
SUSTAINABILITY OF SOLID WASTE MANAGEMENT SYSTEM

OF DHAKA CITY CORPORATION

A Thesis

By

TARIQ BIN YOUSUF

r" .,.\ .-R ._~C:\' 1 t I: '"f ".r " ".-~----. ..-....,. t: ~
, ".~"I qOOQ7"1 ~1,'/{ (. Lj. "\

~ ('-J<;'!~'zr6-'~
" "17'(''''~L"'~

Submitted to the Department 01 Civ.il bngineering,
Bangladesh University of Engineering & Technology,

Dhaka in partial fulfillment for the requirement of degree of

MASTER OF ENGINEERING IN CIVIL ENGINEERING

BANGLADESH UNIVERSITY OF

.ENGINEERING & TECHNOLOGY, DHAKA

30th July, 1996

----------_!



SUSTAINABILITY OF SOLID WASTE MANAGEMENT SYSTEM

OF DHAKA CITY CORPORATION

A Thesis

By

1 .

2.

3.

Dr.Md~9&
Associate Professor
Department of Civil Engineering
Bangladesh University of
Engineering & Technology

4J-- tLlM.lP)"
Dr. M. Feroze Ahmed
Professor
Department of Civil Engineering
and Dean, Faculty of Civil Engineering
Bangladesh University of
Engineering & Technology

~ eo::::
~~
Dr. Md. Mujibur Rahman
Professor
Department of Civil Engineering
Bangladesh University of
Engineering & Technology

1111111111111111111111111111111111
#90097#

Chairman

Member

Member

I 30th July, 1996



ABSTRACT

Now-a-days, Urban solid waste management is considered to be one of the most imme 'diate
and serious environmental problems confronting urban governments in developing countries.
Rapid urbanization on an enormous scale and uncontrolled industrial development severely
degrade urban environment. It causes serious strain on natural resources consequently,
undermine equitable and sustainable development. The population of Dhaka has swelled
phenomenally from 3.4 million in 1981 to 6 million in 1991. Unplanned growth of urban

population cause reckless generation of solid wastes and exert tremendous pressure on
existing services. The traditional concepts and technologies to collect waste is becoming
insufficient and ineffective causing more than half of the generated solid wastes remain
uncollected and disposed of locally, making the environmental scenario of the metropolis quite

gloomy and dismal for the future.

This research reviews current literature and practices on primary collection activities. The
most promising approach in the study is to improve the primary collection coverage with the
positive attitude of community involvement. A physical observation survey has been
conducted on system procedure and operational strategy of different categories of vehicles.

Some analytical cost / benefit models are developed addressing waste management and

resource recovery issues.

It has been found from the study that for the preservation and enhancement of environmental
quality, there is an urgent need to introduce community based collection system at household
levels. For increasing vehicle productivity and minimizing system cost this study supports the
operation, of demountable container system for it's attainment in economic sustainability.

With the introduction of decentralized composting, it might be possible to increase the
financial viability of community based primary collection system. Other reasons for introducing
decentralized composting are the recovery of organic material from municipal solid waste and

thereby reducing collection, transportation and disposal costs.
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CHAPTER - 1

INTRODUCTION

1.1 GENERAL

Solid Waste Management (SWM) is one of the most intractable problems causing severe
degradation of urban environments of the developing countries. The service absorbs a
considerable proportion of municipal effort, budget and work force. Rapid population
growth, uncontrolled industrial development, severely degrade urban environments,
place serious strain on natural resources and consequently also undermine equitable and
sustainable development (Mayer; 1992). Solid waste management services have
consistently failed to keep pace with the vast amount of solid waste produced in the
urban cities. The developing countries spend 20 - 40% of their municipal revenues,
employing 3 - 6 workers per 1000 of population on SWM and still are able to handle
only about half of the refuse produced daily (UNCHS; 1988). Many cities face serious
environmental degradation and health risks due to uncollected domestic refuse on
streets and in Public areas, clogged urban drainage systems by indiscriminately
dumped wastes and by contamination of water resources near uncontrolled dumping
sites (Mayer; 1992). Of the total expenditure incurred in SWM, 70 to 80 percent is
directed towards the transporting of wastes. Efficiency at this stage governs to a large
extent, the efficiency of solid waste service. The choice of the most appropriate waste
collection vehicles is crucial to and a determining factor of the overall efficiency and
financial performance of SWM (UNCHS; 1988).

(The solid waste disposal poses a greater problem because it leads to either land
pollution if dumped in landfills, water pollution if dumped in lowlands and air pollution
if burnt. In the developing countries, the most common practice of solid waste disposal

is still uncontrolled open dumping and these dumping areas are rather centrally located
and subjected to growing opposition from the public due to odor, dust and other
nuisances. It is becoming more and more difficult to find new landfill sites which cause

minimal adverse environmental impacts, which find the approval of the public and which

are located at a reasonable distance from the collection area. The key issue in SWM is
the reduction of the amount of waste to be transported and disposed off in landfills
through recovery and recycling of inorganic fractions of waste and the organic fractions

should be best utilized for composting or anaerobic digesti0'0

Waste management can be defined as that discipline associated with the control of

generation, collection, storage, transfer and transport, processing and final disposal of
solid wastes in a manner which is in accord with the best principles of public health,
economics, engineering, conservation, aesthetic and other environmental considerations
and which is also responsive to public altitude.



According to UNDPHuman Development Report 'Sustainability efforts bring into a ;;harp
focus on process of development that create a conductive environment for people,
individually and collectively not just in few places for few years but for the entire planet
into the distant future'. Sustainable development is not a big word for big things.
Sustainability efforts start from each of our house. By sorting out household garbage

or lessening the use of plastic bags that choke drains, we are contributing to
sustainability at local level. When we avoid indiscriminate littering of garbage or use less
water in the household, we contribute te sustainable development at the regional level.
Avoid burning of wastes or use of vehicles for short distances is a small act but a
definite contribution to sustainable development in global arena<Sustainability in waste
management sector is possible through the establishment of an efficient administration,
willingness of the population to participate and cooperate, the operation of services with
a target coverage and planned quality, cost reduction by optimizing both investment and
operational strategies and cost recovery from conversion of waste into wealth: In the

/

long run concepts which improve knowledge, skills and attitudes of the population
towards avoidance of waste generation, towards waste recycling and proper waste
handling are preconditions of sustainable success in cost reduction and efficient
management.

6genda 21, the blue print for action towards sustainable global development adopted
by all participating nations including Bangladesh during the United Nations Conference
on Environment and Development (UNCED) in Rio de Janeiro in June 1992, sets the
following goals and targets to achieve efficient and sustainable waste management
system for urban cities.

All countries must establish waste treatment and disposal criteria and develop
the ability to monitor the environmental impacts of wastes by the year 2000.

By 2005, developing countries should ensure that atleast half of the sewage,
waste water and solid wastes are disposed of according to national and
international guidelines.

By 2005, all countries would dispose of all waste according to international
quality guidelines.

The present system of solid waste management in Dhaka City has been regarded as
environmentally harmful and hazardous to public health thereby it requires an

improvement from the perspective of environment and sustainable developme~
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1.2 STATEMENT OF THE PROBLEM

Dhaka City Corporation is entrusted with the statutory responsibility of SWM of 344

sq.km area under its jurisdiction and with a population of 38,39,000 (BBS' 1994) but

according to DCC estimation it is about 6 million considering the floating mass. The city

has experienced rapid population growth during the last two decades due to the result

of high rates of migration from all the regions of the country. As a result of the heavy

influx of migrants, severe service deficiencies in the metropolitan city has emerged.,The

quantity of solid waste generated in Dhaka city is increasing proportionately with the

increase of population, consequently SWM system has been found deteriorating day by

day turning inefficient and costly. More than half of the city's daily generated solid

wastes remaining uncollected are being disposed locally which makes environmental

scenario of the metropolis quite gloomy and dismal.

Rapid growth of industries, lack of financial resources, inadequate trained manpower,

inappropriate technology and lack of awareness of the community are the major

constraints of SWM of the fast growing metropolis of Dhaka. The absence of adequate

planning and appropriate technology has led to a serious wastage of expenditure and

effort in this direction.

Solid Waste Management is one of the key areas of concern for urban sanitation and

cleanliness for healthier environment. If proper SWM plan is not taken, it will cause

severe degradation of urban environment. The present situation demands that Dhaka

City Corporation should seriously adopt of a cost-effective and sustainable SWM to

provide satisfactory level of service for its short-term and long-term benefit.

1.3 OBJECTIVES OF THE STUDY

The broad objective of the study is to propose and disseminate approaches on how to

reduce economic and financial costs of municipal SWM to obtain sustainability in this

sector. The major objectives of the study are:

a. Cost reduction in SWM sector by optimizing both investment and operational

strategies.

b. Introduction of an approach of appropriate primary collection systems.

c. Develop an ideal transport fleet based on proper economic assessment.

d. Choose a potential resource recovery system aimed at establishing an inexpensive,

beneficial, sustainable approach to waste management.

3



1.4 SCOPE AND LIMITATION OF THE STUDY

The study has mainly concentrated on domestic solid waste management as domestic

waste constitutes the major portion of waste stream of Dhaka city. The study is based

on the secondary information of surveys, published / unpublished governmental and

international agency reports, studies of the consultants. The study has identified and

reviewed the broad spectrum of problems associated with solid waste generation.

collection, transfer and transport, disposal and recycling. The study has also analyzed

methods of optimizing waste collection systems, with the objective of increasing overall

system productivity and minimizing system costs.

1.5 ORGANIZATION OF THE PROJECT WORK

The study has been presented in six distinct chapters comprising different aspects of

solid waste management services. Chapter- 1 gives a general introduction of the

problem including scope and limitations of the study. Chapter- 2 specifies the relevant

literature and information in connection with advance and cost effective technologies

and recent trends and practices adopted in some Asian countries. Chapter- 3 outlines

the present solid waste management system of Dhaka city and draws attention to the

problems and constraints for improvement of the services. The recent developments and

efforts both in private and public sector to improve waste management is described in

this chapter. Chapter- 4 highlights the comparison of different primary collection

systems from the ~erspective of cost-effectiveness and environmental improvement.

The operational strategy of the stationary and hauled container system has been

observed and analyzed. The evaluation of the current disposal practice has been

conducted and the feasibility and prospect of the various environmentally suitable

methods has been examined in this chapter.

The system cost. c.1l1ection efficiency and the level of service for selecting appropriate

waste collection system has been analyzed in Chapter- 5. Chapter- 6 represents a brief

summary of the overall findings and addresses some recommendations / guidelines for

the improvement of solid waste management of Dhaka City.

4



CHAPTER - 2

LITERATURE REVIEW

In this chapter the relevant literature, information and data in connection with advance and
cost-effective technologies of Solid Waste Management (SWM) has been reviewed. Recent
trends and practices adopted in some Asian countries has also been addressed to get better
understanding of the prevailing situation and experiences.

2.1 COMPONENTS OF THE SOLID WASTE MANAGEMENT

Solid Waste Management involves the process of collection wastes from the household
and community storage, emptying the solid waste into a transport vehicle through which
wastes are transported to final disposal sites.

To avoid throwing of wastes indiscriminately in the street most domestic wastes
are stored either individual or communal, using a portable and manually loadable
bins, enclosures of steel, brick or concrete fixed o'n a ground. Plastic or metal
bins fitted with lids having capacity 70 - 100 litres are commonly used
throughout the developed countries. In Madras, Bangalore and Manila fixed
concrete communal bins are provided on footways or verges at intervals of 50
to 200 meters (Tridevi; 1992).

2.1.2 Collection

Different methods used for collection of solid waste are:

a) Communal collection
bl Block collection
cl Kerb-side collection
dl House to House collection

a) Communal collection

In this system, house holders discharge their waste at specific locations over
a considerable distance and refuse collection vehicles visit these sites at a
frequent interval, usually once daily to remove accumulated waste. The
Principal advantage of this method of collection is that it reduces
considerably the number of sources from which waste has to be collected.
Howevu, when communal storages are wid'ely spaced a large fraction of
wastes are deposited in the street. In most of the third world countries this
type of collection system is followed.

5



b) Block ccllection

In this ~;ystem, a collection vehicle travels a regular route at Prescribed

intervals, usually every two or three days and stops at selected locations

where a bell is sounded. Upon hearing the bell, householders bring their

refuse container and hand them over to the crew, usually consisting of two

men, which empties the container and returns them to the householders.

This type of waste collection is practiced in Mexico city and in Burma.

c) Kerb-side collection

In this system solid wastes are brought by residents in containers and placed

on the foot way / street in advance of the collection time and return them

after they have been emptied by collector.

dl House to House collection

In this type of collection system the householder does no work, the

collection crew enters each premises, takes out the container and sets it

back alter emptying the waste into collection vehicles. This type of
collecti:>n system is Practiced in Kualalumpur, Delhi.

Table - 2.1 gives a comparison of various methods of solid wast,~ collection.

Table - ,:'.1 Comparison of various methods of solid waste collection.

Communal Block I(erb-side House to
Description collection collection collection House

collection
Householders co.operation in Yes Yes Yes Nocarrying refuse bin

HouseheJlder co-operation in Yes Optional No NoemptyinG refuse bin

Need for scheduled service No Optional Yes No
Susceptibility to scavenging Very high None High None
Average crew size 1-2 (Portable) 1 . 3 1 - 3 1 . 3

- 2-4 IStationary)

Complair (s regarding No No No Yestrespass,ng

Level of service Poor -Fair Good Good
Collection cost Low Medium High Very High

Source : UNCHS (HABITAT); 1988

6



2.1.3 Transportation

Refuse transport is the process of transferring solid waste from the storage
receptacle to the place of disposal. A variety of vehicles are available for
collection and haulage of solid wastes. Manually driven hand carts are used for
collection of solid waste from narrow streets inaccessible to motor vehicles.
Although they are in-expensive, the distance which can be traveled is very short.
Animal carts, Pedal Tricycles, Motor-Tricycles can be used to transport waste
containing carts and barrows. They can travel a longer distance than the
manually driven carts, but the distance is still limited and the travelling speed is
slow. Agricultural tractor in conjunction with trailer is almost universally available
in developing countries. Despite of its slow speed of about 20 km/hr, it probably
offers the cheapest method of motor transport for solid wastes upto a trailer
capacity of about 6 meter (Tarafdar; 1992). The most commonly used vehicles
for collection and haulage of solid waste in Asian Urban areas are fixed-bed and
tipping trucks, because these trucks can travel a longer distance with 40 - 70
km/hr. speed. But frequent maintenance and high operational cost is required for
these vehicles. The advantage of the demountable container systam (tipping
trucks) is that an expensive truck is always working and not standing idle whilst
the body (container) is being loaded. According to Mr. Gordon Sturdy's computer
model, with this system it is common to reduce the number of trucks needed to
collect and transport waste to less than 15% of the number trucks needed if the
open truck system is used. From the computer model and survey conducted
Dhaka need to have (9 number 6 m3 demountable container trucks + 3 spares)
total 12 Nos. and (3 number 12m3 demountable container trucks + 1 spare)
total 4 Nos. to operate. Table 2.2 gives a cost comparison of source volume
costs of open trucks and demountable trucks.

