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LIST OF ACCRONYMS

Abbreviations

For sake of clarity and precision in presentation, many abbreviations of technical

words and agencies/organizations are mentioned throughout this report. Rather than

spell them out each time, they are listed, abbreviated, and defined as follows:

AMRUT - Atal Mission for Rejuvenation and Urban Transformation

BOQ - Bill of Quantities

CCTV- Closed-Circuit television

EPDM - Ethylene Propylene Diene Monomer (M-class)

DBM-Dense Bituminous Macadam

DPR- Detail Project Report

DTP- Detail Tender Proposal

GDP- Gross Domestic Product

GIS-Geographic Information System

GPRS-General Packet Radio Service

GPS-Global Positioning System

grm-Grams

GSM- Global System for Mobile communication

GUDM - Gujarat Urban Development Mission

GVW- Gross Vehicle Weight

MDPE-Medium Density Polyethylene

MSW-Municipal Solid Waste

O&M- Operation and Maintenance

PMC-Project Management Consultancy

PWD - Public Works Department

PTO-Power Take-Off

RFID-Radio Frequency Identification

SMC-Surat Municipal Corporation

SWOT-Strength Weakness Opportunities and Threat

TCE - TATA Consulting Engineers Limited
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EXECUTIVE SUMMARY

Solid Waste Management is one of the most essential services for maintaining the quality of

life of the people in the urban areas and for ensuring better standard of health, sanitation

and the environment. In India this service falls short of the desired level, as the systems

adopted are out dated and inefficient. Institutional weakness, shortage of human and

financial resources, improper choice of technology, inadequate coverage and lack of short

and long term planning are responsible for the inadequacy of service. The Surat City

population is 2.4 million, of which Surat Municipal Corporation (SMC) area consists of

112.3Sq Km and is the major urban center.

The Surat City determined to improve and modernize Solid Waste Management activities in

the city and its adjoining areas. For maximizing efficiency and effectiveness of the Solid

Waste Management Service, it is necessary to tackle this problem systematically by

examining all aspects of ‘Solid Waste Management’ (SWM) and devise cost effective system

which may ensure adequate level of SWM services to all sections of the society, and

collection, transportation and disposal of waste in an environmentally acceptable manner in

the lines of Municipal Solid Waste (Management & Handling) Rules 2016 of Ministry of

Environment & Forests, Government of India. With a view to improve the efficiency of Waste

Collection system in the Surat City area allocated in Smart City, the Detailed Project Report

(DPR) on Underground waste collection system by using smart bins has been prepared

under the Project Implementation and Urban Management Improvement in The North

Eastern Region, ADB-TA-4779-India, Project (Tranche-I). The report envisages

modernization of underground waste collection system using Smart bin, improvement of

services and practices in the waste collection system so as to achieve 100% coverage once

the SWM project is translated on the ground complying with Municipal Solid Waste

(Management & Handling) Rules 2016.

Current Project Report in Brief

SMC is collecting waste generated by residential population by door to door waste collection

system. SMC wants to replace the existing above ground waste collection system by

automated underground waste collection system with minimum human efforts. For the same

purpose decided project boundary in South-east side of city with 8.77 Sq km. They have

identified 75 locations for establish new underground waste collection bins. In this proposed

system SMC replacing above ground community bins which used for collecting waste from

commercial and floating population by underground smart bins with higher capacity.
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Key Assumptions

 Underground waste collection system will replace the existing over ground waste

collection system by replacing community bins by smart bins.

 Population within project boundary is650,000 as identified by SMC.

 In consultation with SMC, the classification of the population in three different category.

It is assumed that 40% of this population is residential, 40% of this population is

commercial and 20% of this population is floating.

 Waste quantity estimation will be done for commercial population and floating population

as waste generated by residential population will be collected by existing door to door

waste collection system by SMC

 Project design period will be 5 years as short term plan of newly derived technology as

per CPHEEO Manual

 75 locations are identified by SMC for installing Underground smart bins which are

replacing existing over the ground waste collection community bins.
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CHAPTER 1: INTRODUCTION

1.1 General

Surat is India's eighth and Gujarat’s second most populous city as per Census 2011.

Known for its textile trade and diamond cutting and polishing industries, Surat city is

considered as economic capital of Gujarat. Surat city is located in the western part of

India in the state of Gujarat.

Over the years Surat city has assured the world of its incredible revitalization

capabilities, rejuvenated civic sense amongst the citizens, efficient administration,

focused planning and governing reforms have continued to open several opportunities

for the Diamond city. Surat is also ranked among the best corporations in the country in

terms of governance; basic infrastructure facilities and also in terms of advanced

facilities like mobile app, CCTV surveillance etc. The prime focus would be to maintain

the high growth rate and consistent high GDP. The status of Surat may be coveted by

other cities as a goal for Smart city. However, for Surat to continue its trajectory of

upward curve it needs to sustain the development and ensure a better quality of life for

all by providing equal access to all the citizens including women, children, elderly,

special needs, poor etc.

1.2 About GUDM (Gujarat Urban Development Mission)

Urban Infrastructure projects are implemented under various schemes of central as

well as State government. Gujarat Urban Development Mission (GUDM) has the

mandate to design, implement and maintain the Urban Development projects under

the Smart City Mission and AMRUT and other projects of State and Central

Government.

To perform the activity smoothly states is divided into 4 zones and the projects under

each zone shall be carried out under Zonal unit as explained in to Table 1-1given

below:

Table 1-1: Zonal Unit

Head quarter at Gandhinagar
Zonal Office-I (North Gandhinagar-Ahmedabad Region)-Ahmedabad

Zonal Office-II (South-Surat Region)–Surat

Zonal Office-III (Central-Vadodara Region) – Vadodara

Zonal Office-IV (Saurashtra& Kutch Region)–Rajkot
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Two schemes have been introduced by Government of Gujarat recently to take

forward the mission of improved urban living in the State of Gujarat. The first is the

Smart city mission and the next is AMRUT. List of the Project cities considered are

explained in to Table 1-2 given below:

Table 1-2: List of Project Cities

Smart Cities (6) AMRUT Mission Cities (31)

Gandhinagar Ahmedabad Surendranagar Vapi
Ahmedabad Surat Morbi Godhra

Surat Vadodara Gandhi Dham Palanpur
Vadodara Rajkot Nadiad Patan

Rajkot Jamnagar Bharuch Kalol (G)
Dahod Junagadh Porbandar Botad

Bhavnagar Mehesana JetpurNavagadh
Gandhinagar Bhuj Amreli

Anand Veraval Gondal
Navsari Valsad Deesa

Dwarka

The projects as a whole would be monitored by the Gujarat Urban Development

Mission (GUDM). GUDM has appointed M/s TATA Consulting Engineers Limited for

Project Management Consultancy for Urban Development Projects under Smart Cities

and AMRUT cities in the State of Gujarat with respect to preparation of projects, Bid

process management, construction supervision and inspection of materials. The

projects are proposed to be implemented on modular basis and in a phased manner.

1.3 Project Background

SMC implement Solid waste Management programs in last 3 years, total solid waste

collection is increased from 1200 TPD to 1600 TPD. Door to door waste collection

coverage is increased from 80% to 100% resulting in better liveability conditions.

Municipal Solid Waste collected through primary collection system reaches to the

semi-closed body transfer station of the respective zone from where it is transported to

the final disposal site through compacter in a close body container. Centralized Bio-

Medical Waste treatment facility is being operated currently. Apart from this, night

scraping & brushing activity of all major roads and Hotel kitchen waste management &

disposal is also practiced. Cost recovery through user charges is 100% for SWM.

Smart waste collection system is proposed consisting of Advance technology such as

GPS based Vehicle tracking system (60 vehicles), RFID system (80,000) door to door

collection points), Bio Metric Attendance system for sweepers and smart bins (160
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nos). This will not require additional physical infrastructure to be developed and

existing physical infrastructure at Anjana Transfer station will be utilized as control

room.

SMC has also prepared a comprehensive sanitation plan for making Surat a zero-

waste city.  This plan covers all aspects of cleanliness is planned for next 15 years

including aspects like sanitation and hygiene, solid waste management, sewerage

systems, water distribution and water treatment facilities along with health-related

issues of the citizens.

Figure 2-1 Development plan of Surat City in 2035

SMC has identified 8.77sq km area as ABD-21 where they wants to replace the

existing above ground waste collection system by modern underground waste

collection system with reduces human efforts and improved existing waste collection

system. For the same purpose decided project boundary in South-east side of city with
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8.77Sq km. They have identified 75 locations for establish new underground waste

collection bins which is smart bins.

Solid Waste Management Department of SMC wants to  invites tenders on from

experienced contractor registered under appropriate category for ''Supply, Delivery,

Installation, operation and maintenance of Modern Underground Waste Collection

System at designated locations in Surat and unloading at designated location.”

1.4 Objectives and Scope of Work

The objective of this project report is to provide feasibility and baseline studies of

implementation of underground smart bins equipped with –GPS-GSM for Modern

Underground Waste Collection System at designated locations and its execution. The

detail project will be carried out in following parts.

