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ABSTRACT

Municipal solid waste management is a growing environmental and financial

problem in developing countries. Despite significant efforts in the last decades, the

majority of municipalities in developing countries face difficulties in managing the

growing quantity of waste in their cities. Dhaka, the Capital City of Bangladesh, is

one of the fastest growing metropolises of the world with an annual average growth

rate of 6.6 %. Due to high density of population (about 200 persons per acre) and

continued inward migration of more people, managing solid waste has become a

challenging task.

The study revealed that, Dhaka City Corporation (DCC), responsible for

management of solid waste of Dhaka, is inefficient and unsatisfactory. The total

amount of municipal solid waste generated every day is about 3,000 tons from 5.38

million residents. Inspite of uncontrolled recycling, mostly by scavengers, DCC can

handle only 42% of the generated solid wastes. With limited resources in terms of

money, skilled manpower and logistics, managing such bulk volume of solid waste

is difficult for DCC. Only 30% of the population use roadside bins and the rest

throwaway their waste on the drains, low-lying areas, streets and open spaces. 9%

of the slums in DCC area have any form of solid waste collection service and as a

result the remaining 91% slums dump their waste on open land, roadside and khals.

Transportation of solid waste through open truck (43%) results public nuisances due

to irregular cleaning of open bin and removal of demountable containers. All these

wastes, uncollected and untreated in open spaces, are left to rot, which pose a threat

to the public health, environment as well as the ecology.

It is observed that, faced with such unsatisfactory and inadequate management

system of DCC community people are now coming forward to deal with the solid

waste problem themselves. About 130 Community Based Voluntary Organizations

have started working in Dhaka City, providing door-to-door waste collection

services and disposing off their collected waste into the nearest DCC communal

solid waste collection bins/drop boxes (containers). This study gives two examples -
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one is an NGO (Waste Concern) and the other is a CBO (RECP), which is acting

independently, without any kind of involvement or help from DCC. They are

managing their waste themselves from collection to disposal. The study shows that

they are very successful with highly satisfied clients and have created significant

employment.

It is found from this study that domestic waste generation rate from medium-income

residential area (0.32-0.37 kg/capita/day) is higher than that from slum area (0.23-

0.25 kg/capita/day). A graphical representation of variation of waste generation rate

with respect to income generation demonstrates that the waste generation rate vary

with respect to income level of people and the type of area. It is apparent from the

physical composition of waste that major portion (80-90% )of domestic solid waste

in Dhaka City is organic. Presence of high organic matter in the waste suggests that

composting could be a viable option of waste disposal as there is good market .for

compost, for majority of the land use in greater Dhaka and adjoining areas is

agricultural.

Composting can either be done by constructing a composting plant or by placing

composting barrels in backyards of households. Financial feasibility analysis for a 3-

ton capacity composting plant and alternatively for using 200-liter composting

barrels (where land is constraint), for Study Area-I at Rayer Bazar (ward no. 47)

shows that the return on investment (considering 5 year project) is viable. The study

reveals that integration of primary collection and composting is necessary for

projects to be socially and commercially viable and sustainable.

All what can be conclusively said is that, decrease in the amount of solid waste to be

disposed off in landfill site through resource recovery and recycling, could be the

right solution, since municipal solid waste is composed of high organic matter,

which can be converted into compost by less capital intensive community-based

composting plants. However, the application of these technologies requires further

detail study and long-term experimental verification for other wider application and

commercial use in Bangladesh.
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CHAPTER 1
INTRODUCTION

1.1 GENERAL

Solid waste management has become a serious environmental problem and is one of

the major growing concerns for urban areas all over the cities of the world. At all

levels of development human beings produce domestic wastes; at the very minimum

these comprise kitchen wastes, ashes from fires, broken utensils and worn out

clothing. In small agricultural community nature readily accepts these wastes into

her natural cycle; animals consume food residues and other materials are rapidly

incorporated into the soil. But the industrial revolution in the temperate countries

converged people towards urban areas resulting high population density and added

new sources of wastes. Besides consideration of public health it is impossible to

accommodate these wastes arising at very high rate within the urban areas. In fact,

waste is an essential by-product, or the necessary evil, of everyday human living.

Thus, the idea of eliminating waste all together is an impractical proposition--what is

realistic is the managemell/ of it in an effective manner.

A solid waste management system is an interrelated system of appropriate

technologies and mechanisms involved In the generation, collection, storage,

processing, transfer/transport and disposal of solid waste designed to reduce waste at

the lowest possible cost. This should also minimize risk to the health of the people

and the environment as a whole. But Municipal government worldwide is struggling

to find the best method to manage their domestic wastes.

Dhaka, the capital city of Bangladesh is one of the fastest growing mega cities of the

world. Its population is growing at a phenomenal rate, overwhelming all the efforts

to improve the living conditions and posing an enormous challenge to those

responsible for management of Capital City development and providing services to

citizens. During the last three decades it has grown from a provincial capital with a

population of around one million to the capital of an independent country with a

population approaching ten million. The average annual growth rate is 6.6%
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(Enayetullah et ai, 2000). The population density is very high with around 200

persons per acre (Salam, 2000). In parts of old Dhaka, this goes up to about 325 ppa.

Recently, a number of newspapers have reported that the old part of Dhaka city near

Sutrapur is the most densely populated area of the world (Pratham Alo, 6th July,

2000). DMDP predicts the population of Dhaka to be around 15 million in the year

2015 (Choudhury, 1998).

Dhaka City Corporation (DCC) is responsible for collection and disposal of solid

waste generated in the DCC area. The total amount of solid domestic waste

generated every day is about 3,000 tons. Only about 42% (Enayetullah, 1995) of this

is collected and dumped as landfill. The rest generated waste remains uncollected,

which makes environmental scenarios of Dhaka City gloomy and dismal for the

future. Inadequate and uncontrolled management of wastes causes serious health

hazards, environmental degradation i.e. air and water pollution and public nuisance

in the City. Besides, lack of awareness among the people and the failure of the City

Corporation in increasing the public level's awareness and taking the proper

initiative, the SWM problem have augmented significantly.

Solid waste management may be defined as that discipline associated with the

control of (I) generation, (2) storage, (3) collection, (4) transfer and transport, (5)

processing and (6) disposal of solid waste in a manner that is in accordance with the

best principle of public health, economics, engineering, conservatives, aesthetics and

other environmental consideration and which also is responsive to public attitude.

These six components are known as the functional elements of a SWM system.

This thesis reviews the present practice of Solid Waste Management of Dhaka City,

estimates domestic waste generation rate, analyzes the physical composition of solid

waste, identifies the potential of composting, evaluates the newly introduced

Community Based Solid Waste Management practices in different income groups

and explores the possibility of a cost-effective and sustainable approach of Solid

Waste Management by integrating primary collection and resource recovery
(recycling).
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1.2 OBJECTIVES OF THE STUDY

This study is aimed at identifying the management problems of solid waste in Dhaka

City in general and brings into discussion various community based initiative in

different areas of Dhaka City in minimizing some of the identified problems.

The following are the major objecti ves of this thesis:

I. Review of existing Solid Waste Management practices.

2. Quantification and characterization of domestic waste generated from

different income groups of different areas of Dhaka City.

3. Assessment of the financial and environmental aspect of domestic waste as a

component of Solid Waste Management System.

4. Evaluation of existing recycling practices and identification of resource

mobilization in Solid Waste Management.

5. Determination of the feasibility and sustainability of newly introduced

Community Based Solid Waste Management and Barrel Type Composting

Approach for different income areas of Dhaka city.

1.3 OUTLINE OF METHODOLOGY

The methodology to be applied in this study is literature review of previous studies,

review of Solid Waste Management System of Dhaka City Corporation, assessment

of present needs through questionnaire and field survey, sample collection,

quantitative and qualitative analysis of solid waste (domestic), determination of

requirements for the present and proposed system and analysis of alternative options

for different Study Areas.
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Rayer Bazar (ward-47), Mirpur (section-2), Green Road Staff Quarter, Bailey

Square Officer's Quarter, Mirpur slum areas (Shah Ali Bagh, Kolwala Para and

Nasim Bagh) are selected as the Study Areas. A survey work will be conducted for

these areas, which will include questionnaire survey in selected residential units and'

slum areas. As few private organizations (CBOs/NGOs) started the house-to-house

domestic waste collection services in these areas, it is expected that data from these

collection services will facilitate data collection. Two plastic containers will be

supplied to each selected household to collect organic and inorganic waste

separately and then the quantity of generated organic and inorganic domestic waste

will be measured for seven days. The number of persons and their income in those

households will also be recorded. The data thus obtained then will be analyzed to

assess the financial and environmental aspects of the domestic wastes.

The value of resource recovery will be identified and the possibility of recycling of

solid waste, both organic and inorganic part will be assessed. For effective Solid

Waste Management of Dhaka City newly introduced approaches will be evaluated

from social and financial point of view in the different Study Areas.

1.4 SCOPES AND LlMITA TIONS OF THE STUDY

The selected Study Areas constitute medium and low- income group of people of

Dhaka city. At present no effective Solid Waste Management System of the Dhaka

City Corporation is available for these areas. No survey work has been done to

determine waste generation rates, physical composition of domestic wastes produced

from these areas, transport and manpower requirement for waste removal. Some

community based private organizations are collecting domestic waste by rickshaw

van from different households. Some are producing compost from the organic part

of the collected domestic waste by installing composting plants in middle income

areas or by storing wastes into barrels in low income areas (slums) and some of them

dispose of these wastes into the nearby ponds in environmentally safe manner which
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becomes valuable land for future use. The inorganic parts are being sold to the

market for recycling purpose.

This study and analysis can establish some important basic data, which will enable

one to design a cost-effective and socially acceptable future Solid Waste

Management System. The domestic waste generation rate, total volume of waste,

characteristics of waste, labor, transport and equipment requirement, resource

recovery and recycling possibilities, cost estimate for private company, door-to-door

collection, transportation and disposal data will be determined.

The information presented in this study will be useful to optimize the Solid Waste

Management System and also in studying the feasibility of resource recovery rather

than simply waste treatment in the Solid Waste Management Systems in place.

I.S ORGANIZA TION OF THE THESIS

The thesis presents literature review, data analysis and findings of the study in five

chapters and five annexure, as shown below. In addition, a bibliography of related

publications has also been presented.

Chapter 1

Chapter 2

Chapter 3

includes general introduction, objective, methodology and scope

of the study.

includes literature review covering functional elements of Solid

Waste Management System. Brief reviews of relevant literature

are discussed. This chapter also enlightens the workings of a

CBO and an NGO in managing solid waste.

consists of review of present Solid Waste Management practice

of Dhaka City Corporation and points out the major problems

and limitation of the present system.



Chapter- 4

Chapter- 5

References

Abbreviations

Annexure A

Annexure B

Annexure C

Annexure D

Annexure E

6

presents the data collection and their analysis from the selected

Study Areas of Dhaka City and evaluation (social and financial)

of the sustainability of the newly introduced community based

approaches. This chapter proposes basic information for cost-

effective and successful Solid Waste Management System.

presents a general discussion on the findings of the study,

identifies precise conclusions and provides a number of

recommendations for future study.

at the end of the mam chapters provides a list of relevant

publications and reports, which may be useful for any future

study in this context.

provides a list of abbreviations used in this thesis.

provides Tables showing Physical Composition of Domestic

Waste Generation of the Study Areas and Figures showing

variation of per capita Waste Generation Rate with per capita

Income Generation of the Study Areas.

provides Tables showing Sale of Inorganic Waste of the Study

Areas (per day).

provides Tables showing Financial Involvement in Composting

Plants of the Study Areas.

provides Tables showing Financial Involvement in Barrel Type

Composting of the Study Areas.

provides Sample Questionnaires used in this study.



7

CHAPTER 2
LITERA TURE REVIEW

2.1 INTRODUCTION

Solid waste is the term now used internationally to describe non-liquid waste

material, which arises from the domestic, trade, commercial, industrial, agricultural

and mining activities. Solid waste comprises countless different materials: dust, food

waste, packaging in the form of paper, metals, plastics or glass, discarded clothing

and furnishings, garden waste, construction waste, factory off cuts and processing

wastes, pathological wastes, hazardous and radioactive wastes.

Domestic wastes have three mam characteristics: weight generated, density and

constituents. This varies not only from country to country but also from town to

town and within a town according to the status level of different income groups.

Therefore, no rational decision on Solid Waste System is possible until a

representative data of this kind are available.

2.2 TERMINOLOGY OF WASTE MANAGEMENT SYSTEM

MUlIicipal Solid Waste Mallagemelll - includes the cleaning and sweeping of public

areas and streets, as well as the primary and the secondary collection, transfer, and

final disposal of solid waste. Primary collection is the collection of solid waste at

source (from households, businesses, institutions etc.) or from street containers, and

its transportation to point of transfer. Secondary collection is the collection of the

waste from transfer points for transport to the final disposal site. House-to-house

collection refers to collection of waste at the doorstep.

Recovery - represents the removal or rescue of post-consumer materials for some

type of rescue or recycling. This often implies separation, sorting and eventual

processing for use in production.
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Recycling - is used to mean the transformation of recovered and sorted materials

into intermediary products for industrial production (such as crushed glass or ground

or extruded plastic) or the making of new products for final use, such as the

production of lanterns from steel cans. Reuse (or product recovery) refers to the

repair or the direct reuse of a discarded product in its original form, for the same or a

new purpose within or outside the household. With respect to organic wastes, the

term recovery or reuse is used rather than recycling: organics may be reused as fuel

and may also be composted for agriculture and horticulture.

Organic materials - refers to waste materials, such as food leftovers, vegetable and

fruit peelings and garden waste (also called wet or biodegradable waste).

Inorganic materials- refers to recyclable materials, such as plastics, paper and

metals (also called dry waste), which have a potential recycling monetary value.

2.3 FUNCTIONAL ELEMENTS OF A SOLID WASTE MANAGEMENT
SYSTEM

The activities involved with the management of solid waste from the point of

generation to final disposal have been grouped into six functional elements namely

(I) Waste generation, (2) On-site handling, Storage and Processing, (3) Collection,

(4) Transfer and Transport, (5) Processing and Recovery, and (6) Disposal.

2.3.1 Waste Generation

Waste generation refers to generation of waste at source. Generation of solid waste

varies in different types of dwelling in different socio-economic groups.

Waste generation encompasses those activities in which materials are identified as

no longer being of value and either thrown away or gathered together for disposal.

The primary sources of solid waste include (I) Residential, (2) Commercial,
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(3)Municipal, (4) Industrial, (5) Open areas, (6) Treatments plants, and

(7)Agricultural, etc.

Factors that affect generation rate:

Factors that affect solid wastes are as follows:

(i) Geographic location, (ii) Season of the year (iii) Frequency of collection (iv) Use

of home grinders (v) Characteristics of population (vi) Extent of salvage and

recycling (vii) Legislation and (viii) Public attitudes.

2.3.1.1 Types of solid waste

The principal types of solid waste originating from a metropolitan area includes:

Food waste: Food wastes are the animal, fruit or vegetable residues resulting form

the handling preparation, cooking and eating of food.

Rubbish: Rubbish consists of combustible and noncombustible solid wastes.

Typically combustible rubbish consists of materials such as paper cardboard,

plastics, textiles, rubber, leather, wood, furniture and garden trimmings.

Noncombustible rubbish consists of items, such as glass, aluminum in cans and

crockery, ferrous and other nonferrous metal and dirt.

Ashes and residues: Materials remaining from the burning of wood, coal coke and

other combustible wastes. Ashes and residues are normally composed of fine

powdery materials. Demolition and construction waste includes dirt, stones,

concrete, brick, plaster, timber, shingles, plumbing, heating and electrical parts.

Special wastes: Waste such as street sweepings, roadside litter, litter from municipal

litter container, catch basin, debris, dead animal and abandoned vehicles are

classified as special wastes.
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Treatment plant waste: The solid and semisolid waste from wastewater and

industrial waste treatment facilities are included in this classification.

Agricultural wastes: Wastes and residues resulting from divers agricultural activities

such as the planting and harvesting of row, field and tree and vine, crops, the

production of milk, the production of animals for slaughter and the operation of

feedlots are collectively called agricultural waste.

Hazardous waste: Chemical, biological, flammable, explosive or radioactive waste

that pose a substantial danger, immediately or over time to human, plant or animal

life are classified as hazardous waste.

2.3.1.2 Composition of municipal solid waste

Information on the composition of solid waste is important in evaluating alternative

equipment needs, system and management programs and plans.

Physical composition: Information and data on the physical composition of solid

waste are important in the selection and operation of equipment and facilities in

assessing the feasibility of resource and energy recovery and the analysis and design

of disposal facilities. The percentage of municipal solid waste components vanes

with location, season, economic conditions and many other factors.

Chemical Composition: Information on the chemical composition of solid waste is

important in evaluating alternative processing and recovery options.

2.3.2 Onsite Handling, Storage and Processing

Those activities associated with the handling, storage and processing of solid waS

at or near the point of generations may be referred as onsite handling, storage and

processing.
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2.3.2.1 Onsite handling

Onsite handling refers to the activities associated with the handling of solid waste

until they are placed in the containers used for their storage before collection.

Depending on the type of collection service handling may also be required to move

the loaded container to the collection point and to return the empty container to the

point where they are stored between collections.

Domestic wastes accumulated at several locations in and around low and medium

rise residential dwelling are placed in large storage container to await removal by

waste collection agency. Where curb collection is used the resident is also

responsible for placing the loaded storage container(s) at the curbs and for returning

the empty containers(s) to their storage location next to or in the dwelling. In high-

rise apartments wastes are (I) picked up by building maintenance personnel or

porters form each floor and taken to basement service area, (2) taken to basement

service area by the tenants or (3) bagged and placed by the tenants in specially

designed chutes with openings located at each floor.

In most office, commercial and industrial buildings solid wastes that accumulate in

the office or work locations usually are collected in relatively large containers

mounted on rollers. Once filled these containers are removed by means of the

service elevator, if there is one, and emptied into (I) large storage container or (2)

compactor used in conjunction with the storage containers, or (3) stationary

compactor that can compress the material into bales or into specially designed

containers or (4) other processing equipment such as incinerators.

2.3.2.2 Onsite storage

Factors that must be considered in the onsite storage of solid waste include (I) type

of container to be used (2) the location of container (3) public health and aesthetics

and (4) the collection methods to be used.
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Type of colltailler to be used:

The types and capacities of the containers used depend on the characteristics of the

solid waste to be collected, the collection frequency and the space available for the

placement of containers.

Locatioll of cOlltaillers:

In newer residential areas, containers for solid waste usually are placed by the side

or rear of the house. In older residential areas containers are located in alleys. In

high-rise multifamily apartment large containers are often placed in specially

designed enclosure. In high-rise apartments storage containers are located in a

basement or ground floor service area.

2.3.2.3 Onsite processing

Grinding, sorting, compaction, shredding and composting are all onsite processing

methods used to (I) reduce the volume (2) alter the physical form or (3) recover

usable materials from solid wastes.

2.3.3 Collection

The term collection includes not only the gathering or picking up of solid waste

from the various storage points, but also the hauling of these waste to the location

where the contents of the collection vehicles are emptied. Solid waste collection

system may be classified from several points of view, such as a) the mode of

operation, b) the equipment used and c) the types of waste collected.

2.3.3.1 Collection system according to the mode of operation

The collection system may be classified according to mode of operation as I)Hauled

container system and 2) Stationery container system.
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(1) Hauled container system (HCS): These are collection system in which the

container used for the storage of wastes are hauled to the disposal site, emptied, and

returned to either their original location or some other location. Hauled container

system are ideally suited for removal of waste from sources where the rate of

generation is high because relatively large container are used. Another advantage of

hauled container system is their flexibility, containers of many different sizes and

shapes are available for collection of all types of wastes.

Analysis of collection system: Definition of Tenns

Pickup (P,,,,.,)= time spent driving to the next container after the first container has

been deposited + time spent picking up the loaded container + the time required to

deposit the container after its content has been emptied.

Haul (h) = time required to reach the disposal site, starting after a container whose

content are to be emptied has been loaded on the truck + the time after leaving the

disposal site until the truck arrives at the location where the empty container is to be

re-deposited.

Off Route: Time spent checking in and out in the morning and at the end of the day

+ time spent driving to the first pickup point + time spent driving from the last pick

up point to the dispatch station + time spent due to unavoidable congestion + time

spent on equipment repairs and maintenance + time spent for lunch, talking.

At Site (s): time spent at the disposal site = the time spent waiting to unload :t time

spent unloading = 30 min.

The time required per trip, which also corresponds to the time required per container

is given by the following equation:

T,,,,.,= (PI"" + s + h)/(l-W)
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(2) Stationary container system (SCS): These are collection system in which the

container used for the storage of waste remains at the point of generation, except for

occasional short trips to the collection vehicle.

Stationary container system may be used for the collection of all types of wastes.

The systems vary according to the type and quantity of waste to be handled, as well

as the number of generation points There are two main types (I) system in which

self loading compactors are used and (2) system in which manually loaded vehicles

are used.

2.3.3.2 Collection system according to type of waste collected

The collection system may be classified according to type of waste collected as I)

Residential collection service and 2) Commercial-industrial collection service and

3)Communal collection services.

(l) Residential collection service: Low-Rise Detached Dwellings- the most

common. Types of residential services used are (I) curb (2) alley (3) set out-set back

(4) set-out and (5) backyard carry.

1) Where curb service is used, the homeowner is responsible for placing the

containers to be emptied at the curbs on collection day and for returning the empty

containers to their storage location until the next collection.

2) Where alleys are part of the basic layout of a city or a given residential

area, storage of containers used for solid wastes at alleys is common.

3) In set out-set back service, containers are set out from the homeowner's

property and set back after being emptied by additional crews that work in

conjunction with the collection crews responsible for loading the collection vehicle.

4) Set out service is essentially the same as set out-setback service except

that the homeowner is responsible for returning the containers to their storage

location.
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5) In backyard carry service, the collection crew is responsible for entering

the homeowner's property and removing the waste from the storage location.