Table - 2.2 Cost comparison of open truck system and demountable
container system.

Collection Cost Per 1.0 m'

Truck

Pay Load
Open Truck System Demountable Container System

Tons 1 Shift I day 2 Shift I day 1 Shift I day 2 Shift I day

1 2 3 4 5

2.0 Taka 34.00 Taka 25.00 - -

3.0 Taka 31.00 Taka 23.00 Taka 25.00 Taka 20.00

5.0 Taka 45.00 Taka 32.00 Taka 17.00 Taka 14.00

Source : UNCHS (Habitat), Government of Bangladesh (1991).

7



Compactor with Front End Loading (FELl and Rear End Loading (REL) system are

used in many developed countries as the wastes are very compactable

containing high percentage of pap8r, cardboard and polythene and only small

amount of vegetable materials. Table 2.3 givlls a comparison of solid waste

transportation options with respect to operational parameters.

Table - 2.3 Solid Waste Transportation Options and their characteristics

•

Parameter Manual BiITri Animal Tractor Fixed Bed Tipper Compac- Haulable

Hand Cart Cycle Cart Trailer Truck Truck tor Truck Truck

Cart

1 2 3 4 5 6 7 8 9

Distance < 2 km < lOkm < 10 km < 15 km Unlimited Unlimited Unlimited Unlimited

traveled

Speed Very slow Slow Slow Relatively Fast Fast Fast Fast

Slow

Applicable Narrow Narrow Moderate Wide Wide Wide Wide Wide

width of street

Volume per D.S-l.0m3 2 - 3 m:l 4.0 m3 4.0 m3 8.0 m3 10.0 m3 13.0 m3 30.0 m3

vehicle

(Typical)

Labour , 1 Driver , Driver , Driver , Driver , Driver 1 Driver 1 Driver

Requirement Collector 1 labour 2 loaders 2 loaders 3 loaders 3 loaders 3 loaders

Purchase Cost Very low Low Low Relatively Moderate High Very Very

Low High High High

Maintenance Very low Low Low Low Moderate High High High

High

Source : Ogwa. 1989.

2.1.4 Disposal and Recycling

Inadequate rnanagement and disposal of solid waste is an obvious cause for the

environrnental degradation and health risks in the developing countries. Although

most people are willing to pay for the removal of the refuse from their immediate

environment, they are generally not concerned with its ultimate disposal.

The options available for disposal of solid waste are

al Open dumping

bl Sanitary land filling

c) Incineration

dl Compo~\ing

8



al Open Dumping

Open dumping of solid waste is practiced extensively in developing
countries. Generally the low lying areas and outskirts of the towns and cities
are used for the purpose of reclamation of land. The benefit of open
dumping is that it is low cost waste disposal method and require no
planning. The disadvantages of this method are - open dumps causes public
health problem by encouraging the breeding of flies. rodents. mosquitoes
and other pests and also become a source of objectionable odorous and
source of nuisance from unsightly appearance.

bl Sanitary Landfilling

It is an engineered designed and operated method of disposing solid waste
on land without creating nuisance or hazard to public health or safety. The
advantage behind sanitary landfilling is that public health problems are
minimized because flies. rats and other pests are unable to breed in the
covered refuse. Sanitary landfill, if properly planned. can be used later for
construction sites or recreational facilities such as park and golf courts.
There is a danger of ground water and surface water pollution, if the landfill
site is improperly chosen. Moreover, sanitary landfill requires large area of
land.

c) Incineration

It is a disposal method of hazardous wastes which cannot be recycled
'reduced or safely deposited' in a secured landfill site and involves the
burning of solid waste at high temperature converted into gases and
incombustible solid residues. The advantage of ,incineration is that large
reduction in the volume of material requiring final disposal and the heat
energy released from combustion of the waste may be beneficially used or
converted to another form of energy. Incineration plant has a high capital
and operating cost and requires fairly high level of maintenance.

d) Composting

A scientific definition of composting would describe it as the biological
decomposition of organic waste under aerobic condition at an elevated
temperature. At the end the process yields a product which is relatively
stable and can safely be applied to the soil to improve crop product:vity as
a supplement for chemical fertilizer. Compost production is a complemen!ary
aspect of waste handling. It reduces 17 percent cost of landfilling (transport
and final disposal). Manual composting should be actively encouraged by the
Government of Asian countries to their respective municipal agencies and
those who produce compost from their waste should be awarded (Oevkota.
19931.

9



Recycling

Once the economic and technological problems are overcomed, recycling of

waste materials will become an important way of solid waste management.

Due to resource depletion what is now being discarded may be valuable in

future. In the developed countries, recycling and reclamation are being

strongly promoted for conservation of resources and prevention of

environmental degradation.

According to Ahmed (19931, wastes are being reclaimed or salvaged in three

stages.

First Stage The housewives separate the refuse of higher market value such

as papers, bottles, fresh containers, old cloths, shoes etc. and sell ther.n to
street hawkers.

Second Stage Salvaging is carried out mostly by children of slum dwellers.

They collect the refuse and commercial wastes of low market value from

bins and sweeping accumulation centres. The items include broken glass,

cans, card board, waste paper, rags, plastics, metals and miscellaneous

commercial wastes discarded by the householders.

Third Stage Salvaging is done by the refuse Pickers when fresh refuse is

unloaded by municipal trucks at the disposal site.

2.2 SOLID WASTE MANAGEMENT - EXPERIENCE OF SOME ASIAN CITIES

Solid Waste Management in many Asian cities has remained by law and custom an

obligatory duty of the municipal authorities. The following section deals with the recent

development in SWM in some Asian cities for sustainabily in the economic, social and
environmental viewpoints.

2.2.1 The Bandung Urban Development Project (BUDPI. Indonesia

The solid waste produced in the Bandung municipality area was under the

management of municipal cleansing and beautifying department the DK3 and

two neighborhood associations RW and RT upto 1970. In the late 1970's it was

estimated that the municipality serviced about 9.5 percent of the land area,

comprising the majority of the commercial area. Service was uneven, however,

both in cost to householders and in quality of service. The city had constructed

several transfer depots in the typical form of large, open concrete bins that were

served with open, fixed bOdy trucks. The refuse was hauled to three open dumps
within 10 km of the city center.
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In the late 1970's the Indonesian Government's Ministry of Public Works
undertook the Bandung Urban Development Project (BUDP). The new system
was to be a revision of the old one. Workers with handcarts would still perform
most of the collection and trucks would dump garbage onto land. The difference,
apart from expansion of service to cover the entire city, was the new system
would be closed, householders would be provided with lidded plastic containers,
handcarts would have an improved design and would be fitted with large, rolling
plastic containers, transfer would take place in new, roofed transfer depots with
ramps for easy loading of the demounted containers and washing and storage
facilities. Waste would be disposed in two new sanitary landfills.

By 1982, the project had encountered several problems. Purchasing land for
transfer depots proved impossible, so the consultants decided to substitute steel
containers placed in strategic locations at markets and on road sides. These,
however, require laborious manual loading from cart or ground to container.
Often, cart loads are dumped onto the ground alongside the container. Full
containers are lifted hydraulically onto specially fitted trucks for haul to a
sanitary landfill (Daniel; 19891.

2.2.2 Kampung Improvement Program (KIP). Surabaya, Indonesia

Surabaya had a typical, open solid waste collection and disposal system for the
estimated 5000 cubic meters generated daily. Also, like Bandung, the DK3 is the
municipal agency responsible for collection from transfer points, for haul and for
disposal. Since the mid 1970's there have been significant improvements in
Surabaya's solid waste management system. Most of these have come about
through Kampung Improvement Program (KIP). The SWM system includes
improved handcarts and transfer depots, long haul in large containers placed on
trucks and improved disposal systems. There have been plans for a sanitary
landfill for some time, but the high cost of land and fill cover material is hindering
implementation of this plan. Surabaya also has a privately owned, mechanized
composting facility having a capacity of 125 tons/day but because of high
operating costs and a low quality compost produced from mixed wastes,
marketing has been a problem and the plant runs at one third of capacity. At
first, KIP distributed standardized 40 liter containers to households fo' storage
of solid waste but residents used the sturdy, airtight containers for storing rice
or water and left behind an old crate or large tin. In Bandung, the BUDP had to
abandon the transfer depot system because of the nonavailability or high cost
of land. In Surabaya, this problem has been solved by requiring communities to
provide land themselves. The garbage collectors co-operate with scavengers who
unload the carts onto the depot floor, sort through the refuse, then load it into
the steel containers. Unfortunately, the system runs into a bottleneck after
waste is loaded into the containers because the Italian-made hydraulic cranes on
the long haul trucks are constantly breaking down and replacement parts are
difficult to obtain (Daniel; 1989l.
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2.2.3 GTZ Waste Management Projects. Kathmandu, Nepal

The city of Kathmandu was following the rudimentary and age old traditional

practices for collection, transportation and disposal of wastes. The beauty of this

historic city was getting marred due to open garbage collection sites seen all

over the city. Numerous efforts have been made for the proper SWM based on

people's participation and resource recovery system. A planned approach with

regard to the development of proper SWM practice was initiated with technical

assistance from the Federal Republic of Germany through GTZ in 1980. Now the

city is heading towards a total change, the character of SW has changed in line

with rising standard of living, retail distribution method and full technology. The

volume has increased, storage methods have evolved from open heaps to

disposal containers, transport has improved from river beds to hydraulic motor

vehicles.

Beside separate street cleaning and collection of bulk waste of the streets

SWMRMC has provided waste containers. The containers are transported by

hydraulic TAT A Dumper placers having a capacity of 4 CU.m and 6 CU.m.

After a feasibility study in 1981 by GTZ, the household waste produced in

Kathmandu was found suitable for compost production and a concept was

developed for the establishment of a plant. In 1982, the pilot plant started the

production of compost as an integrated part of acquiring experience on weather

composting is suitable in Kathmandu valley. On the basis of experience and after

an economic evaluation, erection of a full scale compost plant with 15 ton/day

capacity was decided. At the first phase only 12 ton/day was designed and in

October 1986 the operation started. Waste which is not composted is

transported to the sanitary landfill outside the valley with big lorries of 20 cbm

containers.

Through optimization of container operation within the city and via transfer

station, the concept of sustainability that the unit cost of waste disposal have

been continuously reduced during the last 5 years (Devkota; 19931.

2.2.4 Waste-wise Project, Bangalore, India

Waste-wise Project initiated during August 1990, with a philosophy that 'Waste

is not really waste' - wasted materials and wasted human beings, given a wise

thought and direction, turn out to be useful products and prolific human beings.

Waste-wise Intention was to examine the process of waste generation, collection

and disposal from three angles - economic, social and ecological. The project is

based on resource recovery by recycling of organic waste, source segregation,

door to door collection by appointed waste pickers in an affluent to middle class

residential area of Bangalcire Jaynarag Block - IV. In the project area the

households are given baskets to hold dry waste and told to segregate

12



compostable materials and insanitary wastes. The employed waste pickers pick
the waste from the households. They are equipped with handcarts and baskets
and trained by a supervisor paid by waste-wise. The collectors visit each house
daily. take the organic waste to compost site at the local park. donated by
Banglore City Corporation, sell the dry recyclable and dispose of residues in
communal bins. Households pay a small fee per month for this service (Rs 5.00
to Rs. 10.001. The collectors are paid Rs. 300.00 per month from the fees
collected and also get payments for tea and food. The collectors also earn about
Rs. 15.00 a day through sale of recyclable materials.

Although the collection of wastes from door is appreciated by residents of the
area but as the action progressed various problems emerged. Few housenolds
refuse to pay, slow pace of Bangalore City Corporation working and wait and see
attitude of the officials and orthodox Hindu families wanted the waste to be
removed early in the morning which did not fit into the usual timings of the
waste collectors.

This innovative project gives a practical direction of feasibility of community
based waste management. Similar community based house to house collection
system can be found in 'Civic Exnora Project', Madras, India and 'Home garbage
pick, New Delhi, India.

2.2.5 'Cash in Trash' Project. San Juan City, Philippines

The 'Cash in Trash' Project was first introduced in 1978 by the Metro Manila
Council of Women Balikatan Movement (MMWBMI, a non-governmental
organization of 20,000 women has been involved in separation of garbage in the
kitchen into wet (animal and food waste) and dry (paper, plastics, cans, metals)
wastes. The wet garbage is collected daily by a government agency. The dry
garbage is collected and paid for by the programmes more than 100 collectors
or 'eco-aides'. Today, the programme of the MMWBM recycles atleast 27 tons
of garbage back to the factories (Gate 1/93).
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2.3 SUMMARY OF THE STUDY

From the review of the relevant literature it is evident that the level of service in
communal collection system is poor and ineffective and better service can be attained
by house to house collection system. In case of transportation vans fitted with carrier
be preferred for short haulage and narrow roads while motorized vehicles fitted with
container be used for long distance travel and wider roads. Most of the Asian cifies
merely dump their garbage on vacant land and follow no accepted sanitary procedures
for waste disposal. But. for the final disposal of wastes, the low cost method is sanitary
landfilling. In most Asian cities, material recovery and recycling from the inorganic
fraction of MSW has been practiced by the informal sector. For the putresible organic
fraction which accounts for typically 60 - 80 percent of the total MSW, composting in
decentralized and small scale communal plants becomes a viable option.

The experiences of the Asian cities give a practical direction that both community based
organizations (CBOs) and municipal authorities need to co-operate with each other in
order to improve solid waste management for better and sustainable environment. The
experience of GTZ waste management project at Kathmandu shows that through
optimization of the hauled container system, the unit cost of waste disposal have been
continuously reduced.
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CHAPTER - 3

SCENARIO OF SOLID WASTE MANAGEMENT OF DHAKA CITY

Dhaka City Corporation (DCC) is the only formal organization responsible for SWM of Dhaka
City, as per the Urban Local Body Ordinance, 1977. It is therefore, draw attention to
understand and analyze the role, constraints and problem of DCC, along with few recent
initiatives by informal organizations in the field of waste management.

3.1 HISTORICAL BACKGROUND OF SWM OF DHAKA CITY

The 386 years old city Dhaka had many ups and downs politically, economically and

functionally. Conservancy service began in the early days of the Moghul regime dated

back in 1717. During the British regime in 1820, a committee was set up known as
Municipal Committee to look after the sanitation of the city. Thereafter in 1864, Dhaka
Municipality was established but the SWM sector lagged behind more than other city
amenities. The conservancy service was borne and managed by manual labours I
cleaners. The cleaners used to collect and dispose of the human excreta to the
trenching grounds and subsequently a water carriage system was introduced in 1963

with a separate set-up known as DWASA for better liquid waste management and
proper sanitation. Similarly, refuse were collected by cleaners with bullock carts and

disposed off in nearby low lying areas. After ward, a significant improvement took
place in the field of SWM. The bullock cart for collection and transportation of solid
waste was suspended in 1982 and open trucks were introduced to carry the refuse
to dumping sites. The other change took place in the old city during mid - 1989 by
introducing night time collection instead of day time. Though a change was brought in
matters of transportation by open I closed truck system. this is not enough to meet the
requirement of the citizens when Dhaka city population is growing fast at the rate of
3.722 percent (Shamsuzzoha; 1993). Now DCC has introduced the dumper technology
(demountable containers) to modernize the transportation of solid waste.