Detail scope of work has following:

 Part-I: includes the activities in Base line survey, feasibility study as per actual

requirement from SMC and prepared draft report and submit to SMC first for

project implementation.

 Part-II: Draft DPR, DPR final,

 Part-III Detail Tender Proposal, Tender process, PMC – activity –supervision.
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CHAPTER 2: SOCIO-ECONOMIC PROFILE OF THE CITY

2.1 City Profile

Surat’s economy is characterized by large number of small and medium unorganized

industries. The industrial base is labour Intensive. As a result the level of

unemployment is also low. However, the wages are also lower and the workers are

generally deprived of social and other benefits. Surat is known for its textile

manufacturing, trade, diamond cutting and polishing industries, intricate zari works,

chemical industries and the gas based industries at Hazira established by leading

industry houses such as ONGC, Reliance, ESSAR, and Shell.

Its entrepreneurial skills are worth noting. The city without a single location advantage

successfully hosts a vibrant diamond industry. The city has made an important position

in the world and national economy. The textile and diamond units of Surat region

contribute to and national economy. Today, Surat is one of the major industrial city

contributing major shares of output especially in diamond and textiles sector. The

entire industrial sector put together contributed a gross revenue income of Rs.2975.60

million to SMC in1997-98. Rs.18118million in Excise Tax, Rs.2715 million in Income

Tax andRs.4215.4 million in Sales Tax. The key plan indicating the project site area is

presented in Error! Reference source not found..

Figure 2-1 Key plan of Area of Surat City
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Surat Municipal Corporation (SMC) is a local self-government which has come into

being under the Bombay Provincial Municipal Act, 1949. It carries out all the obligatory

functions and discretionary functions entrusted by the BPMC Act, 1949 with the

following mission: "To make Surat a dynamic, vibrant, beautiful, self-reliant and
sustainable city with all basic amenities, to provide a better quality of life"

Surat is a city located on the western part of India in the state of Gujarat. It is one of

the most dynamic a City of the India with one of the fastest growth rate due to

immigration from various part of Gujarat and other states of India. SMC caters various

municipal services to the citizens of Surat City. In terms of population and area under

the jurisdiction of Municipal Corporation, it is 2nd Largest in Gujarat. Population being

served is more than 50 lack presently under the jurisdiction of SMC with total

geographical area of 326.525 sq.km. Surat Municipal Corporation perceives its role as

the principal facilitator and provider of services as detailed below to provide a better

quality of life:

As a Provider

 Potable water supply

 Underground sewage system in the whole city

 All weather roads

 Efficient and sustainable solid waste management

 Health coverage to all, focused more on the poor

 Primary education to the needy & Library facility to all

 Up-gradation of the amenities in the existing slums and alternative

accommodation

 Clean, green and pollution free environment

 Places of healthy entertainment and recreation

 Fire Service

 Efficient Urban Planning and Development

As a Facilitator

 Industrial growth

 Trade and commerce

 Health services

 Higher education and research

 Cultural activities
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 Sports and games

 Recreation and entertainment

 Active peoples’ participation

2.2 Location of Surat City

The City of Surat, a major commercial and trade centre in Gujarat State, is situated

along the coastal line of Arabian sea in west part of India, at a latitude of 21˚ 12’ N and

a longitude of 72˚ 52’ E, on the banks of Tapti River. Surat city is located at a distance

of about 19km upstream of the confluence of the Tapti with the sea. The City forms the

major urban core on the Ahmedabad – Mumbai regional corridor, centrally located at a

distance of 260 km, north of Mumbai and 221 km, south of Ahmedabad. It has

witnessed tremendous growth of trade and industry during the last four decades. Surat

is also well-connected by rail as well as roads with the major cities and towns of

Gujarat state as well as the other states of India. This has enabled this city to occupy a

place of prominence, not only in South Gujarat region; but also in the whole of India.

2.3 Topography

The city lies at a bend of the Tapti River, where its course swerves suddenly. This area

is having a gradual slope towards the Western and Southern side of the city, having

natural drainage system towards Tapti River. The coastal area of South-Western part

slopes towards Mindhola River. The elevation ranges of the area ranges from 9 m to

13 m above Mean Sea Level (MSL). The coastal areas of Hajira, Damka, Limla,

Dumas, Bhimpore, Abhawa, Gavier, Sarsana, Vesu etc. (i.e. the land between the

mouth of Tapti River and river Mindhola) is very low-lying and is flood prone.

2.4 Geology and Soil Conditions

The city can be divided into two geomorphic units, namely, coastal area and alluvial

area. The coastal area represents marshy shoreline with an extensive tidal flat stretch

intercepted by estuaries. Alluvial deposits from the river Tapti cover the alluvial area.

This area is covered by recent alluvium of the Quaternary Age. The soil, in general, is

black cotton for top two meters, in this area, followed by yellow soil i.e. alluvium

deposits. This alluvium plain is characterized by the flood plain of the Tapti and

Mindhola rivers. The alluvial plain merges into a dry, barren, sandy coastal zone. The

coastal area around the River is covered by mud flats with marine deposits underlain

by alluvium.
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2.5 Climate

The area experiences tropical monsoon type climate, characterized as hot and wet.

The summer starts in the month of March and ends in the mid-June. The average

temperature in this area is 35˚C during the summer months and 10˚C during the winter

months. However, the maximum temperature recorded as 39.5˚C and the minimum

temperature recorded as 6˚C in this area.

2.6 Flood Prone Zone

The Surat has a long history of floods. Till recently i.e. until the Ukai Project was

implemented, Surat has always faced with floods. Now, with the Ukai dam and the

flood embankment scheme, undertaken by the State Government, this area is now

safe from the normal floods of up to 0.85 million cusecs of water discharge. However,

western part of the city is still lies in flood zone. The other area is across the railway

line towards the southern side of Kamrej, which is also little low-lying area having the

natural drainage towards KankaraKhadi. Surat has, however experienced major floods

in 1998 and 2006, even after the construction of Ukai Dam across the Tapti River on

the upstream.
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CHAPTER-3: PRAPOSED PROEJCT

3.1 Existing Waste Collection System

Efforts to improve solid waste management in the city of Surat were made by the

health department after the havoc of the plague in 1994. It is the only city of its kind in

Gujarat where private contracting and private participation in solid waste management

is being tried out. The city has been divided into 7 zones for efficient management and

the waste generated is collected throughout the city and dumped at the Khajod

disposal site (200 ha). Source segregation of recyclable waste is practiced and a large

percentage of households practice storage of waste at source. About 96% of the

households and 99% of the shops and establishment practise storage of waste at

source.

Surat generates 400 to 500gms per capita per day of waste amounting to roughly 1000

metric tons. This is collected by SMC, private contractors and the rag pickers. About

70% of the waste generated every day is contributed by households, shops and other

commercial establishments. Just over 30% of the total waste generated is recyclable.

This comprises of paper, plastic, metal, brick stone and glass primarily. Combustible

waste accounts for 22.75% of the total and organic waste is nearly 42%. Doorstep bins

are roadside cradle types and are 314 in number. The total number of waste collection

bins is 1120. These are mainly 4.5 cu.m in size with a capacity of 1.5 tonnes (4.5 cu.

m)/ dustbin and cover the entire population of the city. The spacing between waste

storage depots is about 100 m.

Table 3-1: Primary Waste Collection System

Year

Container Door to Door MSW
Disposed

per
Day(MT)

No of
Container

Spots
No of

Vehicles

No
Trips
per
Day

MSW
Lifted

per day
(MT)

No
Vehicles

No
Trips
per
Day

MSW
Lifted per
Day(MT)

2004-05 1548 65 775 750 95 255 210.168 1078.118
2005-06 1290 61 600 580 125 317 296.306 1010.463
2006-07 1247 61 580 560 180 442 447.595 1689.941
2007-08 1193 63 555 502 213 514 584.006 1093.719
2008-09 1120 60 500 430 225 568 644.626 1121.208
2009-10 1120 61 490 409.91 238 578 649.716 1076.783
2010-11 1120 65 515 486.897 238 566 617.229 1152.732

2016 1120 88 616 591.677 319 787 908.49 1800*

Source: From Surat Municipal Corporation

*- approximately 300 TPD of waste collected by other truck and tractors from surat city
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The present total waste generated in the city is derived from total waste quantity

received at the waste disposal site at Khajod in Surat. As of 2016, 1781 TPD waste is

generated in the city. It is projected that 4,313 MT will be generated daily by 2036.

Door to door collection service is completely privatized and they are paid on the basis

of weight of garbage collected and transported to the transfer station.319 collection

vehicles including trucks and tractors are deployed for door to door solid waste

collection. For door-to-door collection 3000 bins would be installed by 3 private

agencies. The cradle type would be designed in such a way that revenue generation

through advertisement is possible. There are also initiatives for segregation of waste at

source including awareness generation through pamphlets. For this to create

awareness pamphlets are distributed. At present there are 4503 sweepers engaged in

the collection of waste across the seven zones of the city. Of the total waste collected,

the corporation manages 98% i.e., 980 tons/day while the rest is collected by rag

pickers. SMC is targeting to improve its door to door collection system for covering

100% area by increasing the collection vehicles. Brushing and Scrapping is done

during day and night time since 1996.All the waste collection is monitored live Vehicle

Tracking System.