Methods of loading the collection vehicle may be classified as either manual or

mechanical. Methods commonly used for residential wastes includes (1) the direct

lifting and carrying of containers, (2) the rolling of loaded containers on their rim,

(3) the use of small lifts for rolling the containers to the collection vehicle, and (4)

the use of large containers ("tote") or drop cloths into which wastes from small

containers are emptied before being carried or rolled to the collection vehicle.

Where collection vehicles with low loading heights are used, wastes are transferred

directly from the containers in which they are stored or carried to the collection

vehicle by the collection crew. In some cases where open body are used crew

members stationed on the truck will lift the loaded container into the truck with the

help of the collectors on the ground, empty the container, and return it to the

collectors on the ground.

(2) Commercial - industrial services: The collection service provided to large

apartment buildings and commercial activities typically is centered around the use of

large moveable and stationary containers and large stationary compactors.

(3) Communal collection services: In this system householders discharge their waste

into the communal bin at specific locations over a considerable distance and refuse

collection vehicle collects the accumulated waste at a frequent interval, usually once

in a day. In most of the third world countries this type of collection system is

followed.

2.3.4 Transfer and Transport

The functional elements of transfer and transport refers to the means, facilities, and

appurtenances used to effect the transfer of waste from relatively small collection
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vehicle to large vehicles and to transport them over extended distance to either

processing centers as disposal sites. Factors that tend to make the use of transfer

operations attractive include (I) the presence of illegal dumps and large amounts of

litter (2) the location of disposal site relatively far from collection routes (typically

more than 10 mile) (3) the use of small- capacity collection trucks (generally under

20 yd3) (4) the existence of low density residential areas (5) the widespread use of

medium-sized container for the collection of waste from commercial sources and (6)

use of hydraulic or pneumatic collection system. Transfer and transport operations

became a necessity when haul distance to available disposal site or processing

centers increases to the point that direct hauling is no longer economically feasible.

2.3.4.1 Transfer stations

Important factor that must be considered in the design of transfer stations includes-

I. Type of transfer operation to be used.

2. Capacity requirement

3. Equipment and accessory requirement

4. Sanitation requirement.

2.3.4.2 Types of transfer station

Depending on the method used to load the transfer vehicle, transfer station may be

classified into three types - (I) direct discharge, (2) storage discharge and (3)

combined direct and storage discharge.

2.3.5 Processing and Recovery

The main purposes of processing are to improve the efficiency of operation, to

recover resources and to recover conversion products and energy. Important

processing techniques used routinely in municipal solid-waste system includes:



17

compaction. thennal volume reduction (incineration) and manual separation of

waste components.

2.3.6 Disposal

Waste disposal on land has always been the lowest cost disposal option. Alternative

methods such as composting or incineration usually. but not always. involve the use

of high cost capital plant and equipment that needs skilled management and labor

and are also costly to operate. The term sanitary landfill means an operation in

which the waste to be disposed of are compacted and covered with a layer of soil at

the end of each days operation.

The factor that must be considered in evaluating potential solid waste disposal site

includes (I) available land area (2) impact of processing and resource recovery

(3)haul distance (4) soil condition and topography (5) climatological conditions

(6)surface-water hydrology (7) geologic and hydrologic condition (8) local

environmental condition (9) potential ultimate use for the completed site.

2.4 RELEV ANT STUDIES

2.4.1 Waste Generation

Several consultants and agencIes have studied the amount of solid waste being

generated in Dee area in the period of 1986 to 1991. Table 2.1 shows comparison.

The BKH (DMD? 1992) carried out a survey in Old Dhaka between April to July.

Average domestic waste generated from 130.050 house was found to be 100.96

tons/day. Survey results showed that pucca houses generated 6.25kg/week. semi

pucca house 5.83 kg/week and kutcha house 3.79 kg/week. The reported waste

generation assuming with 0.20% street markets and 10% small industry to be 130
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ton/day for old Dhaka. BKH (DMDP, 1992) also conducted a spot check at disposal

site and found 450 tons of waste delivered in a day.

In 1990 the data produced by Bhide (1990) shows that during two days survey 360

trip/day waste was found and assumed on truck density was 500Kg/m3. Calculated

waste quantity was 1,105 tons/day. With an assumed population of 6 million, the

calculated waste collected was 0.19 kg/capita/day. Data supplied by Dhaka City

Corporation of one day 02-6-85 estimated delivery was 888 Tones/day.

In 1991 Mott Macdonald International Ltd. (MMI) carried out field survey in

daytime and nighttime on 8 May and 12 May. MMI reported that 560 m3 (on truck

volume) was delivered to the waste disposal site during daytime. At an average "On

Truck" density of 550 kg/m3 total 308 tones were delivered. Nighttime survey result

shows 614 m3 (On Truck Volume) was delivered to the waste disposal site during

the nighttime. At an average "On Truck" density at 661 kg/m3, total 375 tones were

delivered. MMI (1991) found total 683 tons/day delivered at disposal site. MMI

(199 I) estimated the waste generation for the year 1991 and found 1,500 tons/day. It

was reported that waste stream fraction of Dhaka city was 46.8% domestic, 2 2.6%

street sweeping, 17.2% commercial, 12.9% industrial and 0.5% clinical (Fig 2.1).

MMI (199 I) presented from UNCRD source a comparison data of waste generation

rates of some Asian cities, (Table 2.2) shows that Dhaka is amongst the least

wasteful of Asian cities having a per capita waste generation rate of 0.47

kg/capita/day (Fig 2.2).
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Assumed Volume Density
Landfill TonsDale Origin Data

Collected Collected Assumed
(Tons) Generated(Ton) (Tonlm')

1985-96 BKH 50% 936 0.56 520 1.040
1985 DCC 50% 1.600 0.56 888 1,776
1990 LBI 50% N/A N/A 250 500
1990 WHO 50% 1.381 0.80 1.105 2,210
1991 MMI 50% 1.134 0.58 683 1,366
1991 JlCA 50% N/A N/A 770 1,540

Table 2.1:
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DCC Waste Stream Data (Typical 24 hours collection & disposal)

SOllrce:DMDP (/992)

Table 2.2 Waste Generations in Selected Asian Cities

City Area Km2 Population 1000 Waste Generation Kg!
1000 Tons/year CanitaiDay

Bombay 466 8,243 (1981 ) 1,150 0.38
Manila 636 7,561 (1988) 1,380 0.50
Ban.kok 1.569 5.609 (1987) 1.800 0.88

Kuala Lumnur 43 1,306 (1980) 730 1.53
Sin.anore 618 2,613 (1987) 1,873 1.96
BeHin •. 16,807 9,880 (1987) 3,580 0.99
Sban.hai 6.341 12,323( 1987) 2,250 0.50
Tokyo 600 8,554 (1987) 441 0.14
Dhaka 344 3,397 (1991) 580 0.47

SOllrce:MM/ (/99/)

Factors that affect generation rate

Factors that affect generation rate are: (i) Geographic location, (ii) Season of the

year (iii) Frequency of collection (iv) Use of home grinders (v) Characteristics of

population (vi) Extent of salvage and recycling (vii) Legislation and (viii) Public

attitudes

The waste generation rate estimated by Chowdhury et al (2002) in dry season was

0.43kg/capita/day and in wet season 0.57 kg/capita/day. The waste generation is

varying by 32% from dry season to wet season.
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2.4.2 Physical and Chemical Compositions

Rahman (1993) reported that domestic organic waste mainly contains 84.37% in

residential area and 79.49% in commercial area (Table 2.3). Composition of waste

also varies with income generation; as food waste is 82.15% in high-income area

and 88.65% in low-income area (Table 2.4). Enayetullah et al (2000) also estimated

physical composition of wastes of different types of area given in Table 2.5. These

results are comparable with those in other developing countries as shown in Table

2.6 (Rahman, 2002), which indicates higher organic value in our country compared

to other developing countries. From chemical composition of domestic refuse,

Rahman (1993)

(Table 2.8).

Table 2.3:

found that 45.3% is moisture content and 57.2% fixed residues

Physical Composition of Waste in Residential and Commercial
Area.

Constituents Residential area (% bv dry wi) Commercial Area (% by dry wI)
Food waste 84.37 79.49
Paper 5.68 9.22
Plaslic 1.94 I .48
Clolhs 1.83 1.59
Glass Melal and elc. 6.38 10.22

Source: Ralwul1l(/ 993 J

Table 2.4: Physical Composition of Solid Waste of Different Income Group
of Dhaka City

Constituents lIieh Income Area Low and Medium Income Area
Food Wasle 82.15 88.65
PaDer 7.33 5.2
Tin can 1.87 -
Plaslic Rubber 1.23 0.69
Glass and Ceramic 1.83 2.43
Melal and Wood 3.57 2.43
Textile and Lealher 1.92 1.25

Source - Rahman (/993'
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Comparison of Solid Waste by Type of Areas in Dhaka City

Waste Type (% by dry weipht)

Constituenttrype of Waste
Residential Commercial Industrial fromarea 1\1ixed Area

Area Area Area Disposal
Sites

Food and Vegetable
70.12 59.91 62.05 26.37 66.82waste

Paper 4.29 11.21 6.28 7.59 1.5
Plastics and rubber 4.71 17.67 4.62 6.01 1.6
Textiles 4.57 . 18.93 46.2 1.5
Metals 0.13 0.15 0.28 .
Glass and ceramics 0.25 . 0.37 .
Wood 0.16 - . -

6-23Garden waste, tree
10.76 8.76 2.86 4.32trimmines, straw

Rocks, dirt and misc. 5.01 2.30 4.62 9.49
SOllrce: Eoure/lIl1ail e/ 01120001 aod Rallllul/I(2002)

Table 2.6: Comparison of Physical Composition of Solid Waste in
Developed and Developing Countries

City/Country organid
Paper Metal Glass Plaslid

Textiles Miscellaneousputriscible rubber
Bangalore,

75.2 1.5 0.1 0.2 0.9 3.1 19.0India
Kathmandu,

65.6 7.4 2.2 3.1 5.4 1.7 -Nepal
Manila,

45.5 14.5 4.9 2.7 8.6 1.3 27.5Philippines
Abu Dhabi 49 6 8.0 9.0 12.0 . 16.0
Qatar 53.3 17 4.3 3.1 15.0 - 6.6
tbadan,

76 6.6 2.5 0.6 4.0 1.4 8.9Ni2eria
Asuncion,

60.8 12.2 2.3 4.6 4.4 2.5 13.2Para2uav
Mexico City,

59.8 11.9 1.1 3.3 3.5 0.4 20.0Mexico
United

28 37 9.0 9.0 2.0 3.0 12.0Kin2dom
United States 22.9 38.5 7.7 5.5 9.9 6.8 8.6
Japan 32 38 6.0 7.0 11.0 - 6.0
France 25 31 6.0 12.0 10.0 . 16.0
Switzerland 27 28 3.0 3.0 14.0 - 25.0

Source: Rahmml(2002)
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BKH in 1986 (BCSIR, (998) analysed the domestic waste (collected from Old

Dhaka) in BCSIR lab and results found are shown in Table 2.7. From BKH results it

is found that for pucca house, food waste is 83%, paper and cardboard is 10.5%, and

for kutcha house food waste is 90.7%. Chemical composition for mixed refuse done

by Islam in 1992 (BCSIR, (998) showed moisture content to be 95.3 I% and fixed

residue to be 83.37% (Table-2.8).

Table 2.7: Domestic Waste Analysis by BCSIR

Malerial
Fraction of Waste (% bv Weieht)

Pucca Semi Pucea Kutcha
Veeetable Material 83.0 - 90.7
Inert Material 4.2 - 6.0
Paper and Card 10.5 83.0 2.0
board
Glass 0.3 6.0 Nil
Metal 0.2 1.8 0.5
Plastic 0.2 Nil Nil
Textiles 1.1 1.8 0.6
Wood 0.1 0.2 0.1
Straw 0.3 0.6 0.1
Bone 0.1 0.1 0.1
TOTAL 100 100 100

Source: BCSIR!l9981

Table 2.8: Chemical Composition of Waste Generated in Dhaka City

Mixed
Refuse from Domestic Market Refuse Residential Commercial

Constituents Disposal Site Refuse Waste by Islam waste waste
(Rahman, (Rahman, (Rahman, in 1992 (Rahman, (Rahman,
2(02) 1993) 1993) (BCSIR, 2002) 2002)

1998)

Moisture Content 47-55 45.3 53.6 95.31 66.4 56.3

Fixed Residue 52.2-59.2 57.2 55.6 83.37 44.8 46.3

Organic Carbon - 22.6 25.7 21.84 23.9 24.9

Organic Nitrogen, 0.4-0.6 0.41 0.36 0.39 0.52 0.41
N (%)

Pbosphorus, P (%) 0.0-0.05 0.05 - 0.94 0.67 0.27

I'otassium (K) 0.0 - - - - -
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2.4.3 Onsite Storage

MMI (DMDP, 1992) reported that in DCC area 2450 C.I sheet and 1595 pucca

dustbin is provided by DCC for storage of municipal waste. C.I Sheet bins are 900

mm dia & 900 mm height and masonry or RCC bins are 1m x 1m x 2m (average)

size. MMI report (DMDP, 1992) also estimated the percentages of population using

the existing bins and enclosures as means of disposal. The report mentioned that

50% of population are using waste enclosure or bins, 20% of population are using

roads to dispose of waste, 20% of population are using drains to dispose of waste

and 10% of population are using open ground to dispose of waste. Enayetullah

(1995) conducted a field survey in Dhanmondi and Kathalbagan area and it was

found that 35.17% of household are disposing waste on dustbin, 41.38% of

household are disposing waste on road or drain, 13.10 % of household are disposing

waste on vacant plots and 6.90% of household are disposing waste in own premise.

The main reasons for not using the community bins as identified by the respondents

are i) missing of dustbin and ii) lack of easy access to community bins.

In Madras, Bangalore and Manila, fixed concrete communal bins are provided on

footways or verges, at intervals of 50-200 meters and with very encouraging results

(Tridevidi et. aI., 1992). Sinha (1995) mentioned that only 9% of the slums in DCC

area has any form of solid waste collection service, the remaining 91% slums

disposes their solid waste into low lands, road side, drains or khals.

2.4.4 Collection

Tchobanglous (1977) mentioned that of the total amount of money spent for solid

waste collection and disposal in USA, approximately 60-80 percent were spent in

the collection phase (Table 2.9).



Table 2.9: Cost of Solid Waste Collection and Disposal in USA (1971)
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Item 1971 (Estimated)

1. Collected waste 120 MillionTon
2. Collection Cost 18 $rron

Disposal Cost 4 $rron
SOl/rce: Tchobollg/OIiS !l977)

Yousuf (1996) in his study evaluated and assessed the expenditure of existing

primary collection, street sweeping and alternative system and mentioned that

existing expenditure of Zone 1 of DCC in primary collection system (by hand curt)

was Tk. 741m3• The private collection system expenditure of North Kalabagan and

South Kalabagan was also evaluated covering 700 and 375 households respectively

for house-to-house collection and was found Tk. 941m3 by rickshaw van. The study

suggested that, if the neighborhood communities are encouraged to form community

based organization (CBO) to organize collection of domestic solid waste, collection

would be better and it would be highly cost effective. Table 2.10 highlights the

comparison of cost and efficiencies of the system of collection.

Table 2.10: Comparison of Cost and Efficiency of the Collection Systems

System Capacity Cost of collection
(TklmJ)

Conventional handcart and communal
013 cum I handcart Tk. 74bin system,

CBO approach of Rickshaw Van system 0.92 cum /Rickshaw Van Tk.94
Platform Rickshaw carrying cans 0.92 cum/platform Rickshaw Tk. 136

SOllrce: YOIISll/U996)

Mohit (1995) stated in his paper, the CBO approach as better suited than other

alternative from the perspective of cost effectiveness among the following three

alternatives:

a) Increase the number of community bins, cleaners and other associated staff of

Conservancy Division of DCC.

b) Involve Private Enterprises in the collection of solid waste.

c) Encourage Neighborhood Organizations in the collection of solid waste.
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However, an increase in the number of community bins in congested area where

narrow roads exists is unwanted by the residents because it aggravates the traffic

condition. Moreover, the additional cleaners and staffs employed by the DCC would

increase the cost of collection of solid waste in Dhaka City.

It was mentioned in the paper (Mohit, 1995) that North and South Kalabagan Samaj

Kallayn Parishad (CBO) approach of house-to-house collection of domestic waste is

very effective from the viewpoint of cost and overall improvement of environment

Mott Macdonald in 199 I(MMI, 199 I) conducted a survey on waste collection

performance of DCC. According to that study, in an open truck system:

• The basket used to load the waste into the body is of the wrong shape. It is

shaped like a shallow saucer. It should be shaped like a wide mouthed

bucket. Only 42 liters of waste is loaded on to the basket.

• Body, head and shoulders of the man lifting the basket has closer direct

contact with waste that is disease ridden and contaminated with urine and

other animal and human excreta which is a great danger to his health, safety

and well being.

• Both smaller and larger basket took longer time; manually unloading took

about 4.5 min/m3. This compares with 14.6 minutes for a five-man team to

load 1m3 of waste into a normal sized truck in Dhaka and 6.8 min per m3 to

unload it.

Yousuf (1996) in his study mentioned that intention of introducing demountable

container was to containerize the waste with a view to reduce the number of manual

handling as reducing the chances of littering and human contact. But in practice it is

seen that waste was spilling outside the container. It creates health risk to workers.

He also suggested that the system could be workable through the improvement of

community based primary collection system which could assure of containerize the

waste.
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2.4.5 Transportation

From DMDP (1992) report it is found that in 1991 DCC had a fleet of 159 Truck of

5 ton and 1.5 ton capacities. During physical verification it was found 63 numbers

(40%) are off road due to technical fault. At that time no demountable container was

running. UNCH project No. 154 strongly recommended demountable container for

the collection of waste in old Dhaka at night in 1991. The cost study of Sturdy in

1991(DMDP, 1992) shows that, the demountable container system would reduce the

cost of collection of waste at night.

MMI (1991) survey result shows that small truck (less then 5 ton) capacity delivered

more waste at disposal site than the large truck. They recommended a 3.0 Ton

payload truck as the best cost effective option.

Yousuf (1996) reported that DCC introduced demountable container trucks in some

areas in 1995. Transport list supplied by DCC's transport department in 1995

showed that about 19 demountable container trucks (10 number 5 ton capacity and 9

number 3 ton pay load capacity) were carrying waste from Zones 4, 5, 6, 8 and 9

only. Yousuf (1996) also mentioned that out of 204 truck 30% to 40% were out of

order due to technical problem. Each truck was carrying waste on an average of 2

trips per day. He calculated primary collection cost (by hand curt) for Zone -I and

estimated open truck transportation cost to be TK. 741m3 and Tk.35/m3, respectively.

Result shows that primary collection through handcart is 2 times than that of

transportation cost.

MMI (1991) developed a computer based cost model to compare existing and

alternative system for waste collection. From the model result it was found that

transportation cost by (3 ton pay load) open truck and demountable container are Tk.

31/cum and Tk. 25/cum respectively.

MMI (1991) from physical observation reported that the oval shape covered body of

, 'mckm,k~ " diffi,"l, fro m" " "oed'm'"" Ihcbod/L;;,), d"c from

/
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outside but manual unloading requires men to enter the body and "rake out" waste.

Unloading time is excessively higher. Since the entire body is rarely filled, effective

use of the payload capacity is unachievable. It creates litter on streets. Trucks stand

still for 75% of the working shift when the waste is loaded. This results in high

operational cost.

2.4.6 Disposal

Bhide (1990) reported that DCC had waste disposal site at Mirpur with an area of 25

acres and average depth of 5 m (40% full) and at Jatrabari with 25 acres area and

with an average depth of 5m. Small sites are located at Islambagh, Hazaribag, Mukti

Sarani, Dayaganj, Mugdha, Amligula and Balugath.

MMI (1991) study reported that wastes were deposited in a large depression on the

north of the main Dhaka-Chittagong road at Jatrabari. The empty area was about 25

ha. with an average depth of 5 meter. A decision was taken by DCC to develop a 50-

acre (20 hal site at South-East of Dhaka at Matuail having an average depth of 3m. It

was intended that 13 acres would be reserved for low cost housing while the

reminder would be used for waste disposal. MMI (1991) estimated the life of

disposal sites at Jatrabari to be 5.5 years and Matuail to be 3.2 years.

Enayetullah (1995), reported that in 1994 the Jatrabari site was filled up to

approximately 70%. Recently, DCC had purchased a new sanitary landfill site at

Matuail of 20 ha. area of which 5 ha. would be reserved for DCC's own low -cost

housing. The estimated lifetime of the site was 3 years.

Yousuf (1996) reported that DCC had been disposing waste at Matuail along the

Dhaka-Demra road and 3 kilometer out side the corporation jurisdiction. DCC had

purchased 52 acres of land out of which 13 acres had been developed for

parking/platform and rest 39 acres for land filling. He also estimated the lifetime of

site to be 4.5 years.
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Dhaka Metropolitan Area Integrated Urban Development Project Report. Volume _

3 in 1981 reported the operation cost of Collection. Transfer and Disposal site and

are shown in Table-2.11. Cost fraction found from the table showed collection cost

45%. transfer cost 35% and disposal cost 20%.

Table-2.ll Collection, Transfer & Disposal cost

Item Cosl
Collection cost by Rickshaw Van cost Tk. 58rrons.
Collection cost by hand trolleys Tk.55rrons.
Transfer cost by 5.7 ton Truck Tk. nrrons.

When disposal site distance more than 4 mile up to 10 mile
Disposal site Cost - Bulldozer Tk. 211 Tons
Disposal site Cost --- Loader Tk 3rrons.

