaces and roadsides, burning, burying, dumping in the drainages, dumping
in ponds and canals. Some quantity of the wastes generated are recycled and converted to
manure. Only a few municipalities and Panchayats in West Bengal have dump yards. Most of
the dump-yards are now having been converted into compost yards.

The compost yard near Bidhan Nagar is an example for this. Even land filling exists
in certain parts of West Bengal, but due to urbanisation, lack of space and as most of the low
lying areas are converted to residential areas, land filling by authorities is negligible. Earlier

days quarry sites were also used as land filling areas, but now-a-days they are also seen
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abandoned. Hence when we consider the present waste management system, open dumping
in dump yards without any processing is followed in almost all areas.

Durgapur is one of the first Corporations of West Bengal State beside Kolkata, though
now several have been added. It has a naturally undulated geographical feature and is a
highly well planned industrial urbanised spots on a serenely rural base. The existing
arrangements for solid waste management in most of our urban centers are highly
unsatisfactory and subject a considerable part of our population to serious health risk.
Durgapur City Corporation, has 43 wards with an area of 154.2 sq. km. Consequent to the
increase in the area, the population under it, has increased, and along with that the
responsibilities of the Corporation authorities and the expectation of the citizens. Unless all
who live in the City find-tune themselves to improve the upkeep of the City, there is no doubt
that the City will wilt under the enormous pressure it is subjected to from all sides.

Solid waste is generated in each and every household, small and big establishments,
hotels, market places, hospitals etc. The lifestyle of the people of Durgapur has undergone an
enormous change. The large open areas surrounding the houses are lost. Having houses at
elevated places has been given up and living in multi-storied flats is well accepted. Hotels
have mushroomed and patronized. Roadside eating places have increased in numbers.
Markets have become big, crammed up and unsustainable. New and make shift unofficial
markets have spread all along the urban as well as rural areas. Meat stalls and poultry have
multiplied. Lodgings and hostels for men and women have increased.

All these contribute a great deal to the quantity of solid waste generated. Thus,
disposal of solid waste is a major headache of Durgapur Corporation. Solid waste without
plastics and glass when digested is a very good bio-fertilizer and the people who knew its
value still go in for bio-compost.

In earlier days, small quantities of solid waste used to be collected in bullock carts and
now huge trucks carrying a minimum of 4 tonnes are needed for transporting solid wastes.
With nook and corners of the City occupied for residential and business purposes such places
are essential by the public. But solid waste is continuing to be generated even by the
resenting public.

In such a situation, proper collection methodology and appropriate technology to
dispose of the solid waste, fully understanding its fertilizer value will of the people involved
namely the generators of the waste, the transporters, and personnel managing the storage
yards, and the technologists who operate the plant should act in unison and dedication to

achieve success.
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During the last few years many good actions have been initiated by the City
Corporation though found fault with by many. Collection of solid waste from Dumper Placer
Container (DPC), transporting them to transit points and hence transporting to the dumping is
a major task. The waste collected from different streets are brought together and dumped
along with the immense quantity of solid waste generated in two main markets in Durgapur
City, namely, City Center, and Benachity. These market areas are the transit points for the
transportation of the waste to the compost plant. The quality of this waste is such that it is wet
and putrefies fast thus generating mal odour and subhuman condition for handling.

It is a common sight in Durgapur City that the people using DPC are seen tampering
and even burning them when transportation is delayed. Since the waste is degradable, they
decay fast and attract flies and other vectors. When the drainage channels are cleaned the
solid waste are removed and kept on roadsides rather than dumping it into dustbins. These
wastes again fill in the channel during the next rain. On the whole the process started by the
Corporation is on the right lines but needs to be thoroughly streamlined. Healthy Corporation
should pour in from all quarters. Residents Associations can do immense help in managing
solid waste disposal by educating, creating awareness among public and extending a helping
hand to the public in stopping the unhealthy and indiscriminate practices of waste dumping
which creates nuisance to all.

Unlike other Municipalities and Corporations in West Bengal, the Durgapur
Corporation has a well established and planned centralised solid waste management plan for

managing the garbage generated in Durgapur City.

Sk No. | Item Details
1 Area 154.2 sq. km
2 Population 493405 (as in 2001 census)
3 Population density 3200
4 Literacy rate 75%
b No. of wards 43
6 Total quantity of waste generated per day 250 MT
2 Disposal site Bidhannagar

The Durgapur City Corporation is responsible for collection, transportation,
management and disposal of the garbage generated within the city limits. For this, the

authorities have provided a network of several Dumper Placer Containers in different parts of

Page | 37



the city. Households and establishments including hospitals/ nursing homes, hotels,
restaurants etc. are required to deposit their waste in these bins, for subsequent collection and
transportation to the compost plant at Bidhannagar. Silt from drains and construction wastes
are collected along with the garbage for disposal. Substantial quantities of wastes are also
generated from the slaughterhouses and poultry farms. But no proper segregation, collection
and disposal of these wastes are carried out in Durgapur Corporation. Hence these wastes are

also mixed along with the city waste and carried for disposal.

4.6 SOLID WASTE COLLECTION
4.6.1 Primary collection of solid waste

The primary collection of solid waste is done fully with man power. For primary
collection there are several no of workers with specific work scheduled. The primary
collection includes the following activities-
1. Sweeping in different areas for collecting the garbage.
2. Storing the garbage in the specific bins.
3. Door to door collection the garbage.
The workers perform the above mention activities by using the following implements-
brooms, baskets (bamboo and aluminium), brushes, iron plate, containerized push carts,
tricycles and rotor-mould wheeled bins as shown in Figure 4.1. All the implements are
supplied from Durgapur Municipal Corporation. One of the most important achievements of
DMC is the introduction of Tricycle which stands as a wonder tool for better collection of

MSW at door steps.

Fioure 4 Daily collection of Hous II..rl(fgu.l'h<_n DM(

Waste Inventory in West Bengal 2009)
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4.6.2 Secondary collection

Secondary collection is the transfer of solid waste from street to transfer stations
and from transfer stations to disposal sites. For these activities there are engaged several
numbers of heavy vehicles like dumper and lorries and light vehicles like tractor, van,

5 chhota-hathi etc. with specific route scheduled for each and every vehicle for each trip.

-2

—

=
ul
Figure 4.2: Large collection containers in AMC
(Source: Waste Inventory in West Bengal 2009)

However, this process is followed mostly but silt from open drains across the project
area is disposed at the same roadside collection points where the rest of the household and
commercial waste is temporarily deposited. This is a widespread practice, which further
compounds the problem by spoiling the quality of the waste — the feedstock for the plants. It

- not only creates foul smell for the residents of the area but also provides a very unpleasant

view of the streets where they are deposited as shown in figure 4.3 and figure 4.4.

" Figure 4.3 Silt from drainy dumped with solid wastes  Figure 4.4: Dumping of Wastes together

= 4.7 WASTE DISPOSAL
Majority of the waste generated is disposed in open dumps and areas, which threat

public health and environmental quality. The collected mixed waste is transported to
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dumping area by truck and dumped on open land without any processing. It causes obnoxious
odour and fly formation. The Rag picker collects usable materials. They also involve in
burning of waste to collect the valuable materials. The ambient air will thus contain higher
values of PM, SO: and NOx. This problem results in public agitation against dumping of
MSW in this site. Ground water contamination in the area can also occur due to leaching
from the dumping site. In a nut shell, the existing practice poses greater challenges to the
public health, environment and aesthetic value of the state.
Conventional Methods of Waste Disposal
The conventional methods of waste disposal are as follows:

v Open Dumping

v Open Burning and Incineration

v" Sanitary Landfill
4.7.1 Open Dumping

» Disposal of solid waste by dumping in open areas, dumped from vehicles along

roadsides, and/or dumped late at night
» Oldest and most common way of disposing solid waste in developing countries

» Still in use wherever land is available without regard to safety, health hazards and
aesthetic degradation

» Refuse is spread over a large area

» No maintenance

Fiv 4.5: Open Dumpine of Mumnic 1ol Soilkd Waste

Open dumps pose the tollowing health, satety, and environmental threats:

» Fire and explosion
» Inhalation of toxic gases
» Injury to children playing on or around the dump site

» Disease carried by mosquitoes, flies, and rodents
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Contamination of streams, rivers and lakes
Contamination of soil and groundwater
Contamination of drinking water

Damage to plant and wildlife habitats

v VvV ¥ V V¥

Decrease in the quality of life to nearby residents and the local community

Open dumps create a public nuisance, divert land from more productive uses, and depress
the value of surrounding land. An open dump is an illegal waste disposal site and should not
be confused with a permitted municipal solid waste landfill or a recycling facility. If allowed
to remain, open dumps often grow larger, and may attract dumping of both solid and
hazardous wastes.
4.7.2 Open Burning & Incineration

» Incineration is a waste treatment process that involves the combustion of solid waste

at 1000°C
P Waste materials are converted into ash, flue gas, and heat

P The ash is mostly formed by the inorganic constituents of the waste and gases due to
organic waste

» the heat generated by incineration is used to generate electric power
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The major disadvantages of the system are
» The air pollution controls required in incineration plants are extremely expensive.
Very often up to one half of the costs of a plant are due to air pollution control
facilities. As the laws can change and maybe require updates in the air pollution
controls this could lead to much higher costs in the future.

- » Energy, produced by means of waste incineration is not likely to be practical for small
communities. Therefore, incineration plants have be situated in areas where the
district heating network can easily be connected to very many households.

» Incinerators are costly to construct, operate and regulate. Stringent emissions for
incinerators increase the cost of construction, operation and maintenance.

» The extremely high technical standards of the plants require skilled workers, which
leads to the facts that rather high wages have to be paid.

» The chemicals that would be released into the air could be strong pollutants and may
destroy ozone layer

# The residues from the flue gas cleaning can contaminate the environment if they
aren’t handled appropriately and therefore they must be disposed of in controlled and

well operated landfill to prevent groundwater- and surface pollution.

Page | 42



4.8.3 Sanitary Landfill

Cranage
Mats

Perforated pipe

1.5 mm HDPE Sheet

Fiog 4.8: Schematic of a Sai Landfill

The major disadvantages of the system are

# The site will look ugly while it is being used for landfill

» Leachate (Toxic liquid) is generated due to decomposition of waste in the landfill
which contains acid, heavy metals and other toxic elements which can contaminate
ground water resources

& » Dangerous gases are given off from landfill sites that cause local air pollution and

contribute to global warming

» Local streams could become polluted with toxins seeping through the ground from the
landfill site

» Methane gas is generated in waste mass which travels underground in cracks of rocks
if not pumped out and accumulates in nearby areas (foundation of buildings) which
may cause explosion if not taken out

# Once the site has been filled it might not be able to be used for redevelopment as it

might be too polluted
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CHAPTERSS
NOVEL SOLID WASTE DISPOSAL TECHNIQUES:

A CSIR-CMERI INNOVATION AND DEVELOPMENT

5.1  SOLID WASTE DISPOSAL TECHNIQUES DEVELOPED BY CSIR-CMERI
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52 MECHANIZED SEGREGATION OF LIVE MUNICIPAL SOLID WASTE

The waste is being classified into two categories a) live waste and b) dead waste. The
classification is based on collection of waste. The wastes which are being collected daily by
the municipalities are termed “Live Waste”. The wastes which have been dumped over the
years at the landfill site are being termed as “Dead Waste”, CSIR-CMERI has developed

mechanized segregation system for both live and dead waste into different components.

The segregation process starts with dumping of solid waste material into a bin directly from
the dumper carrying the materials. The segregation system should be capable of segregating
metallic waste (metal body, metal container eic.), biodegradable waste (foods, vegetables,
fruits, grass etc.), non-biodegradable (plastics, packaging material, pouches, bottles etc.) &

inert (glass, stones etc.) wastes.

i Municipal Solid

[ Inerts l el !‘ Recyclable
Stones, | e SJ = 1 l\életalS,
egregaton ass,
~ Saﬂds,. r—-——— U:it : =' Papers
Construction : '
Debris l | | SO —
,, l
Organic Waste Plastics
{Biodegradable) (Non-Biodegradable}
Kitchen Waste, Polybag,
Agro Waste, Plastic Bottles
Vegetable Waste, Containers,
Garden Waste HDPE, PVC

e

Fig 5.2: Process layout of Segregation System for Live Waste

The Municipal Solid Waste contains a high amount of moisture. The high moisture content
will reduce the efficiency of mechanical sorting, consequently making it unfavourable for
beneficial utilization. Hence, a pre-treatment is required before mechanized segregation of
waste. The MSW is passed over a horizontal roller conveyor where it is exposed to hot air
(55-60°C). The dried material is passed over a rotary magnetic drum separator where the iron
components (Fe) separate out which are collected in a hopper for reuse. The rest of the

material are passed over an Eddy Current Separator where non-ferrous metallic parts (Al, Cu)
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are separated out. The remaining waste are sent to the Air Separation Unit where the lighter
particles (Plastics, paper) and heavy mass (biomass) are being separated. The lighter objects
(Plastics, paper) can be directly fed into the shredder. The shredded material will be sent to
polymer waste pyrolysis unit using a vibratory chute for pyrolysis. The segregated biomass

can be utilized for production of biogas in the bio-methanation unit through a waste grinder.

A mechanized segregation unit of capacity 50 kg/h developed at CSIR-CMERI is as shown in
Fig. 5.3

5.3 MECHANIZED SEGREGATION OF DEAD MUNICIPAL SOLID WASTE

The segregation system should be capable of segregating metallic waste (metal body, metal
container etc.), fines (degraded organic waste), non-biodegradable (plastics, packaging

material, pouches, bottles etc.) & inert (construction debris, stones etc.) wastes. The process
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flow of mechanized segregation unit for dead waste developed at CSIR-CMERI is shown in

Fig. 5.4.

Municipal Solid Waste
(Landfall)
Inert l___ ) Recvclable
Stone Segregation Unat Metals
Construction [ » Glass
. (Dead Waste)
Debris i k
' | : A T
Plastic .’ Fmes
(Non-Biodegradable) (Birodegraded
Polybag Organic Waste)
Plastic bottle
Contaners
HDPE, PVC

e B | p o P

A mechanized segregation unit of capacity 50 kg/h developed at CSIR-CMERI is as shown in
Fig. 5.5
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5.4 DISPOSAL OF PLASTIC WASTE UTILIZING HIGH TEMPERATURE
PLASMA

In this relevance plasma arc technology is effective, eco-friendly, most efficient and less
explored technology for proper disposal of mountain of solid waste material generated on
daily basis. In this method electrical ionization between two electrode cathode and anode at
low voltage and high current is being used to treat the waste at a temperature as high as
~3000°C. The electric ionization will be carried out through low voltage (30-50 V) & high
current (300-400 A) between two electrodes. The temperature shall be raised as high as
~3000°C during the ionization process. The chances of generation of carcinogenic gases at
such elevated temperature are remote. The output gas will be mainly CO, Ha, hydrocarbons
and COs. This CO & H: enriched sys-gas has high calorific value. The product gas after
passing through the plasma treatment is made to pass through the carbon sieves (REDOX
reactor). This will help to convert carbon from the sieve and oxygen to form CO. Catalytic
converter shall be used to convert any traces of hydrocarbon into CO and H». Catalyst like
Nickel can be used for this purpose. The gas is then cleaned in cyclone separator and
scrubber. Then cooled in the condenser. This CO & H; enriched sys-gas has high calorific
value. This gas will be primarily stored into a gas holder and will be used for generation of
electricity after combustion into gas engine. The layout of the proposed plant is as follows:
The process layout has been shown in Fig. 5.6 and the Plastic disposal unit of 25 kg/hr
capacity developed at CSIR-CMERI has been shown in Fig. 5.7.

Shredded Plastic &
Paper
Bucket Feeding Plasma gasification Catalytic
Conveyor —|  Hopper > unit —|  Converter
\
Flaring |4 Direction Control | Condenser | | Scrubber | Redox reactor
4 :
a Gas Gas Engine &
ompr - "
pressor holder Alternator — —  ~ piecericity

el
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5.5  DISPOSAL OF PLASTIC WASTE THROUGH PYROLYSIS

Pyrolysis is the thermal degradation of waste in the absence of air to generate gas
often termed syngas), liquid (bio oil) and solid (char, mainly ash and carbon). The plastic
wastes are heated at a temperature of about 450° to 600°C in the absence of oxygen and
broken down to simpler substances forming oils, carbon after condensation. The pyrolysis oil
is being termed as Petro Alternate Fuel (PAF), which can be used in industrial boilers,
generators, or can be further refined into diesel. The process of pyrolysis has been shown in
Fig. 5.8 and the 20 kg/batch pyrolysis plant developed by CSIR-CMERI has been shown in
Fig. 5.9.
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Fig 5.8: Schematic Process Layout for Plastic Pyrolysis

Cooling Tower
Feeding Unit
Condenser
Furnace
Oil Collection Tank

Gas Storage Tank

Operation
Platform

Fig 5.9: Polymer Waste Pyrolysis Unit at CSIR-CMERI (Capacity: 20 kg/ batch)
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The major components of the polymer waste pyrolysis plant include the following:
i) Reactor

The reactor is the heart of the pyrolysis system. It consists of a reaction vessel and a
furnace which is insulated on the outside with ceramic wool and cladded. The heating system

consists of an oil purification unit, oil pumping unit and monoblock burners for oil and gas.
The reactor is fed with raw material and catalyst mixed in a certain proportion.

The furnace is heated so that the temperature inside the reactor is in a temperature range
where catalytic decomposition takes place depending on various feedstocks. The reactor also
has the provision for nitrogen purging to create inert environment to allow the process to

happen in the absence of oxygen.
ti) Gas Receiver

The syngas from the catalytic degradation comes out of the reactor and is cleaned using a
receiver where the heavier carbon particles and long chain hydrocarbons condense and flow
back to the reactor and the lighter fraction is taken to the multi-layer catalytic tower. The
syngas velocity also decreases in the cyclone due to which the gas gets more residence time

in the catalytic tower and subsequent line.
iii) Catalytic Tower

The catalytic tower is used to purify the syngas using catalyst in the vapour phase.
Unwanted components like H2S, SOx, NOx etc. can be removed using appropriate catalyst, if

required.
iv) Condenser

Shell and tube condenser is used to cool the syngas from the reactor to liquid Petro

alternate fuel.
v) Anti-Flashback Device

The uncondensed clean gas is then passed through a tank that is partially filled with
water. The gas bubbles out to the next line of components. The water ensures that the gas that

bubbles out cannot go back to the previous line of components.
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vi) Scrubber

The gas and oil after getting fired in the furnace is cleaned by passing it through a wet
alkali packed bed scrubber. The flue gas is cleaned, cooled and filtered to remove the

particulate matter from the flue gas.
vii) Chimney
The cooled flue gas is vented to the atmosphere through the chimney.
viii) Flaring System

It is dangerous to vent exhaust gas (C1 to C4) without any safety measures. In this
process, it is transferred first through the safety device and then burnt in the burner or Flare

system.
ix)  Distillation
The same machine can be used to distill the Petro Alternate Fuel (PAF) to high quality
diesel with some changes.
5.5.1 Advantages of polymer waste pyrolysis process
The pyrolysis system demonstrates:
» Stable operation for a broad range of waste quality;
« Emissions from the system are well below the limit values;
+ Flexibility in design and operation achieved by a modular design;
+ Effective initial waste volume reducing;
» Efficient recovery of the materials and energy from the process;

» Low operational costs; no supplementary external fuel supply for the normal operation, i.e.

significant reduction of running costs.

The pyrolysis system is designed for treatment of variety of different wastes such as
municipal solid waste (MSW), sewage and oil sludge, automotive shredder residuals (ASR or
car fluff), e-waste, rubber and tyres, medical waste, plastics, agricultural waste, as well as
cleaning of the contaminated soil. Dozens of the commercial pyrolysis facilities for treatment

of different feedstocks were designed and built so far.