SMC has planned to green and white colored plastic bins for segregation of wet and

dry waste at source. SMC has authorized identified informal rag pickers for manual

waste segregation such as plastic waste. E-waste collection centers locations are

identified to segregate e-waste for recycling. Two new landfill sites at Variyav and

Vankanedis proposed in the city. Also, the scientific closure of the landfill site at

Khajod is proposed in order to ensure environmental safety.

3.2 Need of the Project

At present condition the community bins are located on road side above ground which

creates lots of nuisance such as

 Bins overflowing with garbage lying in open

 Poor quality garbage bins

 Stray animals feeding on the waste

 Filthy spots on the main road, commercial market and corners

 Dumping of rubbish on dark corners or pavements & Waste eyesore

 Unhygienic, unclean city and surroundings leads to citizens rejection

 Human efforts for waste collection and transportation
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Towards to process from city to smart city, SMC is trying to reduced human efforts

from waste collection system. SMC is exploring smart bin option for waste collection

system to have following benefits.

 Better environment; No bad odor from smelly dirty bins

 Secured collection; no overflowing bins or stray animals feeding on waste

 Better outlook; no filthy corners, waste eyesore no more

 Citizen friendly waste disposal; increase awareness among citizen

 Cost saving; no broken/stolen and dirty garbage bins

 Easy to install, collect and dispose garbage hence, an effective alternative to

present situation

3.3 Discussion with client

The series of discussions, which took place with the SMC’s Solid waste Management

(SWM)Department along with the Data gathered from Tata Consulting Engineers

(TCE).Following is the List of Data’s collected by TCE for DPR preparation.

 Total Population with in project boundary

 Location of smart bins identified by SMC

 Location of Existing waste transfer-station

 Bills for waste collection system from SAP system

 Details about existing waste collection system

Following are the key points as noted from the minutes of meeting for
Underground waste collection system

i. Total population of the area may be correct as per the figures provided to you by

Smart City Cell. Bifurcation of the population may be as under:

- Residential area : 40 %

- Commercial area: 40 %

- Floating population: 20 %

ii. Only commercial and floating population will be considered for waste generation

estimation.

iii. Waste generated by residential area will essentially be collected by door to door

garbage collection system only. So chances of residential waste reaching the

underground bins is minimal

iv. SMC wants the Capital cost of smart bins born by SMC and Operation and

maintenance of waste collection and transportation including trucks capital cost
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born by concessionaire.

v. SMC requested to have details description for selection bin material of

construction as per international prevailing standards.

3.4 Methodology and Work Plan

In view of vast magnitude and complexity of the project, extensive interaction between

TCE, SMC’s Engineers (Solid waste Management Department), and other stake

holders of the project was carried out. TCE were committed to provide best expertise

for technical solutions, latest techniques and software tools of system engineering to

facilitate the problem solving process and developing cost-effective and viable

solutions. Many activities were carried out by TCE which included both office and site

activities as per the discussion with VMC’s Engineers. The activities primarily include;

 Site visits and Data Collection:
TCE collected & reviewed with due assistance from SMC’s Engineers (SWM

Dept.), all existing data & reports related to prevailing conditions like climate,

hydrology, drawings, soil, land & water use, water quality, social & economic

conditions etc. and also all the data pertaining the waste transfer system, etc.

were also collected from the concerned Departments. TCE also collected the base

maps of the project area from SMC’s Engineers (SWM Dept).

 Design Horizon, Population projection and demand estimation:
In general, as per CPHEEO standards SWM, the waste collection system will be

design for short term of a 5 year period. Hence, it generation and increase are

predicted for 5 years life span.

 Stakeholder consultations:
Consultations with various stake holders were carried out by TCE in the course of

the project duration. All the views of the concerned stake holders were collected

and analysed and have been suitably incorporated in the designs and reports

prepared by TCE. The details of the consultations are as under

o Consultations were held with SMC’s Engineers (SWM Dept), on a routine

basis about the major constraints that the current waste collection system.

o Consultations were held with other departments of SMC, during the course of

the project duration.

 Site activities:
The information on the existing system was very much required to analyse the

draw backs of the system and probable measures required for developing proper

waste collection system. Hence, analysis of the existing system including the
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distribution system was carried out in-terms of visual inspection; marking the areas

where waste collection issues persist throughout the day etc.

o The condition of the existing waste collection system was analyzed from the

source to the consumer location through visual inspection. The probable life of

the above ground structures were also analyzed through collection of

secondary data and through its existing condition status. The rehabilitation

requirements were also analyzed accordingly so that useful life of the

structures is prolonged.

o Site Survey by collecting photographs of Existing waste collection bins.

Following are some photographs of identified location of bins.

Umarwada B- Tenement Anjana Tenement

Morden Town S.K. Nagar

Umarwada Fire Station Sharmjivi Road
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Anand Nagar Momin Industries

AbdulnabiDargah Ranchhod Nagar

ChimniTekra Laxmi Nagar

Jalaram Nagar Bhathena Pumping
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Sanjay Nagar Bhathena X-ing

Foolwala Compound Vidhata Township

Silver Dying Near Anjana Washroom

Narayan Nagar UCD Kendra
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3.5 Proposed Project Components and Scope

The objective of this report is to provide details about each aspects of implementation

of Modern Underground Waste Collection System by Smart bin at designated locations

and its execution.The major components of these system comprises following

components.

1. Semi-underground waste collection bins which have bottom opening or top

opening with universal lifting hook on top or side for unloading purpose

2. Precast reinforced cement concrete bunker with 75 mm thickness wall to

accommodate the waste collection bins

3. Bins have Intelligent Remote Monitoring sensors to identify waste filling levels

and data transmission after achieving decided waste fill level. The data

transmission software which provides Optimize Rout Planning for cost-effective

waste collection system.

4. Waste collection trucks with Knuckle Boon Truck Mounted Crane to unload the

waste from bin to truck.
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CHAPTER-4:ADOPTED METHDOLOGY

4.1 Waste Collection Process

The waste collection process is composed of an innovative lifting system bilateral,

automated and mono-operator devices which, able to collect waste from various types

of ground level and underground containers/bins.

Figure 3-1 Sketch showing the waste collection from smart bins

The technologies being used for waste collection process are Radio Frequency

Identification (RFID), Global Position System (GPS), General Packet Radio Service

(GPRS), and Geographic Information System (GIS). The collection trucks are

embedded with RFID reader which helps in retrieving all the bin information from the

RFID tags/ wireless ultrasonic and infrared sensors which also amended with SIM card

and a replaceable Lithium battery placed in each bin. These sensors used advanced

ultrasonic measurement and digital signal processing techniques for better accuracy to

identify the waste fill level in the bin.

The sensor can be remotely configured to read the fill levels periodically at set

intervals. The sensor can also be configured to store the readings frequently and sent

to server whenever it breaches a threshold level. The live alerts in form of SMS and

emails will be sent directly from server to centralized system. The location of the bins is

identifying by GPS and centralized system will pass this message to truck drivers to

initiate waste collection process. A mobile app/ web application for truck drivers shall

also be provided where the routes and bins to pick up can be seen by Drivers. This

app also has facility to upload real-time photograph of underground bins and exact

weight cleared.
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Figure 4-2 Waste Collection process

This information is regularly transferred in real time through GPRS to a database which

is centrally located. A web application is designed so that the users can view the

current location of the trucks individually during collection. A map server stores a digital

map which displays the positions of the trucks as well as trash bin information.By using

this technique, the system can come to know whether the truck has arrived to the bin

location or not. The waste filling rate can be determined by the Intelligent Remote

Monitoring sensor. Accordingly, waste will be collected from the bins.

4.2 Waste Quantification

At present, the total population of the proposed project area is identified by SMC
is 650,000. It is unclear about the classification of this population, so in
consultation with SMC it is assumed that 40% of this population is residential,
40% of this population is commercial and 20% of this population is floating. The

quantity of solid waste generated from the defined area of development is estimated

as per guidelines of NEERI and CPHEEO Manual, by using following norms:

 From residential zones is generating 0.5 kg per capita per day.

 From commercial zones is generating 0.2 kg per capita per day.

 Floating population is generating 0.2 kg per capita per day.

The estimated quantity of Solid waste generation for the area is given in Table below

Table 4-1: Estimated quantity of total solid waste generated

Sr.
No. Source of Waste Population Quantity of Waste Generated

(kg/day)
1 Residential Population 2,60,000 1,30,750

2 Commercial Population 2,60,000 52,0000

3 Floating Population 1,30,000 26,000

Total 208,000
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Hence, the total solid waste produced from the defined area is 208,000 kg/day i.e. 208

Tons/day.

The proposed underground waste collection system by smart bins is designed to

replace the community bins. As per observation the community bins are used to collect

the waste from commercial and floating population. However, waste deposition is

unrestricted thus we assumed to have 15% residential waste deposited in proposed

system.