3.2 OVERVIEWOF THE EXISTING SITUATION

The following section discusses the organizational, financial and technical aspects of
SWM adopted by DCC.

3.2.1 Organizational and Institutional Aspects of DCC

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
15



legislature. The Municipal/City Corporations are set up under specific state

enactment for major and specific cities and is bestowed with a certain degree of

independence and autonomy in mobilising 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). who is deputed by government for

management of five principal areas of responsibility which are engineering,

conservancy, revenues, accounts and health.

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

Conservancy Officer (CCO) who 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),

Cleaning Inspectors (CI) and Cleaners. The conservancy department is also

supported by the transport department controlling the garbage vehicles and

mechanical department for maintenance of vehicles and controlling the

bulldozers, excavators etc. used in the dumping site. The organogram of the

Conservancy Division of DCC is given in Figure- 3.1.

16

/



I\A~R I-li
ADtl[HJST~JJ

CHIEf EXECUTIVE
OFFICER ( CEO)

\

II mlllY OlIE' COIOSEJlV!WtCY
, OFFICER ( OCCO l (I)

IlWlGER
11_J'QR1)

___ J _

[

-_' 0111:>' '-----l___~Jif.(;~~~
[
~o;UI;j~~QlIEF

ENGJIH:I:R
- ., .._-_ ..- ------_._-

-]
-----'_._'------,
I:xmJT IVt: !:NGINtl:f1 .
(, !JOHKSllor \\ Vl:.lllCLE

tlr'llNTfllfINCf, ) f
.--.--I-----~

I..-~~R'SI:;~.;;-,~-J

r'~-:!,i';.:~I';!L;lr!:,:~"::;i'rNEI;1l I
\ ;;j".lt,,' lUi •. ,

I

SUP£lIlTENDING D1G1Ht:l:H !
( CIUll ) I

TRMSPORT SUPERVISOR

----,
COttSEIfIJl'lOCYOffiCER I

( CO I (18)

ilSSIS1P1<l COf<'iERIJANCY
On'lC£R ( ACO l (21

-_..._.. --J

OUCQMSC;;;:¥'SlJP£RVISIHG I
ltiSPl:C10H ( CSI ) (18) I

I

L__

CLFJVol£R

fi~3" OR<lVtOGl'A'l Of Sill I' IIMKA cm CORJ'QRATlOI< (OCCl

17



3.2.2 Present Legislation

The Present legal foundations for SWM are the 'Municipal Ordinance' 1983 and
the recently approved 'Bangladesh Environment Protection Act' 1995. The
'Environment Pollution Control Ordinance' 1977 (EPC)has been repealed upon
the adoption of 'Environment Protection Act' 1995 (EPA) which is based on the
prevention, control and abatement of potential pollution of Environment. The EPA

also deals with some provisions about the disposal of wastes and control for
radio-active substances as legally binding and penalty for failure to comply in a
prison for a period upto five years or a fine of upto take one lac or both. These
legal foundations give a general guideline about the duties or responsibilities of
DCC. The 'Environmental Policy' 1992 of Government of Bangladesh also does
not cover matters relating to SWM. It simply intends to restrict disposal of
municipal, industrial or agricultural wastes in rivers, ponds and drains,
discourages open truck transportation and day time collection of waste, by
adopting proper legislation and enforcement by the Department of Environment
and Local Government Authorities.

The main relevant provisions on SWM in paragraph 78 of the Dhaka Municipal
Corporation Ordinance XL, 1983 are:

1. The Corporation shall make adequate arrangements for the removal of refuse
from all public streets, public latrines, urinals, drains and all buildings vested
in the corporation and for collection and proper disposal of such refuse.

2. The Occupiers of all buildings and lands within the corporation should be
responsible for the removal of refuse from such buildings and lands subject
to the general control and supervision of the corporation.

3. The corporation may cause public dustbins or other suitable receptacles to
be provided at suitable places and where such dustbins 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 or land shall be deposited by the owner or

occupier of such premises or land in such dust bins or receptacles.

4. All refuse removed and collected by the staff of the corporation or under
their control and supervision and all refuse deposited in the dust bins and

other receptacles provided by the corporation shall be the property of the
corporations.

The present law does not provide any penalty for illegal disposal of wastes or
littering in the street and thus found lacking in the aforesaid ordinance.
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3.2.3 Manpower

At present a total of about 4353 cleaners, 118 supervising and managerial staff
headed by one Chief Conservancy Officer are engaged by the conservancy
department for sweeping of streets, collection and disposal of refuse. Most of
these workers are muster roll employees (Part-time basis). The number of

cleaners per thousand population in Dhaka is only 1.13, considering the
population of DCC area 38,39,000 (BBS; 1994) which is low as compared to the
requirements of 3 - 6 per thousand population for satisfactory manual collection
and disposal of garbage (UNCHS; 1988).

3.2.4 Financial Aspects

Waste collection and disposal is the largest item in the municipal budget. Since
1962, DCC is taking conservancy tax of 2% based on property's annual rental
value. According to 1994 - '95 financial statement of SWM sector DCC has
collected conservancy tax of Tic 9,69,63,527.00 and expenditure incurred Tk.
20,57,24,392.00. There exists negative correlation between income and
expenditure, the per capita expenditure in DCC area is Tk. 53.00 representing
a shortfall of about 52.87%. The per capita expenditure for SWM in Dhaka is

very low compared to other Asian Cities compared to Tk. 304.00 in Bombay, Tk.
192.00 in Manila, Tk. 84.00 in Bangkok (Enayetullah; 1994). DCC spent
15.42% of the total annual expenditure for SWM during 1994-95. Bhide (1990)
showed that DCC normally spends 14-17 percent of its budget on SWM.
Normally municipalities in the developing countries spend 20 to 40 percent of

municipal revenues (UNCHS; 1988). Table 3.1 shows the financial statement of
Revenue collection and expenditure in SWM of DCC.
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Table - 3.1 Revenue collection and Expenditure in SWM sector of Dhaka City

Corporation

Year Revenue Collection Expenditure incurred Shortfall
(Taka) (Taka)

(% I
1994 . 95 9,69,63,527.00 20,57,24,392.00 52.87%
1993 . 94 9,03,96,305.00 17,23,50,228.00 47.55 %
1992 - 93 8,48,07,918.00 15,88,61,414.00 46.62 %
1991 . 92 8,04,78,533.00 14,63,59,897.00 45.01 %
1990-91 6,67,73,841.00 13,19,09,665.00 49.38 %
1989 - 90 5,78,80,209.00 11,29,32,982.00 48.75 %

Source ACCOUIlIS Department, Dec, 1995

3.2.5 Solid Waste Generation Rate

The generation of wastes differ in quality and quantity in different residential

areas. Human excreta, animal wastes, dust etc. are found in slum areas.

Hazardous wastes from industries and hospitals are frequently mixed with

municipal wastes which in turn are poorly collected and disposed, thereby

creating public health hazards. Table 3.2 shows the projected waste stream

fractions in 1995 of which domestic waste constitutes the major portion.

Table - 3.2 Waste Stream Fractions of Dhaka City

Type of Waste Waste Generation Percentage
Tons I Year

Domestic 244,336 46.8%
Street Sweeping 114,083 21.85%
Industrial 71,276 13.65%
Commercial 89,587 17.15%
Clinical 2,903 0.56%

Total 522,185

Source DMDP'1992
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Street Sweeping (21.8%)

Industrial (13.6%)

Domestic (46.8%)

Commercial (17.1%)
Clinical (0.6%)

Figure - 3.2 Waste stream fraction of Dhaka City

For Dhaka City there is no exact data available as how much solid waste is
generated. Solid waste generated at Dhaka City as reported in different reports
is presented in Table - 3.3.

Table - 3.3 Waste Generated at Dhaka City

Date Origin of Data Tons Generated

1985 -86 BKH 1040
1990 LBI 2500
1990 WHO 2210
1991 MMI 1366
1991 JICA 1540
1992 DMDP 1500

Solid waste generation rate in Dhaka City varies between 0.4 7 kg./cap/day to

0.52 kg.lcap/day. Table 3.4 shows waste generation in some selected Asian
cities.
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Table - 3.4 Waste Generation Rate of some Asian cities

City Bombay Manila Bangkok Tokyo Dhaka

Area Sq.l<m 466 636 1569 600 344

Populationx 1000 8243 7561 5609 8554 3397
(1981) (1988) (1987) (1987) (1991 )

Waste generation x 1150 1380 1800 4401 580
1000 ton I year

I<g.I Cap I Day 0.38 0.50 0.88 1.44 0.47-

Source DMDP, 1992

On the basis of waste generation rate of 0.50 kg.lcap/day waste generated in
DCC area is 1919 ton/day.

3.2.6 Solid Waste Collection Rate

The SWM system has been found deteriorating day by day turning inefficient
and costly due to major drawbacks in this sector. More than half of the city's
daily generated solid wastes remain uncollected are being dumped in local low

lying areas. The collection frequency varies to the seasons of the year. The per
capita collection in dry season is 0.18 kg.lcap/day and wet season 0.25

kg./cap/day. Out of the total present generation about 59% is available on
landfill and 41 % collection is missed or wrongly dumped (DMDP; 1992).

3.2.7 Physical and Chemical Composition

The physical composition of waste components varies widely with the location

and season of the year. The major components of municipal solid wastes include
food wastes, paper, plastic, cloths, glass, metal, construction materials and
others.

Table 3.5 shows the compOSition of municipal wastes in residential and
commercial area in which it is seen that major portion (80% - 90%) of solid
waste of the city is organic food and vegetable wastes.
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Table - 3.5 Composition of Waste in Residential and Commercial Area

Constituents Residential area Commercial area
% by dry wt. % by dry wt.

Food Waste 84.27 79.49

Paper 5.68 7.22

Plastics 1.74 1.48

Cloths 1.83 1.59

Glass, Metal and 6.38 10.22
Construction Wastes

Source Ahmed, 1993.

Chemical composition of wastes generated in Dhaka City has been analyzed by
EED (1975), Ahmed (1985), Islam (1992) and are presented in Table 3.6.

Table - 3.6 Chemical Composition of Wastes Generated in Dhaka City

Constituents Refuse from Domestic Refuse Market Wastes Mixed Refuse
disposal site (Ahmed, 19851 (Ahmed, t 9851 (Islam, 19921
(EED,19751

Moisture Contents % 47 - 55 45.3 53.6 95.31

Fixed Residue % 52.2 - 59.7 57.2 55.6 83.37

Organic Carbon ( C% ) - 22.6 25.7 21.84

Organic 0.4 - 0.6 0.41 0.36 0.39
Nitrogen ( N% 1

"
Phosphorus ( P%) 0.0 - 0.05 0.05 0.94
Potassium ( I<% ) 0.0 - - -

Source Ahmed' 1993.

The results of the analysis of the mixed waste show high moisture content, high

ash and inorganic contents and comparatively low N.P.K values of mixed refuse

of Dhaka city. The N.P.K contents represent the fertilizer value of the waste and
potential for conversion of the waste into good compost.
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3.3 MANAGEMENT OF SOLID WASTE IN DHAKA CITY

3.3.1 Collection

The management of solid waste in Dhaka city is neither community based nor
community participated. The household, commercial, institutional waste is

deposited from the source to the collection bins (concrete / C.I sheet) located
on the stre8ts at frequent intervals. In some cases, where there are no bins it
is simply dumped on the ground. The CI (Corrugated Iron) bins have normal size
of 3 feet diameter and 3 feet high with a lid. The masonry or concrete bins are
of variable sizes but are normally of one meter wide, one meter high and two

meters in length. At present there are 2450 CI sheet and 1595 pucca dust bins
in DCC area. All parts of the city are not provided with these bins and there is
no specific rule and criteria of placing the dustbins. As a results, the waste
disposed from households is often thrown on streets and footpaths, in open
drains and open places.

According to DMDP study 50% of the population of DCC area is using dustbins
for disposal of wastes, while 20% is using roads, 20% is using drains and 10%

is using open grounds to dispose of solid wastes. However from the field survey
conducted ill Dhanmondi and Kathalbagan area, it was found that only 35.17%
of the household are disposing waste on dustbin, 41.38% are disposing waste
on road or drain side, 13.10% are disposing on vacant lots, while 6.90% are
disposing in own premises. The main reasons for not using the community bins
are identified by the respondents as absence of dustbins and lack of easy access
to community bins (Enayetullah; 1994).

Street sweeping is done manually and debrises are loaded from the kerb-side into
handcarts and delivered into the same waste collection bins. The present
system of collection involves broomsticks, cane baskets, shovels, handcarts,
roadside permanent bins besides large body of manpower - about five thous~nd

sweepers, 114 supervising and managerial staff headed by one Chief
Conservancy Officer.

3.3.2 Transportation

The collection of household, commercial and institutional wastes from collection
bins is done by the fleet of vehicles which vary in size, age and design. For

removal of wastes from bins and other collection points to final disposal site,
DCC has fleet of 207 trucks of 5 ton, 3 ton, 2 ton and 1.5 ton capacity. Out of

these 30% - 40% are out of order due to technical problems. Table 3.7
represent the total no. of vehicles involved in transporting garbage along with

trips made. Most of these trucks are open flat beded, some has closed body with
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Plate3'1: Hand cart used for solid waste collection.

Plate,3'2 Communal waste collection bin.
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vertically sliding shutter on both sides. Recently DCC has introduced
dernountable container trucks in the city to rnodernize the transportation. The
open trucks are rnuch criticized because of the way they are loaded and left
uncovered causing spilling out of garbage and ernission of bad srnell.

VEHICLETYPE No. ofZone Total Trips5 Ton 3 Ton 2 Ton 1.5 Ton 5 Ton 3 Ton
tipping tipping

1 - 6 15 2 - - 23 58
2 8 6 27 6 - - 47 119
3 4 6 8 2 - - 20 49
4 13 8 3 - 1 4 29 45
5 19 7 - - 3 3 32 64
6 9 8 1 - 2 2 22 42
7 - 4 4 - - - 8 16
8 6 - 2 - 2 - 10 22
9 3 6 - - 2 - 11 20
10 2 - - - - - 2 4

Total 64 51 60 10 10 9 204 439

Present Level of Waste Collection VehiclesTable - 3.7

5 Ton Covered body 23 Nos.
Open body 41 Nos.

3 Ton Covered body 13 Nos.
Open body 38 Nos.

Source .' Tramporr Deparrlllelll, Dec, 1995

as they transfer waste to landfills. The vehicles with roller shutter are very
difficult to load and unload because a rnan cannot stand up straight under the
shutter. Each truck is assigned a specific area for cleaning rnakes on average 2
trips per day. The vehicles are loaded and unloaded rnanually by using cane
baskets and forks. DCC is able to collect approxirnately 42% of the total
generated wastes of the DCC area (Enayetullah' 1994). According to the present
transport fleet DCC can collect around 820 tons of solid waste per day
(Appendix AI which is also about 42% of the generated waste in DCC.
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Plate3'3: Open truck used by Dee for waste transportation .