The pyrolysis facility can operate as stand-alone waste-to-energy plant as well as the

part of big power plants. In the last case the pyrolysis process thermally treats the waste and
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generates fuel, namely pyrolysis gas and pyrolysis char. These fuels are then co-fired in the
power plant boiler unit. Pyrolysis process in this configuration disposes waste,

simultaneously replacing part of the fossil fuels, consumed by the power plant.

5.6 BIO-METHANATION FOR BIODEGRADABLE WASTE

The potential of kitchen wastes to be used as substrates for biogas production can
achieve the goals of developing a sustainable technology for waste management, producing
renewable energy and reducing greenhouse gas emissions. A complex microbiological
process lies behind the efficient production of biogas. The organic waste treated in the biogas
process represents the substrate for various microorganisms. The more varied the
composition of the organic material, the more components are available for growth, and thus
the greater diversity of organisms that can grow. The various microbial groups are involved
in the flow of carbon from complex polymers to methane-based model. Biogas is a mixture of
Methane, Carbon Dioxide, Water vapour, Ammonia etc. generated from the anaerobic
digestion of biomass. The methane will be enriched through scrubbing the dust, CO2. The
enriched methane gas will be used as fuel gas for cooking purpose in the kitchen and also in
fuel cell for generation of electricity. Moreover, after anaerobic digestion, the spent slurry
becomes excellent organic manure which is highly rich in N P K content. This manure can be
used in cultivation after drying. The process flow has been described in Figs. 5.10 & 5.11 and
the 10 cu. m capacity biogas plant developed at CSIR-CMERI has been shown in Fig. 5.12

Collection of o Cotiii:
Waste |
A
] _»| Anaerobic Gas Gl?ls Sll]lpp}y to
i » Scrubber > itchen for
Wa‘:’ite Digesters > Holder casking
grinder ||
Compost .
Bottling Household
Slurry | | Plant gas cylinder
pump Fertilizer
Fig 5.10: The Process Layout of Bio-methanation Uni
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54  UTILIZATION OF CONSTRUCTION & DEMOLITION WASTE

Safe and effective disposal of solid waste is the greatest challenge of the era. The
management of MSW is going through a critical phase, due to non-availability of suitable
facilities to treat and dispose larger amount of MSW, generated daily in metropolitan cities.
The major portion of the waste generated is the construction debris (C&D). The composition
of C&D waste can vary depending on age of building being demolished / renovated or the
type of buildings being constructed. C&D waste generation figures for any region fluctuate as
it depends largely on the type and nature of construction / demolition activities.

The construction debris is collected and crushed into a crusher. Then different sized
gravels which are coming out from the segregation unit are mixed with this slag. Then 10-
15% cement is mixed with the materials for punning. Now, these materials are mixed
thoroughly in a dry state for proper mixing. Water is added to the dry mixture in a suitable
proportion. The prepared mixture is then filled in the die of a mould cavity. Then it is being
pressed. Moulding gives a definite shape to the mixture. Finally, the prepared bricks are
tested for engineering properties. The ready bricks are being used as construction materials.
The process of brick making has been shown in Fig. 5.13 and the plant at CSIR-CMERI has
been shown in Fig. 5.14
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Fig 5. 14: Utilization of Construction & Demolition Waste at CSIR-CMERI

Advantages:

The advantages of the system are as follows

o Integrated & mechanized system for disposal of both bio-degradable & non-
biodegradable waste;

¢ Eco-friendly disposal of municipal solid waste with zero level toxin emission;

+ Utilization of generated bio-gas for house hold purpose in economic way;

e Utilization of organic manure generated from bio-methanation plant for agricultural
purposes;

e Utilization of construction debris for generation of value added products.
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CHAPTER 6
PROJECT DETAILS

6.1 Proposed plant layout for disposal of 50 TPD Dead MSW
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Scope of work

6.2.1 Durgapur Municipal Corporation

Providing land (100 m*75 m) with boundary wall for establishing set-up of Municipal
Solid Waste disposal system (Perimeter: 350 m & Height: 2 m);

Development of space including dismantling of the existing plant, in case the
proposed site is not acquired for commencement of the project;

Approach road for the site;

Collection of waste from different sites under DMC and providing them at the
proposed site;

Necessary electrical connection up to sub-station at site for operation of plant;
Necessary water connection up to tank at site;

Insurance of movable & immovable properties;

6.2.2 CSIR-Central Mechanical Engineering Research Institute

Necessary civil and electrical works at the proposed site for installation of 50TPD
Integrated Municipal Solid Waste Disposal system for Dead Waste

Design, development, installation & commissioning of S50TPD mechanized
segregation system to segregate Municipal Solid Waste

Design, development, installation & commissioning of 10 TPD Polymer waste
pyrolysis plant/ RDF Plant for further processing of polymer waste from segregation
plant

Design, development, installation & commissioning of 2000 brick/day brick plant

After Commissioning, Operation & Maintenance for subsequent five (5) years.
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6.3 Duration of the Project:

The total duration of the project for design, development, installation & commissioning is 18

months (1.5 years) after handover of site by DMC and operation & maintenance of the plant

] after commissioning for the period of 60 months (5.0 years).
SL Item Type Capacity Qty
No.

1 | Preparation of site - - As per
including necessary civil approved
and electrical works drawing

2 | Segregation system Dead Waste 50 TPD 1 No.

3 | Pyrolysis / RDF plant Polymer waste 10 TPD 1 No.

4 | Brick Plant Inert/Construction 2000/day 1 No.

Debris
e
6.4 Milestone Activities & Duration
-
. o 2] &] 8] | z| ] 2] 2] ¢
SL No.|Activities Description "% L. E al ol = 2 ? z 3 %
IR B3 =t e T I [ [
i Handover of proposed site after
Site Clearance (scope of DMC)
5 |Necessary civil Structural and
" |ekctrical works 1 2
3 |Desing & Engineering — E g
T ] -
4  |Purchase & Procurement __"""—"_—r-"__q 5 g
5 |Fabrication of Equipment e £ -
4 Installaiion of Segregation Unit (50TPDf ! 1 I § E
Dead) 1 =
=z I
[nstallation of Pyrolysis/RDF Phnt 8
7 liotep) :
g |Installation of Brick Plant !
(2000 nos/day)
e 9 |Tria! Run & Commissioning q
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6.5 Estimated Cost: (INR in Lakh)

SI | Description INR in Lakh Remarks
No
1 Works & Services (incl. solar roof) 816
2 Equipment 1,705
3 Manpower 639 | To be borne by
CMERI
4 Overheads @ 10% 252
Excluding
Sub-Total (A) 2,773 Manpower Cost
6.6 Cost Break-up
6.6.1 Equipment and Works & Services
S! Description Size / Capacity INR in Remarks
No Lakh
a |[Land 7,500 sq. m - To be provided by
DMC at no cost
b | Plant and Equipment
i | Segregation plant 50 TPD Dead waste 1234
ii | Pyrolysis/RDF Plant | 10 TPD 321
iii | Brick Making Plant 2000 Bricks x 1 Nos. 150
iv | Vehicles for operation | Tractor — 6 Nos. -- | To be provided by
JCB -3 Nos. DMC
Office Vehicle- INo.
v | Civil, Structural & As required 600
Electrical Works
vi_| Solar Installation 216
Sub-total 2,521 Approx.
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6.6.2 Manpower: (borne by CMERI)

S1 | Description Man days/Yr | No of Person Rate (Rs) Total (Rs)
1 | Scientist 100 3 6,000 18,00,000
2 | Sr. Scientist 100 3 6,000 18,00,000
3 | Pr. Scientist 75 3 6,000 13,50,000
4 | Sr. Pr. Scientist 30 i 10,500 3,15,000
5§ | Chief Scientist 30 1 10,500 3,15,000
6 | Technical Officer-Gr 3 100 6 4,500 27,00,000
7 | Technical Assistant-Gr 2 125 8 4,500 45,00,000
Total 24 1,27,80,000
Total Duration of Project | 5 yrs 6,39,60,000
~6.39 Cr

6.6.3 Details of Electricity and Water Requirement

S1 | Description Electricity (kWh) Water (cum)
1 | Mechanized Segregation Plant 120 1
2 | Pyrolysis Plant 40 15
3 | Brick Plant 25 2
4 | Office Premises 15 2
Total 200 20

6.6.4 Recurring Expenditure

The maintenance of the plant for initial two (2) years after commissioning has been

considered in the scope of CSIR-CMERI. After that 50% towards maintenance cost of the

plant shall be borne by both CSIR-CMERI and the remaining 50% towards maintenance cost

shall be borne by Durgapur Municipal Corporation for next three (3) years. The cost towards

maintenance of the plant has been calculated @ 8% of the Plant & Equipment cost for every

year.
S1 | Description CSIR-CMERI PMC Remarks
Cost/yr Total Cost Cost/yr Total Cost
(Rs in Lakh) | (Rs in Lakh) | (Rs in Lakh) (Rs in Lakh)

1 | Repairand 67 201 67 20 8% of the
Maintenance Plant &
of plant Equipment
machinery cost

Sub Total 201
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The approx. power requirements of all electrical machines in iMSWDS Plant is 1000 kWh / day. The

current commercial rate of electricity as applicable in Public utility/Specified Institution/Public

Bodies in municipal/ non-municipal areas is approx. Rs. 7/kWh. Based on the above, the annual

expenditure towards the electricity to run the iMSWDS Plant is approx. Rs. 21 Lakhs and for five

years, it costs approx. Rs 105 Lakhs. Therefore, additional requirements for the funds of

Rs. 100 Lakhs to meet expenditure of electricity may be borne by DMC. Other costs i.e. fuels costs,

water etc. including revision of tariff of electricity from time to time shall be borne by CSIR-CMERI.

SI | Description Qty Unit Rate Cost/yr Total Cost Remarks
(kWh/day) (Rsin Lakh) | (Rsin Lakh)
1 | Electricity & 2000 42 210
Water
Sub Total ~200
The total recurring expenditure for the period of five (5) years are as follows
SI | Description INR in Lakh Remarks
No
1 Repair & Maintenance 201
2 Electricity & Water 200
Sub-Total 401
6.6.5 Total Budget
The total cost for the project is as follows
St | Description INR in Lakh Remarks
No
I Works & Services 816
P Equipment 1,705
3 Manpower 639 | To be borne by
CMERI
4 Overhead @ 10% P
5 Operation & Maintenance 401 )
Excluding
Sub-Total 3,174 | Manpower Cost
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Preface

The management of municipal solid waste in India has surfaced or continued to be a severe
problem not only because of environmental and aesthetic concerns but also because of the
enormous quantities generated every day. Even though only 31% of Indian population resides
in urban areas, it generates a gigantic 1,43,449 metric tonnes per day of municipal solid
waste, as per the Central Pollution Control Board (CPCB), 2014-15 and these figures increase
every day with an increase in population. To further add to the problem, the total number of
towns (statutory and census) in the country have also increased from 5,161 in 2001 to 7,936
in 2011, thus increasing the number of municipal waste generation by 2,775 within a decade.
The management of municipal solid waste is one of the main functions of all Urban Local
Bodies (ULBs) in the country. All ULBs are required to meticulously plan, implement and
monitor all systems of urban service delivery especially that of municipal solid waste. With
limited financial resources, technical capacities and land availability, urban local bodies are
constantly striving to meet this challenge.
With the launch of the flagship programme by the Government of India, Swachh Bharat
Mission in 2014 that aims to provide basic infrastructural and service delivery with respect to
sanitation facilities to every family, including toilets and adopting the scientific methods to
collect, process and disposal of municipal solid waste. The mission focuses on quality and
sustainability of the service provision as well as emphasizing on the commitment on every
stakeholder to bring about a visible change in society.
The three most popular options for processing and disposing of MSW are:

e Converting it into compost

e Converting it to energy

e Sanitary landfill

Converting MSW into Compost

In this method, the waste is exposed to anaerobic microbes, like bacteria, which break down
the organic matter in the absence of oxygen to form biogas (mixture of methane and carbon
dioxide) and compost (solid and liquid residual). Biogas can be used as fuel for cooking or

for generator to convert it to electricity. The liquid slurry can be used as organic fertilizer.
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Converting Municipal Solid Waste to Energy (WTE)

In this process thermal breakdown of MSW in high temperature environment is done to
reduce MSW into a slag and syngas. The syngas can be used in gas engines/ gas turbines to
generate electricity, steam or other such forms of energy. Waste to energy generates clean,

reliable energy from a renewable fuel source, thus reducing dependence on fossil fuels.

Both these methods (Converting MSW into compost and Converting MSW into energy) have
environmental benefits compared to third method disposing of MSW in landfills. Both the
methods would reduce the quantity of wastes and generate a substantial quantity of energy
which in turn reduce pollution of water and air, thereby offering a number of social and
economic benefits. Some of the strategic and financial benefits from implementation of both
the methods are:
¢ Government Incentives - The government of India already provides significant
incentives for appropriate dispose of MWS, in the form of capital subsidies and feed
in tariffs. With concerns on climate change, there are more chances of increased
incentives by government.

e Co-product Opportunities - Depending on the technology/route used for energy

- recovery, eco-friendly and “green” co-products such as charcoal, compost, nutrient

rich fertilizer or bio-oil can be obtained.

e Job Opportunities - With distributed waste management, new opportunities emerge
for companies to provide support services. Every machine, required to dispose-off
MSW, opportunities of maintaining, servicing, or taking care of it emerge. In other
words, the technology will boost job opportunity. To add further this could be
significant international expansion possibilities for Indian companies, especially

expansion into other Asian countries.

The present project proposal aims to develop novel technologies that are innovative to extract
wealth out of waste. The major technological interventions proposed are:
» Design & development of mechanized segregation system to separate Municipal Solid
= Waste into biodegradable & non-biodegradable components;
» Design & development of safe, environment friendly process for disposal of polymer
waste utilizing pyrolysis;

» Design & development of biogas plant for disposal of biodegradable waste.

3|Page



e r

The major advantages of the proposed technologies include:

» Minimization of Landfill option, which is becoming crucial due to the continuously
reducing space for sanitary landfills;

» Lowering environmental footprint through significant reduction in quantities of air
pollutants;

» Reducing dependence on imported oil by using pyrolysis oils from waste polymers which
are low priced;

» Use of pyrolysis gas generated from polymer waste pyrolysis plant to run gas
engines/turbine and produce electricity;

» Environment friendly disposal of biodegradable waste through generation of Biogas which
will definitely support the dwindling energy resources. The gas can be used for as fuel in
the kitchen or for power generation;

» Generation of high quality, weed free manure from biogas plant which is an excellent soil
conditioner. This is very important for replenishing organic carbon in the undernourished
soil after years of agriculture;

» Downstream employment generation for the rural/urban poor.
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CHAPTER 1
INTRODUCTION

1.1 PREAMBLE

Over the years, there has been a continuous migration of people from rural and semi-
urban areas to towns and cities. The proportion of population residing in urban areas has
increased from 10.84% in 1901 to 25.70% in 1991. The number of class I cities has increased
from 212 to 300 during 1981 to 1991, while class Il cities have increased from 270 to 345
during the same period. The increase in the population in class I cities is very high as
compared to that in class II cities. The uncontrolled growth in urban areas has left many
Indian cities deficient in infrastructural services such as water supply, sewerage and
municipal solid waste management.

Most urban areas in the country are plagued by acute problems related to solid waste
and become a tenacious problem. It is not uncommon to find 30-50% of staff and resources
being utilized by Urban Local Bodies for these operations. Despite this, there has been a
progressive decline in the collection and disposal of municipal solid waste including hospital
and industrial wastes, as well as measures for ensuring adequacy of environmental sanitation
and public hygiene. In many cities nearly half of solid waste generated remains unattended,
giving rise to insanitary conditions especially in densely populated slums which in turn
results in an increase in morbidity especially due to microbial and parasitic infections and
infestations in all segments of population, with the urban slum dwellers and the waste
handlers being the worst affected.

Solid Waste Management is a part of public health and sanitation, and according to
the Indian Constitution, falls within the purview of the State list. Since this activity is non-
exclusive, non-rivaled and essential, the responsibility for providing the service lies within
the public domain. The activity being of a local nature is entrusted to the Urban Local Bodies.
The Urban Local Body undertakes the task of solid waste service delivery, with its own staff,
equipment and funds. In a few cases, part of the said work is contracted out to private
enterprises.

There is lack of community awareness either about the likely perils due to poor waste
management or the simple steps that every citizen can take which will help in reducing waste

generation and promote effective management of solid waste generated. The degree of
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community sensitization and public awareness is low. There is no system of segregation of
organic, inorganic and recyclable wastes at household level.

It is estimated that the total solid waste generated by 300 million people living in
urban India is 38 million tonnes per year. The disposal of municipal solid waste is one of the
pressing problems of city life, which has assumed great importance in the recent past. With
the growing urbanization as a result of planned economic growth and industrialization,
problems are becoming acute and call for immediate and concerted action. The proper
disposal of urban waste is not only absolutely necessary for the preservation and
improvement of public health but it has an immense potential for resource recovery.

It is estimated that about 1,45,000 MT of Municipal Solid Waste is generated daily in
the country. Per capita waste generation in major cities ranges from 0.20 kg to 0.60 kg.
Generally, the collection efficiency ranges between 70 to 90% in major metro cities whereas
in several smaller cities the collection efficiency is below 50%. It is also estimated that the
Urban Local Bodies spend about Rs.500 to Rs.1500 per ton on solid waste for collection,
transportation, treatment and disposal. About 60-70% of this amount is spent on street
sweeping of waste collection, 20 to 30% on transportation and less than 5% on final disposal
of waste, which shows that hardly any attention is given to scientific and safe disposal of
waste. Landfill sites have not yet been identified by many municipalities and in several
municipalities, the landfill sites have been exhausted and the respective local bodies do not
have resources to acquire new land. Due to lack of disposal sites, even the collection
efficiency gets affected.

Very few Urban Local Bodies in the country have prepared long term plans for
effective Solid Waste Management in their respective cities. For obtaining a long term

economic solution, planning of the system on long-term sustainable basis is very essential.

1.2  PROBLEMS BEING FACED BY URBAN LOCAL BODIES

Barring a few progressive municipal corporations in the country, all other local bodies
suffer due to non-availability of adequate expertise and experience; thereby the solid waste is
not properly handied resulting into creation of environmental pollution and health hazards.
As mentioned earlier, these local bodies lack technical, managerial, administrative, financial
resources, adequate institutional arrangements. Similarly, Defense, Railways, CPWD and
several Government of India Organizations/Undertakings having large establishments in the
cities and towns lack the technical knowhow of managing urban solid waste. It is, therefore,

very necessary to provide proper guidance in the Urban Local Bodies/Government

7|Page



Agencies/Establishments referred above, to make them efficient in managing the solid waste

generated in their respective areas/cities/towns.

1.3 NEED OF THE PROJECT

Looking to the existing SWM system, the Ministry of Environment & Forest has
notified Municipal Solid Waste (Management & Handling) Rules 2016 under the
Environment Protection Act 1986. According to these rules, all the municipal authorities
were expected to improve solid waste management practices in terms of aforesaid rules by
December, 2003. But, the situation did not improve as expected for want of adequate
technical know-how and lack of human and financial resources.