The total waste collected by proposed system will be 100 tons/day which is generated

from commercial and floating population and approximately 15% of total residential

waste from residential population

According to recent Census of India (2011), Surat has recorded a growth of 63.3% in

its population from 2001 to 2011 which is exponential growth. As per CPHEEO manual

such newly develop Underground waste collection system can be designed for short

term plan of 5 Years. So, the underground waste collection system with smart bins is

designed for 5 years from 2016 to 2021.

In absence of population for previous decade for the proposed project boundary
it is difficult to predict the growth in waste generation. Hence, at present the
waste collection system should be designed which can collect the minimum of
waste quantity of 100 tons/day and can be increased up to 250 ton/day or more
by increasing number of tripe of waste collection vehicle and deployment of
additional vehicles. Apart from it this system can be expanded based on the waste

collection data and efficiency of operation process.

4.3 Locations for installation of Smart Bins

SMC has identified 75 Location on the 7 TP area of the area assigned under smart city

for Surat city where already community bin are located or waste deposited by

surrounding population. Our project team has visited those locations and carried out

ground survey to check the feasibility of construction of underground smart bins and

advantage and drawbacks of underground waste collection system by smart bins at

operation stage on identified locations.

Following figure 4-1 showing the “Location of Smart bins Identify by SMC in South-east

zone” is indicating location of bins by red pins and yellow pins are identifying the waste
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transfer-station. Waste collected from smart bins will be transfer to transfer-station by

compacter trucks and from there, it will transfer to MSW processing plant for treatment

and disposal of waste.

At present, looking to the waste quantity generation pattern, waste collection bins will

be establish all 75 locations. Further location can be shifted or added or removed

depend on following factors which decided on execution stage.

 Waste generation of that area

 Availability of space for loading and unloading of waste

 Soil strata of location

 Flood plain and ground water level near area of location

 Traffic density of road near to location

The waste collected from the underground bin will be transfer to nearest transfer-

station. SMC is currently operating two transfer-stations within the vicinity of the

defined project boundary. Both the transfer-station are within 5 km vicinity of smart bin

locations.
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Figure 4-1 Location of Smart bins Identify by SMC in South-east zone
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4.4 Design Calculation

The total Quantity of waste to be collected by proposed system is around 100tons/day.

However, the current system is designed for 250 tons/day. Looking to the exponential

growth rate of the Surat city the proposed waste collection system is established with

in project boundary with future prospect. As this technology is also advanced compare

to traditional waste collection methods. By considering these unpredictable aspects of

the project, in first phase the underground waste collection smart bins areestablished

on all 75 locations identified by SMC. Later on we can increase waste collection

frequency (trips) and identify new location or bins within project boundary for

addressing future requirement. All the associated accessories to smart bin such as bin

levelling system, concrete bunker and attachments to Waste collection truck will be

added as per technical specification of the components as mentioned in subsequent

section. The trip and route of the truck will be identified by the sensors and online

monitoring system to optimised the waste collection efficiency.

Calculation

Assumptions

- Waste Quantity – W=100tons/day

- As per CPHEEO manual bulk density(D) of Municipal solid waste is 0.5 ton/m3

- Total Waste Quantity is Volume = W÷D = 100 ÷ 0.5 = 200 m3/day

Option-1

- Assuming 3 m3 bins on 50 locations and 5 m3 Bins on 25 locations, So total waste

collected will be 50 X 3 + 25 X 5= 275 m3. So, total waste collected will be around

275 X 0.5 = 137.5 tons/day. Waste collection can be increased if more waste

deposited in bins.

- 16 ton GVW compactor with 14 m3 waste carry capacity truck shall be required to

collect the waste from both size of bins.

- After the compaction the waste density is around 0.6 to 0.7 ton /m3 so in one trip the

truck will carry 14 m3 ÷ 0.65 ton/m3 = 21.53 m3 around 21 ton of waste.

- Distance from bin location to transfer-station is within 5 km radius.

- One truck can take 1 to 3 trips for 8 hours operation. By considering 2 trips per day

total waste collected by one truck will be around 42 tons. So no of truck required is

137.5 ton ÷ 42 ton = 3.27nos say 3 nos. Now, for better operation 1 standby truck are

considered for and taking care of maintenance issues, seasonal variation, and future

requirement for higher waste collection. Hence, total no of trucks are 4.
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to traditional waste collection methods. By considering these unpredictable aspects of

the project, in first phase the underground waste collection smart bins areestablished

on all 75 locations identified by SMC. Later on we can increase waste collection

frequency (trips) and identify new location or bins within project boundary for

addressing future requirement. All the associated accessories to smart bin such as bin

levelling system, concrete bunker and attachments to Waste collection truck will be

added as per technical specification of the components as mentioned in subsequent

section. The trip and route of the truck will be identified by the sensors and online

monitoring system to optimised the waste collection efficiency.

Calculation

Assumptions

- Waste Quantity – W=100tons/day

- As per CPHEEO manual bulk density(D) of Municipal solid waste is 0.5 ton/m3

- Total Waste Quantity is Volume = W÷D = 100 ÷ 0.5 = 200 m3/day

Option-1

- Assuming 3 m3 bins on 50 locations and 5 m3 Bins on 25 locations, So total waste

collected will be 50 X 3 + 25 X 5= 275 m3. So, total waste collected will be around

275 X 0.5 = 137.5 tons/day. Waste collection can be increased if more waste

deposited in bins.

- 16 ton GVW compactor with 14 m3 waste carry capacity truck shall be required to

collect the waste from both size of bins.

- After the compaction the waste density is around 0.6 to 0.7 ton /m3 so in one trip the

truck will carry 14 m3 ÷ 0.65 ton/m3 = 21.53 m3 around 21 ton of waste.

- Distance from bin location to transfer-station is within 5 km radius.

- One truck can take 1 to 3 trips for 8 hours operation. By considering 2 trips per day

total waste collected by one truck will be around 42 tons. So no of truck required is

137.5 ton ÷ 42 ton = 3.27nos say 3 nos. Now, for better operation 1 standby truck are

considered for and taking care of maintenance issues, seasonal variation, and future

requirement for higher waste collection. Hence, total no of trucks are 4.
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- In initial stage truck can take 2 trips as the waste generation increased it can take

maximum 3 trips. Hence, the maximum waste can be collected up to 4 X 3 X 21 =

252 tons/day. (Assuming any point of time 3 trucks are in operation).

Table-4-2 Summary of Equipment for Option-1

Sl.
No.

Equipment Nos

1 3 m3 Bins 50

2 5 m3 bins 25

3

No of Waste Collection vehicle (16 ton GVW compactor with 14 m3 waste

carry capacity truck) with Compactor and crane to uplift and unload the

waste.

4

Option-2
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Table-4-3 Summary of Equipment for Option-2

Sl. No Equipment Nos

1 3 m3 Bins 100

2 No of Waste Collection vehicle (16 ton GVW compactor with 14 m3 waste

carry capacity truck) with Compactor and crane to uplift and unload the

waste.

4

Option-3

- Assuming 3 m3 bins on all 75 locations, So total waste collected will be 75 X 3 = 225

m3 So total waste collected will be around 225 X 0.5 = 112.5 tons/day. Waste

collection can be increased if more waste deposited in bins.
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collect the waste from both size of bins.
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- Distance from bin location to transfer-station is within 5 km radius.

- One truck can take 1 to 3 trips for 8 hours operation. By considering 2 trips per day

total waste collected by one truck will be around 42 tons. So no of truck required is

112.5 ton ÷ 42 ton = 2.67nos say 3 nos. Now, for better operation 1 standby trucks

are considered for and taking care of maintenance issues, seasonal variation, and

future requirement for higher waste collection. Hence, total no of trucks are 4.

- In initial stage truck can take 2 trips as the waste generation increased it can take

maximum 3 trips. Hence, the maximum waste can be collected up to 4 X 3 X 21 =

252 tons. (assuming any point of time 3 truck are in operation)

Table-4-4 Summary of Equipment for Option-3

Sl. No Equipment Nos
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2 No of Waste Collection vehicle (16 ton GVW compactor with 14 m3 waste

carry capacity truck) with Compactor and crane to uplift and unload the

waste.

4
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CHAPTER-5: TECHNICAL SPECIFICATION OF PROJECT COMPONENTS

5.1 Smart bins

Smart Bins are technologically advanced and innovative underground containers, for

differentiated collection of all types of waste with capacity of 3 to 5 cubic meters.

These International standard underground vertical waste bins are installed in precast

concrete bunker having water proof, closed construction, good quality. The top cover

lid is hydraulically fixable in water tight condition with necessary provision to lock the

filling lid having inter-genius design, secured garbage storage, longer empty intervals,

improved hygiene and space saving above ground profiles with suitable lifting

MDPE/HDPE close bottom container suitable for collecting municipal solid waste

including paper, glass and organic waste with an opening to receive the mixed solid

waste by the user/municipal works at street-level and door-to-door collection from

households and commercial establishments with a provision suitable to lift through

special lift / crane fitted on the compactor truck for emptying.