. ,1.

Plate 3'4:'eovered truck used by Dec for waste transportation.
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3.3.3 Disposal

At present the waste is dispos8d off on low land in an uncontrolled manner
causing serious thread to environment. The disposal operation is poorly organized
with waste being spread without daily covering. Scavengers as well as'crews
emptying vehicles are in direct contact with the refuse. The disposal grounds

represent a tremendous nuisance for the residents of surrounding areas due to
the stench and breeding of flies and exposing to a serious health risk along with
air, surface and ground water pollution. Still DeC has been following the
uncontrolled dumping process to reduce the cost in waste disposal. Due to quite
scarce and expensive land and growing opposition from the public Dee is now
disposing waste at Matuail along the Dhaka - Demra road and 3 kilometer
outside the corporation jurisdiction. For the dumping depot DeC has purchased

52 acres of land. Out of these 13 acres have been developed for parking /
platform and rest 39 acres for land filling. With the present rate of waste
generation the site life of Matuail is estimated to be 4.5 years neglecting
expansion of collection area, population growth and increase in per capita
generation of wastes (Appendix B). Solid wastes are also used for infill of
privately owned low lands.

The previous dumping site was at outfall (1991) low land owned by DeC,

Jatrabari (1992), Mugdapara (1994), Mirpur (1995). These dumping sites were

closed because of raising public objection due to odor, dust and other nuisances.

3.3.4 Recycling

Material recovery and recycling from inorganic fraction of municipal solid waste
has been practiced by the scavengers in Dhaka. They also shoulder part of the

ecological costs of development through collecting and processing waste.
Although a large amount of money is saved through recycling by waste pickers,

who infact are helping DeC by saving disposal cost, no initiative has so far been
taken by the authority for improving their working and living condition with
proper safe-guard against health hazards.

Recycling of organic waste is not popular in Dhaka. The organic waste which

constitutes the major portion (70% - 80%) is disposed by crude dumping and left
unutilized. This is an unexplored sector in Bangladesh whereas in India and
China the use of organic waste by recycling into organic manure is very popular.

28



Plate 3'5

Plate 3'6

Crude dumping of solid waste for final disposal.

Landfill site at Mugdapara Residential Area.
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3.4 RECENT DEVELOPMENT TO IMPROVE SWM OF DHAKA CITY

The recent developments and efforts both in private and public sector to improve waste
management is described in this section.

3.4.1 Community Participation in Waste Management at Kalabagan

Kalabagan, a densely populated area of Dhaka City with narrow lanes and by-
lanes and due to that waste bins could not be placed by the DCC according to

the need of the community. The environment had deteriorated due to the
emissions of bad smells from indiscriminate littering of decomposed wastes and

also from clogged drain wastes. This unbearable situation drew the attention of
one resident of the area Mr. Khurram who with his friend devised a mechanism
to tackle the situation. In 1987, he purchased two old rickshaws and turned
them into carriers at the cost of about Tk, 20,000.00 (Taka Twenty thousand
only). With the community participation attitude of the local people these vans
began collecting wastes from house to house and disposing them at community
bins located at Mirpur road for collection by DCC. The van rickshaws were fitted

with honk and each van rickshaw was manned by 3 persons. Initially, this
operation was limited to Bashiruddin road and North Dhanmondi road. The
success of the operation has led to the formation another CBO at South
Kalabagan with 1st and 2nd lanes in 1990 under the initiative of Mr. Alam and
the local residents.

At present, there are 700 and 375 households are covering by the community
based and participated waste collection system respectively at North Kalabagan
and South Kalabagan area. These areas look much clean than the rest areas of
the city. The organizers of this project are collecting Tic 10.00 per month from
each family to meet the operation and maintenance cost, though some of the

residents are reluctant to pay this amount. Thus at present, three rickshaw vans

are being operated between 12 noon to 5 p.m each day by making at least three
trips.

The experience of the Kalabagan CSO approach reveals that a house to house
collection of domestic waste is very effective from the viewpoints of cost and
environmental improvement (Mohit; 1995). It has been reported that similar

schemes would soon be started in Purana Paltan, Malibagh, Gulshan, Crescent
road of Dhanmondi and other parts of the capital (The Daily Star; June 27,
1995).
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3.4.2 Awareness Growing Programme at Dhanmondi

To make the people conscious about environmental hazards, a Task Force was
formed by a group of language students of the German Cultural Center Goethe _
Institute, Dhaka. This Task Force had distributed letters and held meetings with
the housewives of Dhanmondi Residential Area and requested them to dispose
their garbage in the proper place. The initiative taken by the Task Force is
appreciable in the viewpoints of awareness and to make the city clean.

Another initiative was taken by 'Dhaka Little Theatre' with funding from German

Cultural Center, Dhaka had staged on open air drama regarding 'Solid Waste
Problems' in some schools at Dhaka city. The motive behind this drama was to
grow awareness among the young students of Dhaka about growing solid waste
problems.

3.4.3 'Save Dhaka, Clean Dhaka' Campaign

The Bangladesh scouts, the Bangladesh University of Engineering and
Technology (BUET), the Youth Ministry, the Dhaka City Corporation (DeC) and
the Daily Star jointly organised the citizens rally on 'Save Dhaka, Clean Dhaka'
followed by a procession with a view to raising public awareness and motivating
citizens to participate in the campaign. More than two thousand people including

scouts and cubs, boys and girls, women, youths, members of different socio-
cultural organizations, NGO activists, journalists and eminent citizens marched
through different thorough fares of the capital with a pledge to keep Dhaka city
clean.

3.4.4 Joint Venture Bio-Gas Project of DCC and BCSIR

A pilot bio-gas plant was set up in saidabad area of Dhaka City at an estimated

cost of Tic 1,50,000.00 which would produce 3000 cft of gas daily by using

350 tons of solid waste and this quantity of gas would met up the requirements
of around 30 families. The project was a joint venture of DCC and Bangladesh
Council for Scientific and Industrial Research (BCSIR), started in February 1992

and was successfully completed in July 1993. This bio-gas plant is an

experimental one, sound in teChnology but there is a little doubt of cummercial

return in the view of competition with natural gas. However, in places re";'ote
from the natural gas, it would be competitive.

Recently the BCSIR had signed memorandum of understanding (MOU) with four
nationalised banks (Sonali, Agrani, Janata, Krishi), The Local Government

Engineering Department (LGED) and the Department of Live-stock to popularise

and install locally innovated fuel-efficient cooking stoves and bio-gas plants in
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Plate 3'7: Specially built rickshaw van for house to house waste
Collection at kalabagan.

Plate 3'8: pilot bio-gas plant of DCC and BCSIR at Saidabad.
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the country, The mass use of improved stove and bio-gas plant can save about

2000 crore worth of fuel annually and thereby also help to check deforestation

in the country (The Daily Star; 24th August, 1995),

3.4,5 Bio-gas and composting project of LGED

Recently, LGED has introduced a co-composting pilot project in Ganaktuli

sweeper colony in Dhaka, This project is designed to serve 40 families, The

digester is directly connected to the toilets of the four storied sweepers colony

and there is a provision for disposing organic waste inside the digester, The

main purpose of the project is to help the sweepers to have a healthy

environment and also have gas for cooking instead of wood, This pilot project

might have a positive impact on total solid waste management,

3,5 PROBLEMS AND DRAWBACKS ENCOUNTED IN DCC'S SWM

The SWM of Dhaka city has been found inefficient and costly due to major drawbacks

and problems which need urgent attention are mentioned below:

3,5,1 Lack of Institutional Arrangement

Institutional arrangements for effective sustained community involvement,

awareness and participation in SWM practices are mostly non-existent, I/I-defined

policies on roles and responsibilities, ineffective legislation is hampering the
performance of the sector,

3,5,2 Insufficient Financial Resources, Financial Planning and Management

Although SWM activities take a large share of the municipal budget, financing

is inadequate and inappropriate due to low priority accorded to SWM, The

present method of charging conservancy tax based on annual rental value of

property is disappointing, as tax payers can easily manipulate the rental value,

3,5,3 Inefficient and Insanitary Col/ection Practices

The fleet of vehicles is old and along with its in-appropriate design and manual

handling results in a highly inefficient operation and often not even cover to

protect the waste from being scattered during the transport causing high health

nazards to the workers as well as to the public, In the present system the trucks

remain idle for most of the time and hence Dee is collecting only half of the total

generated waste, The poor technical approach to route selection and

management has resulted ineffective and wasteful practices,
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3.5.4 Improper Design of Communal Bins

The present design of communal bin is not satisfactory as it is open and allows
entry of rainwater producing leachate, allowing access to rats, dogs, cats and
scavengers can easily scatter the wastes. As a result, unhygienic and insanitary
conditions along with bad odor from rotting organic matter prevail around the

bins. To remove the wastes from the bin, worker has to enter inside the bin and
it is difficult to completely clear the bin.

3.5.5 Lack of Health Protection

The health risks to solid waste workers and waste pickers as well as the general
public have largely been overlooked. The collection of the waste is manual with

workers using forks, shovels and barehands and working without protective
covering for hands and feet, exposing themselves to danger infection and
disease.

3.5.6 Improper and insanitary Waste Disposal System

At present Dee is disposing the waste in low lying areas in insanitary manner,

using crude dumping method. The disposal grounds represent a tremendous

nuisance for the residents of surrounding areas due to the stench and breeding
of flies. No soil covering is provided after each layer of disposed wastes. Present
landfill sites are not designed to prevent contamination of surface and ground
water. No impermeable layer is provided beneath the site to prevent infiltration
of leachate into the ground water.

3.5.7 Ineffective Bye-Laws and Standards

The present law does not provide any penalty for illegal disposal of wastes or
littering in the street. Dee does not have any policy which represents a service

which should be borne by the user. Present system of property tax out of which
the solid waste operation is financed does not provide any incentive for the
waste generator.

3.5.8 Lack of Co-ordination

In has been observed that three departments conservancy, transport and
mechanical are involved in collection and disposal activities. As a result, there
is fragmented responsibility and create problems in co-ordination of daily
operation.
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3.5.9 Disposal of Mixed Type of Waste

At present DCC is collecting solid wastes from households, industries and
hospitals etc. and disposing them combinedly in waste collection bins or disposal

sites. Clinical wastes carries pathogen which are subsequently toxic and

hazardous.

3.6. SUMMARY OF THE DCC'S DRAWBACKS

The prevailing DCC's SWM practices is neither satisfactory nor adequate. The absence

of adequate planning and the use of inappropriate technology have led to a serious

wastage of expenditure and effort in this direction.

The present SWM system of DCC requires strengthening in the financial, institutional
and technical management along with involvement and participation of community and
creation of public awareness. The Kalabagan model of CBOapproach appears to indicate
that active participation of community is essential for better waste management and has
potential implication in cost effectiveness and adverse environmental impacts. At such
DCC can play the role of a facilitator in the community based system of solid waste

collection which would involve NGO and CBO operations.
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CHAPTER - 4

APPRAISAL OF SOLID WASTE COLLECTION AND

DISPOSAL SYSTEM FOR DHAKA CITY

4.0 INTRODUCTION

To achieve the objectives of the study as outlined in Chapter- 1 the information and
datas gathered from physical survey, secondary sources have been accumulated,
analyzed and presented in tabular form for better understanding and forecasting for the
whole city. Due to limitation of time it was not possible to carryout survey of the whole
Dhaka city. For this reason the study area was taken Zone - I of Dhaka City Corporation
consisting of 15 wards has been considered the present study area. Both planned and
unplanned were within this study jurisdiction. High density communities, narrow lanes
and by-lanes difficult to access of the DCC conservancy truck (Jura in, Gandaria) to the
wider, less densely residential area (Wari, Hatkhola) have been considered. The
demography and overview of Zone - I of Dhaka City Corporation is presented in
Appendix - C.

In order to get acquainted with the present practices and developments in the sector of
SWM and gather secondary information from the published / unpublished governmental
and international agency reports, studies of the consultants, journals, relevant literature
has been reviewed and data have been collected for ,ready reference, analysis and
comparison.

4.1 PRIMARY COLLECTION SYSTEM

Due to narrow and crowded streets or poorly built access roads, it is not physically
possible for a waste collection truck to enter low income, high density settlements. The
Primary collection system of solid waste in Dhaka City has been found inefficient and
inadequate associated with the problems of littering on roads, spilling around .the
communal bins, clogging of drains by street sweepings, indiscriminate dumping on
vacant plots causing serious environmental degradation and health risks. In order to
improve solid waste collection in primary level from households or communal bins it is
necessary to design an arrangement which has significant financial and environmental
implicatioRs.

4.1.1 Existing Hand-Cart Sub-System

The existing hand-carts are similar to an ordinary single front wheeled wheel
barrow having two large diameter wheels each side. The handcart is poorly made
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which wobble excessively from side to side making them very difficult to steer
even when empty and almost impossible when full. The very large diameter steel
wheels having plain bearings and without any form of outer lining on the rim
(such as tyre) contribute to this difficulty. The handles are cranked so high that
when an average sized man lifts and pushes the cart his elbows are bent half
way up his chest whilst his arm mussels take the strain of lifting and pushing.

Working Arrangement

The community Bin (CB) system of collection is being practiced by DCC. The
CBs are made of corrugated iron (CI) sheets and of masonry / concrete
construction. The CI bins have a normal size of 1 metre dia and 1 metre high
with a lid and the masonry / concrete bins are of variable sizes (1.22 m X 0.91
m X 0.91 m to 1.67 m X 1.4 m X 1.1 mI. A total of 3846 cleaner for street
sweeping, 105 for storm sewer cleaning are distributed in 10 zones of DCC
working both day and night shifts for cleaning the city. The collection of waste
and cleaning of streets are done manually by the cleaners who use short handled
coconut leaf brooms and collect the swept materials in heaps and take them to
dustbins or in their absence to an open collection points by handcarts. The ward-
wise distribution of communal bins and cleaners under zone - 1 has mentioned
in Appendix D.

Operational Strategies

The capacity of existing hand cart is 0.13 cu.m (4.6 cu. ft) and considering a
source density of 300 kg/m3

, it will carry approximately 40 kg of solid waste.
The weight of the handcart itself is approximately 35 kg. A total 340 of handcart
are under operation in zone - 1. The productivity of the handcart system is low
due to excessive walking backwards and forwards between the collection area
and the dumping point. A short productivity study was conducted by Mott.
MacDonald International Limited in May 1991. The results follow:

Short wall< :

43.7 paGesper min.

Time spent walking 39%
Time spent collecting 54%
Time spent dumping 7%

Overall time to collect 1.0 cU.m
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Medium walk:

65 paces per min.

Time spent walking 31%
Time spent collecting 62%
Time spent dumping 7%

Overall time to collect 1.0 cU.m

Medium walk:

81 paces per min.

Time spent walking 52%
Time spent collecting 43%
Time spent dumping 5%

62.8 mins.

Overall time to collect 1.0 cu.m : 154 mins.