It has been estimated that the average daily waste generation from Durgapur is around 250
TPD. With the projected population as 647,361 in the year 2020, it is estimated that 275 tons
of MSW would be generated in the year 2020. Currently, the waste is being collected,
transported and disposed at Shankarpur a dumping yard without any scientific processing,
giving an ugly face to the city. These practices attract a lot of objection in view of open
dumping of MSW and obnoxious odour and fly formation in the open dump yard. These
practices also pose greater risk of ground water contamination due to percolation. According
to World Health Organization (WHO) nearly five million people die due to disease caused by
faulty disposal system and poor collection practices of waste over the years. As per the report
of WHO, there are twenty two diseases which are directly related to improper management of
solid waste. The rodent and vector insects transmit various diseases like dysentery, cholera,
plague, typhoid, infective hepatitis and other. haphazard disposal of

In order to protect the public health and environment, it is need of the hour to find a
suitable method for MSW disposal. Therefore, the present project has been undertaken to
assess the existing SWM system, identify the gaps of the existing system and propose plan
for eco-friendly disposal of solid waste. After evaluating various options available for MSW
disposal and assessing factors like land availability, calorific value of MSW, paucity of land
for Land Fill etc., it is suggested that disposal of MSW through technologies developed by
CSIR-CMERI which include mechanized segregation of waste, utilization of the segregated
bio-degradable waste and polymer waste are the most ideal ways for eco-friendly disposal of
MSW at Durgapur.
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CHAPTER 2
PRINCIPLES OF MUNICIPAL SOLID WASTE

MANAGEMENT

2.1 INTRODUCTION
Management of municipal solid waste involves (a) development of an insight into the
impact of waste generation, collection, transportation and disposal methods adopted by a

society on the environment and (b) adoption of new methods to reduce this impact.

2.1.1 Solid Waste Generation

Municipal Solid Waste (MSW) is the trash or garbage that is discarded day to day ina
human settlement. According to MSW Rules 2000, MSW includes commercial and
residential wastes generated in municipal or notified areas in either solid or semi-solid form
excluding industrial hazardous wastes but including treated bio-medical wastes. Waste
generation encompasses activities in which materials are identified as no longer being of
value (being in the present form) and are either thrown away or gathered together for

disposal. Municipal Solid Waste constists of the following kinds of waste.
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The other kinds of waste found in urban settlements are:
1) Industrial or Hazardous Waste,
2) Bio-Medical or Hospital Waste, and
3) E-Waste

The Industrial hazardous waste is managed through Hazardous Waste (Management
and Handling) Forth Amendments Rules 2010. Hazardous waste is typically identified with
properties of ignitability, corrosivity, reactivity and toxicity. Hence urban local bodies must
ensure that industrial waste in their command area does not get mixed with the municipal
solid waste stream, failing which will result in economic losses (as hazardous waste treatment
costs much higher than the municipal solid waste) and health & safety hazards (Contaminants
like heavy metals, chromium, mercury, etc. when found in the municipal waste stream will
contaminate the compost produced by the city. When farmers buy the compost it will
indirectly affect the food chain) while treating such wastes.

According to the Hazardous Waste Management Rules 2010, the onus of managing
and treating hazardous waste lie with the waste generator, and the urban local body has to
ensure that such waste does not contaminate municipal waste stream in their area of
authority.

A society receives energy and raw material as inputs from the environment and gives
solid waste as output to the environment. In the long-term perspective, such an input-output

imbalance degrades the environment.

2.1.2 Environmental Impact of Solid Waste Disposal on Land
When solid waste is disposed off on land in open dumps or in improperly designed
landfills (e.g. in low lying areas), it causes the following impact on the environment:
(a) ground water contamination by the leachate generated by the waste dump
(b) surface water contamination by the run-off from the waste dump
(c) bad odour, pests, rodents and wind-blown litter in and around the waste dump
(d)  generation of inflammable gas (e.g. methane) within the waste dump
(e) bird menace above the waste dump which affects flight of aircraft
(f) fires within the waste dump
(g)  erosion and stability problems relating to slopes of the waste dump
(h) epidemics through stray animals

(i} acidity to surrounding soil and release of greenhouse gas
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2.1.3 Objectives of Solid Waste Management
The objectives for solid waste management are:
* Maximize resource recovery / minimal emissions;
¢ Minimize impact on environment, human intervention, space requirement, impact on
health hazard;
e No waste visibility;
¢ Elimination of MSW’s inherent hazards:
» Obnoxious odours
» GHG emissions
» Disease vectors and transmissions
» Ground water contamination
» Attracting stray animals & birds
» Unhygienic & visually ugly site
» Making a clean & hygienic smart city

2.2  PRINCIPLES OF MUNICIPAL SOLID WASTE MANAGEMENT

Municipal Solid Waste Management involves the application of principle of
Integrated Solid Waste Management (ISWM) to municipal waste. ISWM is the application of
suitable techniques, technologies and management programs covering all types of solid
wastes from all sources to achieve the twin objectives of (a) waste reduction and (b) effective

management of waste still produced after waste reduction.

2.2.1 Waste Reduction

It is now well recognized that sustainable development can only be achieved if society
in general, and industry in particular, produces ‘more with less’ i.e. more goods and services
with less use of the world’s resources (raw materials and energy) and less pollution and

waste. The government is committed to reducing the amount of waste.

2.2.2 Effective Management of Solid Waste

Effective solid management systems are needed to ensure better human health and
safety. They must be safe for workers and safeguard public health by preventing the spread of
disease. In addition to these prerequisites, an effective system of solid waste management

must be both environmentally and economically sustainable.
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e Environmentally sustainable: It must reduce, as much as possible, the environmental
impacts of waste management.
e Economically sustainable: It must operate at a cost acceptable to community.

Clearly it is difficult to minimize the two variables, cost and environmental impact,
simultaneously. There will always be a trade off. The balance that needs to be struck is to
reduce the overall environmental impacts of the waste management system as far as possible,
within an acceptable level of cost.

An economically and environmentally sustainable solid waste management system is
effective if it follows an integrated approach i.e. it deals with ali types of solid waste
materials and all sources of solid waste. A multi-material, multi-source management
approach is usually effective in environmental and economic terms than a material specific
and source specific approach. Specific wastes should be dealt within such a system but in
separate streams. An effective waste management system includes one or more of the
following options:

(a) Waste collection and transportation.

(b) Resource recovery through sorting and recycling i.e. recovery of materials (such as
paper, glass, metals) etc. through separation.

(c) Resource recovery through waste processing i.e. recovery of materials (such as
compost) or recovery of energy through biological, thermal or other processes.

(d) Waste transformation (without recovery of resources) i.e. reduction of volume,
toxicity or other physical/chemical properties of waste to make it suitable for final
disposal.

(e} Disposal on land i.e. environmentally safe and sustainable disposal in landfills.

2.2.3 Functional Elements of Municipal Solid Waste Management

The activities associated with the management of municipal solid wastes from the
point of generation to final disposal can be grouped into the six functional elements: (a) waste
generation; (b) waste handling and sorting, storage, and processing at the source; (c)
collection; (d) sorting, processing and transformation; (¢) transfer and transport; and (f)

disposal.

Waste Generation: Waste generation encompasses activities in which materials are
identified as no longer being of value (in their present form) and are either thrown away or

gathered together for disposal. Waste generation is, at present, an activity that is not very
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controllable. In the future, however, more control is likely to be exercised over the generation
of wastes. Reduction of waste at source, although not controlled by solid waste managers, is

now included in system evaluations as a method of limiting the quantity of waste generated.

Waste Handling, Serting, Storage, and Processing at the Source: The second of the six
functional elements in the solid waste management system is waste handling, sorting, storage,
and processing at the source. Waste handling and sorting involves the activities associated
with management of wastes until they are placed in storage containers for collection.
Handling also encompasses the movement of loaded containers to the point of collection.
Sorting of waste components is an important step in the handling and storage of solid waste at
the source. For example, the best place to separate waste materials for reuse and recycling is
at the source of generation. Households are becoming more aware of the importance of
separating newspaper and cardboard, bottles/glass, kitchen wastes and ferrous and nom-

ferrous materials.

On-site storage is of primary importance because of public health concerns and aesthetic
consideration. Unsightly makeshift containers and even open ground storage, both of which
are undesirable, are often seen at many residential and commercial sites. The cost of
providing storage for solid wastes at the source is normally borne by the household in the
case of individuals, or by the management of commercial and industrial properties.

Processing at the source involves activities such as backyard waste composting.

Collection: The functional element of collection includes not only the gathering of solid
wastes and recyclable materials, but also the transport of these materials, after collection, to
the location where the collection vehicle is emptied. This location may be a material

processing facility, a transfer station, or a landfill disposal site.

Sorting, Processing and Transformation of Solid Waste: The sorting, processing and
transformation of solid waste materials is the fourth of the functional elements. The recovery
of sorted materials, processing of solid waste and transformation of solid waste that occurs
primarily in locations away from the source of waste generation are encompassed by this
functional element. Sorting of commingled (mixed) wastes usually occurs at a materials
recovery facility, transfer stations, combustion facilities, and disposal sites. Sorting often
includes the separation of bulky items, separation of waste components by size using screens,

manual separation of waste components, and separation of ferrous and non-ferrous metals.
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Waste processing is undertaken to recover conversion products and energy. The
organic fraction of Municipal Solid Waste (MSW) can be transformed by a variety of
biological and thermal processes. The most commonly used biological transformation process
is aerobic composting. The most commonly used thermal transformation process is

incineration.

Waste transformation is undertaken to reduce the volume, weight, size or toxicity of
waste without resource recovery. Transformation may be done by a variety of mechanical
(ex. shredding), thermal (ex. incineration without energy recovery) or chemical (ex.

encapsulation) techniques.

Transfer and Transport: The functional element of transfer and transport involves two
steps: (i) the transfer of wastes from the smaller collection vehicle to the larger transport
equipment and (ii) the subsequent transport of the wastes, usually over long distances, to a

processing or disposal site. The transfer usually takes place at a transfer station.

Disposal: The final functional element in the solid waste management system is disposal.
Today the disposal of wastes by landfilling or uncontrolled dumping is the ultimate fate of all
solid wastes, whether they are residential wastes collected and transported directly to a
landfill site, residual materials from Materials Recovery Facilities (MRFs), residue from the
combustion of solid waste, rejects of composting, or other substances from various solid
waste-processing facilities. A municipal solid waste landfill plant is an engineered facility
used for disposing of solid wastes on land or within the earth’s mantle without creating
nuisance or hazard to public health or safety, such as breeding of rodents and insects and

contamination of groundwater.
2.3 HIERARCHY OF WASTE MANAGEMENT OPTIONS

Current thinking on the best methods to deal with waste is centered on a broadly
accepted ‘hierarchy of waste management’ (arrangement in order of rank) which gives a
priority listing of the waste management options available. The hierarchy gives important
general guidelines on the relative desirability of the different management options. The
hierarchy usually adopted is (a) waste minimization/reduction at source, (b) recycling, (c)
waste processing (with recovery of resources i.e. materials (products) and energy), (d) waste

transformation (without recovery of resources) and (e) disposal on land (landfilling).
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The highest rank of the ISWM hierarchy is waste minimization or reduction at source,
which involves reducing the amount (and/or toxicity) of the wastes produced. Reduction at
source is first in the hierarchy because it is the most effective way to reduce the quantity of

waste, the cost associated with its handling, and its environmental impacts.

The second highest rank in the hierarchy is recycling, which involves (a) the
separation and sorting of waste materials; (b) the preparation of these materials for reuse or
reprocessing; and (c) the reuse and reprocessing of these materials. Recycling is an important
factor which helps to reduce the demand on resources and the amount of waste requiring

disposal by landfilling.

The third rank in the ISWM hierarchy is waste processing which involves alteration
of wastes to recover conversion products (e.g., compost) and energy. The processing of waste

materials usually results in the reduced use of landfill capacity.

Transformation of waste, without recovery of products or energy, may have to be
undertaken to reduce waste volume (e.g. shredding and baling) or to reduce toxicity. This is
usually ranked fourth in the ISWM hierarchy.

Ultimately, something must be done with (a) the solid wastes that cannot be recycled
and are of no further use; (b) the residual matter remaining after solid wastes have been pre-
sorted at a materials recovery facility; and (c) the residual matter remaining after the recovery
of conversion products or energy. Landfilling is the fifth rank of the ISWM hierarchy and
involves the controlled disposal of wastes on or in the earth’s mantle. It is by far the most
common method of ultimate disposal for waste residuals. Landfilling is the lowest rank in the
ISWM hierarchy because it represents the least desirable means of dealing with society’s
wastes.

It is important to note that the hierarchy of waste management is only a guideline.
2.4 WASTE MINIMISATION

Waste minimization or reduction at source is the most desirable activity, because the
community does not incur expenditure for waste handling, recycling and disposal of waste
that is never created and delivered to the wastc management system. However, it is an

unfamiliar activity as it has not been included in earlier waste management systems.
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To reduce the amount of waste generated at the source, the most practical and
promising methods appear to be (i) the adoption of industry standards for product
manufacturing and packaging that use less material, (ii) the passing of laws that minimize the
use of virgin materials in consumer products, and (iii) the levying (by communities) of
cess/fees for waste management services that penalize generators in case of increase in waste

quantities.

Modifications in product packaging standards can result in reduction of waste
packaging material or use of recyclable materials. Minimization of use of virgin raw

materials by the manufacturing industry promotes substitution by recycled materials.

Sorting at source, recycling at source and processing at source (e.g. yard composting)

helps in minimizing waste.

One waste management strategy used in some communities in developed countries is
to charge a variable rate per can (or ton) of waste, which gives generators a financial
incentive to reduce the amount of waste set out for collection. Issues related to the use of
variable rates include the ability to generate the revenues required to pay the costs of
facilities, the administration of a complex monitoring and reporting network for service, and
the extent to which wastes are being put in another place by the generator and not reduced at

SOurce.

2.5 RESOURCE RECOVERY THROUGH MATERIAL RECYCLING

Material recycling can occur through sorting of waste into different streams at the
source or at a centralized facility. Sorting at source is more economical than sorting at a

centralized facility.
2.5.1 Sorting at Source

Sorting at source (home sorting) is driven by the existing markets for recyclable
materials and the link between the house holder and the waste collector. The desirable home

sorting streams are:

(a) Dry recyclable materials e.g. glass, paper, plastics, cans etc.,
(b) Bio-waste and garden waste,
(©) Bulky waste,

(d) Hazardous material in household waste,
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(e) Construction and Demolition waste, and
) Commingled MSW (mixed waste).

At present recycling of dry recyclables does take place at the household level in India.
However, source separation and collection of waste in streams of (b}, (c), (d) and (e) has to be

developed in most cities.
2.5.2 Centralized Sorting

Centralized sorting is needed wherever recyclable materials are collected in a

commingled (mixed) state.
Hand sorting from a raised picking belt is extensively adopted in several countries.

Mechanized sorting facilities using magnetic and electric field separation, density
separation, pneumatic separation, size separation and other techniques are used in some
developed countries. Such facilities are usually prohibitively expensive in comparison to

hand sorting.

In India, centralized sorting is not adopted. However, some intermediate sorting does
occur after houschold wastes reach kerbside collection bins (dhalaos) through ragpickers.
There is a need to formalise this intermediate sorting system or develop a centralized sorting

facility to minimize recyclable materials reaching a waste processing facility or a landfill.
2.5.3 Sorting Prior to Waste Processing or Landfilling

Home sorting and centralized sorting processes normally recover most of the
recyclable materials for reuse. However, a small fraction of such materials may escape the
sorting process. Sorting is also undertaken just prior to waste processing, waste
transformation or landfilling to recover recyclable materials. In a landfill, sorting may be
carried out by ragpickers immediately after spreading of a layer of waste. In waste processing

or transformation centres, manual sorting or size separation is usually undertaken.

Wherever manual sorting is adopted, care must be taken to ensure that sorters are

protected from all disease pathways and work in hygienic conditions.
2.6 RESOURCE RECOVERY THROUGH WASTE PROCESSING

Biological or thermal treatment of waste can result in recovery of useful products

such as compost or energy.
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2.6.1 Biological Processes

Biological treatment involves using micro-organisms to decompose the biodegradable

components of waste. Two types of processes are used, namely:

(a)  Aerobic processes: Windrow composting, aerated static pile composting and in-vessel
composting; vermi-culture etc,

(b)  Anaerobic processes: Low-solids anaerobic digestion (wet process), high-solids
anaerobic digestion (dry process) and combined processes.
At present recycling of dry recyclables does take place at the household level in India.

However, source separation and collection of waste in streams of (b), (¢), (d) and (e) has to be

developed in most cities.

In the aerobic process the utilizable product is compost. In the anaerobic process the
utilizable product is methane gas (for energy recovery). Both processes have been used for
waste processing in different countries — a majority of the biological treatment process
adopted world-wide are aerobic composting; the use of anaerobic treatment has been more

limited.

In India, aerobic composting plants have been used to process up to 500 tons per day

of waste.
2.6.2 Thermal Processes

Thermal treatment involves conversion of waste into gaseous, liquid and solid
conversion products with concurrent or subsequent release of heat energy. Three types of

systems can be adopted, namely:

(a) Combustion systems (Incinerators): Thermal processing with excess amounts of air.

(b)  Pyrolysis systems: Thermal processing in complete absence of oxygen (low
temperature).

(c) Gasification systems: Thermal processing with less amount of air (high temperature).
Combustion system is the most widely adopted thermal treatment process world-wide

for MSW. Though pyrolysis is a widely used industrial process, the pyrolysis of municipal

solid waste has not been very successful. Similarly, successful results with mass fired

gasifiers have not been achieved. However, both pyrolysis and gasification are emerging as

viable alternatives in the present.
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To be viable for energy recovery through thermal processing, the municipal solid
waste must possess a relatively high calorific value. In the MSW generated in developed
countries, presence of significant quantity of paper and plastics yields a high calorific value
of the MSW (typically above 2000 kcal/’kg) which makes it suitable for thermal processing.
In Indian MSW, the presence of high quantities of bio-degradable matter results in a low
calorific value of the MSW (typically less than 1000 kcal’kg). In its mixed form, such waste
may not be suitable for thermal processing. However, removal of inerts from Indian MSW as
well as development of combustion system for low-calorific value wastes can result in a

reversal of this position in the future.

2.7 WASTE TRANSFORMATION (WITHOUT RESOURCE RECOVERY)
PRIOR TO DISPOSAL

At the end of all sorting processes, biological processes and thermal processes, the
non-utilizable waste has to be disposed off on land. Prior to this disposal, waste may need to
be subjected to transformation by mechanical treatment, thermal treatment or other methods

to make it suitable for landfilling.
2.7.1 Mechanical Transformation

Sorting of waste may be undertaken to remove bulky items from the waste. Shredding

of waste may be undertaken for size reduction to enable better compaction of waste.
2.7.2 Thermal Transformation

In regions where land space is very scarce (e.g. islands), waste with low calorific
value may be subjected to combustion without heat recovery to reduce the volume of waste
requiring disposal on land. Combustion transformation processes are similar to those

discussed in Section 2.6.2.

2.8 DISPOSAL ON LAND

Waste is disposed off on land in units called landfills which are designed to minimise
the impact of the waste on the environment by containment of the waste. Usually three types
of landfills are adopted. Landfills in which municipal waste is placed are designated as
“MSW Landfills” or “Sanitary Landfills”, Landfills in which hazardous waste is placed are
designated as “Hazardous Waste landfills”. Landfills in which a single type of waste is placed

{(e.g. only construction waste) are designated as “Monofills™.
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2.9 COMPONENTS OF MUNICIPAL SOLID WASTE MANAGEMENT SYSTEM

Currently, in India, source separation and collection of dry recyclables is fairly well
developed at the household level, commercial centers and institutional areas. These
recyclable are further removed by ragpickers at various intermediate stages. Central sorting,

whether manual or mechanized, is not adopted.

Source separation of bio-waste, construction and demolition waste as well as polymer
waste is rarely done; consequently, most of the waste collected is a mixture of these
components. Such mixed waste is rarely suitable for biological processing or thermal
processing as it has high content of inert material, low calorific value and indeterminate

mixing of hazardous elements (such as insecticides, paints, batteries etc.) at the micro level.

In some cities, good quality bio-waste is collected from fruit and vegetable markets
and subjected to biological processing (aerobic) to produce compost. Such processing plants

help reduce the quantity of waste reaching landfills.