The entire bin is free from fire risk, vandalism and safety. The structure above the

ground is integrated with the surrounding to improving the urban aspect. By using an

electronic system, it is possible to calculate the amount of waste introduced in each

single container

Their large loading flaps allow them to be filled evenly, which cuts costs by reducing

the number of times they need emptying. Residents are not disturbed by the sound of

waste being thrown in thanks to break-fall devices and a sound-deadening insulation

layer which can be fitted inside the container on request. During the emptying

procedure, the foundation container is open to begin with. A self-actuating safety

platform with a high load bearing capacity automatically slides over the open pit,

providing a safe surface.

There are several advantage which overweigh the HDPE/MDPE bins usage over the

use metal bins for underground waste collection system prescribed in following table.
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Table 5-1Technical Comparison for MDPE and Metal Bins

Technical

Specifications MDPE/HDPE Bins Metal Bin

Bin Technology
3 cubic meters Fully
underground Bin.

3 cubic meters Semi
underground Bin.

System visibility
Only stainless-steel in-take bin
mend to receive waste visible
over ground.

Half outside and remaining part
underground.

Space requirement
Little occupation of public area. Higher occupation of public

area due to large structure
positioned outside.

System Design &
Aesthetics

Composite unit including
reinforced concrete, stain less
steel, Mild steel and pavement
matching non-slippery material
for over ground appearance.

Galvanized steel.

System suitability
Modular hence, adaptable and
designed to suit Indian
conditions.

Single unit. No conditional
change or adaptation possible.

Primary

Collection,

Tricycle/handcart

Design to accept garbage
collected by municipal workers
(door-2-door) in tri-cart/hand cart
directly and separate entry for
general user.

Only single opening hence
disposal of high volume of
waste is difficult. No option to
collect waste from tri-cart/hand
cart possible.

Waste Type
acceptability

Designed to handle any waste.
Segregated or mixed/loose
Indian solid waste (No bags
required)

Designed to handle segregated
bagged waste.

Leachate
Management

Closed Bottom Container. No
seepage of leachate or waste
water.

Bottom open container. It does
not hold leachate (water)
generated from waste.

Collection Vehicle
(Compaction)

Only system compatible to
compactor garbage collection
vehicle.

Empty only from bottom hence,
compatibility to open (tipper)
truck only. If made to use with
compactor; major modification
in the tailgate

System compatible to compactor
and open body tipper trucks
both.

It Can only be collected by a
tipper truck, can’t be collected
by compactor truck.

Gujarat Urban Development Mission
(GUDM)

Document No: 10196A-CH-335-DPR-186(P0) 33

Table 5-1Technical Comparison for MDPE and Metal Bins

Technical

Specifications MDPE/HDPE Bins Metal Bin

Bin Technology
3 cubic meters Fully
underground Bin.

3 cubic meters Semi
underground Bin.

System visibility
Only stainless-steel in-take bin
mend to receive waste visible
over ground.

Half outside and remaining part
underground.

Space requirement
Little occupation of public area. Higher occupation of public

area due to large structure
positioned outside.

System Design &
Aesthetics

Composite unit including
reinforced concrete, stain less
steel, Mild steel and pavement
matching non-slippery material
for over ground appearance.

Galvanized steel.

System suitability
Modular hence, adaptable and
designed to suit Indian
conditions.

Single unit. No conditional
change or adaptation possible.

Primary

Collection,

Tricycle/handcart

Design to accept garbage
collected by municipal workers
(door-2-door) in tri-cart/hand cart
directly and separate entry for
general user.

Only single opening hence
disposal of high volume of
waste is difficult. No option to
collect waste from tri-cart/hand
cart possible.

Waste Type
acceptability

Designed to handle any waste.
Segregated or mixed/loose
Indian solid waste (No bags
required)

Designed to handle segregated
bagged waste.

Leachate
Management

Closed Bottom Container. No
seepage of leachate or waste
water.

Bottom open container. It does
not hold leachate (water)
generated from waste.

Collection Vehicle
(Compaction)

Only system compatible to
compactor garbage collection
vehicle.

Empty only from bottom hence,
compatibility to open (tipper)
truck only. If made to use with
compactor; major modification
in the tailgate

System compatible to compactor
and open body tipper trucks
both.

It Can only be collected by a
tipper truck, can’t be collected
by compactor truck.

Gujarat Urban Development Mission
(GUDM)

Document No: 10196A-CH-335-DPR-186(P0) 33

Table 5-1Technical Comparison for MDPE and Metal Bins

Technical

Specifications MDPE/HDPE Bins Metal Bin

Bin Technology
3 cubic meters Fully
underground Bin.

3 cubic meters Semi
underground Bin.

System visibility
Only stainless-steel in-take bin
mend to receive waste visible
over ground.

Half outside and remaining part
underground.

Space requirement
Little occupation of public area. Higher occupation of public

area due to large structure
positioned outside.

System Design &
Aesthetics

Composite unit including
reinforced concrete, stain less
steel, Mild steel and pavement
matching non-slippery material
for over ground appearance.

Galvanized steel.

System suitability
Modular hence, adaptable and
designed to suit Indian
conditions.

Single unit. No conditional
change or adaptation possible.

Primary

Collection,

Tricycle/handcart

Design to accept garbage
collected by municipal workers
(door-2-door) in tri-cart/hand cart
directly and separate entry for
general user.

Only single opening hence
disposal of high volume of
waste is difficult. No option to
collect waste from tri-cart/hand
cart possible.

Waste Type
acceptability

Designed to handle any waste.
Segregated or mixed/loose
Indian solid waste (No bags
required)

Designed to handle segregated
bagged waste.

Leachate
Management

Closed Bottom Container. No
seepage of leachate or waste
water.

Bottom open container. It does
not hold leachate (water)
generated from waste.

Collection Vehicle
(Compaction)

Only system compatible to
compactor garbage collection
vehicle.

Empty only from bottom hence,
compatibility to open (tipper)
truck only. If made to use with
compactor; major modification
in the tailgate

System compatible to compactor
and open body tipper trucks
both.

It Can only be collected by a
tipper truck, can’t be collected
by compactor truck.



Gujarat Urban Development Mission
(GUDM)

Document No: 10196A-CH-335-DPR-186(P0) 34

As recommended in feasibility report, semi underground bins are most suitable
option for the MSW generated in India.

Semi-underground with closed

bottom container

Semi-underground with open

bottom container

Semi-underground with open

bottom container compact

Figure- 5-1 Opening / Unloading mechnisum for Semi-underground smart bins smart
bins

Advantges of close bottom bins
 Completely closed and watertight storage tank to prevent escape of leachates

 Upper hinged wing to allow the handling of the container by the crane installed on

topthe vehicle

 Steel side supports for turning in the standard rear waste collection vehicles

 Chain and snap hooks to look the wing during the emptying process

Technical Specification of Semi-underground smart bins
 One external casing designed to provide exterior finishing to concrete bunker. The

colored stickers are provided on the bins marking mixed municipal waste including

pictograms writings to help people clearly identify the bins for the use of depositing

general waste in the bins.

 One polyethylene concrete bunker cover/lid not designed with the trap door to

deposit waste. The lockable lid is fitted with 2 industrial Gas cylinders to open and

close the cover.

 One 3m³ with MDPE close bottom container of 1350 x 1300 x 1700mm size, and

for 5 m3 with MDPE close bottom container of 1350 x 1300 x 2800mm size,

thickness of 7mm on flat side and 10mm on reinforced side having empty weight
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deposit waste. The lockable lid is fitted with 2 industrial Gas cylinders to open and

close the cover.

 One 3m³ with MDPE close bottom container of 1350 x 1300 x 1700mm size, and

for 5 m3 with MDPE close bottom container of 1350 x 1300 x 2800mm size,

thickness of 7mm on flat side and 10mm on reinforced side having empty weight
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not exceeding 150kg with 2mm galvanized metallic interior to prevent fire and 1-

hook lifting system assembled on the outside part of the container. The thickness

of MDPE container must be of 7mm and 10mm on flat and reinforced side

respectively

 The entire system is in accordance to the standard EN13071-1 EN 13071-2 and

the test reports and results by an accredited domestic or foreign laboratory shall

be provided.

Dimensions
 Opening 1.35 x 1.30 m

 Height of 3 m³ container 1.7 m

 Height of 5 m³ container 2.8 m

Weights
 3 m³ closed bottom container: 100 Kg

 3 m³ bottom opening container: 135 Kg

 5 m³ bottom opening container: 180 Kg

5.2 Concrete Bunker

The concrete bunker is rectangular in shape, comprising a base, two side walls and

two end walls. All of the walls possess recesses to house elements of the opening and

closing system and the raised parts of the polyethylene container. The base has a

depression for collection of liquids or cleaning materials. The structural calculations of

the bunker, actuating actions were designed in accordance with the prevailing

standards.

Technical specification
One Reinforced concrete bunker of 1855x1855x1970 (D) mm having thickness of

110mm on flat side and 140mm on reinforced side walls to be installed fully

underground that provide spade to store 3m³ waste bin/container must be

prefabricated to be completely waterproof to surface and underground water.