Expenditure for Sweeping Operation and Collection

To keep public streets and public places clean including street drainage and to
bring waste from street to communal storage bins a considerable portion of cost
is involved. The statement of the monthly consumed materials of the primary
collection system has shown in Appendix - D. The existing primary collection
system cost / cU.m is presented in Table 4.1
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Table - 4.1 Expenditure of Existing Primary Collection System

a) Cost of Consumed materials

Annual Expenditure

Monthly Expenditure

Depreciated value of handcarts (340/1 2) x 5400 I cart

Maintenance cost of handcart = (340 x 500 x 4 ) I 12

= Tk. 17,200.00
= Tk. 15,600.00
= Tk. 16,940.00
= Tk. 70.00
= Tk. 280.00
= Tic 642.00
= Tk. 130.00
= Tic 60.00
= Tic 160.00
= Tk. 40.00
= Tk. 100.00
= Tk. 420.00

= Tk. 1,53,000.00

= Tk. 56,667.00

= Tic 2,61,309.00

= Tic 31,35,708.00

Tk. 20 I kg.
Tk. 48 I Piece
Tk. 7 I Piece
Tk. 70 I Piece
Tk. 70 I Piece
Tic 6 I Piece
Tic 130 I Piece
Tic 30 I Kg.
Tic 40 I Kg.
Tk. 20 I Piece
Tic 20 I Piece
Tk. 140 I Piece

860 kg.
325 Nos.
2420 Nos.
1 No.
4 Nos.
107 Nos.
1 Nos.
2 Kg.
4 Kg.
2 Nos.
5 Nos.
3 Nos.

Brooms
Cane basket
Soap
Shovels
Fork
Brush
Bamboo
Rope
Wire
Hook
Bow Fork
Balcha

b) Salary for Cleaners

Daily basis (fixed paid) Tic 50.00 per day for 264 Nos. of cleaner

Scale paid (900.00 - 18 x 35 - 1530.00) average salary including house rent, medical,
conveyance etc. Tic 1675.00

Salary statement of May '95 . = Tk. 8,71,667.00

Annual average salary = Tic 1,04,60,004.00

Total Annual expenditure in existing primary collection system = Tk. 1,35,95,712.00

Approximate population in Zone - 1 is 812697. [Appendix C I

Considering 0.47 kg. I cap I day generation rate of solid waste and source density of
300 kg. I cU.m.

Waste generated daily in Zone - 1
= 812697 x 0.47 = 381968kg./day
= 382 ton I day = 1273 cU.m I day

Considering 50% collection efficiency in Dhaka City.

Cost I CU.m in existing primary collection system
= Tic 1,35,95,712.00 I (1273 x 288 x 0.50) = Tk.74.00
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4.2 ALTERNATIVE COLLECTION ARRANGEMENT

In order to improve solid waste collection two alternative arrangements can be examined
from the viewpoints of cost effectiveness and environmental improvement.

4.2.1 Ricl<show Van System - A Promising House to House Collection System

The community based and participated waste collection system of North
Kalabagan and South Kalabagan covers 700 and 375 households respectively
and for the house to house collection each household has to pay Tic 10.00 per
month. Three rickshaw vans are in operation - two with the north and one with
the south to collect the wastes between 12 noon to 5 p.m each day. Each van
makes three trips perday during summer starting from May through August and
two trips during rest of the year. Each van rickshaw is fitted with honl< and
manned by 3 persons. The purchase price of two old rickshaw chassis and
turned them into carriers cost of about Tic 20,000.00

The capacity of each rickshaw van

L = 1.28 m, B = 0.80 m, H = 0.90 m
V =: 0.92 cU.m

Considering solid waste density (inside the van) to be approximately 450
kg.lcu.m with an average of two trips made per day, the collection by each
rickshaw van = 0.92 x 2 x 450 = 828 kg. / day. The average collection
by each rickshaw van is 0.80 to 1.25 ton/day.

Each rickshaw van covers about 350 to 375 households which have to pay a
total of 375 x Tic 10.00 per household = Tic 3750 per month to meet the
operation and maintenance cost.

Considering the purchase price of about Tk. 10,000.00 of each rickshaw van
with an effective life period of about 2 years with no salvage value.

Depreciated value of rickshaw van
Maintenance and Operation cost = 3,750 x 12

Total

Cost / cU.m for the system of rickshaw van
= Tic 50,000.00/ (0.92 x 2 x 288) = Tk. 94.00
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4.2.2 Platform Rickshaw and Handcart System

With a view to improve the primary collection, the Implementation Support
Consultant of Environmental Improvement Project of Dhaka City Corporation has
designed an improved hand cart and platform rickshaw. The pilot system was
designed with an intention to provide cans to residential holdings with holding
numbers may be engraved. All the premises should keep their own cans and the
filled cans should be transported through rickshaw vans or improved handcarts
by the workers of DCC and returned back to the owners. Normal cleaning
operation of streets, footpath and drains shall continue as usual and the solid
waste should be collected in the cans, finally transfer into the demountable
containers through hand carts.

Improved Handcart

In order to tackle the difficulties of the existing handcart system, the proposed
modified handcart should be designed light weight, durable and free from
corrosion. The workers will not get fatigue and they will be able to carry more
waste in a single trip than what they are carrying at present. The handcart will
collect from the lanes, by lanes where it is inconvenient to collect even by
platform rickshaw and also collect from the surface drain, littered around the
premises, roads etc. The handcart having capacity to hold 3 fibre glass cans at
a time with capacity of 0.08 x 3 = 0.24 cU.m unload the wastes directly into
the demountable containers.

Considering the 'source density' of solid waste of 250 - 300 kg/m3, the largest
size of can which a man can handle is approximately 0.80 cU.m. A filled ca~ will
weight of can 24 kg. The proposed handcart can carry 3 cans at a time will
transport approximately 20 x 3 = 60 kg. of solid waste.

Platform Rickshaw

The transportation of the cans shall be done by a modified platform rickshaw
made of fibre glass that will carry 9 cans on a square / circular platform
considering the total load which a conventional platform rickshaw carries (more
than 500 kg), the load of solid waste plus the weight of the filled can and
platform will be well below 500 kg.

i. Total weight of solid waste 20 kg x 9 = 180 kg.
ii: Total weight of the cans 4 kg x 9 = 36 kg.
i;1. Weight of fibre glass platform 10 kg x 1 = 10 kg.

Total = 226 kg.
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Plate 4'1: Improved Handcart designed for collection of waste from
narrow lanes.

Plate 4'2: Modified platform rickshaw carrying nine cans.
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Cost of Proposed handcarts

Can (made of fibre glass) = Tk. 1,000.00 x 3 = Tk. 3,000.00

Cost of mould / Dice (sharing to 12 cans)
(2,500 / 12) • 3 == Tic 625.00

Handcart made of angle == Tk. 5,000,00

Share of accessories and assembly
(1,000 x 3) / 12 = Tk. 250.00

/

Total

Cost of Rickshaw Van

Can (made of fibre glass) Tic 1000.00 x 9

Share of cost of mould / Dice (2500 x 9) / 12

Platform / Carrier (fibre glass)

Rickshaw Chassis (Heavy duty good quality)

== Tk. 8,875.00

== Tk. 9.000.00

== Tk. 1,875.00

== Tk. 7,000.00

== Tk. 4,500.00

Share of Accessories and Assembly
(1,000.00 x 9) / 12 == Tk. 750.00

Total == Tk. 23,125.00

Considering the purchase price of platform rickshaw of about Tk. 23,125.00
with an effective life of about 2 years with no salvage value, each platform
rickshaw is manned by 3 persons.

Depreciated value of the platform rickshaw
cost of maintenance and operation

Total

== Tk. 11,560.00

== Tic 45,000.00

== Tk.56,560.00

Considering two trips by each platform rickshaw

cost / cu. m of the system Tic 56,560.00 / (0.72 x 2 x 288) = Tic 136.00
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4.3 COMMENTS ON SUITABILITY AND RESPONDING

The .existing practice of street sweeping, handcart accumulation and communal bin
collection can be improved through increase the number of communal bins, cleaners and
other associated staff of conservancy division. But an increase in the number of
communal bins in congested areas where narrow roads exist are unwanted by the
residents because it aggravates the already created traffic congestion. Moreover, the
additional cleaners and staff employed by the DCC would escalate per ton cost of
collection solid waste. It has been observed that majority of the problems of littering on
roads and drains is associated with present communal bin system of waste collection.

The system of house to house collection through exchanging of cans will obviously
reduce the number of handlings of the waste. But to make the programme successful
DCC should promulgate necessary law that cans must be available at the premises of
the DCC designated suppliers. This system of collection would also enhance DCC
expenditure on the solid waste management with no assurance that all the wastes will
be collected. Imply levy charges from the residential holdings for the services would not
be presently possible by DCC. Moreover, creation of public awareness about adverse
environmental and health impacts due to improper disposal of wastes should be
enhanced through public information campaign is also cost intensive.

If the neighborhood communities are encouraged to form Community Based
Organizations (CBOs) to organize the work of collection of domestic solid wastes,
collection will be better and it will be highly cost-effective on the part of city
corporation. Table 4.2 highlights the comparison of cost and efficiency of the systems
of collection.

Table 4.2 Comparison of cost and effeciency of the collection systems.

System Capacity Cost of Collection I CU.m
Conventional handcart and 0.13 cU.m I Tk. 74 I cu.m
communal bin system handcart

CBO - approach of Rickshaw 0.92 cU.m I Tk. 94 I cU.m .
van system rickshaw van

Platform rickshaw 0.72 cU.m I Tk. 136 I cU.m
carrying 9 cans platform rickshaw

Therefore; from thn perspective of cost effectiveness and environmental improvement
among the three oPtions, the CBO - approach is better suited than others. Because the
traditional concepts and technologies to collect waste is becoming insufficient and
ineffective in order to cope with the increasing multidimensional problems of solid waste
handling in the light of rapid population growth and activities. aesthetic and ecological
implications.
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4.4 SECONDARY WASTE COLLECTION SYSTEM

The objective of a waste collection system is to transport wastes collected from specific
locations, at regular intervals, to a disposal site at minimal cost. To achieve efficiency
in collection operations, it is essential to match truck type, size with such local
conditions as : prevailing solid waste characteristics (density and composition), road
conditions and access, haul distance, communal storage facilities, availability of spare
parts, local facilities and skills for maintenance and repair, foreign exchange rate and

labour rates. As labour wage rates are low while vehicle costs are extremely high,
vehicle costs predominate in overall system costs. Emphasis, therefore, needs to be
given to optimizing vehicle productivity. Optimum collection performance can be
achieved by finding the lowest possible costs per ton of solid waste handled while
aiming for the highest possible vehicle productivity. Presently, both the stationary
container system and hauled container system are in practice in Dhaka City. The
operational tasks for the both system are shown schematically in figure 4.1 and 4.2.
The activities involved in the collection of solid wastes can be resolved into four unit
operations: Pickup. haul, at-site and off-route.
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4.4.1 Stationary Container System (Open I Covered Truck)

In stationary container collection system the containers used for the storage of
wastes remain at the point of accumulations. The stationary container vehicles
in Dhaka City are flat - bed trucks: some open and some half oval roof covered
with sliding roller shutter or side covers. Waste is collected from accumulations

On the ground or masonry enclosures which is brought to these places either
directly by the residents or by persons. employed to collect the waste from
houses by a hand-cart. When the collection truck arrives the waste is raked into
the baskets which are then loaded onto the truck.

Work Practices

The loading is not only difficult and time consuming but also an insanitary

method of handling wastes. Two men r"king wastes into the baskets, one or
two men lifting the full baskets from ground level to a worker standing in the

truck who emptying and distribute them with the use of fork inside the body.
The loading operation is unhygienic, especially when they entail raising wastes

above the loaders heads, causing cOnsiderable fallback of the wastes onto the
loaders and surrounding area.

System Evaluation and Productivity

The basket used to load the waste into the body is wrong shape and size. Only
about 42 litres of waste is loaded onto the basket and this takes longer to

achieve. Body, head and shoulders of the man lifting the basket has closer direct
contact with waste that is a grave danger to his health, safety and well-being.

The flat - bed vehicles used are static for the majority of their working time. The
loading and unloading systems take time, and are extreme health hazard to the
operating staff. The vehicles offload onto the street at the landfill site because
they cannot rUn On the soft landfill itself. The street has therefore, become a

hazard to all its users. While moving it spreads litter in the streets and
Contributes bad smell which is danger to public health and damaging to the
environment.

Due to the shape and height of the covered truck makes it difficult for men to
stand inside the body, therefore loading is done from the outside but manual

unloading requires men to enter the bOdy and rake out the wastes. Because of

the size and shape of the oval body the men have to work half crouched. To

overcome this they leave the front part of the bOdy empty and thus greatly
reduces the useable body volume.
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The productivity study shows that trucks stand still for 75% of the working shift

whilst the wasteis.loaded. This results in high operational costs. In Dhaka, for
a five men team to load 1.0 cU.m of waste into a normal sized truck takes 14.6
minutes and 6.8 minutes to unload. [ UNCHS; 1991 ].

A survey has been conducted on 3 ton, 2 ton and 1.5 ton payload trucks to

calculate total waste collected per day. Using the datas recorded from survey,
the waste collection I trip for 3 ton payload truck is calculated.
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System 3 ton payload stationary container

Location South and West Jatrabari

Dumping
Site Matuail, Day shift. 2 trips / day

The time available for each trip

H = [( t, + t, ) + Nd ( T", )J / ( 1 - w) [Equ 11.8, Peavy I

t, =

t,

Nd =

T'icS

W

time from garage to first 'dustbin location = 5 minutes

time from dumping site to motor garage = 20 minutes.

No. of trips made per day = 2

Time per trip for stationary container system.

Off - route factor (time spent for check in and out. congestion, equipment repair

and maintenance, time spent for lunch in excess of the stated lunch period =
9 minutes I P - 611, Peavy I

H

H

Tscs

= I( .08 + 0.33 ) + 2 • T", I / ( 1 - 0.15 )

length of workday, 8 hours I 7 a.m to 3 p.m I

3.195 hours.

Tscs =

P SC$

P,,, + s + a + bx I equ 11 - 4, Peavy 1

Pick up time per trip, h / trip

S = At - site time per trip = 20 minutes

* a = empirical haul constant, h trip 0.06

• b = empirical haul constant, h km = 0.03

( • Based on speed 30 km / h Table 11 - 7, P - 610 Peavy).
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x = round trip haul distance, km I trip = 12 km.

pscs = 3.195 - [0.33 + 0.06 + 0.03 x 12 ) = 2.45 hour I trip

The number of pickup locations from which wastes collected per trip can be estimated.

60 =

n =

(60 x P'" x n) I tp [Equ 11 - 9, Peavy)

No. of pick up locations per trip, location I trip

conversion factor from hours to minutes

Pick - up time per trip, h I trip

No. of collectors = 3

tp = Pick up time per pick up location, min I location = 15 minutes

Np = (60 x 2.45 x 3) I 15 29.4 ~ 30 Nos.