Thermal processing of mixed municipal waste has not been successful in India.
Biological processing of mixed municipal waste yields low quality compost which may have

contaminants in excess of permissible limits.

Biological processing becomes viable once construction and demolition waste and
hazardous waste streams are isolated from the bio-waste stream. Thermal processing of waste
becomes viable only if sufficient high calorific value components (such as paper, plastic) are

present in the waste.

Waste segregation and recovery of energy from segregated waste in an eco-friendly
way is usually not a major component in an integrated municipal waste management system
at present. However, compaction of raw solid waste before it proceeds the landfill site is the
most common route of waste disposal undertaken by local bodies for reduction of landfill

arca.
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CHAPTER 3
COMPOSITION AND QUANTITY OF SOLID

WASTE

3.1 INTRODUCTION
 The information on the nature of wastes, its composition, physical and chemical
characteristics — and the quantities generated are basic needs for the planning of a Solid

Waste Management system.

3.1.1 Terminology and Classification

In the literature, it is observed that various authors have used different terminology to
describe the nature of wastes. In this text, ‘composition’ refers to the limited list of
components or constituents, such as paper, glass, metal, plastic and garbage, into which an
aggregate of municipal waste may conveniently be separated. ‘Characteristics’ on the other
hand, refers to those physical and chemical properties, which are relevant to the storage,
collection, treatment and disposal of waste such as density, moisture content, calorific value
and chemical composition. In addition to these general terms, there are a number of more
specific terms which, for greater clarity, must also be defined. A comprehensive list of
definitions is therefore presented later in this chapter. Some terms, like ‘domestic waste’ and
municipal waste refer to the sources of the wastes, while others, such as ‘garbage’, ‘street

waste” and ‘hazardous waste’, indicate the types of wastes.

3.1.2 Variations in Composition and Characteristics

An examination of the composition and characteristics of wastes in different parts of
the country underscores the profound influences of national income, socio-economic
conditions, social developments and cultural practices, and thereby focuses attention on the
importance of obtaining the data locally.

Since different kinds of solid waste management system are designed for the future as
well as the present, careful consideration should be given to changes that may occur during
the design life of a system. Changes are inevitable, occur at an increasingly rapid rate in
response to the increasing pace of social and technological development and the nature and
extent of such changes cannot be predicted with accuracy. A built-in flexibility in the waste

management system hence becomes essential. Nevertheless, it is possible to identify some of
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the factors that are likely to cause changes in waste composition and characteristics, which

will enable planners to make reasonable judgements about the future.

3.2  DEFINITIONS AND CLASSIFICATION OF SOLID WASTES

In order to plan, design and operate a solid waste management system, a thorough
knowledge of the quantities generated, the composition of wastes and its characteristics are
essential. As a first step, a proper definition of the terms is necessary to avoid the general

confusion that is common in the usage of these terms.

3.2.1 Definitions

There are many terms, which relate to the types and sources of wastes and these too
must be defined. Based on the source, origin and type of waste a comprehensive classification
is described below:

(i) Domestic/Residential Waste:

This category of waste comprises the solid wastes that originate from single and
multi-family household units. These wastes are generated as a consequence of household
activities such as cooking, cleaning, repairs, hobbies, redecoration, empty containers,
packaging, clothing, old books, writing/new paper, and old furnishings. Households also
discard bulky wastes such as furniture and large appliances which cannot be repaired and

used.
(ii)  Municipal Waste:

Municipal waste includes wastes resulting from municipal activities and services such
as street waste, dead animals, market waste and abandoned vehicles. However, the term is
commonly applied in a wider sense to incorporate domestic wastes, institutional wastes and

commercial wastes.
(iii) Commercial Waste:

Included in this category are solid wastes that originate in offices, wholesale and retail
stores, restaurants, hotels, markets, warehouses and other commercial establishments. Some

of these wastes are further classified as garbage and others as rubbish.
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(iv)  Institutional Waste:

Institutional wastes are those arising from institutions such as schools, universities,
hospitals and research institutes. It includes wastes which are classified as garbage and
rubbish as well as wastes which are considered to be hazardous to public health and to the

environment.
(v) Garbage:

Garbage is the term applied to animal and vegetable wastes resulting from the
handling, storage, sale, preparation, cooking and serving of food. Such wastes contain
putrescible organic matter, which produces strong odours and therefore attracts rats, flies and

other vermin. It requires immediate attention in its storage, handling and disposal.
(vi)  Rubbish:

Rubbish is a general term applied to solid wastes originating in households,

commercial establishments and institutions, excluding garbage and ashes.

(vii) Ashes:

Ashes are the residues from the burning of wood, coal, charcoal, coke and other
combustible materials, for cooking and heating in houses, institutions and small industrial
establishments. When produced in large quantities at power generating plants and factories
these wastes are classified as industrial wastes. Ashes consist of a fine powdery residue,

cinders and clinker often mixed with small pieces of metal and glass.
(viii) Bulky Wastes:

In this category are bulky household wastes which cannot be accommodated in the
normal storage containers of households. For this reason they require special collection. In
developed countries bulky wastes are large household appliances such as cookers,
refrigerators and washing machines as well as furniture, crates, vehicle parts, tyres, wood,
trees and branches. Metallic bulky wastes are sold as scrap metal but some portion is

disposed of at sanitary landfills.
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(ix)  Street Sweeping:

This term applies to wastes that are collected from streets, walkways, alleys, parks
and vacant lots. In the more affluent countries manual street sweeping has virtually
disappeared but it still commonly takes place in developing countries, where littering of
public places is a far more widespread and acute problem. Mechanized street sweeping is the
dominant practice in the developed countries. Street wastes include paper, cardboard, plastic,

dirt, dust, leaves and other vegetable matter.
(x) Dead Animals:

This is a term applied to dead animals that die naturally or accidentally killed. This
category does not include carcass and animal parts from slaughterhouses which are regarded
as industrial wastes. Dead animals are divided into two groups, large and small. Among the
large animals are horses, cows, goats, sheep, hogs and the like. Small animals include dogs,
cats, rabbits and rats. The reason for this differentiation is that large animals require special
equipment for lifting and handling during their removal. If not collected promptly, dead
animals are a threat to public health because they attract flies and other vermin as they
putrefy. Their presence in public places is particularly offensive and emits foul smell from

the aesthetic point of view.
(xi) Construction and Demolition Wastes:

Construction and demolition wastes are the waste materials generated by the
construction, refurbishment, repair and demolition of houses, commercial buildings and other
structures. It mainly consists of earth, stones, concrete, bricks, lumber, roofing materials,
plumbing materials, heating systems and electrical wires and parts of the general municipal
waste stream, but when generated in large amounts at building and demolition sites, it is
generally removed by contractors for filling low lying areas and by urban local bodies for
disposal at landfills.

(xii) Industrial Wastes:

In the category are the discarded solid material of manufacturing processes and
industrial operations. They cover a vast range of substances which are unique to each

industry. For this reason they are considered separately from municipal wastes. It should be
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noted, however, that solid wastes from small industrial plants and ash from power plants are

frequently disposed of at municipal landfills.
(xiii) Hazardous Wastes:

Hazardous wastes may be defined as wastes of industrial, institutional or consumer origin
which, because of their physical, chemical or biological characteristics are potentially
dangerous to human and the environment. In some cases although the active agents may be
liquid or gaseous, they are classified as solid wastes because they are confined in solid
containers. Typical examples are: solvents, paints and pesticides whose spent containers are
frequently mixed with municipal wastes and become part of the urban waste stream. Certain
hazardous wastes cause explosions in incinerators and fires at landfill sites. Others, such as
pathological wastes from hospitals and radioactive wastes, require special handling at all
time. Good management practice should ensure that hazardous wastes are stored, collected,
transported and disposed off separately, preferably after suitable treatment to render them

innocuous.
(xiv) Sewage Wastes:

The solid by-products of sewage treatment are classified as sewage wastes. They are
mostly organic and derive from the treatment of organic sludge from both the raw and treated
sewage. The inorganic fraction of raw sewage such as grit is separated at the preliminary
stage of treatment, but because it entrains putrescible organic matter which may contain
pathogens, must be buried / disposed off without delay. The bulk of treated, dewatered sludge
is useful as a soil conditioner but invariably its use for this purpose is uneconomical. The
solid sludge therefore enters the stream of municipal wastes unless special arrangements are

made for its disposal.

3.2.2 Classification

Because of the heterogeneous nature of solid wastes, no single method of
classification is entirely satisfactory. In some cases it is more important for the solid waste
specialist to know the source of waste, so that classifying wastes as domestic, institutional or
commercial, for example, is particularly useful. For other situations, the types of waste,
garbage, rubbish, ashes, street waste is of greater significance because it gives a better
indication of the physical and chemical characteristics of the waste. The principal

classification is given in Table 3.1. The first three types, garbage, rubbish and ashes are those
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which make up the bulk of municipal wastes, derived principally from households,

institutions and commercial areas. These wastes pose the most alarming/serious problems in

urban areas.

Table 3.1: Classification of Solid Wastes

TYPES OF SOLID
WASTE

DESCRIPTION

SOURCES

Food waste

(garbage)

Rubbish

Ashes and

Residues

Bulky waste

Street waste

Dead animals
Construction
& demolition

waste

Wastes from the preparation,
cooking, and serving of food.
Market refuse, waste from the
handling, storage, and sale of
produce and meats and
vegetable

Combustible (primary organic)
paper, cardboard, cartons, wood,
boxes, plastics, rags, cloth,
bedding, leather, rubber, grass,
leaves, yard trimmings
Noncombustible (primary
inorganic)

metals, tin cans, metal foils, dirt,
stones, bricks, ceramics,
crockery, glass bottles, other
mineral refuse

Residue from fires used for
cooking and for heating
buildings, cinders, clinkers,
thermal power plants.

Large auto parts, tyres, stoves
refrigerators, others large
appliances, furniture, large
crates, trees, branches, palm
fronts, stumps, flotage

Street sweepings, Dirt, leaves,
catch basin dirt, animal
droppings, contents of litter
receptacles, dead animals
Small animals: cats, dogs,
poultry etc.

Large animals: horses, cows etc.

Lumber, roofing, and sheathing
scraps, crop residues, rubble,
broken concrete, plaster, conduit
pipe, wire, insulation etc.

Households, institutions
and commercial such as
hotels, stores, restaurants,

markets, etc.

Streets, sidewalks,

alleys, vacant lots, etc.

Construction and
demolition sites,

remodeling, repairing sites
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L

generated in West Bengal is not totally known except for certain micro level studies
conducted in different towns and municipalities. The rapid urbanization and consumerism

makes it a tedious process and due to this, the composition of wastes also varies.

42 TYPES OF SOLID WASTE FOUND IN DURGAPUR MUNICIPAL
CORPORATION (DMC)

a) Ashes and residues: Materials remaining from the burning of wood, coal, coke and other
inflammable wastes in institutions, homes, stores, industrials and municipal facilities for the
purpose of heating and cooking and above all the remains of combustible wastes are
categorized as ashes and residues. These materials are generally composed of fine powdery
materials, cinders, and small amounts of burned and partially burned materials.

b) Rubbish: This comprises of various kind of flammable and inflammable materials of
households, institutions of commercial activities etc. The combustible rubbish includes the
materials such as paper, cardboard, furniture parts, textiles, rubber, leather wood etc. Non-
combustible rubbish consists of glass, broken crockery, plastic, discarded tins, aluminium
cans and materials made of ferrous and non-ferrous materials.

¢) Demolition and construction waste: Waste from demolished buildings and other
structures are classified as demolition waste. Waste from the construction, remodeling and
repairing of individual residences, housing complexes, multi storied flats, commercial
buildings etc. are classified as construction wastes which includes stones, concrete, bricks,
plaster and plumbing.

d) Industrial process wastes: It consists of the solid and semi-solid wastes coming from
industrial plants. The specific characteristics of these wastes vary depending on the nature of
the manufacturing process.

e) Municipal wastes: Wastes such as street sweeping materials, roadside litter, litter from
municipal dustbins, dead animals and abandoned vehicles. Municipal waste includes rubbish,
trash and almost all types of waste.

f) Food waste: Food wastes are the residues of various kind of foods like fruit, vegetable,
animal product resulting from handling, preparation and eating of foods.

g) Other waste: Besides the above-mentioned types of wastes many other kinds of
biodegradable and non-biodegradable wastes are found coming from different sources like
hospital, market, pathological lab etc. The biodegradable waste consists of all carbonaceous
wastes and non-biodegradable waste includes inorganic wastes and non-degradable

polymeric organics like certain types of plastics.
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which make up the bulk of municipal wastes, derived principally from households,

institutions and commercial areas. These wastes pose the most alarming/serious problems in

urban areas.

Table 3.1: Classification of Solid Wastes

TYPES OF SOLID
WASTE

DESCRIPTION

SOURCES

Food waste

(garbage)

Rubbish

Ashes and

Residues

Bulky waste

Street waste

Dead animals
Construction
& demolition

waste

Wastes from the preparation,
cooking, and serving of food.
Market refuse, waste from the
handling, storage, and sale of
produce and meats and
vegetable

Combustible (primary organic)
paper, cardboard, cartons, wood,
boxes, plastics, rags, cloth,
bedding, leather, rubber, grass,
leaves, yard trimmings
Noncombustible (primary
inorganic)

metals, tin cans, metal foils, dirt,
stones, bricks, ceramics,
crockery, glass bottles, other
mineral refuse

Residue from fires used for
cooking and for heating
buildings, cinders, clinkers,
thermal power plants.

Large auto parts, tyres, stoves
refrigerators, others large
appliances, furniture, large
crates, trees, branches, palm
fronts, stumps, flotage

Street sweepings, Dirt, leaves,
catch basin dirt, animal
droppings, contents of litter
receptacles, dead animals
Small animals: cats, dogs,

poultry etc.
Large animals: horses, cows etc.

Lumber, roofing, and sheathing
scraps, crop residues, rubble,
broken concrete, plaster, conduit
pipe, wire, insulation etc.

Households, institutions
and commercial such as
hotels, stores, restaurants,

markets, etc.

Streets, sidewalks,

alleys, vacant lots, etc.

Construction and
demolition sites,

remodeling, repairing sites
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Industrial

waste & sludges

Hazardous wastes

Horticulture
Wastes

Solid wastes resulting from
industry processes and
manufacturing operations, such
as food processing wastes,
boiler house cinders, wood,
plastic and metal scraps and
shaving, etc. Effluent treatment
plant sludge of industries and
sewage treatment plant sludges,
coarse screening, grit & septic
tank

Hazardous wastes: pathological
waste, explosives, radioactive
material, toxic waste etc.

Tree-trimmings, leaves, waste
from parks and gardens, etc.

Factories, power plants,

treatment plants, etc.

Households, hospitals,
institution, stores, industry,
etc.

Parks, gardens, roadside

trees, etc.

Source: Solid Waste Management in Developing Countries by Bhide & Sunderasan, INSDOC April, 1983

3.3  Composition and Characteristics

’ The composition and characteristics of municipal solid wastes vary throughout the

world. Even in the same country it changes from place to place as it depends on number of

factors such as social customs, standard of living, geographical location, climate etc. MSW is

heterogeneous in nature and consists of a number of different materials derived from various

types of activities. Even then it is worthwhile to make some general observation to obtain

some useful conclusions.

» The major constituents are paper and putrescible organic matter;

» Metal, glass, ceramics, plastics, textiles, dirt and wood are generally present although not

always so, the relative proportions depending on local factors;

* The average proportion of constituents reaching a disposal site(s) for a particular urban

area changes in long term although there may be significant seasonal variations within a

year.

For these reasons an analysis of the composition of solid waste, for rich and poor

countries alike, is expressed in terms of a limited number of constituents. It is useful in

» illustrating the variations from one urban center to another and from country to country. Data

for different degrees of national wealth (annual per-capita income) are presented in Table 3.2.
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Waste composition also varies with socio-economic status within a particular community,

since income determines life-style — consumption patterns and cultural behaviour.

Table 3.2: Patterns of Composition, Characteristics and Quantities

Low Income Middle Income High Income
Countries Countries Countries

4y 2 (3
Composition:
(% by weight)
Metal 0.2-25 1-5 3-13
Glass, Ceramics 0.5-35 1-10 4-10
Food and Garden waste 40-65 20-60 20-50
Paper 1-10 15-40 15-40
Textiles 1-5 2-10 2-10
Plastics/Rubber 1-5 2-6 2-10
Mis¢. Combustible 1-8 - -
Misc. Incombustible - - -
Inert 20-50 1-30 1-20
Density (kg/m’) 250-500 170-330 100-170
Moisture Content 40-80 40-60 20-3¢
(% by wt)
Waste Generation 0.4-0.6 0.5-0.9 0.7-1.8
(kg/cap/day)

(1) Countries having a per capita income less than US$360 (1678 prices)

(2) Countries having a per capita income US$360-3500 (1978 prices)

{(3) Countries having a per capita income greater than US$3500 (1978 prices)
Source: Holmes, .J: Managing Solid Waste in Developing Countries.

Several conclusions may be drawn from this comparative data:

. The proportion of paper waste increases with increasing national income;

. The proportion of putrescible organic matter (food waste) is greater in countries of

low income than those of high income;

. Variation in waste composition is more dependent on national income than

geographical location, although the latter is also significant;

. Waste density is a function of national income, being two to three times higher in the

low-income countries than in countries of high income;

. Moisture content is also higher in low-income countries; and
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. The composition of waste in a given urban center varies significantly with socio-

economic status (household income).
3.3.1 Characteristics of Municipal Solid Waste in Indian Urban Centres

National Environm'ental Engineering Research Institute (NEERI) has carried out
extensive studies on characterisation of solid waste from 43 cities during 1970-1994. The
average characteristics have been presented in Tables 3.4 and 3.5. The paper content
generally varies between 2.9 to 6.5% and increases with the increase in population. The
plastics, rubber and leather contents are lower than the paper content, and do not exceed 1%
except in metropolitan cities. The metal content is also low, viz. less than 1%. The low values
are essentially due to the large scale recycling of these constituents. During a study in
Bombay (1993-94), samples were collected both at the source as well as disposal sites to
ascertain the extent of recycling. The paper is recycled on a priority basis while the plastics
and glass are recycled to a lesser extent. The biodegradable fraction is quite high, essentially
due to the habit of using fresh vegetables in India. The high biodegradable fraction also
warrants frequent collection and removal of solid waste from the collection points. The ash
and fine earth content of Indian municipal solid waste is high due to the practice of inclusion
of the street sweepings, drain silt, and construction and demolition debris in municipal solid
waste. The proportion of ash and fine earth reduces with increase in population due to
improvements in the road surfaces. Percentage of inert material increases with the increase in
population may be due to fast than construction and demolition waste find its way into the
municipal solid waste disposal stream. High ash and earth content increases the density of
municipal solid waste which are between 350 and 550 kg/m? in Indian cities.

The chemical characteristics indicate that the organic content of the samples on a dry
weight basis ranges between 20 to 40%. The nitrogen, phosphorus and potassium content of
the municipal solid waste ranges between 0.5 to 0.7%, 0.5 to 0.8% and 0.5 to 0.8%
respectively. The calorific value ranges between 800-1000 kcal’kg. Knowledge of the
chemical characteristics is essential in selecting and designing the waste processing and
disposal facilities.

Ragpickers are observed to be more active in bigger cities. They prefer to remove
paper, plastics, rags and packaging and such other material, which is light and also have a
high calorific value. The remaining waste hence tends to have a higher inert content and a

lower calorific value.
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The demolition activity is observed to increase with population leading to increased

inert content and reduced organic content in MSW.