Dimensions
 Inner height of 3m³ bunker: 1.77 m

 Inner height of 5m³ bunker: 3.00 m

 Height of the external finishing: 90 cm

 Height of the deposition trapdoor: 95 cm

 Total height of the external semi underground container:1.5 m

Components
 Class C30/37 concrete
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 A-500 yield strength steel

 Plated steel rim

 Various elements for transportation, and prepositioned

 Bushings for fastening of the elements of the opening system

 Watertight seal around the entirety of the bunker opening

5.3 Installation of Underground Bins

The installation procedure comprises following steps.

 Pit excavation

 Construction of 100mm x 100mm square concrete foundation followed by The

concrete bunker is rectangular in shape, comprising a base, two side walls and two

end walls

 Loose filling and closing of the pit surroundings and installation of the container

 Rebuilding of surroundings/pavement as per the requirement of location.

Figure- 5-2 Installation procedure of Underground bins

5.4 Concrete bunker cover

This item is constructed of polyethylene and designed in order not to allow the entry of

liquids into the underground bins. The color can be as per surroundings. It remains

part of the complete underground kitthroughout 2 hinges (same as for the underground
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systems). The cover needs anti-corrosion treatment, the metals, base of the cover,

shock absorber supports and plates has an anti-corrosion protection. All bolts and

sleeves are made of stainless steel. The hinges have brass bushings. The surface

must be protected against oxidation.

Mechanism for opening and closing the concrete bunker cover, the system for closing

the cover of the concrete bunker is designed to be comfortably operated. The cover is

settled with hinges which allow it to open, turning on the respective rim of the concrete

bunker to an angle close to 90 degrees. The cover is opened by means of a key.

Immediately after the tab which keeps the system closed is turned, the cover begins to

open automatically. After several centimeters, the operator assists the opening of the

cover and its retention at the end of this movement. The basic effort of opening the

cover is undertaken by two cylinders connected to two supports located inside the

concrete bunker, and two other identical supports located on the cover.

The cover is closed manually. The operator assists initially, facilitating the first part of

the movement. The cover continues to close automatically until a semi-closed position.

The stainless steel tab attached to the cover then turns, entering the recess in the rim

attached to the concrete bunker.

To open and close the cover, two industrial gas cylinders are used, which operate as

follows:

 The shock absorber is a hydro-pneumatic regulating element comprising a

pressure barrel and a piston with a rod possessing the necessary connections.

 A special hermetic guide system separates the inner chamber from the

surrounding environment. The shock absorber contains compressed nitrogen,

which exerts the same pressure against all parts of the piston. The pressure acts

on the surface of the piston lever disc, creating an expansion force which can be

freely regulated within its physical limits. If the expansion force of the shock

absorber is greater than the force of the counterweight, the piston lever expands.

Otherwise, the piston lever contracts.

 Besides nitrogen, the inner chamber of the shock absorber contains a quantity of

oil, both to guarantee optimal lubrication of the piston and of the hermetic guide

system, and to hydraulically absorb the shock of impact on reaching the final

position.

 The shock absorber operates without any need for maintenance. It's useful

average life is estimated at 50,000 cycles.
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5.5 Bin Levelling Sensor including automated software

The fill level management and route planning is carried out by a system that uses an

ultrasonic sensor and a web portal to provide information on the state of filling in each

container. Each sensor is protected against impacts and placed inside the container. In

a specific time the system sends by GSM the filling level information to the web

platform. Data from the various sensors allow the manager to allocate resources and

program the required route with an economic and environmentally sustainable way.

Figure- 5-3 Sensors for Measuring Waste Filling

The mode “Route Planning” shows the containers to collect and the most efficient

route. This information can be sent to a mobile device (Smartphone or Tablet) to help

the driver. With this system it is possible to produce different reports on filling levels of

the different containers: the number of collections, the historical data and other useful

information to manage a more efficient collection. Annex-1 showing the catalogue
for bin leveling system.

Table 5-2 Technical Specification of Sensor

Sr.
No Parameter Value

1 Dimensions Width x Height 90 mm x 67 mm

2 Standard Thread Mount 1 inch NPT

3 Container Depth max. 3.0 meters

4 Min. Measurement 15 cm

5 Temperature Rating -30 C to +70 C (operation)

6 Battery Life Up to 10 years

7 Protection rating IP66

8 Shocks 100g each Axis (EN 60058-2-27/F4)

9 Impact IK10 (EN 50102/F4)

10 Recycling ROHS Compatible

11 Housing High-density polyethylene (HDPE)
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12 Communications EGSM(850/900/1800/1900MHz)

13 CE Certification CE 0980 Articles 3.1(a)(b), 3.2 (inside)

14 FCC Compliance FCC ID: UDV‐0912142009007 (inside)

5.6 Waste Collection Vehicles and its Attachments

The waste collection vehicles are the trucks with capability to install PTO gear box on

chassis for installation of fully automated crane and mobile compactor Unit.There are

two types of waste collection vehicles Rear-loading vehicles and Top-loading vehicles

are used for waste collection purpose.

Rear-loading vehicles with Mobile

compactor

Top-loading vehicles with Mobile

compactor

Figure- 5-4 Waste Collection vehicles

Its Special purpose Vehicle Mounted Refuse Compactor Machine, Mounted on 16 Ton

to 25 Ton GVW Chassis with PTO and Hydraulic Assembly. It also includes 20

ton/meter crane which can be mounted on truck which can be operated directly from

driver cabin. A Crane with Lifting Hook, Radio Remote Control, Overload Protection, 3-

Section Hydraulic Boom, Telescopic Outriggers medium as per the attached Technical

Specifications.

Technical data sheet for waste transfer vehicles is attached as Annex-2 and Technical

specification of crane and compactor is attached as Annex-3 and Annex-4.

5.7 Alteration in Project Components

Following is the table providing alternative of different components.
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Table 0-3: Different parameters and its alternatives

No Component

Technical Specification

Reasons
As per

Technical
Guideline

Alternative

1
Underground

bins

5 m3 size bin

with fully

galvanised

bottom open

with deep

underground

cavity of

minimum 4

meter.

3 m3 MDPE /

Galvanised close

bottom container

with galvanised

inner casing

The 5 m3 underground Bins area too

heavy and deep, hence the criteria for

selection of Crane and truck is also

increased as alternative we can

increase number of 3m3 bins

replacing 5 m3 bins if waste volume

for any particular location is high.

Inner surface of bin must be coated

with impermeable material in order to

prevent seepage of leachate from

waste.

2 Truck 20 ton GVW 16 ton GVW

As 20 ton GVW truck is too heavy duty

and expensive. They are used for

transport of sand, gravel, or other

heavy duty cargo. Having such large

truck is an issue on Indian city roads

Indian cities while 16 ton GVW truck

suitable to carry garbage on city

roads. It has similar compactor body

and wheelbase with separate spray jet

system for washing waste container.

3

Knuckle Boon

Truck Mounted

Crane

25 ton /meter

Crane
20 ton/meter Crane

The 20 ton / meter crane too heavy

and expensive while 10 ton/meter

carne lighter weight with minimum

remote control operation to avoid. We

can include fully automated bin

handling and operation directly from

drivers cabin depending upon the

operational cost associated with it.
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and expensive. They are used for

transport of sand, gravel, or other

heavy duty cargo. Having such large

truck is an issue on Indian city roads

Indian cities while 16 ton GVW truck

suitable to carry garbage on city

roads. It has similar compactor body

and wheelbase with separate spray jet

system for washing waste container.

3

Knuckle Boon

Truck Mounted

Crane

25 ton /meter

Crane
20 ton/meter Crane

The 20 ton / meter crane too heavy

and expensive while 10 ton/meter

carne lighter weight with minimum

remote control operation to avoid. We

can include fully automated bin

handling and operation directly from

drivers cabin depending upon the

operational cost associated with it.
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4

Mobile Roll off

type compactor

and hook loader

with caisson

system (mend

for non-

compressible

material) and

complicated

open bin

washing unit.

Compulsion to

use due to

bottom open

bins for

compacted

waste

transportation.

Replaced with

chassis mounted

compactor with

standard bins lifting

mechanism with no

requirement of

hook loader.

5.8 Alternative of Smart bins

The alternative of smart bin with underground arrangement, where the waste container

simply disappear underground and only become visible when waste is deposited in

them or they are emptied. This is because they are raised and lowered quickly and

reliably by a powerful hydraulic or electric motor whenever the need arise. The

container lift's surfaces can be supplied with customized designs to enable them to

blend harmoniously into any surroundings. This type of system is a tidy, attractive

living or working environment, free from unpleasant odors and unsightly waste

container.

Figure 5-5 alternative for Waste Collection from Underground bins
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CHAPTER-6: PROJECT COST ESTIMATE

The capital cost estimates area carried out by taking the cost from recognised vender who

have experience of installing and operating of similar waste collection system. The O&M of

the proposed waste collection system is estimated with best of industrial practice and

minimum requirement of operating such system. For estimation of O&M cost per ton; 100

tons/day waste generation on 365 days per year. Following are cost estimate for proposed

system.