Source: Dhaka Metropoliton Art'a Integrated Urban

Developmen! Proiect Report (/98/ )

2.4.7 Recycling of Solid Waste in Dhaka City

Sinha (1993) mentioned that a large informal sector exists in resource recovery and

recycling of solid waste in Dhaka City. The poor and socially disadvantaged people

working in the street. waste bins. dumpsite totaling more than 87.000 (Sinha. 1993)

was involved in the recycling activities and 15% of recyclable wastes are collected

by them from the total generated solid wastes. This informal sector was absorbing

almost 10% of total employed work force. Sinha (1993) estimated the approximate

population of different sector groups involved in the collection process of recycling

activities. These included waste bins tokais - 10.000. dumping site tokais 500.

fetiwallas - 10.000. Vhangatidokans-2000. wholesale shop 1000. collection crews

5000.

Ahasan et al in 1990 (given in Salam. 2000). in their paper mentioned that on an

average about one fifth (17.31 % by wt) of total solid waste of Dhaka city were being

recycled in 1970. Only waste paper. glass. scrap iron. brass. lead and copper were

salvaged and sold. By 1980s a change in the waste recycling activities started. many
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new waste material become recyclable by the available technology. These new

waste materials were polythene, paper, hard and soft plastic, zinc, aluminum alloy

(casting) and animal bone. By 1985 scrap tin was another new waste material in

recycling, as technology improved.

From field survey by Ahasan et al in 1990 (Salam, 2000) it was found that average

income of waste pickers per month was Tk. 3,120 from middle-class residential area,

Tk. 1,689 from industrial area, Tk. 1,290 from Market area, and Tk. 1,1481 from

high-class residential area. The survey also presented data on selling price of

different recaptured materials at different stages of business in 1990, which are

shown in Table 2.12. From the table it is observed that polythene is the most

profitable item and aluminum, copper, brass are the valuable materials selling at

Tk.35-54/ kg.

Table 2.12: Selling Price of Recaptured Materials at Different Stages of
Business

Sellin~ price (Tk/k~)
Items Waste picker to Waste Trader to Wholesaler or Agent

Waste Trader Wholesaler or A~ent to Recyclin~ Factory
Paper 2.13 2.44 4.55
Polythene 1.73 3.48 13.25
Soft plastics 12.87 16.78 19.50
Glass 1.66 1.86 2.15
Scrap iron 4.15 7.11 5.77
Brass 36.83 50.09 53.13
Lead 15.33 19.58 22.50
Zinc 19.50 24.53 26.75
Aluminum 54.20 65.14 66.13
Aluminum alloy 31.50 41.45 43.30
Copper 50.11 63.39 65.00
Bone 1.00 1.42 2.50
Rubber 1.00 1.62 2.13

Source:AhsulI et a/ ill /990UII Sa/alii. 20001
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Sinha (1993) from field survey presented data about daily quantity of recyclable

waste collected by the different groups in Dhaka. It was shown that the highest

amount of recyclable material was collected by the feriwallas or itinerant buyers.

They were responsible for almost 75% of the total collected source separated items,

sold from the households of the city. Problem and drawbacks of solid waste

management and recycling of Dhaka city identified by Sinha (1993) were as

follows:

People involved in recycling activities face lack of proper place for the

processing and manufacturing activities.

- Prices for recovered materials are subject to large fluctuations and are

unpredictable due to lack of assurance in the fixed supply, unclean raw

materials, and seasonal variation of supply.

- Lack of participation by NOOs and CBOs to improve the recycling practice,

improperly recycled organic waste (80%-90% of solid waste composition).

Sinha (1995) estimated that recycling of organic waste by composting could save

DCC from spending Tk. 71 million. It was found that most of the inorganic waste

materials of Dhaka City were recycled but the organic portions was left unutilized

which created disposal problem. The use of small-scale decentralized manual plant

would be the most suitable technique for Dhaka city which could save DCC

approximately Tk. 38 million/yr.
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2.5 NON GOVERNMENTAL ORGANISATIONS (NGO) AND

COMMUNITY BASED ORGANIZATIONS (CBO) IN SOLID WASTE

MANAGEMENT

Faced with an unsatisfactory and inadequate system of solid waste management of

DCC, citizen groups are now coming forward to deal with the problem. Some

community groups and NGOs are taking initiatives themselves to manage the

burgeoning challenge of waste.

In Dhaka, local initiative in solid waste collection was initiated by Khurram

Mahmoob, at Kalabagan of Dhaka City in 1987. His mini Project on Community

Based Solid Waste Collection was extremely successful. Based on the success of

Kalabagan Projct, a number of small size Community Based Solid Waste Collection

Schemes were replicated in many areas such as Kathalbagan, Rayer Bazar, Green

Road, Dhanmondi, Mahammadpur, Shamoly, Mirpur, Banani, Gulshan, Vttara areas

of Dhaka City.

At present, there are about 130 Community Based Voluntary Organizations working

in Dhaka City who provide door-to-door waste collection services and dispose off

their collected waste into the nearest DCC communal solid waste collection

bins/drop boxes (containers). This minimizes the cost of street cleaning and

indiscriminate disposal of waste from the households, but the households have to

pay on average an amount of Tk 10 to Tk 20 per month, depending on the locality.

These organizations are not entirely independent of DCC generated services. Some

names of these voluntary organizations are given in Table 2.13.

Two examples are illustrated in this study --- one of an NGO and another of a CBO,

which are managing their waste themselves from collection to disposal without any

kind of involvement or help from DCC. Although the projects are initially rooted

with altruistic motives-from social and environmental concerns, as a business

venture, they are very successful with highly satisfied clients and have created

significant employment.
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Table 2.13: Examples of some Community Based Voluntary Organizations

No. of Collection
No. Name of the NGO/CBO Location of the Starting Family fee

Community of Project under the (Household!
Project month)

I. Mr Khurrom's CBO Kalabauan 1987 1800 Tk 10-20
2. Kalabagan South Samaj Kalaba}an 1990 400 Tk40Kalyan Parishad (I" and 2" Lane)

Environmental Cleaning.
Mohammedpur3. lIIiteracy, Anti-drug
(Ward No-42) 1996 2500 Tk 10-20

Organization
Mohammedpur

(Mohammed pur Housing

4. Super Cleaner Society, Mohammedpur
1997 2350 Tk 10-20Housing Limited. Nabada

Housing)
(Ward No-46 and 1(0)

Sabuj Shangha Samaj Seba Mohammedpur
5.

Prokolpo (Noorjahan Road to Chand 1998 900 Tk 10-20
Mia Colony)

Grihasthali Mayla Aborjona Islambagh Plastic industry
6. Area and Posta 2002 2150 Tk 10-20Porishkar Prokolpo

(Ward No-65)

7. Grehasthali Mayla Aborjona Mirpur
1999 2000 Tk 10-20Porishkar Prokolpo (South Paikpara)

Madhya Paikpara Samaj Kalyanpur
8.

Kalyan Samity (Madhya Paikpara) 1994 1500 Tk 10-20
(Ward no-II)

2.5.1 A CBO Approach Towards Solid Waste Management

Rayer Bazar Environment Cleanup Project (RECP) is a small CBO at Rayer Bazar

(ward no. 47). This project was launched by mobilizing the local community and

pooling local resources. It is an area with moderate to low-income group of people.

The area has several slums. The CBO provides door-to-door services to the

community for collection of solid domestic waste and after organized recycling the

final disposal is done in an environmentally safe manner. The waste workers use

protective clothing during collection and recycling activities (Figure 2.3).

The committee members contributed Tk. 3,500 each, raising a total of Tk. 31,500 for

starting the project. The amount of money raised by the committee was initially
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invested in three specially made cycle vans for hauling wastes, some buckets for

carrying them to vans and some whistles to alert the service recipients. The cost of

the van was Tk. 7,000 each (Table 2.14). With this investment and about 1,300

members signing up, the service was initiated on August I, 1996. The monthly fee

of the subscribers was settled from Tk 5 to Tk 50, depending on the locality of the

resident. Once the project became operational, the committee purchased a fourth van

with the revenues collected from the service recipients. The Project is implemented

with a group of salaried employees. Over the course of their operating period, it

created employment of 16 people shown in Table 2.14. Apart from subscription fees,

they also acquire additional income from recovering recyclable inorganic materials

(Tk 1000-1200 from each van).

Table 2.14: Manpower and Resources of the ena

Item Number Salary/Price (Tk)
Number of van 4 7.0oo/van
Van Driver 4 (I with each van) 1,2oo/person/month
Van Driver's assistant 8 (2 with each van) 800/person/month
Reserve person I 800
Supervisor I 1,8oo/month
Supervisor's assistant 2 1.800/person/month
Total Employees 16

Source: RECP

The project also turned out to be a successful business effort in its short lifespan. It

continuously increased the number of subscribers to the project. As at the end of

March 2001, 6000 (six thousand) households signed up for the services of RECP,

which is 75% of the total resident of Rayer Bazar area. Thus the project seems to

have established extensive community response.

The economic performance of the CBO is presented in Table 2.15. It shows that

revenues collected from the subscribers increased over the life of the project. It

increases from Tk. 15,000 in August 1997 to Tk. 22,595 in February 1998. Expenses

remains fairly steady, as a percentage of the revenue--except for the hiring of

additional workers and giving them raises in January, 1998. Staff salary increases
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from Tk. 5,200 for six employees in August 1997 to Tk. 9,100 for II employees in

October and finally to Tk. 10,200 in January 1998. The employment cost varies

from 35% to 45% of the total revenue. Thus it is a profitable venture, with the

surplus ranging from 53% to 67% of the total revenue collected. Two of the vans

now have one driver and one assistant so the employee cost is now less (Table 2.15).

The surplus amount is now distributed equally among the nine partners, creating a

significant economic incentive for getting the project going.

The RECP provides a much-appreciated service to the residents of the Rayer Bazar

community. It improved the aesthetics of the neighborhood. It also generated

significant economic activities. In a job-scarce city like Dhaka, it created

employment and new income sources for 16 people. This initiative is a successful

venture as it minimizes environmental degradation as well as it is economically

sustainable.

Table 2.15: Economic Performance of the eBO

-Month Subcribers Revenues Exoenses Surnlus

Aueust 1997 1.300 15.000 5.200 9.800
September 1,800 19.500 6.428 13,072
October 2,300 22,500 10,567 11,933
November 2,300 22,500 9,344 13,156
December 2,300 22,500 9,796 12,704
January 1998 2,300 21,500 10,200 11,300
Februarv 1998 2,300 22,595 9,700 12,895

Source: RECP
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Figure 2.3: Waste Workers of RECP (CIlO) using protective measures
(cap, gloves, boot) during waste recovery

2.5.2 An NGO Approach Towards Solid Waste Management

Waste Concern, is a non-governmental national research based organization, which

works closely with government, private sector and local communities to improve

solid waste situation of the country. They first initiated two pilot projects for

managing solid waste, economically sustainable and environmentally safe.

2.5.2.1 Community based composting project:

The NGG is providing door-to-door services for collecting wastes at different areas.

Two areas have composting plants within the project areas and wastes from other

project sites are transported to these composting plants. The area profile of the areas

the NGG is working is shown in Table 2.16. The staff strength and resources of the

projects are presented in Table 2.17.
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Table 2.16: Area Profile of the Projects under the NGO

Total no. of

Starling Family No. of Family
Project Location of Projects

of Project within under the
Project Project
Area

I. Mirpur, Section-2, Block-B, C, D, E, I'
1995 1,200 1000and G (part)

2. Green Road GovernmentQuarter 2000 650 650
3. Bailey Square Officer's Quarter 1999 300 300

Source: Waste Concern

Table 2.17: Staff Strength and Resources of the Projects under the NGO

Designation!Equipment No. of EmploveesIE uipments
Proiect I Projecl2 Project 3

Pro,iecl ManaRer I - -
Assislant ManaRer ISupervisor - - -
Omce Assislant 2 - -
Van Driver 4 2 I
HelperlWaste Collector 6 4 2
Workers 6 - -
Gardener - - -
Rikshaw Van 4 2 I

Source: Waste Concern

A typical picture of workings of the NGO in Mirpur area tS illustrated In the

following:

Collectioll: A door-to-door solid waste collection system was introduced by the

NGO to collect the domestic organic waste (free from toxic and clinical waste) of

the project area. At present it collects 2 tons of solid wastes per day from 1000

households of Section-2 of Mirpur Housing Estate by modified rikshaw vans.

Before obtaining source-separated waste from the households, I ton of solid waste

from the restaurants and vegetable markets were collected. The households pay a

monthly charge of Tk 15 per household. The collected solid waste is separated and

sorted in the resource recovery (composting) plant, shown in Figure 2.4, located

within the community. The waste workers use gloves, boots and equipments for

primary collection and resource recovery, shown in Figure 2.5.
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Composting: The organic part of the waste is used for aerobic composting by

Indonesian Windrow Technique. C/N ratio of the compost is slightly higher (C-

22.6%, N-O.4I %) for which chicken and cattle manure is used to optimize the

nitrogen content and also to overcome the deficiency. Sawdust is also mixed with

the waste to increase air spaces, enabling proper aeration and reducing bulk weight

of the compost mixture. The process of composting has very little odor and requires

40 days for decomposition and 15 days for maturing.

At present 675 kg of compost is being produced from 3 tons of solid wastes

collected from households and vegetable markets and restaurants. The NOG sells its

compost to a number of outlets like fertilizer marketing companies and nurseries at a

price ranging fro Tk 2.5 to Tk 5 per kg. The quality of compost is monitored in the

soil science laboratories. Table 2.18 shows the comparative nutrient concentration of

compost in the international markets and that produced by the NOG in Dhaka. The

Table shows that the compost has good NPK value. The Fertilizer Company, which

is contacted for marketing the compost, sends trucks or lorries to the plant to collect

the packaged compost. A private nursery is created using their own compost to

demonstrate the quality of compost and its effect on vegetation and plantation.

Table 2.18: Comparative Analysis of Nutrient Concentration in Solid
Waste Compost

Nutrient Compost produced
concentration By Original In
(in %, except Indonesian International By Waste

pH) technioue market Concern

Nitrogen (N) 1.4 1.1 1.44
Phosphorus (P) 0.36 0.4 0.96
Potassium (K) 0.66 0.50 0.8
pH 7.8 7.5 7.6

Source: ElIlletutio!l et 01.12000)
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Figure 2.4: Composting Plant of the NGO (Waste Concern)

Figure 2.5: Waste Workers of the NGO (Waste Concern)

using protective clothing, gloves, cap and boots while working.
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Financia//nvo/vemell1: The financial analysis of a 3-ton capacity plant is illustrated

in Table 2.19. A small piece of vacant land, within the project of Mirpur Housing

Estate provided by the Lions Club (Dhaka north) is used for the composting plant.

From the Table it is evident that the project is sustainable from economic point of

view as there is a net earning of Tk 4,41,400 every year and B/C ratio is 1.88

(greater than I). The project improved the overall environment by reducing volume

of solid waste at source and enhances job opportunity for the poor. So the initiative

seems to be successful environmentally and economically.

Table 2.19: Financial Feasibility Analysis of a 3-ton Capacity Plant

A. Fixed Case (/ife of 5 year.<)

I. Construction cost of composting shed with Drainage Facility
of 2,235 sf! @ Tk.120/sf!

2. Construction cost of sorting shed 375sf! @ Tk. 120/sf!
3. Construction cost of omce and toilet facility of 100 sf! @ Tk. 500/sf!
4. Purchase of 4 No. rickshaw van @ Tk 15.000
5. Water and Electricity Connection
6. Equipment for composting, dress for the workers and aerators

B. Operational Cmt (per year)

I. Salary of Project Manager@ Tk 5OOO/month
2. Salary of 4 Van drivers @ Tk 1500/month
3. Salary of6 Workers @Tk 1000/month
4. Salary of 6 Waste Collectors @ Tk 800/month
5. Water Bill & Electricity Bill
6. Raw material for Compost

C. Total Earningloer year)

I. Sale of 675 kg compost from 3 ton of solid waste per day for 320 days
@Tk. 2.5/day

2. House to house waste collection service from 1000 households @ Tk 15
~

D. Total Cmt (five years)

I. Total cost including the fixed cost for I" year = Tk 5,23.200+Tk 2,78,600
2. Total operational cost for 2"' and subsequent years = Tk 2,78,600 x 4

~

Average Cost-Benefit ratio comidering 5years project = 1.88

I Land rcnt/Land cost is not con~idered in the Fixed Cost

= Tk 2,68,200
= Tk 45,000
= Tk 50,000
= Tk 60,000
= Tk 50,000
= Tk 50,000
= Tk 5,23,200

= Tk 60,000
= Tk 72,000
= Tk 72,000
= Tk 57,600
= Tk 5,000
= Tk 12,000
= Tk 2,78,600

= Tk 5,40,000
= Tk 1,80,000
= Tk 7,20,000

= Tk 3,32,000
=Tk 11,14,400
= Tk 14,46,400



41

2.5.2.2 Barrel type composting for slums:

Due to rapid growth of Dhaka's population, large influx of rural-urban migration

and severe shortage of adequate housing have led to the mushroom growth of slums

and squatter settlements in Dhaka. Municipal services are already over burdened,

and simply can not provide services to the slum dwellers, leaving the residents to

their own devices for sanitation and other basic services, resulting in unhygienic and

filthy living condition. In an attempt to search for an alternative low-cost and

sustainable solid waste management facility for slums the NOO initiated pilot barrel

type-composting projects in Mirpur slum areas, with support from Donors. The area

profile of the projects is summarized in Table 2.20.

Table 2.20: Area Profile of the Barrel Type Composting Projects under the
NGO

Project Location of the Study Starting Total No. of Family No. of Family
Area of Proiect within Proiect Area under the Proiect

J. Shah Ali Bagh Slum
1998 140 120(Mirnur, Section-2)

2. Kalwala Para Slum
1999 150 120(Mirnur, Section-2)

3, Nasim Bagh Slum
2000 180 180(Mirour, Section-2)

Source: Waste COllcern

Before installation, members of the slum were provided training on how to segregate

waste, compost the organic waste in the specially designed barrel. In addition to this,

monthly cleanliness day of slum was introduced and slum dwellers were motivated

to participate in the program. The whole process of community mobilization and

awareness took almost four months, before actual implementation of the project in

the slum. They used posters, video shows and leaflets to build awareness among the

slum dwellers.

They prepared a base map of the slum and handed it over to the slum association and

moti vated them to realign some of the dwellings for better access and space for

placement of the barrels. Due to space constraint in the slum it was decided by the
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slum dwellers to form a group with six households. After formation of the groups,

the group members selected the location of barrels.

A specially designed 200 litter bottomless perforated barrel with lid was supplied.

One barrel placed on a raised base was provided to six households. The cost of each

specially designed barrel along with the civil work is around Tk. 1800. The slum

dwellers were motivated to dispose their kitchen waste in the barrel. Waste

decomposes aerobically into compost in three months time. Generally in low-income

settlements major portion of the waste generated is biodegradable. The in-organic

waste is disposed in normal barrel provided.

The quality of compost produced by this method and tested at the Soil Science

Laboratory of the University of Dhaka, showed that it has good nutrient

concentration (Nitrogen 1.3%, phosphorus 0.62% Potassium 0.800, pH 7.5). During

the first year the compost produced in the barrels was purchased by the NGO at Tk.

2.00 per kg (on weight basis). After maturing and screening the compost is packed

and sold to fertilizer dealers at Tk 2.5 to 5. So the cost of barrel is recovered in one

year. Afterwards they plan to link fertilizer dealers with the slum dwellers to directly

purchase compost produced in the slum. The households sharing the barrel will also

share the income from sale proceeds of the compost. The slum dwellers are quite

enthusiastic about the project as they can earn extra income from their waste, which

was previously creating nuisance in their area.

During the monsoon period, as the slum has no drainage facility, water logging has

been observed. Water percolating in the barrel creates smell problem. In order to

solve this problem, the NGO has raised the base of the barrels so that water does not

percolate in the composting barrel.

It is evident that the initiative of barrel-type composting not only solves the waste

disposal problem at source but also at the same time has created income-generating

activities for the slum dwellers. So it is environmentally and economically
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sustainable and specially suited where land is constraint. Figure 2.6 shows barrel

composting.

a) Organic Waste being disposed in the green barrel b) After 4(four) months. compost
harvested from the green barrel

Figure 2.6: Barrel Type Composting by the NGO

2.5.2.3 Land requirement for composting

The core issue to replicate the model of community based composting is availability

of potential vacant land in different zones of Dhaka City Corporation. Against the

aforesaid backdrop a study was undertaken by Waste Concern, to explore whether

enough vacant land is available in Dhaka City for solid waste management and

composting. The findings are presented in Table 2.21and Table 2.22.
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Based on the analysis, a 3-ton capacity composting plant at the community level,

capable of serving 2,000 households (based on per capita domestic waste generation

rate of 0.3 kg! capital day) will require only 2,800 sft vacant land, Considering 3 ton

capacity as a module for all DCC zone at community level, required area of

composting plants in different zones is summarized in Table 2.21.

Table 2.21: Land Required for Composting Plants in Different Zones in DCC
Area

Dee
Household no.(in 2000) Required area in acre

Zone

I 1,24,892 4.01

2 1,24,892 4.01

3 64,457 2.07

4 1,07,632 3.46

5 1,28,457 4.13

6 69,149 2.22

7 1,25,385 4.02

8 1,36,173 4.37

9 78,687 2.53

10 2,43,285 0.78

Total 9,84.109 31,60

Source: Waste COllcem

To serve the households in all ten zones of DCC, 31.6 acre of vacant land is the

estimated requirement for community based composting plants.

On the basis of secondary database, a random sample survey was conducted within

DCC area, with particular importance to DCC vacant land and vacant land of

different agencies such as WASA and Bangladesh Railway. The survey team (Waste

Concern) within their limited resources located seventeen (17) potential sites. The

findings are summarized in Table 2.22.
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It is evident from the study that all organic waste generated in Dhaka from domestic

and commercial sources can be easily composted using community based

composting process at the sites identified in Table 2.22 and shown in Figure 2.7.