Table 3.3: Physical Characteristics of Municipal Solid Wastes in Indian Cities

Population | Number of Paper Rubber, Glass Metals Total Inert
Range Cities Leather and compostable
{(in million) Surveyed Synthetics matter
0.1100.5 12 291 0.78 0.56 0.33 44.57 43.59
05t0 1.0 15 295 0.73 0.35 0.32 40.04 48.38
1.0t02.0 9 4.71 0.71 0.46 0.49 3895 44.73
20t05.0 318 0.48 0.48 0.59 56.67 49.07
>S5 4 6.43 0.28 0.94 0.80 30.84 53.90

All values in table 3.3 are in percent, and are calculated on net weight basis
Source: Background material for Manual on SWM, NEERI, 1996.

Table 3.4: Chemical Characteristics of Municipal Solid Wastes in Indian Cities

Population No. of Moisture | Organic | Nitrogen | Phosphorus | Potassium C/N | Calorific

Range (in Cities Ya matter as Total as Py0Os as K20 Ratio | value*
million) Surveyed % Nitrogen % % in

% kcal’kg

0.1-0.5 12 25.81 37.09 0.71 0.63 0.83 30.94 | 1009.89
0.5-1.0 15 19.52 25.14 0.66 0.56 0.69 21.13 | 900.61
1.0-2.0 9 26.98 26.89 0.64 0.82 0.72 23.68 | 980.05
2.0-5.0 21.03 25.60 0.56 0.69 0.78 2245 | 907.18
>5 - 38.72 39.07 0.56 0.52 0.52 30.11 | 800.70

All values, except moisture, are on dry weight basis.
* Calorific value on dry weight basis
Source: Background material for Manual on SWM, NEERI, 1996.

3.4. Quantities
The information regarding waste quantity and density coupled with waste generation
rate (by weight), is important while assessing the payload capacity of the collection
equipment. It is possible to estimate the number of vehicles required for the collection and
transportation of waste each day.

While per capita waste generation is a statistic, which is necessary for indicating
trends in consumption and production, the total weight and volume of wastes generated by
the community served by the management system are of greater importance in planning and

design. As in all other aspects of data collection for the planning and design phases, data on
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waste generation, weight and volume should be collected by each authority for application in

its own area of operation.
3.4.1 Per Capita Quantity of Municipal Solid Waste in Indian Urban Centres

The quantity of waste from various cities was accurately measured by NEERI. On the
basis of quantity transported per trip and the number of trips made per day the daily quantity
was determined. The quantity of waste produced is lesser than that in developed countries
and is normally observed to vary between 0.2-0.6 kg/capita/day. Value upto 0.6 kg/capita/day
are observed in metropolitan cities (Table 3.6). The total waste generation in urban areas in
the country is estimated to be around 38 million tonnes per annum.

Forecasting waste quantities in the future is as difficult as it is in predicting changes of
waste composition. The factors promoting change in waste composition are equally relevant
to changes in waste generation. An additional point, worthy of note, is the change of density
of the waste as the waste moves through the management system, from the source of
generation to the point of ultimate disposal. Storage methods, salvaging activities, exposure
to the weather, handling methods and decomposition, all have their effects on changes in
waste density. As a general rule, the lower the level of economic development, the greater the
change between generation and disposal. Increases in density of 100% are common in

developing countries, which mean that the volume of wastes decreases by half.

Table 3.5: Quantity of Municipal Solid Waste in Indian Urban Centres

Popuiation Range No. of Urban Total population (in | Average per capita Quantity

{in million) Centres (sampled) million) value (tonnes/day)
{kg/capita/day)

<01 328 68.300 0.21 14343.00

0.1-0.5 255 56.914 0.21 11952.00

0.5-1.0 31 21729 0.25 5432.00

1.0-2.0 14 17.184 0.27 4640.00

2.0-5.0 6 20.597 0.35 7209.00

>5 3 26.306 0.50* 13153.00

* 0.6 kg/capita/day generation of MSW observed in metro cities
Source: Background material for Manual on SWM, NEERI, 1996,
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3.4.2 Estimation of Future per Capita Waste Quantity

For purposes of project identification, where an indication of service level must be

estimated and data from the project preparation stage have not yet been developed, the

following municipal refuse generation rates are suggested:

Residential refuse

Commercial refuse

Street sweepings

Institutional refuse

0.3 to 0.6 kg/capita/day
0.1 to 0.2 kg/capita/day

0.05 to 0.2 kg/capita/day
0.05 to 0.2 kg/capita/day

If industrial solid waste is included in municipal refuse for collection and/or disposal

purposes, from 0.1 to 1.0 kg/capita/day may be added at the appropriate step where the

municipality must estimate service delivery requirements. These generation rates are subject

to considerable site-specific factors and are required to be supported by field data.

3.4.3 Relation between Gross National Product (GNP) and Municipal Solid Waste

Generation

The consumption of raw materials and finished product by the community is directly

proportional to the Gross National Product (GNP) of the country. Since the solid waste

quantities are directly proportional to the quantity of material consumed the increase in per

capita solid waste quantities would be directly proportional to the per capita increase in GNP.

Table 3.6 shows the relation between GNP and expected generation of municipal solid waste,

based on the study conducted by the United Nations in 1995.

Table 3.6: Relation between GNP and Expected Generation of Municipal Solid Waste

Sl Country During the year 1995 During the year 2025
No. GNP Per Urban Urban MSW | GNP Per Urban Urban MSW
Capita Population Generation Capita Population Generation
{US$) {% of Total) | (kg/capita/day) (US$) (% of Total) | (kg/capita/day)
Low Income 490 27.8 0.64 1,050 48.8 0.6-1.0

1 |Nepal 200 13.7 0.50 360 343 0.6

2 |Bangladesh 240 18.3 0.49 440 40.0 0.6

3 Myvanmar 240 26.2 0.45 580 47.3 0.6

4 |Vietnam 240 20.8 0.55 580 39.0 0.7

5 |Mangolia 310 60.9 0.60 560 76.5 0.9

6 |India 340 26.8 0.46 620 45.2 0.7

7 [Lao PDR 350 21.7 0.69 850 44.5 0.8

8§ [China 620 30.3 0.79 1,500 54.5 0.9

9 |Sri Lanka 700 224 0.89 1,300 42.6 1.0
Middle Income 1,410 37.6 0.73 3,390 61.1 0.8-1.5
10 [indonesia 980 354 0.76 2,400 60.7 1.0

11 [Philippines 1,050 54.2 0.52 2,500 74.3 0.8

12 [Thailand 2,740 20.0 1.10 6,650 39.1 1.5

13 Malaysia 3,890 53.7 0.81 9,400 F2.7 1.4
High Income 30,990 79.5 1.64 41,140 88.2 1.1-4.5
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14 |Republic of Korea 9,700 §1.3 1.59 17,600 93.7 1.4
15 [Hong Kong 22,990 95.0 5.07 31,000 97.3 4.5
16 [Singapore 26,730 100 1.10 36,000 100 L1
17 apan 39,640 77.6 1.47 53,500 84.9 1.3

(1 US$ =40 INR)
Source: “What a Waste”, Solid Waste Management in Asia, Urban Development Sector Unit,
East Asia and Pacific Region, October, 1998

3.4.4 Rate of Increase Based on Experience in Other Cities

If data from other cities having registered similar pattern of development in the past is
available, it can be used. However, data from other similar cities on rate of increase in per
capita per day of solid waste may not be readily available. Due to difference in socio-
economic factor, migration of population, industrialisation and waste quantities, a
comparison of increase in per capita waste of one Indian city with that of comparable cities in

other developing countries will also not be applicable.

3.4.5 Seasonal Variations

Seasonal variations in waste quantities must be accommodated by the management
system. They arise from seasonal factors with respect to both climate, cultural and religious
events. During monsoon, the waste becomes wet and heavy and total tonnage increases.
Quantities of solid waste may also increase during cultural and religious festivals. Climate
affects the generation of vegetative waste (yard and garden) or plant growth responds to
favorable temperatures and soil to autumn while in tropical areas, where temperatures are
always favorable, maximum growth is in the season of rainfall. At the end of the growth

season (autumn dry season) leaves may comprise a significant proportion of the solid wastes.

3.5  Physical Characteristics
3.5.1 Density

A knowledge of the density of a waste i.e. its mass per unit volume (kg/m3) is
essential for the design of all elements of the solid waste management system viz.
Community storage, transportation and disposal. For example, in high-income countries,
considerable benefit is derived through the use of compaction vehicles on collection routes,
because the waste is typically of low density. A reduction of volume of 75% is frequently
achieved with normal compaction equipment, so that an initial density of 100 kg/m3 will
readily be increased to 400 kg/m3. In other words, the vehicle would haul four times the

weight of waste in the compacted state than when the waste is uncompacted. The situation in
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low-income countries is quite different: a high initial density of waste precludes the
achievement of high compaction ratio. Consequently, compaction vehicles offer little or no
advantage and are not cost-effective.

Significant changes in density occur spontaneously as the waste moves from source to
disposal, as a result of scavenging, handling, wetting and drying by the weather, vibration in
the collection vehicles. The values shown in Table 3.7 reflect densities at the pick-up point.

Table 3.7: Density of Municipal Solid Wastes in Some Cities

Sl No. City Density (kg/m”)
I Bangalore 390
2 Baroda 457
3 Deihi 422
4 Hyderabad 369
] Jaipur 537
6 Jabalpur 395
7 Raipur 405

Source: Solid Waste Management in Developing Countries INSIDOC, 1983
N.B.: The above figures may be taken as indicative and actual field measurements must be made while

designing solid waste management schemes for towns and cities.
3.6  Chemical Characteristics

A knowledge of chemical characteristics of waste is essential in determining the
efficacy of any treatment process. Chemical characteristics include (i) chemical; (ii) bio-
chemical; and (iii) toxic.
Chemical: Chemical characteristics include pH, Nitrogen, Phosphorus and Potassium (N-P-
K), total Carbon, C/N ratio, calorific value.
Bio-Chemical: Bio-Chemical characteristics include carbohydrates, proteins, natural fibre,
and biodegradable factor.
Toxie: Toxicity characteristics include heavy metals, pesticides, insecticides, Toxicity test for
Leachates (TCLP), etc.

The waste may include lipids as well.
3.6.1 Classification

A knowledge of the classes of chemical compounds and their characteristics is
essential in proper understanding of the behaviour of waste as it moves through the waste
management system. The products of decomposition and heating values are two examples of
the importance of chemical characteristics. Analysis identifies the compounds and the percent

dry weights of each class. The rate and products of decomposition are assessed through
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chemical analysis. Calorific value indicates the heating value of solid waste. Chemical
characteristics are very useful in assessment of potential of methane gas generation, The
various chemical components normally found out in municipal solid waste are described
below. The product of decomposition and heating values are two examples of the importance
of chemical characteristics. Analysis identifies the compounds and the per cent dry weight of
each class.

(i) Lipids:

Included in this class of compounds are fats, oils and grease. The principal sources of
lipids are garbage, cooking oils and fats. Lipids have high calorific values, about 38000
kcal/kg, which makes waste with a high lipid content suitable for energy recovery processes.
Since lipids in the solid state become liquid at temperatures slightly above ambient, they add
to the liquid content during waste decomposition. They are biodegradable but because they
have a low solubility in waste, the rate of biodegradation is relatively slow.

(ii) Carbohydrates:

Carbohydrates are found primarily in food and yard waste. They include sugars and
polymers of sugars such as starch and cellulose and have the general formula (CH20)X.
Carbohydrates are readily biodegraded to products such as carbon dioxide, water and
methane. Decomposing carbohydrates are particularly attractive for flies and rats and for this
reason should not be left exposed for periods longer than is necessary.

(iii)  Proteins:

Proteins are compounds containing carbon, hydrogen, oxygen and nitrogen and
consist of an organic acid with a substituted amine group (NH2). They are found mainly in
food and garden wastes and comprise 5-10% of the dry solids in solid waste. Proteins
decompose to form amino acids but partial decomposition can result in the production of
amines, which have intensely unpleasant odours.

(iv)  Natural Fibres:

This class includes the natural compounds, cellulose and lignin, both of which are
resistant to biodegradation. They are found in paper and paper products and in food and yard
waste, Cellulose is a larger polymer of glucose while lignin is composed of a group of
monomers of which benzene is the primary member. Paper, cotton and wood products are
100%, 95% and 40% cellulose respectively. Since they are highly combustible, solid waste
having a high proportion of paper and wood products, are suitable for incineration. The
calorific values of oven dried paper products are in the range 12000 — 18000 kcal’kg and of
wood about 20000 kcal/kg, which compare with 44200 kcal/’kg for fuel oil.
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(v) Svnthetic Organic Materials (Plastic):
In recent years, plastics have become a significant component of solid waste
\ accounting for 5-7%. Plastic being non-bio-degradable, its decomposition does not take place
at disposal site. Besides, plastic causes choking of drains and environmental pollution when
2 burnt under uncontrolled condition. Recycling of plastics is receiving more attention, which
will reduce the proportion of this waste component at disposal sites.
(vi)  Non-combustibles:
Materials in this class are glass, ceramic, metals, dust, dirt, ashes and construction.

Non-combustibles account for 30-50% of the dry solids.

3.7 Conclusion

No rational decisions on municipal solid waste system are possible until data of
composition and quantity of solid waste are available. The method and capacity of storage,
the correct type of collection vehicle, the optimum size of crew and the frequency of
collection depend mainly on volume and density of wastes. Climate also has some influence.
The disposal method may be dependent on the type of material recycled, organic content of
waste, which could be composted, and the combustible material, which could be a source of

energy.
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CHAPTER 4
THE PLANNING AREA

41 INTRODUCTION

Durgapur is an industrial metropolis in the state of West Bengal, India, located about
160 km from Kolkata. It was a dream child of the great visionary Dr. Bidhan Chandra Roy,
the second chief minister of the state. The well laid out industrial township was designed by
Joseph Allen Stein and Benjamin Polk. It is home to the largest industrial unit in the state,
Durgapur Steel Plant, one of the integrated steel plants of Steel Authority of India Limited.
Alloy Steels Plant of SAIL is also located here. There are a number of power plants, chemical
and engineering industries. Some metallurgical units have come up in recent years.

Durgapur is located at 23.48°N 87.32°E. It has an average elevation of 65 m (213 ft).
Durgapur is situated on the bank of river Damodar, just before it enters the alluvial plains of
Bengal. The topography is undulating. The coal-bearing area of the Ranigunj coalfields lies
just beyond Durgapur, although some parts intrude in to the area. The area was deeply
forested till recent times, and some forests are still there, standing witness to its wild past.

Solid Waste Management is one of the important obligatory functions of not only
urban local bodies but also of rural local bodies. But this essential service is not efficiently
and properly performed by the local bodies of West Bengal, resulting in many health and
sanitation problems. It is observed that lack of financial resources, institutional weakness,
improper selection of technology, transportation systems and disposal options, public’s
apathy towards environmental cleanliness and sanitation have made this service
unsatisfactory.

The fundamental objective of Solid Waste Management program is to minimize the
pollution of the environment as well as utilizing the waste as a resource. These goals should
be achieved in a way that is financially sustainable, i.e. using methods that can be afforded by
the community over the long term and with minimum risk to the persons involved.

In the context of epidemiological transition in West Bengal, solid wastes pose a major
concern. Though to some extent, there has been a tremendous improvement in the field of
total sanitation, particularly household sanitation, which has contributed to the drastic
decrease in the incidence of diarrhoeal diseases, the social sanitation including the waste
disposal is a contributor to the emerging infectious and new diseases. When we consider the

solid waste management scenario of West Bengal, we can see that the exact quantity of waste
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4.3 SOURCES OF SOLID WASTE GENERATED IN DURGAPUR

a) Waste from residential areas: The waste generated from residential areas is generally
named as domestic waste. This kind of waste varies a lot based on the socio-economic
conditions and culiural situations. In developed residential areas where gas or electricity is
used for cooking, the waste generated will be less compared to the low-income residential
areas where wood or charcoal is used as fuel. Paper, cardboard, tin and bottles are found to be
more in prosperous settlements and in commercial areas.

b) Waste from shops/vegetable/ fruit market: The wastes generated from the shops,
vegetable and fruit market consists of polythene, paper, dried plantain leaves etc. Most of the
wastes commgiﬁom shops and vegetable or fruit market are degradable in nature which is
used for wrapping agricultural goods.

¢) Waste from hospital/ nursing home/medical stores: Hospital, nursing homes and
medical stores have a great contribution on solid waste generation at DMC. Different kind of
solid wastes like unused medicine, saline bottles, medicine cover are generated some of
which are non-degradable.

d) Waste from Hotels/Restaurants/Eating stalls: Hotels and Restaurants generate both
degradable and non-degradable waste. The domestic type waste generated will be large in
quantity and hence to be removed daily. They can be provided with separate bins for waste
collection.

¢} Waste generated by street hawkers: Street food vendors and hawkers generate large
quantities of waste particularly food waste and plastic paper plates.

f) Waste from Slaughter Houses/ Fish markets: Slaughterhouses and fish markets generate
highly putrescible matter. They decay very fast and are the main reason for the malodors near
these premises. No paper collection or removal is practiced and hence the waste rots in the

premises itself.

44 STATUS OF SOLID WASTE GENERATION IN DURGAPUR

v The total quantity of solid waste generated in West Bengal is not estimated accurately.
A study conducted at Durgapur City Corporation by the Department of Civil Engineering,
NIT Durgapur shows that a total of 224 tonnes of solid waste is generated per day from
various sources. The sample survey conducted at 43 wards showed that among these 224
tonnes, 181 tonnes of solid waste are from households. The wastes are mainly generated by
shops and commercial establishments, hotels, hospitals and clinical laboratories of the City

generate both infectious and non-infectious wastes, which comes to about 2-3 tonnes per day.
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The other sources of waste generated in the City are offices, educational institutions,
marriage halls, slaughterhouses etc.

A detailed study has also been conducted by the same group on the informal sector
involving collection of non-degradable waste like plastics, paper, metals and glasses. During
the study they identified more than 500 rag pickers who were involved in collection of non-
degradable waste directly from the sources or from the waste dumps. They sell these wastes
to the wholesale waste collectors who transport these materials to Durgapur for recycling.
The physical characteristics of the waste generated in Durgapur City Corporation shows that
50% of the waste generated are organic substances, which are suitable for composting. Thus,
from the detailed study and similar other studies in City Corporations, they inferred that a
total of 250-350 tonnes of solid wastes are generated per day in almost all Corporation areas.

4.5 PRESENT STATUS OF SOLID WASTE MANAGEMENT IN DURGAPUR

In spite of the availability of a number of proven technologies, the local self-
government institutions are not in a position to implement any, because of various socio-
political and techno-economic issues. Hence, majorities of the Municipalities, Towns and
Panchayats are still in need of small-scale waste treatment units. Solid waste management
rose as a problem for public recently and before that no one considered this. The main
constraints in implementing proper solid waste management programme are lack of political
will and solid waste management was never given priority in the agenda of any political
party. Difficuity in acquiring sites for waste management is another problem faced by many
authorities and local self- government institutions. Lack of faith in the success of the solid
waste management programme was another problem and this still remains in Durgapur
Corporation.

Present system of waste management in West Bengal, including large and small
municipalities include depositing in Municipal waste bins or Dumper Placer Containers,
dumping in open spaces and roadsides, burning, burying, dumping in the drainages, dumping
in ponds and canals. Some quantity of the wastes generated are recycled and converted to
manure. Only a few municipalities and Panchayats in West Bengal have dump yards. Most of
the dump-yards are now having been converted into compost yards.

The compost yard near Bidhan Nagar is an example for this. Even land filling exists
in certain paris of West Bengal, but due to urbanisation, lack of space and as most of the low
lying areas are converted to residential areas, land filling by authorities is negligible. Earlier

days quarry sites were also used as land filling areas, but now-a-days they are also seen
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abandoned. Hence when we consider the present waste management system, open dumping
in dump yards without any processing is followed in almost all areas.