Once the number of pick up locations per trip is known, the volume of solid wastes collected

per pick up location can ;)e estimated as follows:

v

V

r

=

=

( V p x Np ) I r (Equ 11- 11 Peavy)

Volume of the collection vehicle = 3.5 x 1.9 x 0.90 = 6.0 cU.m

On truck to collection point compaction ratio = 2.2

On truck dE'nsity

Collection point density
= 550 kg 1m3

250 kg 1m3 (UNCHS' 1991)

Vp

Vp =

Volume of solid wastes collected per pick up location, cU.m

0.44 cu.m

Total volume of waste collected I trip = 0.44 x 30 = 13.2 cu.m (avg.)

Waste collected I trip = 13.2 x 550 = 7260 kg = 7.3 ton

Total 2 trips made daily waste collected I day = 14.6 ton I day
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Annualized Lifetime Unit Cost and Efficiency

Data has been provided by Dee concerning the life time costs of their present
vehicles. Life time cost is the purchase cost of the vehicle plus the spares and

maintenance costs over the period of its life, assuming no accidental damage.

The type of vehicles which are presently running in the area of zone - 1 has been
considered for analysis and survey. The present vehicle scheduling along with
the trips made the collection efficiency has shown in Appendix - E. The
annualized life time unit cost of the stationary container system is shown in
Table - 4.3.
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Table - 4.3 : Annualized life time unit cost of statiionary container system

Capital Cost

Pay Initial Re.body Engine Estimated Ufe Total

load CapitClI Cost Reconditioning in Months Capital
. • . • .

1.5 ton 4,00,000 35,000 20,000 54 5,25,000

2.0 ton 4,50,000 35,000 20,000 54 5,75,000

3.0 ton 6,50,000 45,000 25,000 54 8,07,500

Operating Cost

Pay Spares Consumables labour I Hrs. labour Rate Monthly Life Life Time
Load per month per month per month per hour Operating Cost Operating Cost. • • • Cost

'.5 ton 4167 2000 45.00 6.88 6476 349704 874704

2.0 ton 4583 2500 45,00 6,88 7393 399222 974222

3.0 ton 5000 3000 45.00 6.88 8309 448686 1256186
.

Average Haulage Cost ,

Pay load Life Time Average Average Average No. No. of loads .
Cost Loads Volume of in Ufe Time Cost I Ton Cost I CU.m

Ton eU.m LoadslDay Tons

'.5 ton 874704 4.84 8.8 2 13068 Tk. 67.00 Tk. 37.00

2.0 ton 974222 6 10.95 2 16200 Tk. 60.00 Tk. 3300

3.0 ton 1256186 7.3 13.2 I 2 19710 Tk. 64.00 Tk. 35.00

Note al Assumes never off the road.

b) * Datas taken from DMDP' 1992,

c) All the figures are in Taka.
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4.4.2 Hauled I Demountable Container System

In this collection system the containers used for the storage of wastes are
hauled to the processing, transfer or disposal site, emptied and returned to either

their original location or some other location. The vehicles are equipped with
hydraulically - operated hoisting arms to move detachable containers between

the floor of the vehicle and the ground. The system is particularly suitable where

large quantities of waste can be easily brought and one truck can be used to
carry several containers to minimize cost and to reduce the number of trucks to
be purchased. Vehicles handling detachable containers have faster pickup, set
down and turn round times and can handle more loads each day.

System Procedure

With this system" the truck is fitted with special hydraulic equipment which
arrives to the place of full container at a predetermined time, to coincide as
closely as possible when the container is full and places it on to the truck

chassis, travels to the waste disposal site where it empties the full container by
tipping and returning back to the same location to place the container. The truck
then travels to the location of another full container. And so the cycle repeats
itself throughout the work shift.

Suitability and Operational Strategy

The demountable container system is preferable as that an expensive truck is

always working and not standing idle whilst the container is being loaded. With

this demountable" system it is common to reduce the number of trucks needed
to collect and transport waste. About less than 15% number of truck needed
if demountable container is used (UNCHS; 1991). In this system as the waste

is containerized public health is upgraded, disease vectors are reduced, street
litter "lessens, open sewers and drains are less likely to become blocked and
provide a better and cleaner city.

The operational strategy of the 3 ton demountable container has been observed

and analysed. The total volume of waste transported to the disposal site is
calculated according to the exercise done in UNCHS, 1988.
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Plate 4'3: Steel container placed at specified location.

Plate 4'4: Demountable container truck for waste transportation.
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System 3 ton payload demountable waste collection vehicle.

Physical Modeling Data

Waste generation / capita / day
Refuse density in container
Collection days / week

Collection hours / day (one shift)
Container Size

Average Container Load
Container Vehicle travel speed
Time to pick up container

Time to drop off or unloading container
Off route

0.47 kg

= 450 kg / cU.m (Assume)

= 6
8

= 6 cU.m

= 80% full

= 25 km / hour

= 15 min.

= 10 min.

= 10 min.

Average Container Load = 450 x 6 x 80% = 2160 kg = 2.16 ton

Time to pick up each container and deliver it to disposal site.

T =
=

15

35
+ 10 + 10
+ (d/25) x

+ (d/v) x 60

60 = 35 + 2.4d

Considering average haul distanc'e 6 km.

Time required per trip ( pick up + off-route + haul time) = 49.4 minutes

Containers Carried to disposal site per shift at 80% efficiency

= (0.8 x 8 x 60) /49.4 = 8

Volume of waste carried per shift' at 80% full = 6 x 8 x 0.8 38.4 cu.m

Total volume of waste carried per day (in two 8 hour shift)
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System Cost and Efficiency

The annual cost of operating the system for one complete year is calculated

considering all the true costs of purchasing the individual components of the

system and all true operating costs. As the demountable trucks are currently

purchased the re-body cost and engine reconditioning cost are not taking into
account. Data has been provided by DCC concerning about the purchase price
of the system, operation and maintenance cost over the period of its life,
assuming no accidental damage. The annual life time unit cost of the 3 ton

demountable container system is made and shown in Table 4.4.
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Table 4.4

Capital Cost

Annualized life. time unit cost of 3 ton demountable truck

Pay load Initial Capital Re.body Cost Engine Estimated life Total Capital

Reconditioning in months

3.0 ton demountable , 264756 + 93744 . 60 2764660
(No. truck + 16 ' 16 = 2764660 .

containers) ..
Operating Cost

Spares per month Consumables labour I hrs. labour Monthly Life Operating Life Time
.'

per month per month rate I hour Operating Cost Cost Cost

5000 2500 50 6.88 7844 470640 3235300. . . .

Average Haulage Cost

Ufe Time Average Loads Average Average No. of No. of Loads in Cost I Ton Cost I Cu.m
Cost Tons Volume cU.m Loads J Day life time ton

3235300 2.16 4.8 16 51840 Tk. 62.00 Tk.28.00

Note a)
bl
c)

•
• •

Datas taken from DMDP '92.

Datas taken from Erp, DCC.

All the figures ar& lin Taka.
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4.5 COMPARISON OF TRANSPORT SYSTEMS

The comparison of waste carrying capacity and unit collection cost of 3 ton

payload open truck and demountable container system is shown in Table - 4.5

which shows that 3 ton payload demountable container system is more efficient

and cost-effective than open truck system.

Table - 4.5 Comparison of waste caarying capacity and unit cost of

transporting systems

3 ton payload Waste carrying Collection cost
truck system capacity per 1.0 cU.m

Open truck system 13.2 cu.m / Shift Tic 35.00
26.4 cU.m / Day

Demountable Container system 38.4 cU.m / Shift Tic 28.00
76 cU.m / Day
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4.6 ROUTE PLANNING AND SCHEDULING

The best way of increasing vehicle productivity is to select and plan routes so
that the quantity of waste collected daily is maximized. Where a uniform waste
generation process is in place and disposal sites are limited, the problem of route
selection simply amounts to the identification of transport routes involving the
least distance. To rationalize route assignments - the easiest system, to schedule
and planning of demountable container systems based on the factors tonnage
to haul, average travel speeds, distance between container position and disposal
site, Average container exchange times, average turn round time at the waste
disposal site. Before planning of a route schedule the following factors are taking
into account:

Observance of existing policies regarding collection and its frequency.

Considering the vehicle routes are not fragmented and overlapping.

The scheduling should be backed up by a map, showing the location of
every schedule pick-up point. start and finish locations, disposal sites, and
the route to be followed from start to finish for each truck.

Activity schedule for true starting time and the target time of arrival and
departure at each pick up point and at the disposal site.

Following the efficient possible way of minimum travel distance, maintaining
average travel speed, avoiding possible traffic congestion routes, and utilizing
effectively the maximum working minutes of the work shift - route planning and

scheduling has been prepared for the collection area of zone - 1 (Figure 4.4).

The proposed primary collection following the community based Rickshaw van

system and the route of transport vehicles in ward no. 86 under zone _ 1 is
physically done and marked in Figure - 4.5
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4.7 FINAL DISPOSAL OF SOLID WASTE

Final disposal of solid waste is one of the major problems of SWM of the metropolis.
The dumping sites are mostly centrally located close to the collection areas encircled by

settlements and housing estates and subjected to growing opposition from the public

due to odour, dust and other nuisances. It is becoming increasingly difficult to find new

dumping sites which cause minimal adverse environmental impacts, which find the
approval of the public and which are located at a reasonable distance from the collection
area. Recently selected landfill site at Matuail is at a long distance of about 10- 20 km
from the central collection areas. This results in high hauling and transportation costs
as well as in additional investments in the road infrastructure, boundary dyke etc. One

positive approach is to recycle the waste, thus turning waste to profit, as well as

conserving the environment. So the disposal philosophy should be treated all wastes as
resource materials, some for recycling, some for conversion to fertilizer or as a source
of energy and the balance for land reclamation.

4.7.1 Present Landfilling Practice

At present final disposal of solid waste is being done by uncontrolled dumping
of collected garbages in low-lying lands. Crude dumping method is used to
dispose the solid waste in Dhaka though it is an environmental disaster, causing
health risk from different vectors along with air, water and ground water
pollution. The present garbage disposal site is at Matuail consisting of an area
of 52 acres. The site is located along Dhaka - Demra road and 3 kilometers

outside the corporation boundary. Out of acquired 52 acres of land about 13

acres have been developed and raised above flood level for vehicular movement
and the remainder is being used for waste disposaL The whole site is enclosed
by artificial earthen dyke for preventing intrusion of flood water. Bulldozers,
payloaders, excavators, tyre dozers, chain dozers etc. have engaged in levelling

and compacting the dumped wastes without following standard sanitary
specification. No soil cover is being provided between the waste la,yers

dissipating strong odour. The scavengers are collecting recyclable materials by

mobbing each refuse vehicle and bulldozers exposing themselves to infections

and other health hazards. Several kinds of birds such as gulls, crows etc. are
being attracted to landfill operations.

Effects on Health and Environment

Uncontrolled dumping of solid wastes could affect public health through the

spread of gastrointestinal and parasitic diseases primarily cause,d by the
proliferation of insects and rodents. From an open dump wind - blown Gusts may
carry pathogens and hazardous materials. Smoke generated from wastes at open
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dump is a significant respiratory irritant. Uncontrol dumping could severely affect

both surface water and ground water. The input of high strength organic

leachate and inorganic solutions of metals in a reduced state of oxidation into a
water course will cause a major threat to public health because ground water is
the only economic and reliable source of drinking water. Rapid decomposition of
mixed refuse in temperate humid climate causes odor, nuissance, abnoxious
conditions and hazards in surrounding areas.

Cost Economics

Costs to be considered in planning and establishing a landfill should involve
calculating all capital costs for the construction and the operating costs of the
landfill. Capital cost involve land acquisition, site development, access road,
earthwork, Containment bunds / dykes, site plant (dozer / compactor!. site office

etc. The operating expenses are wages of the plant operators, fuel, lighting,
maintenance of the machines and earthworks etc. According to DCC source for
the disposal of solid waste / land filling 14 of the allotted revenue budget for
conservancy is being spent (Paul, Shukur; 19931. For the current disposal
practice at Matuail the cost involved are summerized as _

Land acquisition = 500 lacs
Site development = 200 lacs
Access road = 60 lacs
Containment dykes = 250 lacs
Site office and lighting = 1 lac

As the site plants such as excavators, chain dozer, tyre dozer, payloaders are
not regular in service, no cost estimation can be made in that connection.
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Plate 4'5: Present landfill site at Matuail.

Plate 4'6: Proposed sanitary landfill at Matuail.
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4.8 IMPROVED SOLID WASTE DISPOSAL OPTIONS

The disposal of municipal garbage lacks proper scientific and technical approaches and
hence is a potential pollution source. The scientific, technical and environmentally
suitable methods of waste disposal are (a) Sanitary land fill (b) Incineration (c)
Composting (d) Anaerobic Digestion whose advantages and disadvantages' have
already been discussed in Chapter - 2.

4.8.1 Sanitary Landfilling

Sanitary landfilling is the most economical sanitary disposal option with low
capital and operating costs, extremely low labour requirements and
particularly suitable for mixed waste disposal System prior to the availability

of suitable lands with close range to city. Sanitary landfilling is a reclamation
process of disposing of solid waste that fills and contours natural or man-
made depression and reclaims low lying or marsh lands so that they all can

be used productively without creating nuissance or hazard to public health or
safety.

Feasibility of Sanitary Landfilling in Dhaka City

Sanitary landfilling is a low cost method compared to other methods
(incineration and mechanical composting) which involves simple technology

and contribute to reduce pollution and promote environmental conditions.

DCC had a decision to introduce sanitary landfilling practices at newly
acquired 52 acres of land at Matuail. But due to the growing opposition from
the public from the landfilling site at Mugdapara, DCC has shifted its
landfilling operation at Matuail without taking the pre requisite preparEJIionfor
sanitary landfilling. Still DCC has an intension to adopt sanitary landfill in a
part of Matuail. Necessary technical feasibility and economical viability has
been examined by the foreign experts.

With the recent improvement in collection of solid waste, more space would
be required for disposal. Moreover land is quite scarce and costly in Dhaka
and it would become very difficult to find suitable disposal site close to the
collection areas, resulting high haulage cost. The new site at matuail, situated
on south eastern outskirt 3 km outside the corporation area obviously increase

in transportation cost if the volume of waste is not reduced. As such, waste

reduction methods deserve serious consideration in conjunction with sanitary
landfilling method, in order to prolong the life of landfill sites and als6 to
reduce SWM cost.

66



4.8.2

4.8.3

Incineration/'

)ncineration is the process involves the burning of solid waste at high
temperature converted into gases and incombustible solid residues. The
important factors to be observed to maintain of a minimum temperature of
about 850'C in the combustion chamber for burning and the presence of grit
extractors to remove finely divided dust before it gets discharged into
atmosphere.

Feasibility of Incineration in Dhaka City

From Table 3.5 and Table 3.6 it can be seen that Dhaka's waste is very
largely vegetable in content and have a high moisture content. Such waste is
not suitable for producing power through heat from incineration.

Incineration of solid waste of Dhaka city would not be a viable option
because:

i) As the vegetable wastes contain high moisture and low phosphorus

content, a large amount of heat will be required to evaporate the moisture
content.

ii) Plastic and papers which mainly add to the calorific value are in low
percentage as most of these items are recycled in Dhaka.

iii) Incinerator plants has a high capital and operating cost, requires fairly
high level of maintenance and skilled manpower to operate. DCC has not

in a position of financial turnout to maintain incinerator. Hence incinerator
is not appropriate and not recommended for solid waste disposal.