Table 2.22: Zone Wise Requirement of Vacant Land

Zone No. Name ofsite Available vacant land (acre)

1 Jatrabari 4.31

Golapbag-Biogas Plant 0.60

Saydabad NorthIW ASA 3.21

Golapbag South 1.01

Shahidnagar-Jurain 4.59

Shamibag Park. North of Saydabad 0.57

2 Islambag Ershad Colony 0.33

3 NiH -
4 Kamlapur Railway Station-South 8.26

Railway Hospital-SouthlEast 3.54

Mugdapara 3.25

5 Fulbaria Railway Station 1.38

6 Tejgaon Railway Station 2.48

Kawranbazar Park 1.02

7 Near Mipur Graveyard 2.06

8 Mirpur-IQ (DCC office) 0.51

9 Banani Railway Station- South 0.63

Gulshan-RAJUK 3.07

10 NiH -
Source: (Waste Concern'
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Fig. 2.7: Potential Vacant Sites for Construction of Composting Plants within DCC Area
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CHAPTER 3
PRESENT SOLID WASTE MANAGEMENT PRACTICE OF DHAKA

CITY CORPORATION (DCC)

3.1 LEGIS LATION

Dhaka City Corporation is functioning on the basis of Dhaka Municipal Corporation

Ordinance XL 1983. The relevant sections for removal, collection and disposal of

refuse collection are as follows.

• 78 (I) The Corporation shall make adequate arrangement for removal of refuse

from all public streets; public latrines urinals, drains, and all buildings and land

vested in the corporation and for the collection and proper disposal of such

refuse.

• 78 (2) the occupiers of all building and lands within the corporation shall be

responsible for removal of refuse from such buildings and lands subject to the

general control and supervision of the corporation.

• 78 (3) the corporation may cause public-dustbin or other suitable receptacles to

be provided at suitable places and where such dustbin or receptacles are

provided, the corporation may, by public notice, require that all refuse

accumulating in any premises or land shall be deposited by the owner or

occupier of such premises of land in such dustbins or receptacles.

• 78 (4) all refuse removed and collected by the staff of corporation or under their

control and supervision and refuse deposited in the dustbin and other receptacles

provided by the corporation shall be the property of corporation.

The ordinance has no specific clause or section for industrial hazardous or clinical

waste storage, handling, collection, transportation and disposal either by DCC or
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pri vately. Necessary by laws have not yet been promulgated on "Standard" of refuse

quality and details of punishment of any offence detccted by DCC mobile court.

3.2 ORGANIZA TION

The management of wastes generated within the city is the responsibility of the local

authority. For the purpose of the administration of urban areas, the Government sets

up such authority under the law promulgated by the state legislature. The Municipal

City Corporations are set up under specific state enactment for major and specific

cities and is bestowed with a creation of degree of independence and autonomy in

mobilizing resources and providing civic services.

DCC is headed by a Mayor who is an elected representative of the people and under

him the Chief Executive Officer (CEO) is deputed by Government for management

of five principle areas of responsibility which are I) engineering, 2) conservancy, 3)

revenues, 4) accounts and 5) health.

Solid Waste Management related activities & associated departments of DCC are

represented in Figure 3.1.

Conservancy Department:

Refuse collection and disposal from DCC area is the responsibility of the

Conservancy wing which is executed by the Chief Conservancy Officer (CCO

manages it with the support of a Deputy Chief Conservancy Officer (DCCO) and

two Assistant Conservancy Officers (ACO). The Assistant Conservancy Officers are

also assisted by ten Conservancy Officers working in ten zones with Conservancy

Supervisory Inspectors (CSI), Conservancy Inspectors (CI) and

Cleaners/Sweepers/Labors. The organogram of the Conservancy Division of DCC is

given in Figure 3.2.
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The Conservancy department is also supported by the Transport department,

controlling the garbage vehicles and Mechanical department for maintenance of

vehicles and equipment used in landfill sites (bulldozers, excavators etc) and.

The manpower and resources of conservancy wings of DCC is presented in Table

3.1.

CONSERVANCY
DEPARTMENT

STORE &
PURCHASE

Supply of
consumable
materials like

broom, cane basket.
spade. fork elc.

Street sweeping, carrying
waste 10 bins. loading in to
container. open trucks.

appointment of daily labor,
supervision.

TRANSPORT
DIVISION

Distribution of
transport, driver,
salary. fuel.

METROPOLITAN
MAGISTRATE

Legal
Action
against
oolluter

Transport procurement,
maintenance. dust bins
constructions, hand

trolley supply. landfill
management. l

ENGINEERING
DEPARTMENT

Figure 3.1: Solid Waste Management Related Activities & Associated Department of DCC
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Mayor/
Administration

1
Chief Executive
Officer (CEO)

~ 1
Chief (;l'neral i\lanal:l'r Chief

Conservancy (Transport) Engineer
mlker (CO» (l)

~ ~ ~
l>Cpllly Chief l\'lamlgl'r Aelelitiolla) Chief
COII~('r\'a IH.'Y (Trallsport) Engin('cr

Oflker (DeCO) ()

1
! ~ ~ 1

Assistant Transport Su pcrinh.'ll(ling SIIpt.'ri ntl'lHl iIlg Sllpcrintcndin~
Conscr\'anQ' SUllen"isnr En~inc('r Engiru.'cr Engineer
Ollkcr (ACO) (Civil) (Mcehalli""l) (Electrical)

(2)

~ 1
COIlSl'I"\'an('y I>rin'rs Ilr E.\('{OlltiH' EX('{Outi\"c

Ollin'," (CO) CllnS('n'lInQ' EII~in('{'r (Asphalt Enginccr
( Ill) •.'\:.EII"ipnu.'nt) (\\'nrkshop •.l\o.

Vl'hidc
1\Iain'l'nan('c)

1 1
Corlscn'anl'Y \\lnrkshnp
Supl'rvising Staff

Inspcrtor (CSI)
(IH)

~
('ons('r\'aJI("~'

1I1sp('("lor ('I)
(Ill)

C1c,lInl'rs!
SWCl'I)l'rs/
Lahors

Fil!ure 3.2: Orl!anOl!ram of SWM in Dhaka Citv CorDoration (DCc)
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Table 3.1: Manpower and Resources of Conservancy Wings of DCC

Items DCC

SWM Opening Year 1910

Responsible Officer CCO

Cleaners 5272

Supervisory Staff 124

Driver 189
Motorized Normal Garbage Truck (NGT): 151 nos.
Yehicle Contaioer Carrvino Truck : 104 nos.
Nonamolorized

Push Cart (PC): 3000 nos.Yehicle

Container 410 nos.

Source.' Conservancy Division ofDCC

3.3 COLLECTION

Dhaka City Corporation collects municipal wastes that are accumulated in DCC's

bins or containers. About 5272 cleaners (Table 3.1) are employed for street

sweeping and collecting waste by hand trolley. These wastes are found in places

other than dustbin side, road side, open spaces, ditches etc. DCC has 3000 (Table

3.1) hand trolleys for primary collection of waste and has 104 Container carrying

trucks (Table 3.1) for collection of accumulated waste from municipal bins located

at different locations. Pushcarts are also used to transfer and transport refuse from

dustbins especially in densely populated congested areas.

Onsite Storage

Dhaka City Corporation provides concrete and C.1. sheet bins at different places

mainly along the roadside. In some areas demountable containers are used for onsite

storage of municipal solid waste. Presently, Dhaka City Corporation has 2,450 C.I

sheet, 1,595 concrete dustbins and 410 demountable containers (Table 3.2) or on site

storage of waste. There are no special or separate container, bins for commercial,

industrial or clinical waste storage. DCC does not provide any in-house storage
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article, bag, bins for homeowner's. Collection facilities of DCC are presented In

Table 3.2.

Table 3,2: Collection Facilities of DCC

Items DCC

1595 of 3 ton concrete bins;
Number of Dustbins

2450 of I ton Cl Sheet bins.

Container 410 nos.; 10 are of 5 and 400 are of 3 ton

SW Collection Manual

Frequency of SW collection Coilected daily before 8 A.M. at dawn.

Amount of collected SW(tolal) Approximately 4,500 ton daily

Source: Conservancy Division ofDCC

3.4 TRANSPORTATION

Dhaka City Corporation has 151 open truck (5 ton, 3 ton, 2 ton and 1.5 ton) and 104

demountable container-carrying vehicles (5 ton and 3 ton) for transportation of

waste to the disposal sites (Table 3.3). Presently DCC's waste disposal site is at

Matuail, which is located 10 km from the city center and 30 km from farthest

boundary at UUara and Mirpur. DCC has no transfer station for carrying waste more

then 10 miles for disposal. Transport facilities of DCC are presented in Table 3.3.

Table 3.3: Transport Facilities of DCC

Items DCC

Driver 189

Normal Garbage Truck 151 nos: 33, 62, 54 & 2 are 5,3,2 & 1.5 ton truck respectively.

Container Carrying Truck 104 nos: 10& 94 are 5 & 3-ton truck respectively.

Push Carl 3000 nos. of 5.5 eft.

Waste Container 410 nos: 10 are of 5 ton and 400 are of 3 ton.

Source: Transport Division orDCe

Table 3.4 and Table 3.5 show the details of the DCC's demountable container and

open trucks, in each zone, respectively.
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Table 3.4: List of Demountable Container Truck of DCC

5 3 5 Ton 3 Ton Tolal Tolal No. of Avg. Disl. inZone RemarksTon Ton Trip Trip Vehicle TriplDay Operation
1 X 2 X 9 2 9 14Km.
2 X 18 X 80 18 80 18 Km.
3 X 5 X 18 5 18 82Km.
4 I 22 2 90 23 92 18 Km.
5 3 17 10 64 20 74 22Km.
6 3 8 11 28 II 39 26Km.
7 X 3 X 15 3 15 42Km.

8 X 8 X 39 8 39 44 Km.
Lifting 35/36

container everyday

9 X 5 X 32 5 32 35 Km.
Lifting 16110

container everyday

10 X I X 7 I 7 60Km.
Lifting 35/36

container everyday
Tolal 7 89 23 382 96 405

Source: Tranmort Division o([)CC

DEMOUNT AllLE

N.B: (a) Container Truck 5 Ton

Container Truck 3 Ton

Reserve

Tolal

7

89
96

8

104

(0) Number of Container

Reserve

Total

=405

= 5

= 410

Transport operation IS controlled by transport department headed by a General

Manager and a Transport Manager. According to the requirement of conservancy

department, number of trips of vehicle and schedule are fixed by the transport

department. There is no database, calculation to determine the number of labor,

trucks and trips per vehicle per shift. Open trucks and containers are loaded with

waste manually. Normally open trucks are assigned for 2 trips per shift and

container-carrying vehicle are assigned for 3-4 containers per shift, depending on
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distance of the disposal site. Transports are operating in two shifts at daytime and

night with maximum number of containers removed at night. According to DCC's

transport schedule it has been estimated that 1,432 tons of waste are being

transported to the disposal site per day by present transport fleet. Around 30% of the

transport that are always found off-road due to mechanical fault or unknown reasons

Table 3.5: List of Open Truck of Dee

Total Average
1.5 5 Ton 3 Ton 2 Ton Total No. of DistanceZone 5 Ton 3 Ton 2 Ton RemarksTon Trip Trip Trip Vehicle Tripi in

day Operation
I I 5 17 X 2 10 44 23 56 14Km. Collecting
2 I 9 22 1 2 17 59 33 78 I8Km. garbage
3 I 13 5 1 2 29 13 20 44 22 Km. from
4 2 6 5 X 3 II 9 13 23 18 Km. different
5 10 8 X X 17 13 X 18 30 22Km. dustbins
6 6 9 I X 12 16 2 16 30 26Km. for which
7 X 5 3 X X 10 6 8 16 42 Km. the
8 7 X 1 X 14 X 2 8 16 44Km. vehicle
9 3 7 X X 5 14 X 10 19 35 Km. runs very

to 2 X X X 3 X X 2 3 60Km. slowly 3
Total 33 62 54 2 60 120 135 151 315 to 4 Km.

Source:Transpon Division ofDCC

DCC transports are scheduled as per field requirements. There is no definite route

map for transportation of solid waste to the disposal site.
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3.5 DISPOSAL

Dee presently disposes off solid waste mainly on lowland at Matuail about 3 km

outside Dee area and at a no. of minor sites located at Mirpur, Islambagh etc. inside

Dee area which are operated in uncontrolled manner without any proper earth cover

and compaction which causes severe environmental hazard including air and water

pollution.

Disposal site at Mirpur has an area of 25 acres, average depth of 5m and has become

40% full. Jatrabari landfill site with 25 acres and with an average depth of 5m have

been filled up two years ago. Mugdha and Mirpur sites are used when Matuail site is

inaccessible due to rain or damage of driveways, repairing and maintenance of

unloading platforms. Small sites are located at Islambagh, Hazaribagh, Mukti

Sarani, Dayaganj, Amilgula and Balughal.

Dee claimed Matuail landfill to be sanitary landfill. This landfill covers about 92

acres of land. Dee acquired 52 acre of land in 1986. It started as dumping of solid

waste in 1993. Low lying agricultural land is to be enclosed by earth dyke to isolate

the dumpsite. No cut and fill or the initial extraction; separation of recapturable

material are salvaged by waste pickers from small dustbins, waste dumping site.

Layer by layer cover material is used regularly. The dozer, chain dozer and scraper

are being used to spread the waste irregularly. List of equipments used in Dee

landfill is presented in Table 3.6.

Table 3.6: List of Equipments used in Dee Landfill (MatuaiI)

Source: Transport DiViSlO1l ofDCC

Equipment Number
Monthly use in Consumption rate of Fuel

Hours (Liter/hour)

Chain dozer (Bull Dozer) 4 633 18
Scavator 2 364 25
Tire Dozer (Wheel) 2 293 30
Pay Loader I 218 15

...



56

3.6 RECYCLING & RESOURCE RECOVERY

DCC has no processing and resource recovery plant. There is no provision in the

government policy to encourage the recycling practices. There is lack of

government grants and credits in the recycling business and lack of technical know-

how in recycling industries in the recycling activities.

But processing and resource recovery or recycling in Dhaka city is done by the poor

and the socially disadvantage people who are working in the streets, waste bins,

dump sites. The recycling of solid waste materials from the waste stream is carried

out in various stages in Dhaka City shown in Fig 3.3

The first stage is at individual household level, where housewives separate refuse of

higher market value, such as clean papers, bottles, fresh containers, old clothes,

shoes etc. and sell them directly to waste material shops or to the street hawkers. The

second stage is by the urban poor (scavengers) who live in the slum areas. They

collect the refuse from low market value from bins/communal collection points and

sweeping accumulation places. The third level is by municipal sanitation workers,

when they collect and transport solid waste. Finally, people can be seen salvaging

every possible item at the final disposal sites when a municipal truck unloads a fresh

batch of refuse. All these scavengers provide a valuable service to the society in

general and to the municipalities in particular. The percentage of materials recycled

by them have a direct contribution towards the saving of waste collection and

disposal costs of municipalities that would be required to dispose of those materials
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Figure 3.3: Recycling Pattern of Domestic Solid Waste in Dhaka City
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3.7 FINANCIAL ASPECTS

Annual budget, total expenditure, salary and wages of the conservancy wings of

Dee in the financial year of 1998-1999 are shown in Table 3.7.

Table 3.7: Financial Aspects of Conservancy Wings

Items Dee
Salary and wages Tk 18,00.00,000

Power and Fuel Tk 4,50,00.000

Annual Budget in 1998- I999 Supplies Tk 2,50,00.000

O&M and others Tk 5,00.000

Total Budget Tk 25,05,00,000

Expenditure in 1998-1999 Tk 25,00.00,000

Conservancy tax 2% of the holding tax

for waste collection Tk 20/month/holding

Willingness To Pay to increase! give conservancy
Yes

tax

Table 3.7 illustrates that salary and wages is more than 70% of the total budget and

fuel cost is around 10 to 20%of the budget and remaining 10% of the budget is

consumed for operation and maintenance (0 & M) cost. That means no allocation

from own budget is available for development of SWM facilities if no fund is

obtainable from Government or donors. Dee realize conservancy tax at the rate of

2% of the holding tax. But the public has the willingness to pay a reasonable amount

for the conservancy tax in the Dee area if the SWM system is improved. Public is

ready to pay Tk. 20 per month per holding for the cost of door-to-door collection

(from survey).
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3.8 PROBLEMS AND LIMITATIONS OF PRESENT SOLID WASTE

MANAGEMENT SYSTEM OF Dee

From analysis of present solid waste management practice of DCC (art 3.1 to 3.7),

the following problems and limitations are identified:

- Conservancy department of Dhaka City Corporation has no scientific and

engineering principle based solid waste management planning approach.

Conservancy department has no solid waste management specialist (Engineering

background).(Fig 3.1 and 3.2)

Present distribution of labor, transport in different areas has no database and

conservancy department does not maintain any database for generation of waste,

transport and labor requirement There are no cleanliness standards (Table 3.2,

3.3, 3.4, 3.5 and 3.6).

Town planning department did not and does not allocate any space for storage of

waste bin, placing of container. Placing of dustbin on the road, near any house

creates social problem because of improper use, irregular cleaning and road

blockage by collection vehicle, bad smell, rodent, vermin, flies and unhygienic

condition.

- Industrial, clinical and hazardous wastes are not collected in a planned manner.

This waste poses a threat to the environment, public health as well as ecology.

There is no provision in the government policy and there is lack of technical

know-how in recycling to encourage the recycling practices. There is also no

provision of source separation of solid wastes, resulting unclean raw materials,

which causes lower recycling values of recycled items, higher costs in their

treatments and unhygienic end products.
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- Annual Budget, total expenditure, salary and wages of the conservancy wings of

DCC in the financial year 1998-99 (Table 3.7) shows that no allocation from

own budget is available for development of SWM facilities if no fund is

available from Government or Donors. But the public has the willingness to pay

a reasonable amount for the conservancy tax in the DCC area if the SWM

system is improved.

3.9 DEVELOPMENT OF SOUD WASTE MANAGEMENT SYSTEM

Privatization

To ensure better collection and cleaning services, Dhaka City Corporation in 1990

invited tender for Banani, Gulshan, Baridhara and Uttara area. But schedule of work

was not well defined and satisfactory responses were not found. In 1992

incorporating some terms and condition and specifying the nature of work re-tender

notice was invited and about three private companies without any previous

experience responded. DCC did not come to the final decision due to high offer rate

and few conditions imposed by the interested parties. Privatization issues come in

different times but do not materialize.

Compactor Truck

A project proposal of procurement of 75 Nos. compactor trucks has been approved

by ECNEC and these 75 compactor trucks will be added to present transport fleet.

Feasibility Study

In February 1998, a consultant from the Netherlands Roteb-Solid Waste

Consultancy B.V. Rotterdam in co-operation with Aduco International Contractors

visited DCC area and submitted a draft report on waste land fillings and hospital
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waste incineration in Dhaka, Bangladesh. On the basis of their report DCC prepared

a project proposal and submitted to the respective Ministry for approval. The project

cost was Tk. 9,308.32 Lac and of which expected grant from the Netherlands

Government was Tk. 4,845.82 Lac and Tk. 4,462.50 Lac from GOB. Proposed

project component included development of existing landfill, with cover and provide

with a degassing system. Extension of existing landfill with an additional area of

about 13 hectors, resulting in an extra storage volume of about 712,000 m3, which

will extend the lifetime by 3 years. New landfill will be provided with a subsoil

protection and leachate collection and treatment facility and a degassing and flaring

system. Improvement of operational procedure by providing a weighing scale, office

workshop, vehicle cleaning area, power and water supply and a gate house with

fencing around the site. Establishing 2 (two) incinerators, one at BSMMU and

another at Hospital for the Disabled, for incineration of hospital waste from

Government and private hospitals clinics.

Waste To Electricity

A Canadian company and an Italian company showed interest about establishing

barge mounted electricity generation plant. Waste from landfill site and diesel oil

mixture with a ratio of 1:3 was proposed as the source of initial energy. In absence

of reliable data on energy content of DCC's solid waste, lengthy decision making

process and prospect of pollution of environment prevented the progress of this

proposal.
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CHAPTER 4
EVALUATION OF COMMUNITY BASED SWM PRACTICE IN

DHAKA CITY

4.1 INTRODUCTION

Solid waste originates from different sources such as from residential areas,

industries, commercial areas, hospital and clinics, restaurants, vegetable and fish

markets, street sweepings etc. Among these waste generation sources, domestic

waste plays a key role in solid waste generation stream of densely populated city

like Dhaka. Present Solid Waste Management System of DCC is poor and

inadequate. Most of the areas have limited access to garbage collection vehicles

(Table 3.1) and thus the municipalities do not practice door-to-door collection.

Households and the management of different institutional, commercial and industrial

establishments are expected to carry their waste into the bins (Table 3.2) or the

communal collection points but are sometimes observed to deposit into storm drains,

low lying areas and road sides. The roadside waste gets swept and collected along

with street refuse. There is always lack of maintenance of these bins and

accumulation places, which cause dispersion of waste from bins, resulting in

aesthetic problems and odor nuisance. Allocation from own budget is not available

for development of SWM facilities if no fund is available from Government or

donors. Especially with the scanty resources in terms of money (Table 3.7), skilled

manpower and logistics (Tables 3.1, 3.2, 3.3, 3.4, 3.5 and 3.6) it is very difficult to

manage the bulk volume of solid domestic waste.

Therefore acting on their own concerns, some individuals have started to organize

community groups to deal with the rapidly increasing problems of solid waste

management of Dhaka City. There are a few (about 130 presently in Dhaka)

community voluntary organizations (Table 2.13) in some areas that make door-to-

door collections and dispose off their wastes into the nearest roadside bins. This

minimizes the cost of street cleansing but the households have to pay a nominal fee

(Tk 10-20) per month depending on the locality in which they live (Table 2.13).
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In this study, some areas are chosen for reviewing the SWM practice that is initiated

from community level. The area location of the Study Areas is shown in Figure 4. I.