Durgapur is one of the first Corporations of West Bengal State beside Kolkata, though
now several have been added. It has a naturally undulated geographical feature and is a
highly well planned industrial urbanised spots on a serenely rural base. The existing
arrangements for solid waste management in most of our urban centers are highly
unsatisfactory and subject a considerable part of our population to serious heaith risk.
Durgapur City Corporation, has 43 wards with an area of 154.2 sq. km. Consequent to the
increase in the area, the population under it, has increased, and along with that the
responsibilities of the Corporation authorities and the expectation of the citizens. Unless all
who live in the City find-tune themselves to improve the upkeep of the City, there is no doubt
that the City will wilt under the enormous pressure it is subjected to from all sides.

Solid waste is generated in each and every household, small and big establishments,
hotels, market places, hospitals etc. The lifestyle of the people of Durgapur has undergone an
enormous change. The large open areas surrounding the houses are lost. Having houses at
elevated places has been given up and living in multi-storied flats is well accepted. Hotels
have mushroomed and patronized. Roadside eating places have increased in numbers.
Markets have become big, crammed up and unsustainable. New and make shift unofficial
markets have spread all along the urban as well as rural areas. Meat stalls and poultry have
multiplied. Lodgings and hostels for men and women have increased.

All these contribute a great deal to the quantity of solid waste generated. Thus,
disposal of solid waste is a major headache of Durgapur Corporation. Solid waste without
plastics and glass when digested is a very good bio-fertilizer and the people who knew its
value still go in for bio-compost.

In earlier days, small quantities of solid waste used to be collected in bullock carts and
now huge trucks carrying a minimum of 4 tonnes are needed for transporting solid wastes.
With nook and corners of the City occupied for residential and business purposes such places
are essential by the public. But solid waste is continuing to be generated even by the
resenting public.

In such a situation, proper collection methodology and appropriate technology to
dispose of the solid waste, fully understanding its fertilizer value will of the people involved
namely the generators of the waste, the transporters, and personnel managing the storage
yards, and the technologists who operate the plant should act in unison and dedication to

achieve success.
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During the last few years many good actions have been initiated by the City
Corporation though found fault with by many. Collection of solid waste from Dumper Placer
Container (DPC), transporting them to transit points and hence transporting to the dumping is
a major task. The waste collected from different streets are brought together and dumped
along with the immense quantity of solid waste generated in two main markets in Durgapur
City, namely, City Center, and Benachity. These market areas are the transit points for the
transportation of the waste to the compost plant. The quality of this waste is such that it is wet
and putrefies fast thus generating mal odour and subhuman condition for handling.

It is a common sight in Durgapur City that the people using DPC are seen tampering
and even burning them when transportation is delayed. Since the waste is degradable, they
decay fast and attract flies and other vectors. When the drainage channels are cleaned the
solid waste are removed and kept on roadsides rather than dumping it into dustbins. These
wastes again fill in the channel during the next rain. On the whole the process started by the
Corporation is on the right lines but needs to be thoroughly streamlined. Healthy Corporation
should pour in from all quarters. Residents Associations can do immense help in managing
solid waste disposal by educating, creating awareness among public and extending a helping
hand to the public in stopping the unhealthy and indiscriminate practices of waste dumping
which creates nuisance to all.

Unlike other Municipalities and Corporations in West Bengal, the Durgapur
Corporation has a well established and planned centralised solid waste management plan for

managing the garbage generated in Durgapur City.

Sl No. | Item Details
1 Area 154.2 sq. km
2 Population 493405 (as in 2001 census)
3 Population density 3200
+ Literacy rate 75%
5 No. of wards 43
6 Total quantity of waste generated per day 250 MT
7 Disposal site Bidhannagar

The Durgapur City Corporation is responsible for collection, transportation,
management and disposal of the garbage generated within the city limits. For this, the

authorities have provided a network of several Dumper Placer Containers in different parts of
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the city. Households and establishments including hospitals/ nursing homes, hotels,
restaurants etc. are required to deposit their waste in these bins, for subsequent collection and
transportation to the compost plant at Bidhannagar. Silt from drains and construction wastes
are collected along with the garbage for disposal. Substantial quantities of wastes are also
generated from the slaughterhouses and poultry farms. But no proper segregation, collection
and disposal of these wastes are carried out in Durgapur Corporation. Hence these wastes are

also mixed along with the city waste and carried for disposal.

4.6  SOLID WASTE COLLECTION
4.6.1 Primary collection of solid waste

The primary collection of solid waste is done fully with man power. For primary
collection there are several no of workers with specific work scheduled. The primary
collection includes the following activities-
1. Sweeping in different areas for collecting the garbage.
2. Storing the garbage in the specific bins.
3. Door to door collection the garbage.
The workers perform the above mention activities by using the following implements-
brooms, baskets (bamboo and aluminium), brushes, iron plate, containerized push carts,
tricycles and rotor-mould wheeled bins as shown in Figure 4.1. All the implements are
supplied from Durgapur Municipal Corporation. One of the most important achievements of
DMC is the introduction of Tricycle which stands as a wonder tool for better collection of
MSW at door steps.

I‘.,’". £ 1: Daify collection of Hous ‘ituld_;;prn..g in DM(

(Sour Waste Invenrory in West Bengal 2009)
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4.6.2 Secondary collection

Secondary collection is the transfer of solid waste from street to transfer stations
and from transfer stations to disposal sites. For these activities there are engaged several
numbers of heavy vehicles like dumper and lorries and light vehicles like tractor, van,

chhota-hathi etc. with specific route scheduled for each and every vehicle for each trip.

wrge collection containers in AM

Source: Waste Inventory in West Bengal 2009
However, this process is followed mostly but silt from open drains across the project
area is disposed at the same roadside collection points where the rest of the household and
commercial waste 1s temporarily deposited. This is a widespread practice, which further
compounds the problem by spoiling the quality of the waste — the feedstock for the plants. It
not only creates foul smell for the residents of the area but also provides a very unpleasant

view of the streets where they are deposited as shown in figure 4.3 and figure 4.4.

Fioure 4.3: Silt from drains dumped with selid

4.7  WASTE DISPOSAL
Majority of the waste generated is disposed in open dumps and areas, which threat

public health and environmental quality. The collected mixed waste is transported to
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dumping area by truck and dumped on open land without any processing. It causes obnoxious
odour and fly formation. The Rag picker collects usable materials. They also involve in
burning of waste to collect the valuable materials. The ambient air will thus contain higher
values of PM, SO; and NOx. This problem results in public agitation against dumping of
MSW in this site. Ground water contamination in the area can also occur due to leaching
from the dumping site. In a nut shell, the existing practice poses greater challenges to the
public health, environment and aesthetic value of the state.
Conventional Methods of Waste Disposal
The conventional methods of waste disposal are as follows:

v" Open Dumping

v Open Burning and Incineration

v Sanitary Landfill
4.7.1 Open Dumping

P Disposal of solid waste by dumping in open areas, dumped from vehicles along

roadsides, and/or dumped late at night
P Oldest and most common way of disposing solid waste in developing countries

P Still in use wherever land is available without regard to safety, health hazards and
aesthetic degradation

P Refuse is spread over a large area

P No maintenance

F £.5: Open Dumy Vuni pal Solt {F
Open dumps pose the tollowing health, satety, and environmental threats:
» Fire and explosion
» Inhalation of toxic gases
» Injury to children playing on or around the dump site

» Disease carried by mosquitoes, flies, and rodents
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Contamination of streams, rivers and lakes

A2 4

Contamination of soil and groundwater

‘_1

Contamination of drinking water
» Damage to plant and wildlife habitats

» Decrease in the quality of life to nearby residents and the local community

Open dumps create a public nuisance, divert land from more productive uses, and depress
the value of surrounding land. An open dump is an illegal waste disposal site and should not
be confused with a permitted municipal solid waste landfill or a recycling facility. If allowed
to remain, open dumps often grow larger, and may attract dumping of both solid and
hazardous wastes.
4.7.2 Open Burning & Incineration

» Incineration is a waste treatment process that involves the combustion of solid waste
at 1006°C

P Waste materials are converted into ash, flue gas, and heat

P The ash is mostly formed by the inorganic constituents of the waste and gases due to
organic waste

P the heat generated by incineration is used to generate electric power
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The major disadvantages of the system are

»

The air pollution controls required in incineration plants are extremely expensive.
Very often up to one half of the costs of a plant are due to air pollution control
facilities. As the laws can change and maybe require updates in the air pollution
controls this could lead to much higher costs in the future.

Energy, produced by means of waste incineration is not likely to be practical for small
communities. Therefore, incineration plants have be situated in areas where the
district heating network can easily be connected to very many households.
Incinerators are costly to construct, operate and regulate. Stringent emissions for
incinerators increase the cost of construction, operation and maintenance.

The extremely high technical standards of the plants require skilled workers, which
leads to the facts that rather high wages have to be paid.

The chemicals that would be released into the air could be strong pollutants and may
destroy ozone layer

The residues from the flue gas cleaning can contaminate the environment if they
aren’t handled appropriately and therefore they must be disposed of in controlled and

well operated landfill to prevent groundwater- and surface pollution.
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4.8.3

Sanitary Landfill

Natural Ground

Fie 4.8: Schemuatic of a San Landfiil

The major disadvantages of the system are

»

»

‘f

v

The site will look ugly while it is being used for landfill

Leachate (Toxic liquid) is generated due to decomposition of waste in the landfill
which contains acid, heavy metals and other toxic elements which can contaminate
ground water resources

Dangerous gases are given off from landfill sites that cause local air pollution and
contribute to global warming

Local streams could become polluted with toxins seeping through the ground from the
landfill site

Methane gas is generated in waste mass which travels underground in cracks of rocks
if not pumped out and accumulates in nearby areas (foundation of buildings) which
may cause explosion if not taken out

Once the site has been filled it might not be able to be used for redevelopment as it
might be too polluted
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CHAPTER 5
NOVEL SOLID WASTE DISPOSAL TECHNIQUES:

A CSIR-CMERI INNOVATION AND DEVELOPMENT

5.1 SOLID WASTE DISPOSAL TECHNIQUES DEVELOPED BY CSIR-CMERI
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5.2 MECHANIZED SEGREGATION OF LIVE MUNICIPAL SOLID WASTE

The waste is being classified into two categories a) live waste and b) dead waste. The
classification is based on collection of waste. The wastes which are being collected daily by
the municipalities are termed “Live Waste”. The wastes which have been dumped over the
years at the landfill site are being termed as “Dead Waste”. CSIR-CMERI has developed

mechanized segregation system for both live and dead waste into different components.

The segregation process starts with dumping of solid waste material into a bin directly from
the dumper carrying the materials. The segregation system should be capable of segregating
metallic waste (metal body, metal container etc.), biodegradable waste (foods, vegetables,
fruits, grass etc.), non-biodegradable (plastics, packaging material, pouches, bottles etc.) &

inert (glass, stones etc.) wastes.

i AU
l Municipal Solid \I

Tuarks | Wzstc } Recyclable
Stones, | : Metals,
MSW Segregation n Glass,
Sands, r— Unit | Papers
Construction | i
Debris | ¢ —
| s
Organic Waste Plastics |
(Biodegradable) {(Non-Biodegradable)
Kitchen Waste, Polybag,
Agro Waste, Plastic Bottles
Vegetable Waste, Containers,
Garden Waste HDPE, PVC

Fig 5.2: Process layout of Segregation System for Live Wast

The Municipal Solid Waste contains a high amount of moisture. The high moisture content
will reduce the efficiency of mechanical sorting, consequently making it unfavourable for
beneficial utilization. Hence, a pre-treatment is required before mechanized segregation of
waste. The MSW is passed over a horizontal roller conveyor where it is exposed to hot air
(55-60°C). The dried material is passed over a rotary magnetic drum separator where the iron
components (Fe) separate out which are collected in a hopper for reuse. The rest of the
material are passed over an Eddy Current Separator where non-ferrous metallic parts (Al, Cu)

are separated out. The remaining waste are sent to the Air Separation Unit where the lighter
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particles (Plastics, paper) and heavy mass (biomass) are being separated. The lighter objects
. (Plastics, paper) can be directly fed into the shredder. The shredded material will be sent to
o polymer waste pyrolysis unit using a vibratory chute for pyrolysis. The segregated biomass

. can be utilized for production of biogas in the bio-methanation unit through a waste grinder.

A mechanized segregation unit of capacity 50 kg/h developed at CSIR-CMERI is as shown in
Fig. 5.3

53 MECHANIZED SEGREGATION OF DEAD MUNICIPAL SOLID WASTE

e 4 The segregation system should be capable of segregating metallic waste (metal body, metal
container etc.), fines (degraded organic waste), non-biodegradable (plastics, packaging

material, pouches, bottles etc.) & inert (construction debris, stones etc.) wastes. The process
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flow of mechanized segregation unit for dead waste developed at CSIR-CMERI is shown in

Fig. 5.4.
|? Municipal Solid Waste
i (Landfill)
Inert l Recyelable
Stone Segregation Unst e I{etals
Consh‘ugnr)n ‘_—‘[ (Dead Waste) > Glass
Debrnis .
- 3
Plastic Fmes
{Non-Biodegradable) (Biodegraded
Polybag Organic Waste)
- Fastic bottle
2 Contaners
HDPE, PVC |
Fig 5.4: Process Se Syst r Dead Waste

A mechanized segregation unit of capacity 50 kg/h developed at CSIR-CMERI is as shown in
Fig. 5.5
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54 DISPOSAL OF PLASTIC WASTE UTILIZING HIGH TEMPERATURE
PLASMA

In this relevance plasma arc technology is effective, eco-friendly, most efficient and less
explored technology for proper disposal of mountain of solid waste material generated on
daily basis. In this method electrical ionization between two electrode cathode and anode at
low voltage and high current is being used to treat the waste at a temperature as high as
~3000°C. The electric ionization will be carried out through low voltage (30-50 V) & high
current (300-400 A) between two electrodes. The temperature shall be raised as high as
~3000°C during the ionization process. The chances of generation of carcinogenic gases at
such elevated temperature are remote. The output gas will be mainly CO, Hz, hydrocarbons
and COz. This CO & H; enriched sys-gas has high calorific value. The product gas after
passing through the plasma treatment is made to pass through the carbon sieves (REDOX
reactor). This will help to convert carbon from the sieve and oxygen to form CO. Catalytic
converter shall be used to convert any traces of hydrocarbon into CO and H». Catalyst like
Nickel can be used for this purpose. The gas is then cleaned in cyclone separator and
scrubber. Then cooled in the condenser. This CO & H: enriched sys-gas has high calorific
value. This gas will be primarily stored into a gas holder and will be used for generation of
electricity after combustion into gas engine. The layout of the proposed plant is as follows:
The process layout has been shown in Fig. 5.6 and the Plastic disposal unit of 25 kg/hr
capacity developed at CSIR-CMERI has been shown in Fig. 5.7.

Shredded Plastic &
Paper
Pncket Feeding Plasma gasification Catalytic
Conveyor —»| Hopper [ unit —»| Converter
3
Flaring | Direction Control [ Condenser Scrubber |, Redox reactor
¥ .
Gas Gas Engine &
Compressor > h()ldel‘ > Alternator — o~ Electricity
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Fig 5.7 Plastic Disposal Unit at CSIR-CM "_J"[ Capacitu: 25 ka/ hrj

5.5 DISPOSAL OF PLASTIC WASTE THROUGH PYROLYSIS

Pyrolysis is the thermal degradation of waste in the absence of air to generate gas
often termed syngas), liquid (bio oil} and solid {(char, mainly ash and carbon). The plastic
wastes are heated at a temperature of about 450° to 600°C in the absence of oxygen and
broken down to simpler substances forming oils, carbon after condensation. The pyrolysis oil
is being termed as Petro Alternate Fuel (PAF), which can be used in industrial boilers,
generators, or can be further refined into diesel. The process of pyrolysis has been shown in

Fig. 5.8 and the 20 kg/batch pyrolysis plant developed by CSIR-CMERI has been shown in
Fig. 5.9.

-
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Fig 5.8: Schematic Process Layout for Plastic Pyrolysis

Cooling Tower
Feeding Unit
Condenser
Furnace
il Collection Tank
: - Gas Storage Tank
. Operation i e

Platform
Fig 5.9: Polymer Waste Pyrolysis Unit at CSIR-CMERI (Capacity: 20 kg/ batch)
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The major components of the polymer waste pyrolysis plant include the following:
i) Reactor

The reactor is the heart of the pyrolysis system. It consists of a reaction vessel and a
furnace which is insulated on the outside with ceramic wool and cladded. The heating system

consists of an oil purification unit, oil pumping unit and monoblock burners for oil and gas.
The reactor is fed with raw material and catalyst mixed in a certain proportion.

The furnace is heated so that the temperature inside the reactor is in a temperature range
where catalytic decomposition takes place depending on various feedstocks. The reactor also
has the provision for nitrogen purging to create inert environment to allow the process to

happen in the absence of oxygen.
ii) Gas Receiver

The syngas from the catalytic degradation comes out of the reactor and is cleaned using a
receiver where the heavier carbon particles and long chain hydrocarbons condense and flow
back to the reactor and the lighter fraction is taken to the multi-layer catalytic tower. The
syngas velocity also decreases in the cyclone due to which the gas gets more residence time

in the catalytic tower and subsequent line.
iii) Catalytic Tower

The catalytic tower is used to purify the syngas using catalyst in the vapour phase.
Unwanted components like H>S, SOx, NOx etc. can be removed using appropriate catalyst, if

required.
iv) Condenser

Shell and tube condenser is used to cool the syngas from the reactor to liquid Petro

alternate fuel.
V) Anti-Flashback Device

The uncondensed clean gas is then passed through a tank that is partially filled with
water. The gas bubbles out to the next line of components. The water ensures that the gas that

bubbles out cannot go back to the previous line of components.
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vi) Scrubber

The gas and oil after getting fired in the furnace is cleaned by passing it through a wet
alkali packed bed scrubber. The flue gas is cleaned, cooled and filtered to remove the

particulate matter from the flue gas.
vii) Chimney
The cooled flue gas is vented to the atmosphere through the chimney.
viii) Flaring System

It is dangerous to vent exhaust gas (Cl to C4) without any safety measures. In this
process, it is transferred first through the safety device and then burnt in the burner or Flare

system.
ix) Distillation

The same machine can be used to distill the Petro Alternate Fuel (PAF) to high quality

diesel with some changes.

5.5.1 Advantages of polymer waste pyrolysis process

The pyrolysis system demonstrates:

» Stable operation for a broad range of waste quality;

 Emissions from the system are well below the limit values;

» Flexibility in design and operation achieved by a modular design;
« Effective initial waste volume reducing;

» Efficient recovery of the materials and energy from the process;

*» Low operational costs; no supplementary external fuel supply for the normal operation, i.e.

significant reduction of running costs.

The pyrolysis system is designed for treatment of variety of different wastes such as
municipal solid waste (MSW), sewage and oil sludge, automotive shredder residuals (ASR or
car fluff), e-waste, rubber and tyres, medical waste, plastics, agricultural waste, as well as
cleaning of the contaminated soil. Dozens of the commercial pyrolysis facilities for treatment

of different feedstocks were designed and built so far.

The pyrolysis facility can operate as stand-alone waste-to-energy plant as well as the

part of big power plants. In the last case the pyrolysis process thermally treats the waste and
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generates fuel, namely pyrolysis gas and pyrolysis char. These fuels are then co-fired in the
power plant boiler unit. Pyrolysis process in this configuration disposes waste,

simultaneously replacing part of the fossil fuels, consumed by the power plant.