Table 6-1: Cost Estimate for Modern Underground waste collection system as per
Option-1

Sr
No

Name of work
Quantity

(Nos)
Rate in
(INR)

Estimated
Cost in
(INR)

1

Supply, Delivery and Installation of Modern

Underground Waste Collection Bins of 3 m3 Capacity

MDPE container for Municipal Solid Waste at

designated locations with top cover, concrete bunker

and painting work as well as the associated civil

works.

50 5,80,000 2,90,00,000

2

Supply, Delivery and Installation of Modern

Underground Waste Collection Bins of 5 m3 Capacity

MDPE container for Municipal Solid Waste at

designated locations with top cover, concrete bunker

and painting work as well as the associated civil

works.

25 7,50,000 1,87,50,000

3

Supply, Delivery, Installation and operation and

maintenance of Bin leveling System with its associated

software.

75 28,500 21,37,500

4

Waste Collection Truck with capability to install PTO

gear box on chassis for installation of fully automated

crane and mobile compactor Unit.16 Ton GVW

Chassis with Driver's Day Cabin and provision for

P.T.O.(TATA 2518/4018 or similar)

4 18,00,000 72,00,000
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5

Special purpose Vehicle Mounted Refuse Compactor

Machine, Mounted on 16 Ton GVW Chassis with PTO

and Hydraulic Assembly etc. - As per Technical

Specification attached. (With Special Attachment for

Underground Bin Lifter)

4 19,60,000 78,40,000

6

Commissioning of 25 ton/meter crane which can be

mounted on truck and which can be operated directly

from driver cabin. Crane with Lifting Hook, Radio

Remote Control, Overload Protection, 3-Section

Hydraulic Boom, Telescopic Outriggers medium as per

the attached Technical Specifications(PALFINGER PK

22002 EH or similar)

4 65,60,000 2,62,40,000

Total 9,11,67,500
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Table 6-2: Operation and Maintenance Cost Estimate for Modern Underground
waste collection system as per Option-1

Sr.
No. Item / Description Unit No Quantity Rate Amount

Waste
per
year

Cost
per ton

a b c d = a x b x c e f = d ÷ e
1 Manpower Expenses

Manager Nos 1 1 7,80,000 7,80,000 36,500 21.37
Operator Nos 5 1 2,60,000 13,00,000 36,500 35.62
Labour Nos 10 1 1,10,500 11,05,000 36,500 30.27
Mechanics Nos 2 1 2,60,000 5,20,000 36,500 14.25
IT & Instrumental Engineer Nos 2 1 5,85,000 11,70,000 36,500 32.05

Sub Total 48,75,000 36,500 133.56
2 Repair and maintenance

Repair and Maintenance
Fixed machinery 3% of
Capital Cost

year 1 1 10,47,638 10,47,638 36,500 28.70

Repair and Maintenance all
movable machinery 3% of
Capital Cost

year 1 1 14,73,600 14,73,600 36,500 40.37

Repair and maintenance of
civil work 1.5% of total
capital cost

year 1 1 77,299 77,299 36,500 2.12

Sub Total 25,98,536 36,500 71.19
3 Office Overheads

Office Place year 1 12 30,000 3,60,000 36,500 9.86
Water bill for the office use year 1 12 10,000 1,20,000 36,500 3.29
Electricity for office year 1 12 10,000 1,20,000 36,500 3.29
Telephone charges year 1 20 12,000 2,40,000 36,500 6.58
Local Conveyance year 1 12 15,000 1,80,000 36,500 4.93
Travels expenses year 1 12 15,000 1,80,000 36,500 4.93
Office Stationery, Internet
and other miscellaneous
expenses

year 1 12 24,000 2,88,000 36,500 7.89

Sub Total 11,28,000 36,500 40.77

4 Administrative Fixed
Charges
Insurance year 1 1 9,11,675 9,11,675 36,500 24.98
Annual Subscription for
automated software
License per year

Year 1 75 12,500 9,37,500 36,500 25.68

Sub Total 9,11,675 36,500 50.66
5 Consumables

Diesel for handling
machines lit 1 70,080 57 39,94,560 36,500 109.44

Water for cleaning of bins m3 1 8,100 10 81,000 36,500 2.22
Sub Total 40,75,560 36,500 111.66

Total (1+2+3+4+5) 1,35,88,771.25 407.84
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Table 6-3: Cost Estimate for Modern Underground waste collection system for
Option-2

Sr
No

Name of work
Quantity

(Nos)
Rate in
(INR)

Estimated
Cost in
(INR)

1

Supply, Delivery and Installation of Modern

Underground Waste Collection Bins of 3 m3 Capacity

MDPE container for Municipal Solid Waste at

designated locations with top cover, concrete bunker

and painting work as well as the associated civil works

100 5,80,000 5,80,00,000

2

Supply, Delivery, Installation and operation and

maintenance of Bin leveling System with its associated

software.

100 28,500 28,50,000

3

Waste Collection Truck with capability to install PTO

gear box on chassis for installation of fully automated

crane and mobile compactor Unit. 16 Ton GVW

Chassis with Driver's Day Cabin and provision for

P.T.O.(TATA 2518/4018 or similar)

4 18,00,000 72,00,000

4

Special purpose Vehicle Mounted Refuse Compactor

Machine, Mounted on 16 Ton GVW Chassis with PTO

and Hydraulic Assembly etc. - As per Technical

Specification attached. (With Special Attachment for

Underground Bin Lifter)

4 19,60,000 78,40,000

5

Commissioning of 20 ton/meter crane which can be

mounted on truck and which can be operated directly

from driver cabin. Crane with Lifting Hook, Radio

Remote Control, Overload Protection, 3-Section

Hydraulic Boom, Telescopic Outriggers medium as per

the attached Technical Specifications

(PALFINGER PK 22002 EH or similar)

4 45,60,000 1,82,40,000

Total 9,41,30,000
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Hydraulic Boom, Telescopic Outriggers medium as per

the attached Technical Specifications

(PALFINGER PK 22002 EH or similar)

4 45,60,000 1,82,40,000

Total 9,41,30,000



Gujarat Urban Development Mission
(GUDM)

Document No: 10196A-CH-335-DPR-186(P0) 46

Table 6-4: Operation and Maintenance Cost Estimate for Modern Underground
waste collection system as per Option-2

Sr.
No. Item / Description Unit No Quantity Rate Total Amount

Waste
per
year

Cost
per ton

a b c d = a x b x c e f = d ÷ e
1 Manpower Expenses

Manager Nos 1 1 7,80,000 7,80,000 36,500 21.37
Operator Nos 5 1 2,60,000 13,00,000 36,500 35.62
Labour Nos 10 1 1,10,500 11,05,000 36,500 30.27
Mechanics Nos 2 1 2,60,000 5,20,000 36,500 14.25
IT & Instrumental Engineer Nos 2 1 5,85,000 11,70,000 36,500 32.05

Sub Total 48,75,000 36,500 133.56
2 Repair and maintenance

Repair and Maintenance Fixed
machinery 3% of Capital Cost year 1 1 12,77,850 12,77,850 36,500 35.01

Repair and Maintenance all
movable machinery 3% of
Capital Cost

year 1 1 13,29,600 13,29,600 36,500 36.43

Repair and maintenance of civil
work 1.5% of total capital cost year 1 1 2,73,825 2,73,825 36,500 7.50

Sub Total 28,81,275 36,500 78.94
3 Office Overheads

Office Place year 1 12 30,000 3,60,000 36,500 9.86
Water bill for the office use year 1 12 10,000 1,20,000 36,500 3.29
Electricity for office and other
use Year 1 12 10,000 1,20,000 36,500 3.29

Telephone charges year 1 20 12,000 2,40,000 36,500 6.58
Local Conveyance year 1 12 15,000 1,80,000 36,500 4.93
Travels expenses year 1 12 15,000 1,80,000 36,500 4.93
Office stationery, Internet and
other miscellaneous expenses year 1 12 24,000 2,88,000 36,500 7.89

Sub Total 11,28,000 36,500 40.77
4 Administrative Fixed Charges

Insurance year 1 1 9,41,300 9,41,300 36,500 25.79
Annual Subscription for
automated software License per
year

Year 1 100 12,500 12,50,000 36,500 34.25

Sub Total 9,41,300 36,500 60.04

5 Chemical and Stores
consumed
Diesel for handling machines lit 1 70,080 57 39,94,560 36,500 109.44
Water for cleaning of bins m3 1 10,800 10 1,08,000 36,500 2.96

Sub Total 41,02,560 36,500 112.40
Total (1+2+3+4+5) 1,39,28,135.00 425.71
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Repair and Maintenance all
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Repair and maintenance of civil
work 1.5% of total capital cost year 1 1 2,73,825 2,73,825 36,500 7.50

Sub Total 28,81,275 36,500 78.94
3 Office Overheads
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Electricity for office and other
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automated software License per
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5 Chemical and Stores
consumed
Diesel for handling machines lit 1 70,080 57 39,94,560 36,500 109.44
Water for cleaning of bins m3 1 10,800 10 1,08,000 36,500 2.96

Sub Total 41,02,560 36,500 112.40
Total (1+2+3+4+5) 1,39,28,135.00 425.71
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Table 6-5: Cost Estimate for Modern Underground waste collection system for
Option-3

Sr
No

Name of work
Quantity

(Nos)
Rate in
(INR)

Estimated
Cost in
(INR)

1

Supply, Delivery and Installation of Modern

Underground Waste Collection Bins of 3 m3 Capacity

MDPE container for Municipal Solid Waste at

designated locations with top cover, concrete bunker

and painting work as well as the associated civil works

75 5,80,000 4,35,00,000

2

Supply, Delivery, Installation and operation and

maintenance of Bin leveling System with its associated

software.