Two mixed residential areas (Rayer Bazar and Mirpur Section 2), two Government

quarters (Green Road Staff Quarter and Bailey Road Officer's Quarter) and three

slums (Sha Ali Bagh, Kolwala Para and Nasim Bagh) are selected for studying.

Concentration is given to middle and low-income areas, as they are deprived of any

collection and disposal facilities from the DCC.

Emphasis is given to the performance, cost-effectiveness and sustainability (from

both environmental and economical point of view) of the newly introduced

community based approach to solid waste management services as practiced in those

areas. This study also highlights the scope, potentials and problems encountered in

these private initiatives.

VJ
t'J
o 4.2.1 Study Area-I:
00
Q'-.

The study area is located in Rayer Bazar ward no. 47, zone-6, within Dhaka City

(Fig 4.1). About 8,000 families reside within the study area of which 6,000 families

benefit from the project. At present the community participates in a house-to-house

solid waste collection service, for which the community pays nominal fee ranging

from Tk 5 to Tk 50, depending upon the type of locality they reside. The collected

waste is then disposed of by the organization in a nearby pond and after the pond

gets filled up, it is covered by a layer of soil. New slums and shops have been

constructed on these places.

4.2.2 Study Area-II:

The study area consists of blocks B, C, D, E, F and G (part) of Mirpur Section-2

(Fig 4.1). A small piece of vacant land, within the project of Mirpur Housing Estate
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Figure 4.1: Location Map of the Study Areas
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provided by the Lions Club (Dhaka north) is used for the composting plant. About

1000 families (Table 2.16) are participating in the door-to-door collection program.

The waste is sorted into organic and inorganic portion and the organic portion is

taken for composting and the inorganic portion is sold to waste traders for recycling.

4.2.3 Study Area-III:

This Study Area is located in Green Road Staff Quarter within Dhanmondi Thana

(Fig 4.1). It is attached to the south side of Kalabagan. On the east side is Green road

and on the west side is Mirpur road. Solid waste from 650 households (Table 2.16)

of the aforesaid quarter is collected daily from door-to-door. The collected waste is

sorted into organic and inorganic categories. The organic waste is composted using

hybrid-composting technique (a combination of barrel type and aerobic windrow

composting method). Land for the composting purpose has been provided by the

Public Works Department (PWD) along with water and electric connection. Green

Road Staff Quarter Resident's Welfare Association is actively participating in the

program. The community is contributing regularly for the operation and

maintenance of the program. Moreover, a community action group, comprising of

youth and housewives from the aforesaid quarter, are imparted training on waste

separation, recycling and composting.

4.2.4 Study Area-IV:

This Study Area located in Bailey Square Officer's Quarter, which is within Ramna

Thana and is bounded by Shiddeswari Road on the northwest, New Bailey road on

the south and Magh Bazar road on the west (Fig 4.1). Mostly medium income type

of people lives here. A community based composting plant is installed in the

premises of Bailey Square Officer's Quarter, with support from a Donor. About 300

households (Table 2.16) of the aforesaid quarter participate in door-to-door primary

collection service. The collected waste is sorted into organic and inorganic

categories. Organic waste is recycled using hybrid composting technique (a
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combination of barrel type and aerobic composting method) within the premises.

Bailey Square Officers Association is enthusiastically taking part in the program and

is being trained on waste separation, recycling and composting. It is expected that

Bailey Square Officer's Residential Quarter is going to be the first zero waste colony

in Dhaka City.

4,2.5 Study Area-V, VI and VIII:

The Study Areas are all located at Mirpur, inside the municipal boundaries of Dhaka

City (Fig 4.1). They are situated on government land. There are about 140, 150 and

180 households in the Study Areas respectively (Table 2.20). They dump their

organic wastes in specially designed 200-litter barrels for composting and inorganic

waste in normal barrels.

4.3 DATA COLLECTION AND ANALYSIS OF THE STUDY AREAS:

4.3.1 Population

A survey work was conducted within the project area to count the population of the

area. During population count, all of the households of each Study Area (II, III, IV,

V, VI and VII) were visited except for Study Area-I, where 200 sample households

were selected randomly as the total number of households in that area was quite high

(6,000) to visit. The number of family members was noted as supplied by each

household and the income range of each of the household surveyed was also noted.

From the collected data, the average number of persons, residing in each household,

was calculated. The data thus analyzed are presented in Table 4.1. It is apparent

from the Table that in average 5 to 6 persons reside in a house. It is also found that

the average monthly income lies between Tk. 5,000 to Tk. 20,000 in the medium

income areas and between Tk. 2,000 to Tk. 4,000 in the low-income areas (slum

areas).
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Study No. of
Total No. of Avg. Population Avg. Monthly IncomeHouseholdsArea surveyed Population counted Per Household Per Household (Tk.)

I 200 1,125 5.625 5,000-25,000
II 1000 5.480 5.48 10,000-20,000
III 650 3,867 5.95 5,000-10,000
IV 300 1,665 5.55 6,000-15,000
V 120 640 5.33 2,000-4.000
VI 120 633 5.27 2,000-4,000
VII 180 980 5.44 2,000-4,000

4.3.2 Domestic Waste Generation Rate

In order to develop a plan for a solid waste management system the primary data

required is the solid waste generation rate. To estimate the waste generation rate at

the domestic sources in the Study Areas, sample households were randomly

selected. Two separate plastic baskets were supplied to each selected household and

the family members were requested to store their generated waste separately into

organic (kitchen waste) and inorganic (such as plastic, paper, glass, cloths,

sponge/rubber etc) part in them. These baskets were collected the following day and

the daily-generated domestic wastes were then weighed separately and recorded.

The number of family members of the selected households was also recorded. This

was done for seven consecuti ve days.

From these records the average daily waste generation (in kg) and the fraction of

organic and inorganic waste (% by weight) was found. The average waste generation

per capita per day was then calculated. Calculation of Study Area I is presented in

Table 4.2 and the calculations of Study Area-II to VII are presented in Tables A.I to

A.6 in Annexure-A. An additional 15% was added for seasonal variation of food

consumption and other environmental factors. The summary of the calculations of

the Study Areas is presented in Table 4.3.



68

From the Table, it is observed that organic waste generation rate is around 0.22-0.32

kg/capita/day and inorganic waste generation rate is around 0.013-0.054

kg/capita/day, which is only a fraction (5%-17%) of organic waste generation. The

domestic waste generation rate of the Study Areas is presented in Figure 4.2.

Table 4.2: Domestic Waste Generation of Study Area I

Day
Waste (kg)

Total waste
% of waste generated

Organic Inorganic Organic Inorganic
1 315.50 52.50 368.00 85.73 14.27
2 310.20 50.00 360.20 86.12 13.88
3 317.00 55.25 372.25 85.16 14.84
4 320.00 57.00 377.00 84.88 15.12
5 308.50 51.50 360.00 85.69 14.31
6 300.00 49.50 349.50 85.84 14.16
7 316.00 53.75 369.75 85.46 14.54

Total
(7 days) 2187.200 369.50 2556.70 85.56 14.44

Table 4.3: Waste Generation Rate of the Study Areas

Study Area
Constituents

I II 1Il IV V VI VII

Waste generated (kg/day) 365.25 150.10 123.64 45.87 20.09 20.63 20.98
Fraction of

Organic 85.56 84.45 86.71 85.81 94.32 94.08 94.12Waste
Generated (%

Inorganic 14.44 15.55 13.29 14.19 5.68 5.92 5.88by weigbt)
Waste generation rate with

420.03 172.62 142.19 52.75 23.10 23.73 24.1415% allowance (kl!!day)

Total Household surveyed 200 100 65 30 18 18 18
(% of total household of the

3.3 10 10 10 15 15 10Study Area)

Total population counted 1,125 548 381 167 98 95 97

Waste Organic 0.319 0.315 0.320 0.271 0.222 0.235 0.234
Generation

Inorganic 0.054 0.050 0.049 0.045 0.013 0.0148 0.0145Rate
(kg/capita/day)

Total 0.373 0.365 0.369 0.316 0.235 0.2498 0.2485
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Bhide (1990) estimated from two days survey, total solid waste generation of Dhaka

City to be 1,105 tons/day. With an assumed population of 6 million (in 1990), the

calculated waste generation was 0.19 kg/capita/day. MMI (1991) estimated the

waste generation of Dhaka City for 1991 and found 1,500 tons/day. With an

assumed population of 3.3 million (in 1991), waste generation rate was calculated to

be 0.45 kg/capita/day. A UNCRD source (DMDP, 1992) shows that Dhaka is

amongst the least wasteful of Asian cities having a per capita waste generation rate

of 0.47 kg/capita/day (Fig 2.2). Comparing the waste generation rate of 0.25 to 0.37

kg/capita/day (Table 4.3) found in this study with the previous survey reports it may

be concluded that the lower waste generation rate obtained may be due to: i) lower

living standards of the areas, ii) possible interference of the householders in sorting

out wastes of value, iii) only waste from households was considered in this study

(excluding street sweeping waste, market waste, hotels/restaurant wastes etc.).

The variation of per capita waste generation per day with respect to per capita

income generation is observed in the Study Areas. The trend is rising from low-

income group of people to medium income group. Sometimes discrepancy is

observed, which may be due to the following reasons: I) food habit of the family,
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2)inaccuracy in waste generation rate data 3) factual error in income generation data.

The waste generation vs. income generation curve of Study Area-I is given in Figure

4.3. The curves for other areas are presented in Figures A.I to A.6 in Annexure A.

1001-1500 1501-2000 2001-2500 2501-3000 3001-3500

Incorre Range (TkialpiWday)

Figure 4.3: Curve showing per capita Waste generation rate with respect to per capita
Income for Study Area- I

4.3.3 Composition of Domestic Waste

To analyze the physical composition of the domestic waste, the collected waste were

sorted according to the specific type of waste component, such as food waste,

polythene, paper, plastic, rubber, glass, clothes, metal, tin cans etc. Each component

was then weighed to determine the respective wet fraction. The results thus obtained

are summarized in Table 4.4. A pie chart for Study Area-I is shown in Figure 4.4. It

is apparent from the Table that organic waste comprises of 80-90% of total solid
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wastes. These results are comparable with those in other developing countries as

shown in Table 2.6 (Rahman, 2002), which indicates higher organic value in our

country compared to other developing countries. The breakdown of the inorganic

part of domestic waste of the Study Areas is summarized in Table 4.5.

Polylhene

0.90%

Paper.1 Car dboar d
6.70%

Plastic.
1.38%

GIaul Cerames
1.32%

Tin can
0.59%

Rubber
1.00%

Fig. 4.4: Physical Composition of Domestic Waste of Study Area I

Table 4.4: Physical Composition of Domestic Waste of the Study Areas

Constituents Fraction of Waste (% hy wI) for Study Areas
I II III IV V VI VII

Food Waste 85.56 84.45 86.71 86.54 94.32 94.08 94.12
Polythene 0.90 1.27 1.10 0.66 0.51 0.29 0.51

Papers/Cardboard 6.70 6.40 5.20 7.20 1.34 1.41 1.35
Plastics 1.38 1.65 1.62 1.40 0.90 0.69 0.75

Glass/Ceramics 1.32 1.50 0.81 1.10 0.41 0.46 0.51
Tin can 0.59 0.67 0.19 0.73 0.05 0.60 0.30
Rubber 1.00 1.17 0.89 0.95 1.03 1.10 1.08

Textile/Leathers 1.25 1.32 0.68 0.20 0.57 0.42 0.28
Metals 1.30 1.57 2.80 1.22 0.87 0.95 1.10
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Constituent
Fraction of Waste (% by wt) For Study Area

I II III IV V VI VII
Polythene 6.23 8.17 8.20 4.90 8.98 4.90 8.67

Papers/Cardboards 46.40 41.16 39.13 53.50 23.60 23.82 22.96

Plastics 9.56 10.61 12.19 10.40 15.85 11.65 12.75
Glass/Ceramics 9.14 9.65 6.09 8.17 7.22 7.77 8.67

Tin can 4.08 4.31 1.43 5.42 0.88 10.13 5.10
Rubber 6.92 7.52 6.70 7.07 18.13 18.58 18.37

Textile/Leather 8.66 8.49 5.12 1.49 10.03 7.09 4.76
Metals 9.01 10.09 21.06 9.06 15.31 16.06 18.72

4.3.4 People's View Towards Community Based SWM

To assess the resident's vIew regarding this newly introduced Community Based

Solid Waste Management System, some residents who are subscribers to the

services of these projects were randomly selected and asked some questions. The

response of the respondents is summarized in Table 4.6.

The results of the survey indicate that the majority of the residents within the project

area are satisfied with the present state of solid waste clean up. Above ninety percent

of the respondents answered affirmatively when asked whether they are quite

satisfied with the services of the community-based initiatives. Below 5% of the

respondents are satisfied but want more improvement of the system. Only a few

percents are not pleased with one time collection and prefer two time waste

collection, some are offended with the altitude of some waste collectors. Above

ninety five percent of the respondents want to see the initiatives sustained. 100%

respondents are willing to continue to pay for the services. Most importantly, above

90% of them feel that their neighborhood has become cleaner because of the

community-based initiative and the rest don't feel the community is clean up to their

expectation.
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Study No of
Satisfied Is the Willing to Will the

Responses with the Environment Continue to Project
Area Respondents System? Clean? Pay? Sustain?

Yes 94 95 100 100
I 250 No 2 3 0 0

Yes. 4 2 0 0
Yes 96 9t 98 tOO

II 100 No 1 6 0 0
Yes. 3 3 2 0
Yes 92 93 96 tOO

III 100 No 2 4 0 0
Yes. 6 3 4 0
Yes 98 99 99 100

IV 50 No t 0 0 0
Yes. I I t 0
Yes tOO 98 - 100

V 120 No 0 0 - 0
Yes. 0 2 - 0
Yes 100 97 - tOO

VI 100 No 0 0 - 0
Yes. 0 3 - 0
Yes tOO 98 - tOO

VII 150 No 0 0 - 0
Yes. 0 2 - 0

4.3.5 Environmental Impact of the Community-Based Projects

The impact of the above community-level solid waste management on environment

is visible even to the eyes of occasional visitors to the neighborhood. In the past,

people used to throw garbage everywhere on the street. Even the garbage taken to

the Dee provided dustbins were scattered around by scavengers trying to salvage

papers, plastic bags and other recyclable materials. With the present initiati ves, the

neighborhood is cleaner--heaps of garbage is no longer spread around on the street.

Dee provided permanent dustbins are no longer in use. Activities of eBOs and

NGOs have improved the aesthetic quality of the Study Areas. It may be concluded

that primary collection integrated with composting at community level is successful

in minimizing environmental degradation.
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4.3.6 Financial Feasibility Analysis and Comparative Study

Financial aspects include the impact of services on financial activities, cost-

effectiveness of municipal solid waste management systems, macro-economic

dimensions of resource use and conservation and income generation, employment

generation.

Sustainability of any project depend on many factors such as potential of the system

to achieve it's goal, acceptability of the project to the beneficiaries of the project

with respect to their satisfaction compared to other existing system, most of all, the

economic viability of the project or of the system itself.

Three broad issues need to be investigated for financial feasibility analysis of the

community based solid waste management. First, the cost of extracting recyclable

materials from domestic solid waste that is left over by the Tokais. This issue deals

with matters relating to supply side of composting, using the decentralized approach.

Second, the amount of compost that can be sold in the market at prices that cover the

production costs and provides a normal rate of profit. This deals with demand side of

compost. Thirdly and finally, the intangible benefits (i.e. social and environmental

effects above and beyond private cost and benefits).

As mentioned earlier, a detailed survey was conducted to estimate the domestic

waste generation rate from different households. The waste is then categorized into

organic and inorganic part. The organic part is used for production of compost

(organic fertilizer) and the inorganic part, which is also recyclable, can playa

significant role in resource recovery process.

Financial feasibility analysis of the community based solid waste management

practices are done. For middle-income Study Areas (I, II, III and IV) two

alternatives are considered: I) primary collection with composting plant and

alternatively, 2) primary collection with barrel composting. For low income Study



75

Areas (V, VI, VII) primary collection with barrel type composting IS only

considered (as sufficient land is not available for construction of centralized

composting plants). The analysis is done using the collected data to observe whether

these projects are financially sustainable with the existing manpower and resources.

4.3.6. I Assessment of the value of waste recovered

Value of organic waste:

Compost is the stable end product derived from biological degradation of the

organic material, which can vary from dead leaves and roots to kitchen wastes and

vegetable matter.

From the physical composition of domestic waste (Table 2.5 and Table 4.4) of

different type of areas it is observed that a major portion (70-90%) of the solid waste

in the residential and commercial areas of Dhaka City is organic (food & vegetable

waste, garden waste, tree trimmings and straw), which is being neglected and

disposed off without any type of recycling. The organic part of the domestic waste

can be turned into high quality compost, an organic soil conditioner that improves

the ability of soil to retain water and resist soil erosion. By aerobic decomposition,

in about two months, compost can be produced, which has a good market, as the

majority of land use in greater Dhaka City and adjoining areas is agricultural.

Comparative nutrient concentration of compost available in the international market

(N-l.l, P - 0.4, K - 0.66, K - 0.50 and pH -7.5) and that produced in our country (N-

1.44, P- 0.96, K- 0.8 and pH - 7.6) shows good NPK value. The Carbon-Nitrogen

ratio of solid waste of Dhaka City is slightly higher (C-22.6% and N-0.41 %) than

optimum ratio (35-50), which can be controlled by adding nutrients (chicken &

cattle manure). Chemical characteristics of solid waste (Rahman, 2001) of different

source are shown in Table 2.8.
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Value of inorganic waste:

To investigate the average sale of inorganic wastes per day, the value of the

generated domestic solid wastes of the Study Areas were analyzed based on the

selling prices of Ahsan et al (in Salam, 2000) presented in Table 2.12.

4.3.6.2 Need assessment

Assumptions and estimations:

Some assumptions and estimations are made for the feasibility analysis and

comparative study. These are as following:

250 kg of compost is assumed produced from one ton of domestic solid waste.

500 kg of compost is assumed produced from one 200-liller barrel in one year.

Selling price of compost is taken Tk 5/kg

15% of domestic inorganic waste is assumed saleable in middle-income area and 2% for low-

income area (slums).

Average selling price for metals is considered Tk 35/kgiday and for textiles Tk 2/kgiday.

One inorganic barrel is provided for 15 families in middle-income areas and for 30 families in

low-income areas (slums).

320 days is considered while calculating for one year.

Land cost is assumed in the range ofTk 8.00,000-Tk 10,00,000 per katha (720sft).

House renl is assumed in the range from Tk 800. Tk 25,000 per month.

Same amount of waste is considered for both type of composting technique (cornposting plant

and barrel composting).

Same manpower and resources considered for both alternatives.

Assessment of size & number of compost plants:

Assessment of size and number of composting plants are done for all the Study

Areas and summarized in Table 4.7. A sample calculation of Study Area-] is

presented as following.
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Study Area I

Total Population = 33750
Waste Generation rate = 0.373 kg/cap/day
Estimated total waste = 33750 x 0.373 = 12.6 ton/day
Compost produced (250 kg from I ton) = 12.6 x 0.25 = 3.15 ton/day

.'.Four (4) 3.ton capacity composting plants are required for this area.

Assessment of nllmber of barrels (per year) for stlldy areas:

Assessment of no of barrels is also done for all the Study Areas and summarized in

Table 4.7. A sample calculation for Study Area-I is presented below.

Study Area I

Total number of Households
Compost produced in 320 days (one year) = 3.15 x 320
Number of organic barrels (500 kg of compost produced
from one barrel in one year) = (1008 x 1000)/500
Number of inorganic barrels (one barrel for 15 families) = 6,000 /15

=6,000
= 1008 ton

= 2016
=400

Table 4.7: Assessment of Size & Number of Compost Plants and Number of
Barrels (per year) for Study Areas

Waste Compost
CapacityProduction

Study Total No of Generation Total (Ton/day) of No. of No. of No. of
Area Population Families Rate Wastes (250 kg Compost Compost Organil Inorganic

(Kg/capital (Ton/day)
from 1 ton Plant Plant Barrels Barrels

day)
of waste) (Ton)

I 33.750 6,000 0.373 12.6 3.150 3 4 2,016 400
3.00

[2 ton from

II 5,480 1,000 0.365 households 0.750 3 I 480 67+1 ton from
vcgclablc-
market]

lIJ 3.867 650 0.369 1.43 0.358 1.5 I 230 44
IV 1.665 300 0.316 0.526 0.132 0.5 I 85 20
V 640 120 0.235 0.150 0.038 - - 25 4
VI 633 120 0.2498 0.158 0.040 - - 26 4
VII 980 180 0.2485 0.244 0.061 - - 40 6
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Assessment of sale of inorganic waste (per day) for study areas:

Assessment of sale of inorganic wastes per day is analyzed for all the Study Areas

and summarized in Table 4.9. The calculation of Study Area-I is presented in Table

4.8 and of the other Study Areas is tabulated in Tables B. I to B.6 given in

Annexure-B.