5.6 BIO-METHANATION FOR BIODEGRADABLE WASTE

The potential of kitchen wastes to be used as substrates for biogas production can
achieve the goals of developing a sustainable technology for waste management, producing
renewable energy and reducing greenhouse gas emissions. A complex microbiological
process lies behind the efficient production of biogas. The organic waste treated in the biogas
process represents the substrate for various microorganisms. The more varied the
composition of the organic material, the more components are available for growth, and thus
the greater diversity of organisms that can grow. The various microbial groups are involved
in the flow of carbon from complex polymers to methane-based model. Biogas is a mixture of
Methane, Carbon Dioxide, Water vapour, Ammonia etc. generated from the anaerobic
digestion of biomass. The methane will be enriched through scrubbing the dust, CO.. The
enriched methane gas will be used as fuel gas for cooking purpose in the kitchen and also in
fuel cell for generation of electricity. Moreover, after anaerobic digestion, the spent slurry
becomes excellent organic manure which is highly rich in N P K content. This manure can be
used in cultivation after drying. The process flow has been described in Figs. 5.10 & 5.11 and
the 10 cu. m capacity biogas plant developed at CSIR-CMERI has been shown in Fig. 5.12

Fiag 5.10: The Pr s [auont Ho-methanation Unit

COI{;(:;;II ot » Compressor
h 4
_»} Anaerobic Gas Ga.s supply to
Digesters » Scrubber Hold > kitchen for
g‘zzfr _ S cooking
b
Compost )
Bottling Household
Slurry y Plant gas cylinder
pump | Fertilizer
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54  UTILIZATION OF CONSTRUCTION & DEMOLITION WASTE

Safe and effective disposal of solid waste is the greatest challenge of the era. The
management of MSW is going through a critical phase, due to non-availability of suitable
facilities to treat and dispose larger amount of MSW, generated daily in metropolitan cities.
The major portion of the waste generated is the construction debris (C&D). The composition
of C&D waste can vary depending on age of building being demolished / renovated or the
type of buildings being constructed. C&D waste generation figures for any region fluctuate as
it depends largely on the type and nature of construction / demolition activities.

The construction debris is collected and crushed into a crusher. Then different sized
gravels which are coming out from the segregation unit are mixed with this slag. Then 10-
15% cement is mixed with the materials for punning. Now, these materials are mixed
thoroughly in a dry state for proper mixing. Water is added to the dry mixture in a suitable
proportion. The prepared mixture is then filled in the die of a mould cavity. Then it is being
pressed. Moulding gives a definite shape to the mixture. Finally, the prepared bricks are
tested for engineering properties. The ready bricks are being used as construction materials.
The process of brick making has been shown in Fig. 5.13 and the plant at CSIR-CMERI has
been shown in Fig. 5.14

Inclined | Crusher | Storing
Convevor | Hopper \
Inclined Feeding
Conveyor
Collection of /
construction debris Rotary Trommel Screen
into hopper
Fines | | Fines Fines Fines

(<lmm) | | (2mm) | | (<Smm) | | (<Smm)

: ' R

v

Mixing Chamber |, Additives/Bin

der
'

Brick Making
Press

l

t Brick




Construction
Waste

£
' B o

-

' Different particle size
g of C & D waste
Brick Making Unit
=
Pavement made from Pan Mixture
C & D waste
Fig 5.14: Ul rtic fC €iction & Demolition Waste at CSIR-CMER!

Advantages:

The advantages of the system are as follows

e Integrated & mechanized system for disposal of both bio-degradable & non-

biodegradable waste;

o Eco-friendly disposal of municipal solid waste with zero level toxin emission;

e Utilization of generated bio-gas for house hold purpose in economic way;

e Utilization of organic manure generated from bio-methanation plant for agricultural
purposes;

e Utilization of construction debris for generation of value added products.
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CHAPTER 6

PROJECT DETAILS
6.1 Proposed plant layout for disposal of 10TPD MSW
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6.2

Scope of work

6.2.1 Durgapur Municipal Corporation

Providing developed land (80mx60m) with boundary wall for establishing set-up of
Municipal Solid Waste disposal system (Perimeter: 280 m & Height: 2 m);

Approach road for the site;

Necessary electrical connection up to substation at site for operation of plant;
Necessary water connection up to tank at site;

Providing insurance, electricity and water for running the plant at no cost;

Collection of waste from different sites under DMC and providing them at the

proposed site;

6.2.2 CSIR-Central Mechanical Engineering Research Institute

Necessary civil and electrical works at the proposed site for installation of 10 TPD
Integrated Municipal Solid Waste Disposal system for Live Waste;

Design, development, installation & commissioning of 10 TPD live mechanized
segregation system to separate Municipal Solid Wasfe into biodegradable & non-
biodegradable components;

Design, development, installation & commissioning of 1000 kg/day Polymer waste
pyrolysis plant for further processing of polymer waste from segregation plant, in an
eco-friendly way;

Design, development, installation & commissioning of 50 ton composting plant;
Design, development, installation & commissioning of 200 cum biogas plant for
processing of biodegradable waste from segregation plant;

Design, development, installation & comrnissioning of 300 kg/hr cum briquette plant
Sale of by-products consisting of pyrolysis oil and char from polymer waste pyrolysis
plant;

Sale of by-products consisting of biogas, solid and liquid manure from biogas plant;
Sale of recyclables consisting of metals from segregated live waste;

Sale of by-products consisting of briquette and compost;

After commissioning, Operation & Maintenance for subsequent five (5) years.
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6.3 Duration of the Project:

The total duration of the project for design, development, installation & commissioning is 18

months (1.5 years) after handover of site by DMC and operation & maintenance of the plant

after commissioning for the period of 60 months (5.0 years).

6.4 Milestone Activities & Duration

z| £| £ £ 8| & £} 2
HER B R B R BIRE
SL No. Activities Description E E E E | w o q § S é
3l X 3 3| | 2 al 21 21 F| &
—_ — — ELa] =T Wy o
| Handover of proposed site after
Site Clearance (scope of DMC) ‘
5 Necessary civil, Structural and !
ekctrical works r ;
| |
3 |Desing & Engineering Im—— é
4 |Purchase & Procurement 4 =
i & 3
1 1 o 3
5  |Fabrication of Equipment .'.é o:
. |Instaliation of Segregation Unit (10TPD> = &
Live) — g
9 |installation of Biogas Plant (200 cum) 5 ©
10 Installation & Commissioning of 300
kg/hr briqutic plant
11 |Installation of compost plant (50 ton) e —— |
12 |Triad Run & Commissioning
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6.5 Estimated Cost: (INR in Lakh)
6.5.1 Capital Expenditure (A):

Sl | Description INR in Lakh Remarks
No
1 Works & Services 140
2 Equipment 825
3 Manpower 360 | To be borne by
CMERI
% 97
4 Overhead @ 10% Exeliiding
Sub-Total 1,062 | Manpower Cost

6.5.2 Equipment and Works & Services

SL Description Size / Capacity INR in Remarks
No. Lakh
a | Land 5,000sq.m - To be provided by
DMC at no cost

b | Plant and Equipment

i | Installation of mechanized | 10 TPD Fresh waste 560
segregation plant x 1 Nos.

ii | Installation of Biogas 100 cum x 2 Nos. 150
Plant
Installation of Gas Engine | 4 Nos. 15 kVA 40

iii | Installation of compost 50 ton 40
facility

iv | Installation of Briquette 150kg/hr x 2 Nos. 35
facility

v | Installation of Pyrolysis 500 kg/ batch -- | (Included in Proposal
Plant/ RDF of IMSWDS of S0TPD

Dead Waste)

vi | Procurement of vehicles Tractor — 2 No. -- | (Included in Proposal

for operation at site of IMSWDS of 50TPD
Dead Waste)

¢ | Civil, Structural & As required 140
Electrical Works
Sub-total 965
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6.5.3 Manpower: (borne by CMERI)

SI | Description Man days/Yr No of Rate (Rs) Total (Rs)
Person
1 | Scientist 100 2 6,000 12,00,000
2 | Sr. Scientist 100 2 6,000 12,00,000
3 | Pr. Scientist 75 1 6,000 4,590,600
4 | Sr. Pr. Scientist 30 I 10,500 3,15,000
5 | Chief Scientist 30 0 10,500 -
6 | Technical Officer-Gr 3 100 4 4,500 18,00,000
7 | Technical Assistant-Gr 2 125 4 4,500 22,50,000
Sub-Total 14 72,15,000
Total Duration of Project 5yrs 3,60,75,000
~3.6Cr
6.6.3 Details of Electricity and Water Requirement
S1 | Description Electricity (kWh) Water (cum)
1 | Mechanized Segregation Plant 50 2
2 | Biogas Plant 20 10
3 | Briquette Plant 10 1
4 | Compost Plant 10 3
5 | Office Premises 10 2
Total 100 18

6.6.4 Recurring Expenditure

The maintenance of the plant for initial two (2) years after commissioning has been

considered in the scope of CSIR-CMERI. After that 50% towards maintenance cost of the

plant shall be borne by both CSIR-CMERI and the remaining 50% towards maintenance cost

shall be borne by Durgapur Municipal Corporation for next three (3) years. The cost towards

maintenance of the plant has been calculated @ 8% of the Plant & Equipment cost for every

year.
Sl | Description CSIR-CMERI DMC Remarks
Cost/yr Total Cost Cost/yr Total Cost
(Rs in Lakh) | (Rs in Lakh) | (Rs in Lakh) | (Rs in Lakh)

1 | Repair and 33 99 33 99 8% of the
Maintenance Plant &
of plant Equipment
machinery cost

Sub Tetal 99
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The approx. power requirements of all electrical machines in iIMSWDS Plant is 1000 kWh / day. The

current commercial rate of electricity as applicable in Public utility/Specified Institution/Public

Bodies in municipal/ non-municipal areas is approx. Rs. 7/kWh. Based on the above, the annual

expenditure towards the electricity to run the IMSWDS Plant is approx. Rs. 21 Lakhs and for five

years, it costs approx. Rs 105 Lakhs. Therefore, additional requirements for the funds of

Rs. 100 Lakhs to meet expenditure of electricity may be borne by DMC. Other costs i.e. fuels costs,

water etc. including revision of tariff of electricity from time to time shall be borne by CSIR-CMERI.

Sl | Description Qty Unit Rate Cost/yr Total Cost Remarks
(kWh/day) (Rs) (Rs in Lakh) | (Rsin Lakh)
1 | Electricity & 1000 7 21 105
Water
Sub Total ~100
The total recurring expenditure for the period of five (5) years are as follows
S1 | Description INR in Lakh Remarks
No
1 Repair & Maintenance 99
2 Electricity & Water 100
Sub-Total 199
6.6.5 Total Budget
The total cost for the project is as follows
Sl | Description INR in Lakh Remarks
No
1 Works & Services 140
2 Equipment 825
3 Manpower 360 | To be borne by
CMERI
4 Overhead @ 10% 97
5 Operation & Maintenance 199 :
Excluding
Sub-Total 1,261 | Manpower Cost
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STATE URBAN DEVELOPMENT AGENCY
“FAeH B, G35-P1 F9, (10, R, To7rol-a00 Sou, sifesaa®
“ILGUS BHAVAN”, H-C Block, Sector - ITI, Bidhannagar, Kolkata - 700 106, West Bengal

SUDA — 187/2017 (Pt.1 .08.2018
e e / P/ _

From : Director, SUDA and
State Mission Director, MNB(U)

To : The Chief Engineer
Municipal Engineering Directorate

Sub.: Solid Waste Management of Durgapur Municipal Corporation — Reg.

Ref: Memo no.: DMC/PW/1111 dated 24.07.2018 of the Commissioner, Durgapur Municipal
Corporation.

Sir,

Reference above, it is to request you to technically vet and appraise the Detailed Project
Reports for the Design, Development, Installation and Commissioning of Integrated Municipal Solid
Waste Disposal System (iMSWDS) for both the 50 TPD Dead Waste Treatment Facility and 10 TPD
Live Waste Treatment Facility, amounting to Rs. 38.35 crore, after re-examine the GST part of the
scheme, as mentioned.

In continuation, it may be noted that a DPR for Durgapur Municipal Corporation, amounting
to 264.31 crore (338.7782 crore for 100TPD Dead Waste and 75TPD Live Waste treatment facility
and 25.5347 crore for bulk procurement of equipments and vehicles) have already been approved
in the 2™ SHPC meeting held on 28.03.2018.

After receiving, the revised vetted DPR may then be placed before the Bepartmentasl-Fende—

-Committeedthe Competent Authority for final approval.

Thanking you.
Yours faithfully,
Director, SUDA
SUDA — 187/2017 (Pt.1)/ Date: .08.2018

Copy forwarded for information to:

1. The Commissioner, Durgapur Municipal Corporation
2. Addl. State Mission Director, MNB (U)

Director, SUDA

VO & 29¢b ¥80Y / ¢¥Y, TIF § 39¢b Gboo

Tel : 2358 6403/5767, Fax : 2358 5800, E-mail : wbsudadir@gmail.com
Account Section : 2358 6408
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v STATE URBAN DEVELOPMENT AGENCY
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“ILGUS BHAVAN”, H-C Block, Sector - I1I, Bidhannagar, Kolkata - 700 106, West Bengal
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From : Director, SUDA and
State Mission Director, MNB{U)

To : The Commissioner
Durgapur Municipal Corporation

sub.: Solid Waste Management of Durgapur Municipal Corporation — Reg.
Ref. 1. Your Memo no.: DMC/PW/1111 dated 24.07.2018

Sir,

Reference above, it is to request you that the DPR costs for Design, Development,
Installation and Commissioning of Integrated Municipal Solid Waste Disposal System (iMSWDS) for
the mentioned 50 TPD Dead Waste Treatment Facility and 10 TPD Live Waste Treatment Facility
both, amounting to Rs. 38.35 crore, is required to be technically vetted from the appropriate
Municipal Engineers or from ME Dte./KMDA, after re-examine the GST part of the scheme, as
mentioned.

The vetted DPR is required to be sent to the competent authority for final approval.

Thanking you.

Yours faithfully,

Director, SUDA

SUDA — 187/2017 (Pt.1)/ Date: .08.2018
Copy forwarded for information to:

1. The Addl. State Mission Director, MNB (U}

Director, SUDA

TASIY ¢ 0¢b ¥80Y [ @avq, T ¢ 39¢b ¢boo

Tel : 2358 6403/5767, Fax : 2358 5800, E-mail : wbsudadir@gmail.com
Account Section : 2358 6408
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W‘ DURGAPUR MUNICIPAL CORPORATION

CITY CENTRE, DURGAPUR - 713216, DIST.- PASCHIM BARDHAMAN

o EPABX = (0343) 2545842, 2546994, 2546107 * Mayor : 2545828 % Fax No. : 254-6472
Website : durgapurmun|C|palcorpopétion org * E-mail : durgapurcorporation@gmail.com
/ ‘5\ i Ay o|2008
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To,

Director ,SUDA and

State Mission Director , MNB (U),
ILGUS BHAVAN, H-C Block, Sector-I11,
Bidhannagar, Kolkata-700106.

Sub : Solid Waste Management of Durgapur Municipal Corporation.
Ref: i) Your office letter no. SUDA: 12 /2016 / 1631 dated 06.03.2018.

ii) This Office letter No. DMC /PW/ 5429 dated 22.03.2018
Sir,

This is to bring your kind notice that a meeting was held on 10.05.18 at the conference hall
of Nagarayan under the presidency of the Principal Secretary , UD & MA with the scientific
team of CSIR CMERI and myself along with officials of MED regarding the treatment
process of municipal solid waste for which a power point presentation on SWM was done by
CSIR CMERL

In that meeting it was directed by the Principal Secretary to scale it down to a 50 TPD
treatment plant for dead waste and another 10 TPD plant for live waste and to prepare and
submit a DPR accordingly as a pilot basis instead of 100 TPD dead waste and 75 TPD live
waste plants , which were earlier proposed by this end to you ,vide memo no. DMC / PW /
5429 dated 22.03.2018. Accordingly, CSIR CMERI prepared and submitted a DPR for 50
TPD dead waste and 10 TPD live waste treatment plants which is costing about Rs. 3835.00
Lakh (copy enclosed).

It is worthwhile to mention here , that prior to this, a DPR prepared and submitted by SREI
from our end which is already approved by the department . The estimated cost of that DPR
is Rs.6431.29 Lakh which is subdivided into two parts ie. for a) Bulk purchase of equipment
and vehicles amounting Rs.2553.47 Lakh and b) Construction of treatment process
amounting Rs. 3877.82 Lakh.

But , in the mean time the proposal came from CSIR CMERI for adopting the treatment
process developed by them . After visiting the 2 TPD treatment Plant at CMERI colony along
with technical team of MED , we are convinced that the treatment process developed by
CSIR CMERI is more advanced and decided to install this process for treating municipal
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49 DURGAPUR MUNICIPAL CORPORATION

e CITY CENTRE, DURGAPUR - 713216, DIST.- PASCHIM BARDHAMAN

| ] EPABX = (0343) 2545842, 2546994, 2546107 * Mayor : 2545828 * Fa>§ No. : 25{1-6472
Website : durgapurmunicipalcorporation.org % E-mail : durgapurcorporation@gmail.com

Ref. No. DMC / ..cciiiismsesisiss EIGTE ooirstnstins R

solid waste of Durgapur city and accordingly , we had submitted the proposal ,vide memo no.
DMC /PW /5429 dated 22.03.2018.

The proposal submitted by the CSIR-CMERI is well within the approved DPR cost & due to
technological superiority with advance method of processing of solid waste, aforesaid
proposai may kindly be accepted with a direction to move to the Govt. towards its approval &
execution by CSIR-CMER]I, as being a patented technology developed by them.

In this regard attaching herewith the “ Intellectual Property Rights Portfolio on Integrated
Solid Waste Management™ and a brief cost benefit analysis report of 50 TPD dead waste
plant and 10 TPD live waste plant along with DPRs (one copy each) of both the treatment
plants submitted by CSIR CMERI for your kind perusal please.

Your kind approval in this regard is highly solicited.

Yours faithfully,

14
in,l\ ’f\
Comnfissioner

Durgapur Municipal Corporation

Copy: As enclosed above,
Copy To:

Hon’ble Mayor, DMC.

The Principal Secretary , UD & MA Department , Government of West Bengal.

Chief Engineer, MED, DF Block, Sector-1,Salt Lake City, Kolkata-91.

Executive Engineer, Municipal Engineering Directorate, (Asansol Divn.),Govt. of
The West Bengal, P.H.E Housing Complex, Ismile Vivekananda Paily, Baraf Kal,
Asansol-713302.

MMIC, SWM,DMC.

6. The Secretary, DMC.

- o ok o

LA

B

Commissioner
Durgapur Municipal Corporation
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DURGAPUR MUNICIPAL CORPORATION

Techno-Economic Evaluation

Proposal submitted by CSIR-CMERI 50 TPD plant Dead & and 10 TPD Live Waste

A) Dead Waste:-

The proposed plant is going to be constructed at Shankarpur dumping ground (Ward no. 27 )
and approximately land required to install this plant is 7500 Sqgm ( 100 m X 75 m ). This
treatment plant will treat the dead waste already dumped at this dumping ground. The
quantity of untreated dead waste in this dumping ground approximately 50000 MT and it is
increasing day by day, therefore to treat the dead waste completely larger capacity of plant is
necessary , but for the beginning of the project it is decided to install initially 50 TPD capacity
treatment plant .

B) Live Waste:-

The proposed plant is going to be constructed near Correctional Home at ward no.27 and
approximately land required to install this plant is 4800 Sqm ( 80 m X 60 m ) .This treatment
plant will treat the daily live waste produced at different markets in Durgapur City. The major
constitutes of Live Waste are paper , plastics and putrescible organic matter. Metal, glass,
ceramics, dirt and wood are also present though in small quantities . Considering this a 10 TPD
Plant has been proposed initially. It is proposed that the Bio Gas produced by the treatment
plant { Bio-machination process) may be used by nearby CRPF camp and Correctional Home. It
is worthwhile to mention here that , at present approximately 150-160 TPD fresh waste is
produced at Durgapur City. To combat this fresh waste , larger capacity of treatment plant has
to be installed in near future so that complete eradication of pollution from SWM can be
possible.