Composting

Composting is a process of biological decomposition of organic waste under
aerobic condition at an elevated temperature. At the end the process yeilds
a product which is relatively stable and can safely be applied to the soil to
improve soil productivity as a supplement for chemical fertilizer.

Feasibility of Composting in Dhaka City

The characteristics and composition of waste show good prospects of

compost from the city garbage. The high percentage of organic waste
84.37% (Table 3.5) in the city garbage represent the fertilizer value of the
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waste and potential for conversion of the waste into good compost. Moisture
content between 50 and 60 and carbon - nitrogen ratios between 35 and 50
are optimum for aerobic composting (Peavy, P- 6611. The carbon - nitrogen
ratio of Dhaka city is comparatively higher but the moisture content is within
the acceptable range. At higher carbon - nitrogen ratio, nitrogen may be a
limiting nutrient.

However, nitrogen deficiency can be overcomed with the addition of
nitrogenous wastes like night soil from septic tanks or digested sludge.

In and around the fringes of Dhaka city, Agriculture is the predominant
activity, therefore, conversion of putrescible organic wastes into compost and

its use as manure is an effective way of recycling (with some financial
returns). For example in Mymensingh, an enterprising scientist Mr. A. Karim
(an ex-agricultural university scientist) collects about 1 ton per day of
decomposed garbage from the old dump sites and mixes urea and mustard oil
seed cake with it in equal proportions and markets the mixture as soil enricher
or special manure. The special manure is very popular among local farmers
and sold at an average cost of Tk. 10.00 per kg. and due to the increasing
demand of the manure the scientist is increasing his production by processing
fresh garbage into compost. The Environmental policy of Government of
Bangladesh urges to restrist the use of chemical fertilizer as far as possible

and encourages the use of organic manure. Soil fertility in many areas of
Bangladesh has decreased due to excessive use of chemical fertilizer. As
such, the scope, need and importance of recycling of organic waste into

organic manure, viewed from agricultural, environmental and sustainable
development aspects, highlight the necessity of undertaking composting
projects in Dhaka city.

Composting Strategy for Dhaka City

Recognizing the advantages of composting as a means of resource recovery,

Government of India installed eleven mechanical composting plants in

different parts of India between 1975 - '85 of different capacities varying

from 150 - 300 tons per day. At present only three plants are operating and
all others have been closed down due to high operational, maintenance and
productiol1 cost. Even these three plants are operating at much lower
capacities than their design capacities. Compost usually has to compete for
markets with chemical fertilizer, the largest problem with composting,

however, remains marketing of the final product. Garbage and therefore

compost is produced year round but the use of compost for agriculture is
seasonal. However, small scale labour intensive composting plants have been
initiated in Indonesia and China and have found successful. The cost
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estimates and cost - benefit analysis for a 5 ton per day capacity manual

compost plant has been presented in Appendix - F. It is estimated that initial
cost of Tk. 5,02,880.00 will be required to start manual compost plant of

Indonesian type of 5 ton capacity and the production cost per ton of cost will
be around Tk. 73.00 only. Therefore, small scale decentralized composting
plant would be most suitable and cost-effective for Dhaka city providing the

following benefits:

reduce the SWM cost (collection - transportation - disposal) by reducing

a huge volume of organic portion close to the source of generation.

city's overall environmental improvement.

employment generation, new prospect for the recycling entrepreneurs.

less use of chemical fertilizer.

soil texture improvement.



Cost I Benefit Model of composting for Ward No. 86

The viability of composting is being analyzed considering the cost involved in
installation of composting plant along with the collection and transportation cost in

Ward No. 86.

Approximate population = 38,932.

HOlding nos. = 1,467
Source density of solid waste = 300 kg/m'
Solid waste generation rate = 0.47 kg/cap/day

Analysis

Generated solid waste = 0.47 • 38,932 = 18,298 kg/day = 18.30 ton / day

From different study it is found that solid waste of Dhaka city contains 20% inorganic
material and 80% organic material.

Inorganic Waste

Quantity of inorganic waste 0.20 • 18.30 = 3.66 ton / day

Considering 25% of the inorganic waste of some market value are reclaimed and
recycled by the informal sector. Remaining 75% is transported and dumped in disposal
site.

Amount of solid waste transported and dumped = 3.66 • 0.75 = 2.75 ton /day.

Cost of transportation an'ddisposal = (Tk. 62/ ton + Tk. 103/ ton) = Tic 165/ ton.

Cost involved in transportation and disposal of inorganic waste = 2.75 • 165
= Tic 454.00

Organic Waste

Generated organic waste = 0.80 • 18.30 = 14.64 ton/day = 48.8 cu.m/day

Considering collection cost by rickshaw van Tk. 94/ cU.m.
Cost of collection = 48.8 • 94 = Tic 4,587.00
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60% of the organic waste is converted into compost and remaining 40% is needed to
be landfilled.

Considering cost of Production of compost = Tk. 73 Iton, for (14.64' 0.601 = 8.78
ton, cost involved = 8.78 • 73 = Tk. 641.00

Cost of (transportation + disposal) of waste = 14.64 • 0.40 • 165.00
= Tk. 966.00

Market price of compost (say) = Tk. 2.00 I kg

Earning from sale of compost = 8.78 • 1000 • 2 = Tk. 17,560.00

Total cost involved in SWM = Tk. 454.00 + Tk. 4,587.00 + Tk. 641.00 +
Tic 966.00 = Tic 6,648.00

4.8.4 Anaerobic Digestion

Anaerobic digestion is the process used for the production of methane from
organic waste in the absence of oxygen. Bio - gas the by-product of anaerobic
decomposition is a recent phenomenon which composed of approximately
50% carbon dioxide (CO,) and 50% methane (CH4l.

Feasibility of Anaerobic Digestion in Dhaka City

The solid waste of residential and commercial areas of Dhaka city contains
70% - 80% organic matter which is favourable for bio-gas generation.

Theoritically about 0.21 cU.m of methane gas is available through anaerobic

decomposition of 1 kg. of organic fraction of municipal waste (Ahmed '93).

As stated in Chapter 3. (section 3.4.4 and 3.4.5) biogas has been
successfully generated from the city garbage in two pilot projects. Natural gas
is cheap and available in Dhaka city, as such large scale commercial use of
bio-gas would be highly competitive. With the high rate of consumption of

natural gas, bio-gas might have good prospect in future to meet the energy

requirements of the metropolis. However, majority of the slum areas in DCC

area has no gas supply and access to solid waste disposal facility. As such

bio-gas may be used in areas where natural gas is not available. The use of
bio-gas technology, developed locally will also save wastage of around 100
crore maunds of natural fuel like wood, straws and cowdung (The Daily Star'

24th August, 1995). So Bio-technology has the potential to expedite
Bangladesh's economic development and preserve the environment being

threatened by pollution. Recently signed contract between the four

nationalised banks and the BCSIR to popularise and install locally innovated
bio-gas plant is a positive initiative towards conserving energy.

71

4



72

Recommf,ndation from SAARC Seminar

The SAARC seminar on waste recycling based on bio-gas technology
unanimously adopted seven recommendations.

1. One workshop on (a) dissemination of bio-gas technology.

(b) E & D for cost reduction and improvement in efficiency be held in
alternate years.

2. Exchange of experts and training of technical personnel be organised
bilaterally among the SAARC countries.

3. Formulation of National level policy for utilization of bio-gas.

4. Technology for treatment gnd disposal of rural, urban, industrial and
municipal wastes and residues.

5. Joint projects for tackling problems in key areas of bio-gas technology
with the assistance of multilateral funding agencies like the World Bank,
Asian Development Bank, Food & Agricultural Organization etc.

6. Proper utilization of bio-gas technology be included In the agenda of
SAARC Summit.

7. National Seminar be held as a follow up of this seminar to evaluate the
progress of bio-gas technology in the respective countries.

4.9 COMMENTS ON VIABILITY AND SUITABILITY

The organic fraction of municipal waste can be separated in order to reduce an adverse

impact on community, environment and public health and to maximize resource
recovery and utilization. Waste minimization before landfilling is highly essential as it

is becoming more and more difficult to find new landfill sites located at a resonable
distance from the collection area. Sanitary landfilling is inoffensive and simplest
method of waste disposal and the technology is appropriate as it has contribution to
reduce pollution and promote environmental efforts. The bio-gas plant is an

experimental one, sound in technology but there is a little doubt of commercial return

in the view point of competition with natural gas. Composting has an economic

importance for the maintenance of soil quality and enhance crop productivity. Manual,
small scale, decentralized composting. is environmentally friendly and economically

viable option if marketability is suitably done and it can subsidize the entire waste
management system.



When comparing the different processes and methods of organic recycling, composting
is the most promising option for recycling large quantities of M5W. 50 the scope and
need to demonastrate the programs for small scale composting as well as marketing
of the product. Decentralized manual composting in conjunction with sanitary
landfilling should therefore, the suitable option in the viewpoint of healthful,

comprehensive and sustainable aspects.
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CHAPTER - 5

EVALUATION AND ASSESSMENT FOR WASTE COLLECTION SYSTEMS

Waste collection system costs, collection efficiency, level of service are the determining factor
for selecting the appropriate system. Having identified the technically feasible vehicles, it is
necessary to have a basis for objective comparison that reflects both the positive and negative
consequences of adopting any of them. Selection of the least cost alternative has been based

on financial and economic costing. The waste collection system which is least costly and yet

offers a satisfactory level of service will usually be considered the most appropriate. But it is,
however, impossible to quantify most benefits such as improved health, reduced disease
vectors, greater well-being. So the least cost option will not necessarily be the one that is

economically the optimum.

5.1 COLLECTION, APPRISAL AND EFFICIENCY

A widespread problem which continues to plague solid waste management services is
the use of inappropriate technology. Lack of appreciation of socio-economic and cultural
factors which determine behavioral responses from the public and inappropriateness of
collection equipment has led to overall failure of the system. The choice of the most

appropriate waste collection system is crucial to and a determining factor of the overall
efficiency and financial performance of solid waste management. Efficient collection
service often requires a combination of techniques and equipment to provide optimum
service to the varied neighbourhoods in the locality.

The existing system (combination of handcart and open truck) collection efficiency can

be compared with the improved system (combination of demountable container truck
and the rickshaw van) to findout appropriate and suitable one. Table 5.1 shows the
waste collection capacity of the conventional and the improved system.
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Table 5.1 Waste Collection capacity of the collection systems

System - 1 System - 2

Truck Hand Cart Demountable Rickshaw

3 Ton Container Truck Van

Payload 3 Ton Payload

Volume of the 6.0 cu.m 0.13 cu.m 6 cu.m 0.92 cu.m

collection equipment

Volume of waste 13.2 cu.m 40 kg / 38.4 cu.m / shift 0.80 to 1.25

collected /trip handcart 76.8 cu.m / day ton / day

26.4 cu.m/day

5.2 ECONOMIC AND FINANCIAL COSTING OF COLLECTION SYSTEMS

It is often difficult to calculate comparable costs when considering waste collection

systems capable of handling differing quantities of waste. In addition different waste

collection systems have different initial equipment cost and have different design

lifetimes. Costs incurred in the future have lower present value than those incurred

today and likewise, waste collected in future has a lower beneficial value than that

collected today. One way in which the problems of differing capacity handling and

phased investments can be taken account of it through the use of the average

incremental cost (AIC) approach. The per ton AIC of a solid waste collection system is

calculated by dividing the sum of the present value of investment costs and incremental

operating and maintenance costs by the sum of the present value of the quantity of

waste handled. This may be expressed as :

T
(C, + 0, ) / ( I + r )'.'

= I
AIC =

T
N, / ( I + r )'.'

= I

Where,

t = Time in years

T = design lifetime in years

C, Capital costs incurred in year t.

0, = Incremental (from year t = 0) operation aOld

maintenance costs incurred in year t.

N, .Additional quantity of solid waste (from year t 0)

collected in year t.
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Economic costing offers a basis for deriving least cost comparisons of solid waste
collection technologies and is extremely useful in identifying suitable solid waste
collection options. Financial costing is a means of assessing budgetary allocation and
the basis for measuring municipal affordability and the magnitude of charges to be

transferred to consumers. The true financial cost of the selected solid waste collection
system will have to be determined by the capital cost annuitizing over the loan manurity

period at the appropriate interest rate which the municipal authority is able to command.
The annuitized capital cost is obtained by multiplying the total capital cost by the

appropriate capital recovery factor.

r ( 1 + r)N

Capital recovery factor (CRF)

Where,

( 1 + r)N - 1

N
= Interest rate

Loan maturity period

The economic and financial costing of the existing and improved system is done
and shown ~n Table 5.2 and Table 5.3 following the exercise done in UNCHS; 1988

Page - 48 to 51 .
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Table 5.2: Solid Waste collection system cost

System. 1 System - 2

Truck Handcart Hydraulic Container Rickshaw

Truck Van

Capital 6,50,000 5,400 12,64,756 93,744 10,000

Purchase price per unit

Purchase price per system 6,50,000 1,35,000 12,64,756 14,99,904 3,20,000

(11 (251 (11 (161 (321

Estimated life (years1 4.5 1 5 3 2

7,85,000 30,84,660

Operation and Maintenance

Vehicle maintenance (20% of 1,30,000 2,52,951

purchase price each year)

Container, Handcart and Rick- 13,500 1,49,990 32,000
shaw van maintenance (10% of

purchase price each year)

Maintenance Cost 1,43,500 4,34,941

labour Cost 25,000 25,000

(11 (11
DrIver

Truck kully (labour) 45,000 3,60,000 45,000 45,000

(31 (251 (31 (31

Fuel Cost (40 litre I day for 2

shift @ Tk. 17.00 per litre for

hydraulic truck)

16 litre I day for ordinary truck) 78,336 1,95,840

Operational Cost 5,08,336 3,10,840

Total operational and 6,51,836 7,45,781
maintenance cost

Waste Collection;

System - 1 System - 2
Trips per day 2 16

Tons per trip 7.3 2.16

Tons per year 4205 9953
(288 working days)
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Economic costs (in constant base year prices) for solid waste collection system

Year SYSTEM - 1 SYSTEM - 2

Truck Hardcart Operation & Solid Hydraulic Container Rickshaw Operation & Solid

Maintenance Waste Truck Van Maintenance Waste

Quantity Quantity

1 6,50,000 1,35,000 5,37,036 4,205 12,64,756 14,99,904 3,20,000 3,97,828 9,953

2 0 1,35,000 5,65,736 4,205 0 0 0 4,84,816 9,953

3 0 1,35,000 5,94,436 4,205 0 0 3,20,000 5,71,805 9,953

4 0 1,35,000 6,23,136 4,205 0 14,99,904 0 6,58,793 9,953

5 0 1,35,000 6,51,836 4,205 0 0 3,20,000 7,45,781 9,953

Present Value (PVI of economic costs (inconstant base year pricesl for solid waste collection system

Year SYSTEM - 1 SYSTEM - 2

Truck Hardcart Operation & Solid Hydraulic Container Rickshaw Operation & Solid
Maintenance Waste Truck Van Maintenance Waste. Quantity . Quantity. .