Study Area I

Total number of Households
Population per household
Inorganic Waste Generation per day per person
Total Inorganic Wastes per day = 1500 x 5.625 x 0.054

Saleable Inorganic wastes (15% of Tolal Inorganic Waste)

= 1500 (For one composting plant)
= 5.625
= 0.054 kg
= 456 kg

= 70 kg/day

Table 4.8: Total Sale of Inorganic Wastes per day of Study Area I

Constituent
Fraction of Waste Saleable Inorganic Sale price Total sale

(% bv wt) wasles (K!!Idav) (Tklko) (Tkldav)
Polythcne 6.23 4.50 1.73 7.79

Papers/Cardboards 46.40 32.00 2.13 68.16

Plastics 9.56 6.50 12.87 83.66

Glass/Ceramics 9.14 6.50 1.66 10.79

Tin can 4.08 3.00 4.15 12.45

Ruhber 6.92 5.00 1.00 5.00

Textile/Leather 8.66 6.00 2.00 12.00

Metals 9.01 6.50 35.00 227.50

Total 100.00 70.00 60.54 427.34

Table 4.9: Assessment of Total Sale of Inorganic Wastes of the Study Areas

Study Total Inorganic Waste Tolal Inorganic Saleable Inorganic Waste Sale
Generation Rate Waste generated (15% of Total Inorganic

Area Population (kl!!caDitaldav) I ner dav (kl!!dav) Waste) (k!!ldav)
(Tklday)

I 8,438 0.054 456 70 428

II 5,480 0.050 274 42 283

III 3.867 0.049 190 29.5 295

IV 1.665 0.045 75 12.5 76

V 640 0.013 8.3 0.17 1.5

VI 633 0.0148 9.4 0.19 1.6

VII 980 0.0145 14.2 0.28 2.7
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4.3.6.3 Financial involvement in community based composting plant

The detail analysis of Study Area-I is presented in Tables 4.10 to 4.13. Calculation

for the other areas is given in Annexure-C from Tables C.l to C.3. The summary of

the economic analysis of all the Study Areas is presented in Table 4.14.

Study Area-I:

Production of compost involves two types of costs - (I) fixed cost involved in

composting plant and (2) operational cost of running the plant. Table 4.10 shows the

fixed cost involved in a 3-ton capacity composting plant. Table 4.11 illustrates

operational cost involved in such plants.

Of the total cost in the production, about 26 per cent is labor cost, considering the

plant life of 5 years. In terms of labor cost Tk. 60,000 is involved in collection of

solid waste i.e. raw material for composting. However, this cost is fully recovered

from the contribution received from households, for the service provided which

amounts to Tk. 3,60,000 (Table 4.12). Moreover, an extra amount ofTk. 3,00,000 is

earned from door-to-door solid waste collection system. In this cost analysis, an

approximate value of land (Tk 8,00,000tkatha) is assumed for calculation, which is

62 per cent of total cost (for 5 years). Land is quite expensive in Dhaka, which is one

of the densely populated cites in the world. Fixed capital is assumed to have a life of

5 years.

Table 4.12 shows the earning from the composting plant. It may be observed from

Table 4.11 and Table 4.12 that the net earning from this system is Tk. 14,78,360 per

year.

Table 4.13 illustrates the commercial appraisal of the project, I.e. return on

investment. It shows that the project is viable, as the Net Present Value (NPV) of the

project at 16% discount factor is positive, amounting Tk.II,95,385 and BtC ratio is
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1.26 (greater than I). The Internal Rate of Return (IRR) of the project using

discounted cash flow technique is calculated at 29.41 per cent. The IRR can be

considered as the financial return of the project, which demonstrates that the project

is sustainable and financially profitable. The calculation is presented graphically in

Figure 4.5.

Table 4.10: Fixed Cost Involved in a 3-ton Capacity Composting Plant

Item Cost (Tk)
1. Land Cost of 2800 sft @Tk 1,115/sft 31,22,000
2. Construction of Composting Shed with Drainage Facility of 2,235 sft @ Tk. 120/sft 2,68,200
3. Construction of Sorting Platform with Shed of 375 sft @ Tk. 120/sft 45,000
4. Construction Cost of Office and Toilet Facility of 100 sft @ Tk. 500/sft 50,000
5, Purchase of 4 (four) Rickshaw Vans @ Tk. 15,000 each 60,000
6. Water and Electricity Connection 50.000
7. Equipments For Composting. Dress For Workers and Aerators 50.000

Total Fixed Cost 36,45,200

Table 4.11: Operational Cost (per year) of the Composting Plant

Item Cost (Tk)
1. Salary of t(one) Plant Manager/Supervisor @ Tk.5,OOO/month 60.000
2. Salary of 6(six) workers @ Tk.I.OOO/month 72,000
3. Salary of 4(four) van driver @ Tk.I,500/month 72.000
4. Salary of 6(six) waste collectors @ Tk.800/month 57.600
5, Water and electricity bill 5,000
6, Raw materials for compost 12.000

Total Operational Cost 2,78,600

Table 4.12: Earnings (per year) from the Composting Plant

Item Cost (Tk)
1. Sale of787.5 kg compost from processing 3.15 ton of solid wastes per day for 320 12.60.000

days @ Tk.5/kg
2. Charge for house to house waste collection service rendered @ Tk.20/household 3.60,000

/month from 1,500 households in one year
3. Sale of 70 kg saleable inorganic waste from sorting 3.15 ton of solid wastes per day 1.36,960

for 320 days @ Tk 428/day

Total Earnings 17,56,960



Table 4.13: Commercial Appraisal of the Composting Plant (Plant life is 5 years)
PW@16% PW@20% PW@25% PW@30%

Year Cost Stream Benefit Stream
Cost Benefit Cost Benefit Cost Benefit Cost Benefit

0 3,645,200 3,645,200 3,645,200 3,645,200 3,645,200
1 278,600 1,756,960

j j j j j j j j2 278,600 1,756,960
3 278,600 1,756,960
4 278,600 1,756,960
5 278,600 1,756,960 912,218 5,752,803 833,185 5,254,386 749,233 4,724,957 678,550 4,279,199

Total 5,038,200 8,784,800 4,557,418 5,752,803 4,478,385 5,254,386 4,394,433 4,724,957 4,323,750 4,279,199
5,752,803

HIC ratio @ 16% = --- = 1.26
4,557,418
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NPV@O%

NPV@ 16%

NPV@20%

= 8,784,800-5,038,200 = 3,746,600

= 5,752,803-4,557,418 = 1,195,385

= 5,254,386.4,478,385 = 776,001

NPV@25%

NPVat 30%

= 4,724,957.4,394,433 = 330,524

=4,279,199-4,323,750 =. 44,551

(
321,058 )IRR = 25% + ----- (30% - 25%) = 29.41 %

321.058 + 53,124

Noles:
(/+it' -I

PW combined factor = ----. where i is the interest rate.
i(1 + it'

NPV = PWB.PWC

(
NPV JIRR = i, + 1 (i, - i,) , where NPV @ iJ is positive and NPV @ iz is negative.NPV
1
-NPV

2
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Figure 4.5: Graphical Presentation of Internal Rate of Return for Study Area I (Composting Plant)
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Table 4.14: Financial Feasibility Analysis of the Study Areas (Middle-

Income groups) for Composting Plant (Plant life of 5 years)

Net Income per RIC Ratio at
NPV at 16% IRR ('I'.)Study Area year (Tk) 16%

I +14,78,360 +11,96,385 1.262 29.41%

II +12,45,240 +4,32,081 1.095 21.05%

III +6,31,240 +91,365 1.040 18.04%

IV +2,23,960 +2,561 1.003 16.16%

4.3.6.4 Financial involvement in barrel type solid waste management

As because land value is high in our country, a new composting technique, i.e.

Barrel Type Composting may be put into operation. This approach is more suitable

in colonies or squatter settlements. The financial analysis of such initiative is done

for each Study Areas to illustrate its applicability. The calculation for Study Area-I

is presented in details in the following Tables 4.15 to 4.17. Analyses of other areas

are given in Annexure-D in Tables D.1 to D.6. The summary of the economIc

analysis of all the Study Areas is presented in Table 4.18.

Calculation shows that the costs involved in a barrel type-composting project are _

(A) Fixed cost and (B) Operational Cost. Fixed capital is assumed to have a life of 5

years. The same number of households is considered for analysis, as is taken in

composting plant, for better comparison between the two techniques of composting.

Study Area -I:

Table 4.15 illustrates the cost involved in production. The labor cost is same as in a

3-ton capacity compost plant (Tk.2,61,600 per year).Of the total cost, this is about

20 per cent considering the plant life of 5 years. In this cost analysis an approximate

value of house rent is assumed for calculation, that is 20 per cent of the total cost
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(for 5 years). The capacity of the house is considered the same, as of a 3-ton

capacity plant (2,800 sft).

Table 4.16 shows the earning from the barrel type composting. The earning from the

project is same as in a 3-ton composting plant, i.e. Tk 17,56,960. It may be observed

from Table 4.15 and Table 4.16 that the net earning from the barrel system is Tk.

6,39,760 per year.

Table 4.17 presents the commercial appraisal of the project, i.e. return on investment

and shows that the project is viable, as the Net Present Value (NPV) of the project at

16% discount factor is positive, amounting Tk.8,97,562 and B/C ratio is 1.185

(greater than I). The Internal Rate of Return (lRR) of the project using discounted

cash flow technique is calculated at 45.15 per cent. The IRR can be considered as

the financial return of the project, which demonstrates that the project is sustainable

and financially profitable. The calculation is presented graphically in Figure 4.6.

Table 4.15: Costs involved in the Barrel Type Composting Project (per year):

Item Taka
A, Fixed Cost (Life of 5 years):
1. Cost of 604 barrels (504 organic+lOO inorganic) along with modification and 10,87,200

civil works @ Tk 1,800lbarrel
2. Cost of 4(four) vans @ Tk.15,000/= 60,000
3. Equipments for storing and processing compost, sorting recyclable inorganic 50,000

waste, dress for workers

Total Fixed Cost 11,97,200
B. Operational Cost (per year):
1. Rent of a house for storing, processing and packaging of compost @ Tk 3,00,000

25,000/month (including waler and electricity bill)
2. Salary of I(one) Project Manager @ Tk.5,000/month 60,000
3. Salary of 6 (six) workers @ l,ooo/month 72,000
4, Salary of 4 (four) van driver/waste collector @ Tk.l,500/month 72,000
6. Salary of 6 (six) waste collector @ Tk.800/monlh 57,600
7. Raw Materials for Compost 12,000
8. O&M and change of barrel (50% of the barrel cost) 5,43,600

Total Operational Cost 11,17,200
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Table 4.16: Earnings from the Barrel Type Composting Project (per year):

Item Taka
I. Sale of compost @Tk. 5kg from 504 Organic Barrels produced @ 12,60,000

500kg/barrel/year (Tk 2,500lbarrel/year)
2, Charge for house to house waste collection service rendered @ 3,60,000

Tk.20/household/month from 1,500 households in one year
3, Sale ono kg of Inorganic Recyclable Solid Waste collected in one day from 100 1,36,960

Inorganic Barrels @ Tk 428/dav for 320 days

Total Earnings 17,56,960

Table 4.17: Commercial Appraisal of the Barrel type Composting Project
(plant Life 5 years):

Year Cost Benefit PW@ 16% PW@45% PW@50%
Stream Stream Cost Benefit Cost Benefit Cost Benefit

0 1,197,200 1,197,200 1,I97,2OC 1,197,200
1 1,117,200 1,756,960

J J J J J J
2 1,117,200 1,756,960
3 1,117,200 1,756,960
4 1,117,200 1,756,960
5 1,117,200 1,756,960 3,658,241 5,752,803 ,095,339 ,295,22t 1,940,158 3,051,182

Total 6,783,200 8,784,800 4,855,241 5,752,803 ,292,539 ,295,22~ 3,137,358 3,051,182

5,752,803
BIC ratio @ 16%:; ---- = 1.245

4,855,241

(/+i)'-/
PW combined factor = ----. where i is the interest ratc.

i(I+O'
N/'V = /'WB./'WC

(
NPV J

INR = i. + I (i~ -;1) . where NPV@ il is positive and NPV@ ;2 is negative.NPV
1
- NPV

2
-

(
2,687 J/RR = 45% + ----- (50% - 45%)

2,687 + 164,016 = 45.15%

= 2,001,600

= 897,562

= 2,687

-86,176

= 8,784,800-6,783,200

= 5,752,803-4,855,241

= 3,295,227-3,292,539

= 3,051,182-3,137,358

NPV@O%

NPV@ 16%

NPV@45%

NPVat50%
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Figure 4,6: Graphical Presentation of Internal Rate of Return for Study Area I (Barrel Type Composting)
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Table 4.18: Financial Feasibility Analysis of the Study Areas for Barrel Type
Composting

Net Ineome per H/C Ratio at
NPV at 16% IRR (%)Study Area year (Tk) 16%

I +6,39.760 +8,97,562 1.185 45.15%
II +4,57,940 +4.04,830 1.088 31.05%
III +2,39,840 +2,37,107 1.101 33.48%
IV +70,760 +17,689 1.018 19.52%
V +16,700 +2.481 1.010 18.09%
VI +18,300 +5,920 1.023 20.66%
VII +41,100 +51,773 1.148 40.64%

4.3.6.5 Intangible/social benefits of the community based SWM practices

Apart from the financial benefit, there are a number of other benefits of community

based composting as follows:

I. Improvement in overall environment of the neighborhood by checking illegal

disposal of waste on roads, drains or vacant lots as solid waste is directly

collected from the households.

2. Community based composting can generate employment for the poor especially

the women, and others new prospects for small entrepreneurs to take part in the

recycling business.

3. Composting returns organic matter to the soil and minimizes the use of chemical
fertilizers.

4. Composting approach decreases waste management cost by reducing huge

volume of the solid waste. It is estimated that a small 3-ton capacity community

based compost plant can save Dhaka City Corporation Tk 8,97,900 per year

(Enayetullah et ai, 2000), based on average per ton solid waste management cost.

5. Barrel composting Creates income-generating activities from resource recovery ..
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4.3.6.6 Comparison between the two approaches of solid waste management

The summary tables (Table 4.14 and 4.18) of the financial analysis of the two

alternatives demonstrate that both the alternatives are financially feasible and

sustainable in middle-income areas. Although the IRR value for barrel type

composting in middle-income areas look more attractive, but social benefits are

better for composting plants. Barrel type composting is more appropriate for low-

income areas (gov!. staff quarters, squatter settlements and slums).

Another finding is that these approaches are sustainable as well as profitable for

large-scale projects. The more the population, the more is generation of waste and

the more is the income. Income from sale of inorganic waste is taken as minimum as

possible (only 2-10% of total solid waste) to examine the dependability and

sustainability of project on composting alone

The main applicability of the type of composting depends on availability of land and

income generation of that area. Therefore, where vacant land is not available for

installation of a composting plant, barrel type composting is suitable.

One lesson appears to be that many of the challenging problems involving human

well-being have community-based solutions. Even a thorny environmental issue like

solid waste management confronting a community, can be locally solved by

mobilizing the members of the community. Even the financial resources do not

come from the outsiders, or from donors for that matter. Often they can be

marshaled internally or locally.

To serve the households in all ten zones of DCC, 31.6 acre of vacant land (Table

2.21) is the estimated requirement for community based composting plants. It is

evident that all organic waste generated in Dhaka from domestic and commercial

sources can be easily composted using community based composting process at the

sites identified in Table 2.22 and shown in Figure 2.7.
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CHAPTERS
CONCLUSIONS AND RECOMMENDA nONS

5.1 GENERAL

Solid waste management is a growing environmental and financial problem in

developing countries. Despite significant efforts in the last decades, the majority of

municipalities in developing countries face difficulties in managing the growing

quantity of waste in their cities. With high density of population and continued

inward migration of more people, managing solid waste has become a challenging

task for Dhaka city, one of the densely populated mega cities of the world. The

annual average growth rate is 6.6% (Enayetullah et.al, 2000).

The present system, run by the Dhaka City Corporation, is inefficient and

unsatisfactory to handle the huge quantity of generated solid waste. Especially with

the scanty resources in terms of money (Table 3.7), skilled manpower and logistics

(Tables 3.1, 3.2, 3.3, 3.4, 3.5 and 3.6) it is very difficult to manage the bulk volume

of solid domestic waste of about 3,000 tons (Sinha et ai, 2000) from six million

residents. In spite of extensive unplanned recycling (Fig 3.3) mostly by scavengers

totaling upto 87,000 (Sinha, 1993) and responsible for collecting 15% of the

recycled waste (Sinha, 1993) for their own economic interest, DeC can handle only

42% (Enayetullah, 1995) of the total generated solid waste and the rest remains

uncollected, which pollute the environment of Dhaka city. There is a very low

coverage of solid waste collection services, particularly for the poor (only 9% of the

slums, Sinha, 1995), who receive minimal services from DeC and as a result they

dispose their solid waste into low lands, roadside, drains or khals. Allocation from

own budget is not available for development of SWM facilities if no fund is

available from Government or donors. DCC realize conservancy tax at the rate of

2% of the holding tax (Table 3.7). But the survey shows that public has the
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willingness to pay a reasonable amount for the conservancy tax in the DCC area if

the SWM system is improved.

Therefore acting on their own concerns, some individuals have started to organize

community groups to deal with the burgeoning problems of solid waste management

of Dhaka City. There are about 130 Community Based Volunteer Organizations

(Table 2.13) working in Dhaka City who provide door to door waste collection

services and dispose off their collected waste into the nearest city corporation

communal solid waste collection bins/drop boxes (containers). This minimizes the

cost of street cleaning and indiscriminate disposal of waste from the households, but

the households have to pay Tk 10 to Tk 20 per month depending upon the locality.

This study also presents examples from such initiatives. The first example- a CBO

provides door-to-door services (primary collection) to the community for a nominal

fee and after controlled recycling (Fig 2.3) the final disposal is done by that

organization. As a business venture, it was very successful (Table 2.15) with highly

satisfied clients and has created significant employment (Table 2.14). The second

example - the NGO is collecting source-separated wastes from houses, composting

the organic part (Figures 2.4 and 2.5) with less capital-intensive technique (Table

2.19) and recycling the inorganic part. The study also includes newly introduced

pilot barrel type composting (Fig 2.6) to manage organic fraction in slum areas of

Dhaka City. This is aimed to bring sustainable solid waste management service with

economic benefits within the reach of slum dwellers.

Evaluation of financial and social impact of some of the community based solid

waste management initiatives are performed in this study. Rayer Bazar (ward-4?),

Mirpur (section-2), Green Road Staff Quarter, Bailey Square Officer's Quarter,

Mirpur slum areas (Shah Ali Bagh, Kolwala Para and Nasim Bagh Slum) were

selected as the Study Areas (Fig 4.1). The areas selected are of mixed residential

areas with middle to low-income group of people. As the low coverage of DCC

(greater than 50%) mostly includes slum areas and scanty neighborhoods, this study

concentrates on areas deprived of SWM services.
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The solid waste in Dhaka City is generated from domestic sources, street sweeping,

hospitals, commercial and industrial activities. The rate of generation of solid waste

in Dhaka City is in the range of 0.47 kg/capita/day (DMDP, 1992). This per day per

capita generation of solid waste in Dhaka City is comparable to that of 0.38 kg in

Bangalore and 0.5 kg in Manila and Shanghai, (Table 2.2, Fig 2.2). Extensive

recycling of solid waste in Dhaka (Fig 3.3) has contributed most to the reduction of

quantity of waste that require collection and final disposal. The domestic waste

generation rates of the Study Areas (0.235 to 0.37 kg/capita/day) are lower than that

of Dhaka City (0.47 kg/capita/day), as in this study waste generation from the

households were only considered (excluding wastes from restaurants, hotels, market

places, street sweepings etc.). Moreover due to lower living standards of the areas

and possible interference of the householders in sorting out wastes of value from the

wastes collected in this study also may result to such lower value.

It is observed that waste generation rate varies with income level of people. The

trend of waste generation is rising with respect to per capita income generation (Fig

4.3). This is not always observed (Figures A.I to A.6) and the reasons may be food

habit of the household and inaccuracy of data furnished by them (i.e. exact amount

of waste produced and actual income level).

From the physical composition of domestic waste (Table 4.4) of the Study Areas it

is observed that a major portion (80-90%) of the solid waste in the residential areas

of Dhaka City is organic. In about two months, Compost can be produced by aerobic

decomposition of the organic part of the waste. This is an organic fertilizer that

improves the ability of soil to retain water and resist soil erosion and which has a

good market, as the majority of land use in greater Dhaka City and adjoining areas is

agricultural. Comparative nutrient concentration of compost available in the

international market (N-l.I, P - 0.4, K - 0.66, K - 0.50 and pH - 7.5) and that

produced in our country (N-1.44, p. 0.96, K . 0.8 and pH - 7.6) shows good NPK

value. The Carbon-Nitrogen ratio of solid waste of Dhaka City is slightly higher (C-
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22.6% and N-0.41 %) than optimum ratio (35-50), which can be controlled by adding

nutrients (chicken & cattle manure).

To assess the resident's view regarding this newly introduced Community Based

Solid Waste Management System, some residents who are subscribers to the

services of these projects were randomly selected and asked some questions. The

results of the survey (Table 4.6) indicate that the majority of the residents within the

project area are satisfied with the present state of solid waste clean up. Above ninety

percent of the respondents answered affirmatively when asked whether they are

quite satisfied with the services of the community-based projects. Only a few

percents are not pleased with one time collection and prefer two time waste

collection, some are offended with the attitude of some waste collectors. Above

ninety five percent of the respondents want to see the project sustained and 100%

respondents are willing to continue to pay for the services.

Financial feasibility analysis of the community based solid waste management

practice is done to evaluate the replication of composting plants and barrel type

composting. For middle-income areas i.e. Study Area-I, II, III and IV, composting

plants (Tables 4.10 to 4.13 and C.I to C.3) and alternatively barrel-type composting

(Tables 4.15 to 4.17 and 0.1 to 0.3) is considered. For low-income areas i.e. Study

Area- V, VI, VII, only barrel type composting (Tables 0.4 to 0.6) is considered.

Primary collection integrated with composting makes the projects commercially
viable.

Detail financial feasibility analysis of Study Area-I (Tables 4.10 to 4.13) reveals that

the net earning from the composting plant system is Tk. 14,78,360 per year. The

commercial appraisal of the project (Table 4.13), i.e. return on investment shows

that the project is viable, as the Net Present Value (NPV) of the project at 16%

discount factor is positive, amounting Tk.II,95,385 and B/C ratio is 1.26 (greater

than I). The Internal Rate of Return (lRR) of the project using discounted cash flow

technique is calculated at 29.41 per cent (Fig 4.5). The IRR can be considered as the
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financial return of the project, which demonstrates that the project is sustainable and
financially profitable.