Technical Component:-
Techno-feasibility report of Treatment process of Municipal Solid Waste by CSIR CMERI in
comparison with DPR prepared by SREI.

Conclusion of DPR submitted by SREI ;

v Processing unit adopted are A) Treatment- i) Composting ii) RDF plant

B) Sanitary Landfill

Only manual segregation at collection point, but no segregation process is adopted at treatment
plant, which is impractical because segregation of waste at household is not achieved fully till date.
RDF cannot be burned indiscriminately or openly its need dedicated incineration facilities and well-
designed combustion system having all necessary pollution control system. This pellets could be
used for heating the boilers for generating steam. Therefore, this pellet has to be sold to different
power industry for collecting revenue, which is not very easy process.

o The major disadvantages of Sanitary Landfill are:

The site will look ugly while it is being used for landfill;

Leachate (Toxic fiquid) is generated due to decomposition of waste in the landfill which contains
acid, heavy metals and other toxic elements which can contaminate ground water resources;
Dangerous gases are given off from landfill sites that cause local air pollution and contribute to
global warming;

Local streams could become polluted with toxic seeping through the ground from the landfill site;
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% Methane gas is generated in waste mass which travels underground in cracks of rocks if not
pumped out and accumulates in nearby areas (foundation of buildings) which may cause explosion
if not taken out;

% Once the site has been filled it might not be able to be used for redevelopment as it might be too

poliuted.

Conclusion of PROPOSAL submitted by CMERI :

¥' Processing unit adopted are A) Treatment- i) Pyrolysis for polymer based waste ii) Bio-
Methanation Plant for Bio-degradable waste.
** Mechanical segregation of waste is adopted in the treatment process itself. Therefore, not only
segregation of dead waste already dumped at dumping ground is possible, segregation of live
waste is also possible easily if mixed.

© Advantages of Polymer Waste Pyrolysis Process

e

-

Stable operation for a broad range of waste quality
Emissions from the system are well below the limit value.

e

o

%

'

Flexibility in design and operation achieved by a modular design.

L7
'..

Effective recovery of the materials and energy from the process.
Low operation cost, no supplementary external fuel supply for normal operation, i.e significant
reduction of running costs.

s

*

The pyrolysis system is designed for treatment of variety of different wastes such as municipal solid
waste(MSW), sewage and oil sludge, automotive shredder residuals (ASR or car fiuff), e-waste,
rubber and tyres, medical waste plastics and agricultural waste, as well as cleaning of the
contaminated soil. Dozens of the commercial pyrolysis for treatment of different feedstocks were
designed and built so far.
The pyrolysis facility can operate as standalone waste-to-energy plant as well as the big power
plants. in the last case the pyrolysis process thermally treats the waste and generates fuel, namely
pyrolysis gas and pyrolysis char. These fuels are then co-fired in the power plant boiler unit.
Pyrolysis process in this configurations disposes waste, simultaneously replacing part of the fosils
fuels, consumed by the power plant.

o Advantages of Anaerobic Digestion / Biomethanation

» It's a renewable energy source
The raw materials used in the production of biogas are renewable. Trees and crops will
continually grow, which means manure, food scraps, and crop residue will constantly be
available.

» It's eco-friendly
Production of biogas happens without oxygen, which technically means there is no form of
combustion involved. No combustion means there is zero emission of greenhouse gasses to the
atmosphere. However, carbon dioxide is produced in the biological breakdown process
(anaerobic digestion), as well as in the course of using the biogas. The difference is the carbon
dioxide produced is far less compared to that produced by fossil fuels. In fact, the amount of
carbon dioxide produced when using biogas is equal to the amount needed for plants to grow.
This, in a way, balances the carbon dioxide in the atmosphere.

» Reduces the amount of waste going to landfills
We all know that overflowing landfills cause environmental impacts such as foul
smells and toxic liquids draining into underground water sources. Instead of disposing of these
organic materials to landfills, they can be used to produce biogas.
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» Sanitary landfill is not required in this process because negligible quantity of residue produce

by both the method adopted.

Cost Component:-

Total Project Cost proposed by SREI of 180 TPD Processing plant
{Municipal Daily Waste) duly approved by SHPC in 2" meeting

held on dated.28.03.18

Project cost as per DPR submitted by CSIR CMERI for processing of
A) 50 TPD plant (for Dead waste)
B) 10 TPD plant (For Live Waste)

..Rs.3877.00lacs

...Rs.2773.00lacs
...Rs.1062.00lacs

Total cost:- ..Rs.3835.00lacs
Capital Expenditure for Dead Waste Plant
{ As per DPR submitted by CSIR CMERI )
Cost of plant
Capital Cost
: . Cost
Sl Description §|ze a0dl Capacity af Quantity | Amountin | Remarks
No. different Component
Lakh
Plant and Equipments. )
1 | Mechanical Seggregation Plant 50 TPD dead Waste 1 1000
2 | Pyrolysis Plant 10TPD 1 400
3 | Brick Making Plant 2000 Bricks daily 1 150
Tractor 6 y
4 | Vehicle for Operation in plant ICB : 3 ng:necd o
Office Vehicle 1
5 Civil Structural and Electrical 600
Works
6 | Solar installation 200
Sub Total 2350
GST@ 18 % 423
Total 2773
[
Capital Expenditure for Live Waste Plant
{ As per DPR submitted by CSIR CMERI )
Cost of plant
A. Capital Cost
Cost
e Description 5‘.‘2'3 il Cappsdny oF Quantity | Amountin | Remarks
No. different Component * Eakd
Plant and Equipments.
1 | Mechanical Seggregation Plant 10 TPD fresh Waste 1 500
2 | Installation of Biogas Plant 100 Cum 2 150
3 | installation of Gas Engine 15 KVA 4 30
4 | Installation of Compost facility 50 Ton 1 40
5 | Installation of Briquette facility 150 Kg/hr ’ 2 30
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{included in proposal of iIMSWDS

& | Installation of Pyrolysis Plant 500 Kg/batch of 50 TPD Dead waste )
7 Procurement Vehicle for Trmetor {included in proposal of iIMSWDS
Operation in plant of 50 TPD Dead waste )
8 Civil Structural and Electrical 150
Works
Sub Total S00
GST @ 18 % 162
Total 1062

So, the proposal submitted by the CSIR-CMERI is well within the approved DPR cost & due to
technological superiority with advance method of processing of solid waste, aforesaid proposal may
kindly be accepted with a direction to move to the Govt. towards its approval & execution by CSIR-
CMERI, as being a patented technology developed by them.
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CSIR Touehing Lives Mob. : 09910111579, e-mail : director@cmeri.res.in, hirani@mech.iitd.ac.in
CSIR-CMERI
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Prof. (Dr.) Harish Hirani, Director

To
The Mayor
Durgapur Municipal Corporation
Durgapur - 16
Date: 18.07.2018

Sub: Intellectual Property Rights Portfolio
on Waste Management

Dear Sir,

Enclosed, please find the Intellectual Property Rights(IPR) Portfolio of Waste
Management. CSIR-CMERI is working for last 10 years in the area of waste
management and it is reflected in the IPR portfolio i.e. patent, design registration and
copyrights.

We have developed an innovative solution in the area of Municipal Solid Waste
(MSW) management sector. Our market research indicates that one of the unique
feature of the proposed MSW plant in DMC is the mechanised segregation unit (patent
pending) and will offer significant advantage over all available similar and competing
solutions i.e. mostly manual segregation. We have already demonstrated 1 TR capacity
MSW plant installed in CSIR-CMERI premises. Further, none of the technologies
proposed to be installed in DMC is transferred to any industry.

We believe that the solution provided by CSIR-CMERI could fit well to mitigate
the problem of MSW disposal & management of Durgapur Municipal Corporation.

I really appreciate the support you have given to CSIR-CMERI. Please feel free
to contact us if you need any further information.

We look forward to a successful working relationship in the future.

Thanking you

Yours sincerely,

ﬂm 519,

&
</ (Harish Hirani)

Copy to:
\Aﬁg Commissioner, Durgapur Municipal Corporation, Durgapur - 16
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A. Mechanized Segregation of Municipal Solid Waste

The waste is being classified into two categories a) live waste and b) dead waste. The
classification is based on collection of waste. The wastes which are being collected daily by
the municipalities are termed “Live Waste”. The wastes which have been dumped over the
years at the landfill site are being termed as “Dead Waste”. CSIR-CMERI has developed

mechanized segregation system for both live and dead waste into different components.

The segregation process starts with dumping of solid waste material into a bin directly from
the dumper carrying the materials. The segregation system should be capable of segregating
metallic waste (metal body, metal container etc.), biodegradable waste (foods, vegetables,
fruits, grass etc.), non-biodegradable (plastics, packaging material, pouches, bottles etc.) &

inert (glass, stones etc.) wastes.

The Municipal Solid Waste contains a high amount of moisture. The high moisture content
reduces the efficiency of mechanical sorting, consequently makes it unfavourable for beneficial
utilization. Hence, a pre-treatment is required before mechanized segregation of waste. The
MSW is passed over a horizontal roller conveyor where it is exposed to hot air (55-60°C). The
dried material is passed over a rotary magnetic drum separator where the iron components (Fe)
separate out which are collected in a hopper for reuse. The rest of the material are passed over
an Eddy Current Separator where non-ferrous metallic parts (Al, Cu) are separated out. The
remaining wastes are transferred to the Air Separation Unit where the lighter particles (Plastics,
paper) and heavy mass (biomass) are being separated. The lighter objects (Plastics, paper) can
be directly fed into the shredder. The shredded material will be sent to polymer waste pyrolysis
unit using a vibratory chute for pyrolysis. The segregated biomass can be utilized for

production of biogas in the bio-methanation unit through a waste grinder.
Patent Status: Provisional patent is applied.

B. Disposal of Plastic Waste through Pyrolysis

Pyrolysis is the thermal degradation of waste in the absence of air to generate gas often termed
syngas), and liquid (bio oil) or solid (char, mainly ash and carbon). The plastic wastes are
heated at a temperature of about 450° to 600°C in the absence of oxygen and broken down to

simpler substances forming oils, carbon after condensation. The pyrolysis oil is being termed

Page 2 of 8
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as Petro Alternate Fuel (PAF), which can be used in industrial boilers, generators, or can be

further refined into diesel.

Intellectual Property Rights Status:

v' A device for recovery of fuel oil & gas from plastic waste and the process thereof,
(IPMG/Patent/ 2017-18/124)

v Drawing of Plastic waste Pyrolyser for Recovery of Oil & Gas(IPMG/Copyright/2014/11).

C. Bio-methanation for Biodegradable Waste

The kitchen wastes, organic wastes etc. for biogas production can achieve the goals of
developing a sustainable technology for waste management, producing renewable energy and
reducing greenhouse gas emissions. A complex microbiological process lies behind the
efficient production of biogas. The organic waste treated in the biogas process represents the
substrate for various microorganisms. The more varied the composition of the organic material,
the more components are available for growth, and thus the greater diversity of organisms that
can grow. The various microbial groups are involved in the flow of carbon from complex
polymers to methane-based model. Biogas is a mixture of Methane, Carbon Dioxide, Water
Vapour, Ammonia etc generated from the anaerobic digestion of biomass. The methane will
be enriched through scrubbing the dust, CO;. The enriched methane gas will be used as fuel
gas for cooking purpose in the kitchen and also in fuel cell for generation of electricity.
Moreover, after anaerobic digestion, the spent slurry becomes excellent organic manure which

is highly rich in N P K content. This manure can be used in cultivation after drying.

Intellectual Property Rights Status:

v' A Biomass grinder cum stirrer for bio-methanation of food waste(IPMG/DR/2017-18/33)

v' A Semi-Automated Technique for Production of Hydroxyapatite (HAp) Powder from Fish
Scale Bio-waste(IPMG/Copyright/2015/01).

v' Automation of Methane gas collection from Bio-methanation plant using ultrasonic sensor
(QIPMG/Copyright/2018-19/122)

D. Utilization of Construction & Demolition Waste

The composition of C&D waste can vary depending on age of building being demolished /
renovated or the type of buildings being constructed. C&D waste generation figures for any
region fluctuate as it depends largely on the type and nature of construction / demolition

activities. The construction debris is being collected and crushed into a crasher. Then different
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sized gravels which are coming out from the segregation unit are mixed with this slag. Then
10-15% cement is mixed with the materials for punning. Now, these materials are mixed
thoroughly in a dry state for proper mixing. Water is added to the dry mixture in a suitaiale
proportion. The prepared mixture is then filled in the die of a mould c:'swity. Then it is being
pressed. Moulding gives a definite shape to the mixture. Finally, the prepared bricks are tested

for engineering properties. The ready bricks are being used as construction materials.
Intellectual Property Rights Status:

v An initiative towards environment friendly disposal of inert material in municipal solid
waste locally available in Durgapur, West Bengal through development of bricks
(IPMG/Copyright/2017-18/1). .

v' A mix proportion development process for making of bricks from municipal solid waste

inert material locally available in Durgapur, west Bengal (IPMG/Copyright/2017-
18/3)

a0
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CSIR-CMERIL DURGAPUR

PATENT PROPOSAL RECORD ON WASTE UTILIZATION

(PROVISIONAL)

(12.07.2018)

CMERI Ref. Title of Patent Year Application No.) | INVENTORS
[PMG/Patent/ | Plastic Waste 04-12-2011 | 1659DEL2013 PK. Chatterjee
2011/2 Plasma Gasification (Prov. B. Ryj

Process 03/06/2013) S.P.Goel
[PMG/Patent/ | Process for safe 29.10.2015 | 28.04.2016 Biswajit Ruj
2015/7 Disposal of ’ (201611014779) | Swarup Ranjan
Arsenic-rich sludge Debbarma
Generated from Prasanta Mandal
Arsenic Removal
Plant.
IPMG/Patent/ | Development ot 21.08.2017 Amit Ganguly
2017-18/122 | technology for safe Priyabrata
disposal of Banerjee
Municipal Solid Partha Das
Waste utilizing Subho Samanta
high temperature Saikat Das
plasma. Pradip Kumar
(PROVISIONAL) Chatterjee
Harish Hirani
IPMG/Patent/ | A device for 05.03.2018 | Filed 23.05.2018 | Biswajit Ryj
2017-18/124 recovery of fuel oil 201811019278 | Harish Hirani
& gas from (Provisional) Rohit Kumar
plasticwaste and the Singh
process thereof, Surendra Pratap
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COPYRIGHT RECORD ON WASTE UTILIZATION

(12.07.2018)

File CSIR-CMERI Title of Authors | Sent to | Filed hy
No Reference No, Copyright IPMD IPU, CSIR
CSIR
IPMG/Copyright/2014/11 | Drawing of Biswajit | December | 003CR2015
Plastic waste | Ruj 11,2014 | (L-
5. Pyrolyser for ?)1;:’56’{ 2015
Recovery of "
27/04/2015
Oil & Gas. )
IPMG/Copyright/2015/01 | A Semi- Biswanath | April 09, | 024CR2015
automated Mourdal 2015
4 Nilrudra
Techmq.ue for Mandsl
Production of Sudip
6. Hydroxyapatite | Mondal
(HAp) Powder | Kalisadhan
from Fish Miukiicr e
; Palash
Scale Bio- Chevilliin
waste
IPMG/Copyright/2016- | Plasma Pradip February D08CR2017
17/08 treatment of K.Chatterjee | 16, 2017
hospital waste. | Priyabrata
Banerjee
Amit K
7 Ganguly
’ Naresh
Chandra
Murmu
Biswajit Ruj
Subrata
Manda]
IPMG/Copyright/2016- Development | Amit March 07, | 054CR2017
17/16 of Plasma g@gﬁly 2017 {Ls
Torch for solid | pivebees 74973/2018
8. waste Partha Das DT.
management. | Harish 08/05/2018)
Hirani
Pradip K
Chatterjee
IPMG/Copyright/2017- | An initiative Debashis 23.05.2017 | 057CR2017
18/1 towards Das 29.09.2017
: Abhijit
9. environment Chatterjee
friendly disposal | p.x.
of inert material | Chatterjee
in municipal
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solid waste
locally available
in Durgapur,
West Bengal
through
development of
bricks
IPMG/Copyright/2017- A mix Debashis 23.06.2017 | 060CR2017
18/3 proportion Das
l Abhijit
development Chatterjee
process for PK.
making of bricks | Chatterjee
10. from municipa]
solid waste inert
material locally
available in
Durgapur, west
Bengal.
IPMG/Copyright/2017- | Plasma arc Partha Das, | 22.02.2018
18/119 reactor for Subrata
Ficati £ Kumar
gasification o . Mandal,
Municipal Solid | Subho
Waste. Samanta,
Vinay P
Tigega,
11. Priyabrata
Banerjee,
Amit
Ganguly,
Pradip
Kumar
Chatterjee,
Harish
Hirani,
IPMG/Copyright/2018- | Safe Disposal of Priyabrata | 27.06.2018
19/121 Plasma Arc iaﬂ_jﬂef’
Assisted One G::guly
12 Ton Per Day Partha Das
¥ (1TPD) Hospital | Pradip
Solid Waste i 3
: Chatterjee
Disposal Plant T
(HSW) Hirani
QIPMG/Copyright/2018- | Automation of Aman Arora | 06.07.2018
13. | 19/122 Methane gas gebas’Sh
collection from Jya:tirmoy
Bio-methanation | Karmaker
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plant using Inanendra
: Prasad Maji
ultrasonic sensor
Sambhunath
Nandy

DESIGN REGISTRATION RECORD ON WASTE UTILIZATION

(12.07.2618)
Fil | CSIR- | Title of Design Authors Sent | Filed by
e CMER | Registration to IPU,
No I IPM | CSIR
Referen D
ce No. CSIR
IPMG/ | Design and Amit Ganguly 30.05. | 10/Desig
DR/201 | Development of | Priyabrata Banerjee 2017 | n/2017
14 7-18/2 | Plasma Torch Partha Das 10.07.20
’ for Municipal Subho Samanta 17
Solid Waste Priyabrata Chattopadhyay
Gasification Pradip Kumar Chatterjee
Harish Hirani
IPMG/ | Biomass grinder | Partha Das 20.02. | 01/Desig
DR/201 | cum stirrer for | Subho Samanta 2018 | n/2018
15. | 7-18/33 | biomethanation | Bittogopal Mondal 27.04.20
of food waste Amit Ganguly 18

Harish Hirani
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Brief Report of Proposed 50 TPD Dead Waste Treatment Plant within Durgapur

Municipa! Corporation under SWM Project.

The proposed plant is going to be constructed at shankarpur dumping ground (Ward no. 27 } and
approximately land required to install this plant is 7500 Sgm { 100 m X 75 m ) .This treatment plant will
treat the dead waste already dumped at this dumping ground . The guantity of untreated dead waste in this
dumping ground approximately 50000 MT and it is increasing day by day, therefore to treat the dead waste
completely larger capacity of plant is necessary , but for the beginning of the project it is decided to install
inittally 50 TPD capacity treatment plant .

Cost Benefit Analysis (As per DPR submitted by CSIR CMERI )

Cost of plant
A. Capital Cost
SL o Size and Capacity of . Cost Amount
D t tit R k
No. o g different Component ComniH in Lakh sainsiay
Plant and Equipments.
1 |Mechanical Seggregation Plant 50 TPD dead Waste 1 1000
2 |Pyrolysis Plant 10 TPD 1 400
3 |Brick Making Plant 2000 Bricks daily 1 150
Tractor 6 .
4 {Vehicle for Operation in plant icB 3 Pm\g:neéj by
Office Vehicle 1
5 |Civil Structural and Electrical Works 600
6 |Solar installation 200
Sub Total 2350
GST®@ 18 % 423
Total 2773
B. Recurring Cost per year
SL . Cost Amount
Description
No. d Winkh | T
1 |Chemicals and Consumables 30
2 |Other Res. Expenditure 75
3 [Man Power 75
4 |Contingencies 10
Sub Total 190
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