75 28,500 21,37,000

3

Waste Collection Truck with capability to install PTO

gear box on chassis for installation of fully automated

crane and mobile compactor Unit. 16 Ton GVW

Chassis with Driver's Day Cabin and provision for

P.T.O.(TATA 2518/4018 or similar)

4 18,00,000 72,00,000

4

Special purpose Vehicle Mounted Refuse Compactor

Machine, Mounted on 16 Ton GVW Chassis with PTO

and Hydraulic Assembly etc. - As per Technical

Specification attached. (With Special Attachment for

Underground Bin Lifter)

4 19,60,000 78,40,000

5

Commissioning of 20 ton/meter crane which can be

mounted on truck and which can be operated directly

from driver cabin. Crane with Lifting Hook, Radio

Remote Control, Overload Protection, 3-Section

Hydraulic Boom, Telescopic Outriggers medium as per

the attached Technical Specifications

(PALFINGER PK 22002 EH or similar)

4 45,60,000 1,82,40,000

Total 7,89,17,500
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Table 6-6: Operation and Maintenance Cost Estimate for Modern Underground waste
collection system as per Option-3

Sr.
No. Item / Description Unit No Quantity Rate Total Amount

Waste
per
year

Cost
per ton

a b c d = a x b x c e f = d ÷ e
1 Manpower Expenses

Manager Nos 1 1 7,80,000 7,80,000 36,500 21.37
Operator Nos 5 1 2,60,000 13,00,000 36,500 35.62
Labour Nos 10 1 1,10,500 11,05,000 36,500 30.27
Mechanics Nos 2 1 2,60,000 5,20,000 36,500 14.25
IT & Instrumental Engineer Nos 2 1 5,85,000 11,70,000 36,500 32.05

48,75,000 36,500 133.56
2 Repair and maintenance

Repair and Maintenance Fixed
machinery 3% of Capital Cost year 1 1 9,58,388 9,58,388 36,500 26.26

Repair and Maintenance all
movable machinery 3% of
Capital Cost

year 1 1 13,29,600 13,29,600 36,500 36.43

Repair and maintenance of civil
work 1.5% of total capital cost year 1 1 2,05,369 2,05,369 36,500 5.63

24,93,356 36,500 68.31
3 Office Overheads

Office Place year 1 12 30,000 3,60,000 36,500 9.86
Water bill for the office use year 1 12 10,000 1,20,000 36,500 3.29
Electricity for office and other use year 1 12 10,000 1,20,000 36,500 3.29
Telephone charges year 1 20 12,000 2,40,000 36,500 6.58
Local Conveyance year 1 12 15,000 1,80,000 36,500 4.93
Travels expenses year 1 12 15,000 1,80,000 36,500 4.93
Office stationery, Internet and
other miscellaneous expenses year 1 12 24,000 2,88,000 36,500 7.89

11,28,000 36,500 40.77
4 Administrative Fixed Charges

Insurance year 1 1 7,89,175 7,89,175 36,500 21.62
Annual Subscription for
automated software License per
year

Year 1 75 12,500 9,37,500 36,500 25.68

7,89,175 36,500 47.31

5 Chemical and Stores
consumed
Diesel for handling machines lit 1 70,080 57 39,94,560 36,500 109.44
Water for cleaning of bins m3 1 8,100 10 81,000 36,500 2.22

40,75,560 36,500 111.66

Total (1+2+3+4+5) 1,33,61,091.25 36,500 401.61
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CHAPTER-7: CONCLUSION

7.1 Assumptions

The population of project area is 6,50,000 as defined by SMC. The classification of

population is assumed based on metro city development. However the underground

waste collection system is designed for the 100 tons/day capacity which is collecting

the waste generated from commercial and floating population with minimal amount of

waste addition from the residential population. Furthermore, proposed system is

established for 5 years short term life span as per CPHEEO norms.

7.2 Proposal

The most feasible Underground waste collection system for Surat City with following

parameters

 It is recommend that as per Option-3 the 3 m3 bins are installed at all 75
locations and to deal with future requirement we can installed further 3 m3

bin other 25 locations or side by to existing locations depend on waste
intake to bins.

 The size of smart bins can be 3 m3 capacity with the dimension of 1.35 (width) X

1.3(length) X 1.7 (depth) m. The capacity of vary depend on availability of space

and waste intake.

 The size of bins should be restricted up to 3 m3 as loading and unloading time can

be optimised.

 We can increase numbers of bins at any given location depends on waste

generation of any given the area.

 Smart bin must be equipped with two type of lifting mechanism. One from top and

second from the sides in order to unload in compactor truck with universal bin lifter

mechanism.

7.3 Cost

Total Project cost is summarised following table

Table 7-1: Cost Summery

Sr. No Particular Option-1 Option-2 Option-3

1 Project Capital Cost (in INR) 9,11,67,500 9,41,30,000 7,89,17,500

2 Operation and Maintenance Cost (in INR) in Rs/ton 407.84 425.71 401.61
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In consultation with various concessionaires the Operation & Maintenance with

conformity of 100 tons per day for 5 years contract can be estimated as follows:

 Proposal 1: SMC invests for underground bins while the private concessionaire

invests into Waste collection trucks which includes crane and compacter

attachments and O&M (including fuel, manpower and cleaning of bins, etc) then

tipping fees shall be Rs 650 to 750 per ton.

 Proposal 2: Private concessionaire invests into Underground bins, Waste

collection trucks which includes crane and compacter attachments and O&M

(including fuel, manpower and cleaning of bins, etc) then tipping fees shall be Rs

850 to 950 per ton.

The above mentioned tipping fees are very depending upon the manpower cost, profit,

overheads and contingency considered by any private concessionaire.

7.4 Further work needed

Following are the issues to be addressed after the project implementation.

 The additional location of bins can be strategically defined based on following

factors

o the waste collection data from the proposed waste collection system

o waste generation pattern

o Traffic density

o Route optimization for easy waste collection truck's movement.

 User manual for dumping the waste in smart Bins by public awareness campaign

or poster advertisements to make the general public aware about the usage of

proposed system.

 Operation manual for loading and unloading of waste from smart bins to

compactor trucks

7.5 Tendering Strategy

We recommend issuing first tender with installation of smart bins of 3 m3 capacity on

75 locations. Tender will spell the battery limit for SMC for the proposed waste

collection system up to purchase of bins which also include installation. The Operation

and Maintenance (O&M) will be done by concessionaire who is installing the bins on

proposed location for next 5 years.

All the guarantees and warranties of smart bin including the bin levelling system and

sensors will be given by the successful concessionaire as per the life span of the bins

and also responsible for O&M of the system for 5 years.
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All the guarantees and warranties of smart bin including the bin levelling system and

sensors will be given by the successful concessionaire as per the life span of the bins

and also responsible for O&M of the system for 5 years.
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7.6 Execution Strategy
Execution of the proposed waste collection system will be initiated with installation of

smart bins and further followed by O&M for 5 years.

7.7 Timelines
The timeline will be 6 months for installation of smart bins on 75 locations and O&M

will be following 5 years. Total concession period will be 5 years and 6 months.

7.8 Risks
The main risk associated with the project is operation and maintenance of the bin

levelling system and sensors. As smart bins are only differentiated with other bins by

these two components. SMC can protect their risk by offloading the O&M work to the

same concessioner who is responsible for installation of smart bins.
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APPLICABLE CODES AND STANDARDS

Latest edition of all the codes and standards applicable has been referred for preparation

of design basis report. Following codes and standards shall be applicable for design of

various service utility.

Solid waste Management

a) 1986 - ENVIRONMENT PROTECTION ACT (UMBRELLA ACT)

b) 1986 - ENVIRONMENT (PROTECTION) RULES - AMENDED IN 2003

C) S.O. 1357(E) [08-04-2016] : SOLID WASTE MANAGEMENT RULES, 2016

D) G.S.R. 320 (E) [18-03-2016] : PLASTIC WASTE MANAGEMENT RULES 2016

E) G.S.R. 338 (E) [23-03-2016] : E-WASTE (MANAGEMENT) RULES, 2016

F) G.S.R. 343(E). [28-03-2016] : BIO-MEDICAL WASTE MANAGEMENT RULES,2016

G) G.S.R. 317(E). [29-03-2016] : CONSTRUCTION AND DEMOLITION WASTE

MANAGEMENT RULES, 2016

H) CPHEEO Manual On Municipal Solid Waste Management
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