Another study was done to explore the applicability of an alternative system for

composting, where land is constraint. This method uses specially designed 200-litter

barrels, which can be placed inside house yards. The organic wastes (food wastes)

are dumped in the barrel, which decomposes aerobically into compost in three

months time. The quality of compost produced by this method and tested at the lab

shows good nutrient concentration (Nitrogen 1.3%, phosphorus 0.62%, potassium

0.8%, pH 7.5). Financial feasibility analysis of Study Area-I (Tables 4.15 to 4.17)

for barrel type composting shows that the net earning from the barrel system is Tk.

6,39,760 per year. The commercial appraisal of the project (Table 4.17), i.e. return

on investment and shows that the project is viable, as the Net Present Value (NPV)

of the project at 16% discount factor is positive, amounting Tk.8,97,562 and B/C

ratio is 1.185 (greater than I). The Internal Rate of Return (IRR) of the project using

discounted cash flow technique is calculated at 45.15 per cent (Fig 4.6).

The summary tables (Tables 4.14 and 4.18) of the financial analysis of the two

alternatives demonstrate that both the alternatives are financially feasible and

sustainable In middle-income areas. Although the IRR value for barrel type

composting in middle-income areas look more attractive, but social benefits are

better for composting plants. Barrel type composting is more appropriate for low-

income areas (govt. staff quarters, squatter settlements and slums). Another finding

is that these approaches are sustainable as well as profitable for large-scale projects.

The more the population, the more is the generation of waste and the more is the

income. Income from sale of inorganic waste is taken as minimum as possible (only

2-10% of total solid waste) in this analysis to examine the dependability and

sustainability of project on composting alone, which is being neglected in the

customary SWM practice.



94

The core issue to replicate the model of community based composting is availability

of potential vacant land in different zones of Dhaka City Corporation. A study done

by Waste Concern reveals that, to serve the households in all ten zones of DCC, 31.6

acre (Table 2.21) of vacant land is the estimated requirement (considering 3-ton

capacity plant as a module) for community based composting plants. Seventeen

potential sites (Table 2.22) were also identified. It is evident from the study that all

organic waste generated in Dhaka from domestic and commercial sources can be

easily composted using community based composting process at the sites identified

(Fig 2.7).

It has now become a common feature that DCC is showing inclination to solve huge

solid waste management problems by procuring imported sophisticated high-tech

equipments and solid waste management systems that are neither suitable nor viable

for our socioeconomic conditions. On the other hand, composition of solid waste in

Bangladesh differs from that of the developed countries (Table 2.6). In Dhaka City,

it contains high organic matter and low inorganic content. Moreover, moisture

content is very high (Table 2.8). For the aforesaid reason mechanized sorting of

recyclables and incineration of municipal solid waste cannot be economically viable

and sustainable. It is found that existing dump or landfill sites have almost reached

their maximum capacity in many sites where DCC dump their collected solid waste.

Suitable sites are increasingly difficult to find or are located far away from their

collection area, resulting in high transportation cost and thereby increasing total

solid waste management cost of DCC. Hence decrease in the amount of solid waste

to be disposed of in landfill site through resource recovery and recycling could be

the right solution since major portion of the municipal solid waste is composed of

organic matter which can be converted into compost by community-based

composting plants. However, the application of these technologies requires further

detail study and long-term experimental verification for other wider application and

commercial use in Bangladesh.
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5.2 CONCLUSIONS

From the above discussions the following conclusions may be drawn:

I. The present system, run by the Dhaka City Corporation. is inefficient and

unsatisfactory to handle the huge quantity of generated solid waste.

Especially with the scanty resources in terms of money, skilled manpower

and logistics, DCC can handle only 42% of the total generated domestic

solid waste of about 3,000 tons from six million residents.

2. It is apparent that the major component (70-80%) of municipal solid waste of

Dhaka City includes organic waste. From the physical composition analysis

of domestic waste of the Study Areas it is found that major portion (80-90%)

of solid waste in the residential and commercial areas of Dhaka City are

organic This can be turned into high quality compost, a soil conditioner that

improves the ability of soil to retain water and resist soil erosion, by aerobic

decomposition (two months), which has a good market, as the majority of

land use in greater Dhaka City and adjoining areas is agricultural.

Comparative nutrient concentration of compost available in the international

market and that produced in our country shows good NPK value.

3. The rate of generation of solid waste of the study areas is in the range of

0.235 to 0.37 kg/capita/day. This per capita per day generation is lower than

that of DCC (0.47 kg), which includes generation of wastes from street

sweepings, food places, market places and other domestic sources. Lower

living standards of the areas and possible interference of the householders in

sorting out wastes of value before collection may also lead to decrease in

waste generation.

4. It is observed that per capita waste generation rate increases with the per

capita income generation. Food habit of people influences the rising trend.
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5. It is evident from field survey that the majority of the residents (above 95%)

surveyed within the project area were satisfied with the present state of solid

waste clean up. Only a few percents (1-2%) are not pleased with one time

collection and prefer two time waste collection, some are offended with the

attitude of some waste collectors. Above ninety five percent of the

respondents want to see the project sustained and 100% are willing to

continue to pay for the services and above 90% feel that the environment has

become more clean.

6. Detail financial feasibility for composting plants and barrel type composting

show that both the projects are commercially viable and sustainable as net

earning are positive, the Net Present Value (NPV) (at 16% discount factor)

are positive, BtC ratio are greater than I and the Internal Rate of Return are
greater than 16%.

7. The IRR value for barrel type composting in middle-income areas is more

attractive, but social benefits are better for composting plant in those areas.

Barrel type composting is more appropriate for low-income areas (gov!. staff

quarters, squatter settlements and slums). Also these approaches are

sustainable as well as profitable for large-scale projects.

8. The two operations of Community Based Solid Waste Management _ (I)

Primary collection and (2) Composting should be integrated to make it a

viable micro-enterprise.
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5.3 RECOMMENDAnONS

I. Community-based solid waste management should be located within the

community provided appropriate scientific composting method is followed.

Special attention should be given to avoid odor problem and maintaining

aerobic condition throughout the composting process.

2. Proper training and technical support should be arranged. NGOs can play an

important role in initiating and demonstrating new concepts of community-

based solid waste management and providing technical know-how and

training.

3. Land should be provided free of cost or at a nominal rate to the entrepreneurs

or community groups to start such project.

4. Loan facilities to start the project should be arranged. Govt. or municipal

authorities can arrange such loans.

5. Govt. should help in marketing of compost. This marketing problem can be

overcome by involving the private specialized fertilizer marketing

companies. Compost enriched with nutrients is easily marketable in rural

areas rather than raw compost. Media can playa vital role in popularizing

compost. Press can also play positive role in disseminating the concept of

community-based solid waste management throughout entire Bangladesh.
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5.4 RECOMMENDATIONS FOR FUTURE STUDY

I. To design an effective Solid waste Management System for Dhaka City, a

zone-wise detailed study can be carried out to determine the amount of

commercial waste, industrial waste, street waste, vegetable and fish/meat

market wastes, hospital and clinical waste etc.

2. A detailed study can also be carried out to investigate the marketing

potentials of reusable inorganic parts of the solid waste.

3. A further study can be carried out about the operation and maintenance of the

proposed composting plants and of the barrel type composting technique.
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ANNEXURE A

I. WASTEGENERAnON RATESOFTHE STUDYAREAS:

Table A.I: Study Area-ll

Day Waste (kg) Total waste % of waste generated
Organic Inorganic Organic Inorganic

I 125.50 22.25 147.75 84.94 15.06
2 123.75 23.00 146.75 84.33 15.67
3 130.50 25.00 155.50 83.92 16.08
4 128.00 21.50 149.50 85.62 14.38
5 124.25 22.50 146.75 84.67 15.33
6 121.00 23.00 144.00 84.03 15.97
7 128.00 24.50 152.50 83.93 16.Q7

Total 881.00 161.75 1042.75 84.45 15.55

Table A.2: Study Area-1l1

Day Waste (kg) Total waste % of waste generated
Organic Inorganic Organic Inorganic

I 106.50 16.80 123.30 86.37 13.63
2 110.00 16.50 126.50 86.96 13.04
3 108.70 17.60 126.30 86.06 13.94
4 105.30 15.80 121.10 86.95 13.05
5 103.50 16.40 119.90 86.32 13.68
6 109.00 15.90 124.90 87.27 12.77
7 107.50 16.00 123.50 87.04 12.96

Total 750.50 115.00 865.50 86.71 13.29

Table A.3: Study Area-IV

Day Waste (kg) Total waste % of waste generated
Organic Inorganic Organic Inorganic

I 40.50 6.80 47.30 85.62 14.38
2 39.00 7.00 46.00 84.78 15.22
3 38.75 6.25 45.00 86.11 13.89
4 40.00 5.90 45.90 87.14 12.96
5 38.00 7.10 45.10 84.26 15.74
6 38.60 6.50 45.10 85.59 14.41
7 40.70 6.00 46.70 87.15 12.85

Total 275.55 45.55 321.10 85.81 14.19
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Table A.4: Study Area-V
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Day Waste (kg) Total waste % of waste generated

Organic Inorganic Organic Inorganic

I 19.00 1.15 20.15 94.29 5.75

2 17.50 1.10 18.60 94.09 5.91

3 18.75 1.20 19.95 93.98 6.02

4 18.70 1.05 19.75 94.68 5.32

5 19.20 1.10 20.30 94.58 5.42

6 19.50 1.13 20.63 94.52 5.48

7 20.00 1.25 21.25 94.12 5.88

Total 132.65 7.98 140.63 94.32 5.68

Table A.S: Study Area-VI

Day Waste (kg) Total waste % of waste generated

Organic Inorganic Organic Inorganic

I 19.75 1.25 21.00 94.05 5.95

2 18.50 1.18 19.68 94.00 6.00

3 19.60 1.24 20.84 94.05 5.95

4 18.55 1.20 19.75 93.92 6.08

5 19.25 1.23 20.48 93.99 6.01

6 19.75 1.20 20.95 94.27 5.73

7 20.50 1.25 21.75 94.25 5.75

Total 135.90 8.55 144.45 94.08 5.92

Table A.6: Study Area-VII

Day Waste (kg) Total waste % of waste generated

Organic Inorganic Organic Inorganic

I 20.20 1.28 21.48 94.04 5.96

2 19.00 1.20 20.20 94.06 5.94

3 19.80 1.25 21.05 94.06 5.94

4 18.95 1.15 20.10 94.28 5.72

5 19.50 1.21 20.71 94.16 5.84

6 19.80 1.27 21.07 93.97 6.03

7 21.00 1.30 22.30 94.17 5.83

Total 138.25 8.66 146.91 94.12 5.88
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2. CURVES SHOWING PER CAPITA WASTE GENERATION RATE
WITH RESPECT TO PER CAPITA INCOME:
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Figure A.3: Study Area- IV
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ANNEXUREB
SALE OF INORGANIC WASTES OF THE STUDY AREAS (PER DAY):

Table B.I: Study Area-II:

Constituent Fraction of \Vaste Saleable Inorganic Sale price Total sale
(% bv wI) wasles IK./dav) (TkIk~) (Tkldav)

l)olythene 8.17 3.50 1.73 6.06
Papers/Cardboards 41.16 17.00 2.13 36.21

I'lastics 10.61 4.50 12.87 57.92
Glass/Ceramics 9.65 4.00 1.66 6.64

Tin can 4.31 2.00 4.15 8.30
Rubber 7.52 3.00 1.00 3.00

TextilcfLeather 8.49 3.50 2.00 7.00
Metals 10.09 4.50 35.00 157.50
Total 100.00 42.00 - 282.62

Table B.2: Study Area-III:

Constituent Fraction of Waste Saleable Inorganic Sale price Total sale
(% bv wI) wastes (Kl!!dav) (TkIk.) (Tklday)

Polythene 8.20 2.50 1.73 4.33
Papers/Cardboards 39.13 11.50 2.13 24.50

l'Iastics 12.19 3.50 12.87 45.05
Glass/Ceramics 6.09 2.00 1.66 3.32

Tin can 1.43 0.50 4.15 2.08
Rubber 6.70 2.00 1.00 2.00

Textile/Leather 5.12 1.50 2.00 3.00
Metals 21.06 6.00 35.00 210.00
Total 99.92 29.50 - 294.26

Table B.3: Study Area-IV:

Constituent Fraction of Waste Saleahle Inorganic Sale price Total sale
(% bv wI) wastes (Ke/lIav) (TkIk~) (Tkldav)

Polythene 4.90 0.50 1.73 0.87
l)apersiCardboards 53.50 6.00 2.13 12.78

Plastics 10.40 1.50 12.87 19.31
Glass/Ceramics 8.17 1.00 1.66 1.66

Tin can 5.42 1.00 4.15 4.15
Rubber 7.07 1.00 1.00 1.00

TextileILeather 1.49 0.50 2.00 1.00
Metals 9.06 1.00 35.00 35.00
Total 100.00 12.50 - 75.76
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Table B.4: Study Area-V:
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Con"itituenl Fraction of Waste Saleable Inorganic Sale price Total sale
(0/<bv wI) wastes (Kl!ldav) (TkIk.) (Tkldav)

jJolythene 8.98 0.01 1.73 0.03
Papers/Cardboards 23.60 0.04 2.13 0.08

j)lastics 15.85 0.03 12.87 0.34
Glass/Ceramics 7.22 0.01 1.66 0.02

Tin can 0.88 0.00 4.15 0.01
Rubber 18.13 0.03 1.00 0.03

Textile/Leather 10.03 0.02 2.00 0.03
Metals 15.31 0.03 35.00 0.89
Total 100.00 0.17 . 1.43

Table 8.5: Study Area-VI:

Constituent Fraction of Waste Saleable Inorganic Sale price Total sale
(0/<by wt) wastes (Kl!ldav) (TkIk.) (Tklday)

Polythene 4.90 0.01 1.73 0.02
)Japers/Cardboards 23.82 0.04 2.13 0.10

Plastics 11.65 0.02 12.87 0.28
Glass/Ceramics 7.77 0.01 1.66 0.02

Tin can 10.13 0.02 4.15 0.08
Rubher 18.58 0.03 1.00 0.03

TextileILeather 7.09 0.01 2.00 0.03
Metals 16.06 0.03 35.00 1.05
Total 100.00 0.19 . 1.61

Table B.6: Study Area-VII:

Constituent
Fraction of \Vaste Saleable Inorganic Sale price Total sale

(0/<by wi) wastes (Kl!ldav) (TkIk.) (Tkldav)
Polythene 8.67 0.02 1.73 0.04

(Japers/Cardboards 22.96 0.07 2.13 0.14
Plastics 12.75 0.04 12.87 0.47

Glass/Ceramics 8.67 0.02 1.66 0.04
Tin C3n 5.10 0.01 4.15 0.06
Rubber 18.37 0.05 1.00 0.05

Textile/Leather 4.76 0.01 2.00 0.03
Metals 18.72 0.05 35.00 1.86
Total 100.00 0.28 . 2.69
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Item Cost (Tk)
I. Land Cost of 2800 sft @ Tk 1,115 sft 31,22,000
2. Construction of Composting Shed with Drainage Facility of 2,235 sft

2,68,200@ Tk. 120/sft
3, Construction of Sorting Platform with Shed of 375 sft @ Tk. 120/sft 45,000
4. Construction Cost ofOtfice and Toilet Facility of 100 sft @ Tk.

50,000500/sft
5. Purchase of 4 (four) Rickshaw Vans @ Tk. 15,000 each 60,000
6. Water and Electricity Connection 50,000
7. Equipments For Composting Dress For Workers and Aerators 50.000

Total Fixed Cost 36,45,200

Fixed Cost of the Composting Plant (Plant life of 5 years):

110

STUDY AREA.II (3 ton Capacity Compost Plant)

ANNEXUREC
FINANCIAL INVOLVEMENT IN COMMUNITY BASED

COMPOSTING PLANTS OF THE STUDY AREAS

Table C.I:

Operational Cost (per year) of the Composting Plant:

2,78,600

15,23,840

Annexure C

Total Earnings

Total Operational Cost

Item Cost (Tk)
I. Salary of 1 (one) Plant Manager/Supervisor @ Tk.5.000/month 60,000
2. Salary of 6(six) workers @ Tk.I,OOO/month 72,000
3. Salary of 4(four) van driver @ Tk.1,500/month 72,000
4. Salary of 6(six) waste collectors @ Tk.800/month 57,600
5. Water and electricity bill 5,000
6. Raw materials for compost 12,000

Earnings (per year) of the Composting Plant:

Item Cost (Tk)I. Sale of 750 kg compost from processing 3.00 ton of solid wastes per 12,00,000day for 320 days @ Tk 5/kg
2. Charge for house to house waste collection service rendered @ 2,40,000

Tk.20/household /month from 1,000 households in one year
3. Sale of 42 kg saleable inorganic waste from sorting 1.66 ton of solid 83,840

wastes per day for 320 days @ Tk 262/day



Commercial Appraisal of the Project of the Composting Plant (Plant life of 5 years):

Year Cost Benefit PW@16% PW@20% PW@25% PW@30%
Stream Stream Cost Benefit Cost Benefit Cost Benefit Cost Benefit

0 3,645,200 3,645,200 3,645,200 3,645,200 3,645,200
1 278,600 1,523,840

j j j j j L j j2 278,600 1,523,840
3 278,600 1,523,840
4 278,600 1,523,840
5 278,600 1,523,840 912,218 4,989,500 833,185 4,557,214 749,23 4,098,03 678,550 3,711,419

Total 5,038,200 7,619,200 4,557,418 4,989,500 4,478,385 4,557,214 4,394,43 4,098,03 4,323,750 3,711,419
4,989,500

Hie ratio @ 16% = --- = 1,095
4,557,418

III

NPV@ 0% = 7,619,200-5,038,200

NPV@ 16%= 4,989,500-4,557,418

NPV@ 20%= 4,557,214-4,478,385

NPV @ 25%= 4,098,032-4,394,433

NPV @ 30%= 3,711,719-4,323,750

= 2,581,000

= 432,081

= 78,830

= -296,401

= -612,331

78,830
IRR= 20%+-----(25%-20%) =21,05%

78,830 + 296,40 I

Notes:
(/+i)' -I

PW combined factor = ----. where i is the interest rate.
i(l+i)'

NPV = PWB-PWC

NPV
IRR;;: ;. + I O2 -;.). where NPV@ i/ is positive and NPV @ i2 is negative

NPV, - NPV,
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Table C.2: STUDY AREA.I1I (1.5 ton Capacity Compost Plant)

112

Fixed Cost of the Composting Plant (Plant life of 5 years):

Item Cost (Tk)

I. Land Cost of 1500 sf! @ Tk 1,115 sf! 16,72,500

2. Construction of Composting Shed with Drainage Facility of 1,200 sf!
1.44.000@ Tk. 120/sf!

3. Construction of Sorting Platform with Shed of 200 sf! @ Tk. 120/sf! 24,000

4. Construction Cost of Office and Toilet Facility of 100 sf! @ Tk.
50,000500/sf!

5. Purchase of2 (two) Rickshaw Vans @ Tk. 15,000 each 30,000

6. Water and Electricity Connection 30,000

7. Equipments For Composting Dress For Workers and Aerators 25,000

Total Fixed Cost 19,75,500

Operational Cost (per year) of the Composting Plant:

Item Cost (Tk)

I. Salary of I (one) Plant Manager/Supervisor @ Tk.3,500/month 42.000
2. Salary of 4(four) workers @ Tk.l ,ooo/month 48,000

3. Salary of2(two) van driver @ Tk.1,500/month 36,000
4. Salary of 2(two) waste collectors @ Tk.800/month 19,200

5. Water and electricity bill 3,000
6. Raw materials for compost 6,000

Total Operational Cost

Earnings (per year) of the Composting Plant:

1,54,200

Item Cost (Tk)

I. Sale of 358 kg compost from processing 1.43 ton of solid wastes per 5,72,800
day for 320 days @ Tk 5/kg

2. Charge for house tn house waste collection service rendered @ 1,56,000
Tk.20/household /month from 650 households in one year

3. Sale of 31 kg saleable inorganic waste from sorting 1.43 ton of solid 56,640
wastes per day for 320 days @Tk 177/day

Total Earnings 7,85,440
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Commercial Appraisal of the Project of the Composting Plant (Plant life 5 years)

Cost Benefit PW@ 16% PW@20% PW@25%Year
Stream Stream Cost Benefit Cost Benefit Cost Benefit

0 1,975,500 1,975,500 1,975,500 1,975,500
1 154,200 785,440

j j j j j j2 154,200 785,440
3 154,200 785,440
4 154,200 785,440
5 154,200 785,440 504,896 2,571,761 461,152 2,348,946 414,687 2,112,268

Total 2,746,500 3,927,200 2,480,396 2,571,761 2,436,652 2,348,946 2,390,187 2,112,168

2,571,761
BIC ratio @ 16% = --- = 1.04

2,480,396

113

NPV@ 0% = 3,927,200-2,746,500

NPV @ 16%= 2,571,761-2,480,396

NPV @ 20%= 2,348,946-2,436,652

NPV@ 25%= 2,112,268-2,390,187

= 1,180,700

= 91,365

-87,706

= -277,919

91,365
IRR= 16%+-----(20%-16%) =18.04%

91,365 + 87,706

Notes:
(/+ij' -I

PW combined factor =: ----. where i is the interest rate.
i(/ + ij'

NPV = PWB-PWC

NPV
lRR =: il + I (i2 - it)' where NPV @ il is positive and NPV @ ;] is negative.

NPV, -NPV,
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Table C.3: STUDY AREA.IV (0.5 ton Capacity Compost Plant)
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Fixed Cost (of the Composting Plant Plant life of 5 years):

Item Cost (Tk)

I. Land Cost of 550 sf! @ Tk 1,115 sf! 6,13,250

2, Construction of Composting Shed with Drainage Facility of 400 sf! @ 48,000Tk. 120/sf!

3. Construction of Sorting Platform with Shed of 100 sf! @ Tk. 120/sf! 12.000

4. Construction Cost of Office and Toilet Facility of 50 sft @ Tk. 250/sf! 12,S00

5. Purchase of 1 (two) Rickshaw Vans @ Tk. 15.000 15,000

6. Water and Electricity Connection 20,000

7. Equipments For Composting Dress For Workers and Aerators 10.000

Total Fixed Cost 7,30,750

Operational Cost (per year) of the Composting Plant:

Item Cost (Tk)

I. Salary of 1 (one) Plant Manager/Supervisor @ Tk.3,000/month 36,000

2. Salary of I(two) workers @Tk.I,OOO/month 12,000

3. Salary of 1(one) van driver @ Tk.l ,SOD/month 18,000

4. Salary of I(two) waste collectors @ Tk.800/month 9,600

5. Water and electricity bill 2,400

6. Raw materials for compost 3,000

Total Operational Cost

Earnings of the Composting Plant (per year):

81,000

Item Cost (Tk)

I. Sale of 132 kg compost from processing 526 kg of solid wastes per 2,11,200
day for 320 days @ Tk 5/kg

2. Charge for house to house waste collection service rendered @ 72,000
Tk.20/household /month from 300 households in one year

3. Sale of 12.5 kg saleable inorganic waste from sorting 526 kg of solid 21,760
wastes per day for 320 days @ Tk 68/day

Total Earnings 3,04,960
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Commercial Appraisal of the of the Composting Plant Project (Plant life 5 years)

820,123948,582912,017972,990998,529995,968

~ 389,050

~ 2,561

~ -60,973

~ -128,459

Benefit PW@16% PW@20% PW@25%Year Cost Stream
Stream Cost Benelit Cost Benelit Cost Benefit

0 730,750 730,750 730,750 730,750
1 81,000 304,960

j j L~" j j j2 81,000 304,960
3 81,000 304,960
4 81,000 304,960
5 81,000 304,960 265,218 998,529 912,017 217,832 820,123

Total 1,135,750 1,524,800
998,529

HIC ratio @ 16% ~ --- ~ 1.003
995,968

NPV@ 0% ~ 1,524,800-1,135,750

NPV @ 16%~ 998,529-995,968

NPV @ 20%~ 912,017-972,990

NPV @ 25%~ 820,123-948,582

2,561
fRR ~ 16% + -----(20% -16%) ~ 16,16%

2,561 + 60,973

Notes: (f+iJ' -f
PW combined factor = ----. where i is the interest rate.

i(f + iJ'
NPV ~ PWB-PWC

NPV
IRR = i + I (i - i.). where NPV@ il is positive and NPV @ i1 is negative, NPV -NPV ', ,
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ANNEXURED
FINANCIAL INVOLVEMENT IN BARREL TYPE COMPOSTING

OF THE STUDY AREAS

Table 0.1: STUDY AREA II

Costs involved in the Barrel Type Project (per year):

Item I Taka
A. Fixed Cost (Life of 5 years):

I. Cost of 547 barrels (480 organic+67 inorganic) along with 9.84.600
modification and civil works @ Tk 1.800/barrel

2. Cost of 4(four) vans @ Tk. 15.000/~ 60.000
3. Equipmenls for storing and processing compost, sorting 50.000

recyclable inorganic waste. dress for workers

Tolal Fixed Cost 10.94,600
B. Operational Cost (per year):
I. Rent of a house for storing. processing and packaging of compost 3.00.000
2. Salary 0 1(one) Project Manager @ Tk.5.ooo/month 60.000
3. Salary of6 (six) workers @ l.ooo/month 72.000
4. Salary of 4 (four) van driver/waste collector @ Tk.1.500/month 72,000
6. Salary of 6 (six) waste collector @ Tk.800/month 57.600
7. Raw Materials for Compost 12.000
8. O&M and change of barrel (50% of the barrel cost) 4.92.300

Total Operational Cost

Earnings from the Barrel Type Project (per year):

10,65,900

Item Taka
I. Sale of compost @Tk. 5kg from 480 organic barrels produced @ 12.00,000

500kg/barrel/year (Tk 2,500/barrel/year)

2. Charge for house to house waste collection service rendered @ 2,40.000
Tk.20/household/month from 1,000 households in one year

3. Sale of 42 kg of Inorganic Recyclable Solid Waste collected in 83,840
one day from 44 Inorganic Barrels @ Tk 262/day for 320 days

Tolal Earnings 15,23,840
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Commercial Appraisal of the Barrel Type Project (Plant Life 5 years):

Year Cost Benefit PW@ 16% PW@30% PW@35%
Stream Stream Cost Benefit Cost Benefit Cost Benefit

0 1,094,600 1,094,600 1,094,6()( 1,094,600
1 1,065,900 1,523,840

j j j j j j2 1,065,900 1,523,840
3 1,065,900 1,523,840
4 1,065,900 1,523,840
5 1,065,900 1,523,840 3,490,070 4,989,500 2,596,074 3,711,41' 2,366,257 3,382,866

Total 6,424,100 7,619,200 4,584,670 4,989,500 3,690,674 3,711,41! 3,460,857 3,382,866
4,989,500

HIC ratio @ 16% = --- = 1.088
4,584,670

117

NPV@O%

NPV@ 16%

NPV@30%

NPVat 35%

= 7,619,200-6,424,100

= 4,989,500-4,584,670

= 3,711,419-3,690,674

= 3,382,866-3,460,857

= 1,195,100

= 404,830

= 20,745

= -77,991

20,745
/RR= 30%+-----(35%-30%) =31.05%

20,745 + 77,991

Notes:
(/+ir'-/

PW combined factor = ----. where i is the interest rate.
i(l + 0'

NPV = PWB-PWC

NPV
lRR = i] + I (i2 - i.). where NPV@ i/ is positive and NPV@ ;] is negative.

NPV, - NPV,

Annexure D
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Item I TakaA. Fixed Cost (Life of 5 years):

I. Cost of 274 barrels (230 organic+44 inorganic) along with 4.93.200
modification and civil works @ Tk I,SOOfbarrel

2. Cost of2(two) vans @Tk.15,000/= 30,000

3. Equipments for storing and processing compost. sorting recyclable 25,000
inorganic waste. dress for workers

Total Fixed Cost 5,48,200
B. Opera!ional Cos! (per year):

1. Rent of a house for storing. processing and packaging of compost @ 1,50,000
Tk 12,500/month (including water and electricity bill)

2. Salary of I(one) Project Manager @ Tk.3,500/month 42.000
3. Salary of 4 (tilur) workers @ I,OOO/month 4S.OOO
4. Salary of2 (two) van driver/waste collector @ Tk.I,500/month 36,000
6. Salary of 2 (two) waste collector @ Tk.SOO/month 19,200
7. Raw Materials for Compost 6.000
8. O&M and change of barrel (50% of the barrel cost) 2,46.600

Costs involved in the Barrel Type Project (per year):

Table 0.2: STUDY AREA III:

Total Operational Cos! 5,47,800

I 18

Item Taka

I. Sale of compost @Tk. 5kg from 230 organic barrels produced @ 5.75.000
500kgibarrel/year (Tk 2,500/barrcl/year)

2. Charge for house to house waste collection service rendered @ 1,56,000
Tk.20/household/month from 650 households in one year

3. Sale of 3 1 kg of Inorganic Recyclable Solid Waste collected in one day 56,640
from 44 Inorganic Barrels @ Tk I77/day for 320 days

Earnings from the Barrel Type Project (per year):

To!al Earnings 7,87,640
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Commercial Appraisal of the Barrel Type Project (Plant Life 5 years):

2,578,965
BIC ratio @ 16% = --- = I.lOI

2,341,858

Year Cost Benefit PW@ 16% PW@30% PW@35%Stream Stream Cost Benefit Cost Benefit Cost Benefit0 548,200 548,200 548,2()( 548,200
1 547,800 787,640

J J J L 1 1
2 547,800 787,640
3 547,800 787,640
4 547,800 787,640
5 547,800 787,640 1,793,658 2,578,965 1,334,205 1,918,35" 1,216,095 1,748,530Total 3,287,200 3,938,200 2,341,858 2,578,965 1,882,40: 1,918,352 1,764,295 1,748,530

NPV@O%

NPV@ 16%

NPV@30%

NPVaI35%

= 3,938,200-3,287,200

= 2,578,965-2,341,858

= 1,918,352-1,882,405

= 1,748,530-1,764,295

= 651,000

= 237,107

35,947

= -15,764

35,947
/RR = 30% + -----(35% - 30%) = 33.48%

35,947 + 15,764

Notes: (1+i;'-/
PW combined factor = ----. where i is the interest rate.

i(1 + i;'
NPV = PWB-PWC

NPV
IRR = i. + I (i2 - il). where NPV@ il is positive and NPV@ ;2 is negative.

NPV, - NPV,

Annexure 0



Table D.3 STUDY AREA IV
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Costs involved in the Barrel Type Project (per year):

Item I Taka
A. Fixed Cost (Life of 5 years):

I. Cost of 105 barrels (85 organic+20 inorganic) along with modification 1.89.000
and civil works @ Tk 1.800/barrel

2. Cost of I(one) van @ Tk.15.000/= 15.000

3. Equipments for storing and processing compost. sorting recyclable 10,000
inorganic waste. dress for workers

Total Fixed Cost 2,14,000

B. Operational Cost (per year):

I. Rent of a house for storing. processing and packaging of compost @ 62,400
Tk 5,200/month (including water and electricity bill)

2. Salary of I (one) Project Manager @ Tk.3,ooo/month 36,000

3. Salary of I (one) worker @ I,ooo/month 12,000

4. Salary of I (one) van driver/waste collector @ Tk.I,500/month 18,000

6. Salary of I (one) waste collector @ Tk.800/month 9,600

7. Raw Materials for Compost 3,000

8. O&M and change of barrel (50% of the barrel cost) 94,500

Total Operational Cost

Earnings from the Barrel Type Project (per year):

2,35,500

Item Taka

I. Sale of compost @Tk. 5kg from 85 organic barrels produced @ 2,12,500
500kglbarrel/year (Tk 2,500Ibarrel/year)

2. Charge for house to house waste collection service rendered @ 72,000
Tk.20/household/month from 300 households in one year

3. Sale of 12.5kg of Inorganic Recyclable Solid Waste collected in one 21,760
day from 20 Inorganic Barrels @ Tk 68/day for 320 days

Total Earnings 3,06,260
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Commercial Appraisal of the Barrel Type Project (Plant Life of 5 years)

Tolal 1,391,500 1,531,300 985,096 1,002,785 918,289 915,905 847,325 823,619

Cost Benefit PW@16% PW@20% PW@25%
Year

Stream Stream Cost Benefit Cost Benefit BenefitCost0 214,000 214,000 214,000 214,000I 235,500 306,260

J j J J J j
2 235,500 306,260
3 235,500 306,260
4 235,500 306,260
5 235,500 306,260 771,096 1,002,785 704,289 915,905 633,325 823,619

DIC ratio @ 16% = 1,002,785
= 1,018

985,096

NPV@O% = 1,531,300-1,391,500 = 1,39,800
NPV@ 16% = 1,002,785-985,096 = 17,689
NPV@20% = 915,905-918,289 = -2,384
NPV@25% = 823,619-847,325 = -23,707

17,689
IRR= 16%+-----(20%_16%) =19,52%

17,689 + 2,384

Notes: (/+i)' -I
PW combined factor:::: ----. where i is the imeres( rate.

i(/+i;'
NPV = PWB.PWC

NPV
IRR:::: il + 1 (i2 - il). where NPV @ i, is positive and NPV@ ;] is negativeNPV, - NPV,
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Table D.4: STUDY AREA V
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Costs involved in the Barrel Type Project (per year):

Item I Taka
A. Fixed Cost (Life of 5 years):

1. Cost of 29 barrels (25 organic+4 inorganic) along with modification 52.200
and civil works @ Tk 1.800/barrel

Total Fixed Cost 52,200

B. Operational Cost (per year):

1. Rent of a house for storing, processing and packaging of compost @ 9,600
Tk 800/month (including water and electricity bill)

2, Salary of I(one) Project Manager @ Tkl,500/month 18,000
6, Salary of 1 (one) waste collector @ Tk,5OO/month 6,000
7. Raw Materials for Compost 1,000
8. O&M and change of barrel (50% of the barrel cost) 26,100

Total Operational Cost

Earnings from the Barrel Type Project (per year):

60,700

Item Taka

1. Sale of compost @Tk. 5kg from 25 organic barrels produced @ 62,500
5OOkgibarrel/year (Tk 2,500/barrel/year)

2. Charge for house to house waste collection service rendered @ 14,400
Tk.lO/household/month from 120 households in one year

3. Sale Inorganic Recyclable Solid Waste from 4 Inorganic Barrels 500

Total Earnings 77,400
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Commercial Appraisal of the Barrel Type Project (Plant Life of 5 years)

Total 355,700 387,000 250,950 253,430 233,730 231,473

Cost Benefit PW@16% PW@20%Year
Stream Stream Cost Benefit Cost Benefit

0 52,200 52,200 52,200
1 60,700 77,400

J J j J

2 60,700 77,400
3 60,700 77,400
4 60,700 77,400
5 60,700 77,400 198,750 253,430 181,530 231,473

NPV@O%

NPV@ 16%

NPV@20%

253,430
Ble ratio @ 16% ~ --- ~ 1.018

250,950

~ 387,000-355,700

~ 253,430-250,950

~ 231,473-233,730

~ 31,300

~ 2,481

~ -2,257

2,481
/RR~ 16%+----(20%-16%) ~ 18.09%

2,481+ 2.257

Notes: (/+i)'-/
PW combined factor = ----. where i is the interest rate.

i(/+i)'
NPV ~ PWB.PWC

NPV
IRR = il + I (i2 - 'I)' where NPV@ ;1 is positive and NPV@ ;2 is negative.NPV, - NPV,
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Item -' TakaA. Fixed Cost (Life of 5 years):

I. Cost of 30 barrels (26 organic+ 4 inorganic) along with modification 54.000and civil works @ Tk I,800/barrel

Total Fixed Cost 54,000
B. Operational Cost (per year):

1. Rem of a house for sloring, processing and packaging of compost @ 9,600
Tk 800/month (including water and electricity bill)

2. Salary of I(one) Project Manager @Tkl.500/month 18,000
6. Salary of I (one) waste collector @ Tk.500/month 6,000
7. Raw Materials for Compost 1.000
8. O&M and change of barrel (50% of the barrel cost) 27,000

Costs involved in the Barrel Type Project (per year):

Table 0.5: STUDY AREA.VI

124

Item Taka

I. Sale of compost @Tk, 5kg from 26 organic barrels produced @ 65.000
500kgibarrel/year (Tk 2,500/barrellyear)

2. Charge for house to house waste collection service rendered @ 14,400
Tk.lO/householdimonth from 120 households in one year

3. Sale Inorganic Recyclable Solid Waste from 4 Inorganic Barrels 500

Total Operational Cost

Earnings from the Barrel Type Project (per year):

Total Earnings

• I ...• . .

61,600

79,900
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Commercial Appraisal of the Barrel Type Project (Plant Life of 5 years)

Total 362,000 399,500 255,696 261,616 238,222 238,950 219,660 214,873
261,616

SIC ratio @ 16% ~ --- ~ 1.023
255,696

Cost Benefit PW@ 16% PW@20% PW@25%Year
Stream Stream Cost Benefit Cost Benefit Cost Benefit

0 54,000 54,000 54,000 54,000
I 61,600 79,900

J J J J J J

2 61,600 77,400
3 61,600 77,400
4 61,600 77,400
5 61,600 77,400 201,696 253,430 184,222 238,950 165,660 214,873

NPV@O% ~ 399,500-362,000 ~ 37,500
NPV@ 16% ~ 261,616-252,750 ~ 728
NPV@20% ~ 238,950-238,222 ~ 3,420
NPV@25% ~ 214,873-219,660 ~ -4,786

728
!RR~ 20%+----(25%-20%) ~20,66%

728 + 4,786

Notes:
(/+ij'-!

PW combined factor = ----. where i is the interest ratc.
i(/ + ij'

NPV ~ PWB-PWC

NPV
lRR = i. + I O2 - il). where NPV@ iJ is positive and NPV@ ;] is negative.

NPV, -NPV,

Annexure D



Item I TakaA. Fixed Cost (Life of 5 years):

I. Cost of 46 barrels (40 organic+ 6 inorganic) along with modification S2,SOOand civil works @ Tk I.SOOlbarrel

Total Fixed Cost S2,SOO
B. Operational Cost (per year):

I. Rent of a house for storing, processing and packaging of compost @ 14,400
Tk 1200/month (including water and electricity bill)

2. Salary of I(one) Project Manager @Tkl'sOO/month IS,ooo
6. Salary of I (one) waste collector @ Tk.500/month

6.000
7. Raw Materials for Compost

1,500
8. O&M and change of barrel (50% of the barrel cost) 41,400

126

81,300

1,22,400

Annexure D

Total Earnings

Total Operational Cost

STUDY AREA VIITable D.6:

Costs involved in the Barrel Type Project (per year):

Earnings from the Barrel Type Project (per year):

Item Taka
I. Sale of compost @Tk. 5kg from 40 organic barrels produced @ 100,000500kglbarrel/year (Tk 2,500/barrel/year)

2. Charge for house to house waste collection service rendered @ 21,600
Tk.IO/household/month from ISO households in one year

3. Sale Inorganic Recyclable Solid Waste from 6 Inorganic Barrels SOO
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Commercial Appraisal of the Project Barrel Type (Plant Life of 5 years)

Year Cost Benefit PW@16% PW@20% PW@40% PW@45%Stream Stream Cost Benefit Cost Benefit Cost Benefit Cost Benefit0 82,800 82,800 82,800 82,80( 82,8001 81,300 1,22,400

J J J J J j J J

2 81,300 1,22,400
3 81,300 1,22,400
4 81,300 1,22,400
5 81,300 1,22,400 266,200 400,774 243,137 366,051 165,45~ 249,104 152,480 229,565Total 489,300 612,000 349,000 400,774 325,937 366,051 248,25~ 249,104 235,280 229,565

BIC ratio @ 16% = 400,774
= 1.148

349,000

NPV@O% = 612,000-489,300 = 122.700
NPV@ 16% = 400,774-349,000 = 51,773
NPV@20% = 366,051-325,937 = 40,114
NPV@40% = 249,104-248,259 = 845
NPVat45% = 229,565-235,280 = -5,716

845
IRR= 40%+----(45%-40%) =40.64%

845 + 5,716

t:l!!1!E. (1+ i)' -I
PW combined faclor = -----. where i is the interest rale.

i(/+i)'
NPV = PWB-PWC

NPV
IRR = i,+ 1 (i2 - i]). where NPV@ h is positive and NPV@ ;2 is negative

NPV, -NPV,
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ANNEXUREE
SAMPLE QUESTIONNAIRES

A. QUESTIONNAIRE FOR SLUM AREAS

GENERAL

1. Income range:

a. below Tk. 1000

b. Tk. 1000 - 2000

c. Tk. 2000 - 3000

d. Tk. 3000 - 4000

e. above Tk. 4000

2. Family members:

128

3. Occupation:

criteria age occupation income
male

female

children

4. Starting time of barrel system SWM:

5. Number of families per barrel:

a. orgamc:

b. inorganic:
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6. Size of barrel:

a. organic:

b. inorganic:

7. Production of compost from each barrel for each month or any other
mentioned duration (kg):

a. organic:

b. inorganic:

8. Money received by slum dwellers for each barrel Tklkg:

a. organic:

b. inorganic:

9. Cost of each barrel:

10. Lifetime of each barrel:

Annexure E

Health Status:

INTANGIBLE BENEFITS

f. skina. cold b. cough c. headache d. dysentery e. dirrhoea

disease e. malaria/dengue f. others

1. Types of diseases usually they faced before the introduction of barrel system
SWM:

2. Types of diseases usually they faced after the introduction of barrel system
SWM:

b. cold b. cough c. headache d. dysentery e. dirrhoea f. skin

disease e. malaria/dengue f. others



2. After introduction of barrel system

a. number of C.1. sheet bins

b. number of concrete bins

c. number of demountable container

d. number of street sweepers/other staffs

e. number of trucks used for disposal of waste

130
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c. fresh air

a. number of c.1. sheet bins
b. number of concrete bins

c. number of demountable container

d. number of street sweepers/other staffs

e. number of trucks used for disposal of waste

3. Other intangible benefits:

a. improved drainage system b. clean road

Waste Collection Facilities ofDCC:

I. Before introduction of barrel system
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B. QUESTIONNAIREFORDec

(Present and Past Status)

I. Existing waste collection facilities of D.e.e

a. number of C.1. sheet bins

b. number of concrete dustbins

c. number of demountable container

d. number of street sweepers and other staffs

e. number of trucks used to dispose off the waste

f. number of households/population/length of main roads/length of lane

(internal) roads/no of hotels/restaurants/clinic/hospitals and quantity

of generated wastes from these units

g. present collection system of D.C.C (together with disposal practices)

h. number of van used/person involved for each van to collect

waste/number of population /quantity of generated waste

2. Waste Generation

a. waste generation from vegetable and fish/meat market:

b. street sweeping waste [World Bank: 0.05 - 2 kg/person/day. density:

500 kg/m3
, Previous survey: 0.16 kg/m/day (Internal road), 0.36

kg/m/day (Main road)]

For each vall (domestic) m3

total number of households covered

number of population

volume of collected waste(m3)

wI. of collected waste

total time spent for house to house collection

average waste kg/house/day

Annexure E
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waste generation per capita per day

total amount of organic waste (kg)

total amount of inorganic waste (kg)

c. Commercial waste generation (RestaurantslHotels)

number of hotels

capacity

persons attains per day

amount of waste generated (kg) [organic + inorganic 1

d. Clinical waste generation

number of clinic in this ward

name of hospitals

daily patients admitted

amount of generated waste (kg/capita/day)

Annexure E
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