1 6,50,000 1,35.000 5.32,036 4,205 12.64,756 14,99,904 3,20,000 3,97,828 9,953

2 0 1,35,000 4,79,496 3,754 0 0 0 3.55.204 8,887

3 0 1.35.000 4,28,122 3,362 0 0 3,20,000 3.17.146 7,934

4 0 1,35,000 3.82,252 2.993 0 14,99,904 0 2,83,166 7,084

5 0 1.35.000 3,41.296 2,672 0 3,20,000 2,52,827 6,325

6,50,000 6,75,000 21,68,202 16,976 12,64,756 29,99,808 9,60,000 16,06,171 40,183
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AIC =
for system. 1

AIC =
for system - 2

(650000 + 675000 + 2168202)
= Tic 205 per ton

16976

(1264756 + 2999808 + 960000 + 1606171)
= Tk. 170 per ton

40183

• PV' =
C'

( 1 + r ) ,.,

Where,

C' = Cost incurred (or total tonnage of waste collected) in year t

= Opportunity cost of capital or discount rate = 12%.
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Table 5.3 Financial Costing (annual) of solid waste collection system

System - 1 System. 2

Truck Handcart Hydraulic Container Rickshaw
Truck Van

Capital 6,50,000 5,400 12,64,756 93,744 10,000

Purchase price per unit

Purchase price per system 6,50,000 1,35,000 12,64,756 14,99,904 3,20,000
(1) (25) (1) (16) (32)

Estimated life (years) 4.5 1 5 3 2. Capital recovery factor 0.13 . 0.13 0.13

Annualized capital cost 84,500 - 1,64,418 1,94,988 -

Total annualized system capital 84,500 3,59,406
cost

Operation and Maintenance

Vehicle maintenance (20% of 1,30,000 2,52,951
purchase price each year)

Container, Handcart and Rick. 13,500 1,49,990 32,000
shaw van maintenance (10% of
purchase price each year)

Labour Cost 25,000 25,000
(1) (1)

Driver

Truck kully I labour 45,000 3,60,000 45,000 45,000
(3) (25) (3) (3)

Fuel Cost 78,336 1,95,840

Total operational and 6,51,836 7,45,781
maintenance cost

Total annualized system cost 7,36,336 11,05,187

System. 1 System.2

Trips per day 2 16

Tons per trip 7.3 2.16

Tons per year 4205 9953

Total cost per ton Tic 175.00 Tic 111.00

• CRF = rl1 +r)N

(1 + rlN • I

r
N

= Interest rate = 12%
Loan maturity period = 20 years.
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5.3 ECONOMIC COMPARISON AND ASSESSMENT

The economic and the financial cost of the existing collection system and improved
collection system is presented in Table 5.4. From the analysis done it is evident that the
improved system comprising of Rickshaw van and demountable hydraulic container is
cost effective than the conventional one. The system is particularly suitable where large
quantities of waste can be easily accumulated through house to house collection. The

trucks have faster pickup, setdown and turn round times and can be used to carry

several containers to minimize cost and reduce the number of trucks to be purchased.

The greatest obstacle to the success of the demountable containers will be the efficient
functioning of the primary collection system needed to convey the refuse from the

narrow streets to the containers.

Table 5.4: Summary results of economic and financial cost of waste collection systems

Collection System Economic Cost Tic Financial Cost
per ton Tic per ton

Open Truck & Handcart 205.00 175.00
System

Demountable Container & 170.00 111.00
Rickshaw Van System
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CHAPTER - 6

CONCLUSIONS AND RECOMMENDATIONS

The following findings and recommendations can be drawn from the review of the existing
and proposed improved waste management system. The recommendations for improvement
of solid waste management of Dhaka city if implemented ensures that it would be quite
effective for preservation and enhancement of environmental quality and attainment for a
long-term sustainability.

6.1 CONCLUSIONS FROM THE STUDY

Summary of the findings gathered from the literature review, analysis and observation
are presented for assessment and adoption of the appropriate action plan and guidelines.

1. Improved cleanliness within the local public area can be possible through organizing
community based collection system. The experience of the Kalabagan CSO
approach reveals that house to house collection of domestic waste is very effective
for environment improvement.

2. From the economic cost analysis It IS evident that the system combination of
rickshaw van and demountable container is cheaper (about 17%) than the existing
conventional system. The intention of introducing demountable container is to
containerize the waste with a view to reducing the number of manual handling as
well as reducing the chances of littering and human contact. But in practice it is
seen that waste is spilling outside the container, occupying road spaces. Manual
loading into the container creating health risk to workers is still prevailing. The
system can be workable through the improvement of community based primary
collection system which can assure of containerize the waste.

Before introducing a new collection system, it was needed for DCC to carry out a
pilot study in order to find out the merits and demerits of the system and
accordingly necessary modifications could be made before importing a large scale
demountable trucks.

Moreover, the system might imply a sub-optimum balance between mechanization
and labour inputs, otherwise employment opportunity will be reduced, giving rise
to frustration among the employees.

3. The finance of refuse equipment through borrowing from international lending
agencies withcut ensuring adequate internal revenue raising for debt servicing,
operation and maintenance should be covered through installation of small scale
composting. This composting plant not only contributes something as a sub-sidy
and at the same time minimizes the collection, transportation and disposal cost.

4. In the slum and squatter settlement areas where waste disposal and sanitation
situation is poor, bio-gas plant could solve the problem for fuel of the slum dwellers
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as well as would improve the environment. Bio-gas plant in Ganaktuli sweeper's
colony of Dhaka city is found very successful.

5. To reduce an adverse impact on community, environment and public health this
study proposes to adopt sanitary landfilling.

6.2 RECOMMENDATIONS

The city is experiencing fast growth necessitating good planning and rapid expansion
of services. The present solid waste management system requires strengthening in
financial institutional and technical arrangements. It should be equipped with a more
upto-date and appropriate technology for its short-term and long-term benefit. The
situation demands that DCC should seriously think of the service deficiencies and should
address the following guidelines for improvement of solid waste management of Dhaka
city.

1. Strengthening financial and institutional management and planning

Comprehensive strategy and action plan should be formulated to achieve
satisfactory level of service. An efficient waste management technology must be
developed and applied that is appropriate to the economic and social potential. The
municipal rules and regulations should be updated following a clear guideline for
sanitary collection and disposal of solid wastes and penal action should be imposed
against indiscriminate dumping of wastes on roads, drains and unauthorized places.

Present system of conservancy tax based on rental value of the property out of
which the solid waste operation is financed does not provide any incentive for the
waste generator to modify its behavior to facilitate greater efficiency. In the better
off neighborhoods a door to door service with the households made responsible for
their own containers kept on their property for collection of the crews and paying
fee for the emptying and disposal should be introduced. Separate charge rate should
be imposed for commercial and industrial establishments.

For efficient management of solid waste activities, the garbage vehicles
maintenance, and monitoring and the activities of the conservancy division should
be controled through one department for better co-ordination and efficient service.

2. Promotion and enhancement of appropriate technology:

In support to improvement in technical skill and efficiency of conservancy workers,
optimum utilization of manpower and infrastructure and appropriate technical
guideline, should be formulated. The poor technical approach to route selection and
management has resulted in ineffective and wasteful practices. Adequate training
facilities should be arranged for different categories of personnel. Research and
Development activities to enhance appropriate system and technology should be
carried out.
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Due to the lack of suitable and convenient locations and poor design of community
bins the problem of illegal littering on roads and drains is observed. The problems
can be avoided by introducing house to house waste collection system. For efficient
collection a combination of rickshaw van and the demountable container system is
best suited and recommended for use in Dhaka city.

Promotion of separation and minimization of wastes at household level not only
decrease the transportation cost but also to prolong the life of landfill site. The
organic waste separation and utilization not as means of waste disposal practice but
as a source of income, employment generation and environmental protection and
improvement. Waste disposal system in slum areas, it is recommended to use bio.
gas plant which would solve the problem of fuel of the slum dwellers as well as
would improve the environment.

3. Participation of CBO, NGO and DCC

Community involvement is essential for proper waste management in the
neighborhood. The CBO approach in Kalabagan area reveals that active participation
of community can give a cleaner, healthier and better place to live. NGOs and CBOs
could effectively be used to overcome the initial inertia of house to house collection
system CBOs can organize the house to house collection and NGOs can provide
technical advice and support for motivation. DCC can play the role of a facilitator
in the community based system. NGO's can work at grass root level to effectively
assist the transition to house to house collection and smooth out all the initial
problems and difficulties.

4. Public campaign and awareness programs on SWM

The low level of awareness of the hazards and nuisances associated with insanitary
practices such as uncontrolled habits of indiscriminate littering of garbage is still
prevailing. Public awareness campaigns can play an important role in educating and
motivating the residents. The campaign should focus on informing the public about
the hazards of poor solid waste disposal and the benefits to be derived from keeping
the environment neat and clean and free of garbages. Introduction of environmental
education specially sanitary habits in school curriculum. Mobilizing public support
through local ward commissioners, community groups, NGOs, students etc. and
organizing periodic area clean up programs.

5. Appropriate technical guidelines for the future

Regular monitoring of the landfill sites is essential to ensure the sanitary practices,
protection of ground and surface water. DCC should have enrich the conservancy
department with technical personnel to make record and analysis of the data of
waste generation, composition and characteristics which is necessary for better
planning in future. DCC should review and consider the basic criteria for selection
of future landfill sites such as location, underlining soil condition, ground water
hydrology, access road, residential establishments etc.
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APPENDIX - A

Calculation of Waste Collected Per Day by Dhaka City Corporation

According to the schedule of trucks engaged in 10 zones for waste collection - 74
Nos. 5 ton capacity, 60 Nos. 3 ton capacity, 60 Nos. 2 ton capacity and 10 Nos. 1.5

ton capacity are in operation with an average 2 trips.

1.5 x 10 x 2 trips per day = 30 tons I day

2 x 60 x 2 trips per day = 240 tons I day

3 x 60 x 2 trips per day = 360 tons I day

5 x 74 x 2 trips per day = 740 tons I day

Waste collected per day = 1370 tons I day

But at times 40% trucks are out of order or under repair.

Total waste collected per day by DCC

87

= 820 tons.



APPENDIX - B

Calculation of Life of Landfill Site

Waste collected per day by DCC = 0.21 kg. I cap I day

Population of DCC area = 38,39,000 (1994)

Total waste collected per day = 820 tons I day [Appendix - A J

On truck density = 550 kg./m' (UNCHS' 1991)

Density at landfill after final settlement in Dhaka =
Working days = 288 (assume)

1100 kg./m'
(assumed in DMDP study) .

Total waste collected per year = 820' 1000 • 288 kg

820 • 1000 • 288
Total volume of space required per year =

1100

= 214691 m'

Space available at Matuail 39 acres with average 6 m depth.

39 • 4840 • 9 • 6
Total space available at Matuail =

(10.76)

= 947309 m'

Life of the site =
947309

214691

38

= 4.5 years



APPENDIX C

Demography and overview of zone - 1 of DCC

Table C - 1 Demography of zone - 1

Ward Area in Holding • Approx .
No. Location Sq. Km. Nos. Population

30 Manik Nagar
Kazirbagh 0.23 827 42456

75 K.M. Das Lane
Hatkhola 0.35 1144 46284

76 Doyagong
Swamibag 0.36 1454 60960

77 Narinda 0.28 1408 55860
Wari

80 Banianagar 0.21 1048 36804
Begumgong

81 Distillary Road 0.42 1079 66564
Sarafatgong

82 Alamgong 0.32 1026 47058
Horicharan Roy Road

83 Dhalkanagar 0:50 908 58263
Gandaria

84 Sayedabad 0.63 1161 50628
North Jatrabari

85 Dhalpur 0.84 1092 40683
Bramman Chiran

86 South Jatrabari 0.54 1467 38932
West Jatrabari

87 Mirhazirbagh 0.52 1316 67446
Dholairpur

88 Muradpur - 1 0.20 1350 39468
Muradpur - 2.3,4

89 East Jurain 0.425 2359 66609

90 Karimullabag 0.52 1474 75207
Alambag
Postagola

6.345 19.814 8,12,697

• Based on ward demarkation and voter list by election commission' January 1994 .
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Table C - 2 Overview of zone - 1

Institutions Nos.

Mosque 115
Madrasha 14
Mandir 23
Orphanage 7
Church 7
Mission 2
School 44
College 4
Commercial Holdings 259
Industry 249
Market 14
Park 6
Playground 3
Residential Hotel 13
Cinema Hall 6
Grave Yard 12
Shashanghat 2
Pucca Unit 19449
Semi-Pucca Unit 18025
Kuttcha Unit 24761
Shop 5117
Workshop 1140

Total Unit 68492
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APPENDIX - D

Statement of Communal Bins, cleaners and monthly consumed materials in zone - 1

Table D-1 Ward - Wise distribution of Communal Bins and Cleaners under Zone - 1

Ward No. of Communal Cleaners
No. Bins Fixed Paid Scale Paid Total

30 10 19 3 22

75 48 18 29 47

76 45 21 26 47

77 53 15 32 47

80 22 14 21 35

81 39 27 22 49

82 36 23 19 42

83 18 20 15 35

84 13 13 12 25

85 44 16 12 28

86 13 15 9 24

87 39 20 10 30

88 7 14 14 28

89 20 14 21 35

90 16 11 17 28

Storm sewer cleaner 4 10 14

Total 423 Nos. 536 Nos.

Truck I(ully = 69 Nos.

( Source Conservancy Division, Zone. I, 1995).
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Table D - 2

Brooms
Cane basket
Soap
Shovels

Fork

Brush
Bamboo
Rope
Wire
Hook
Bow Fork
Balcha

Hand cart

( Source

Statement of monthly consumed materials in zone - 1

2 kg I cleaner = 858 kg ~ 860 kg (80% of 536)
(60% of cleaners + 5% of truck kully) = 325 nos.
4 nos. I cleaner = (536 + 69) • 4 = 2420 nos.

5% of storm sewer cleaner = 1 no.

5% of storm sewer cleaner + 5% of truck kully 1 + 3

20% of the cleaner = 107 nos.
2% of the storm sewer = 1 no.
2 kg. I zone
4 kg. I zone
2 nos. I zone
5 nos. I zone
5% of the truck kully = 3 nos.

340 nos. (workable upto 1 year, maintenance
required after every 3 months)

Conservancy Division, Zone - 1, 1995)
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Table E - 1

APPENDIX - E

Calculation of collection effeciiency of diifferent transporting system

2 ton payload stationary contaiiner system

Dhalpur, Day shift, 3 trips / day

:::: [(0.08 + 0.33) + 3 x Tscs] / (1 - 0.15)

2.13 - [0.33 + 0.06 + 0.03 x 15 I
1.29 hour / trip

Location

Dumping
site

t, =

t, =

Nd =

H =

W =

8

Tsc:s =

X =
S =

p scs =
=

Np =

Vp =
=

Matuail

5 minutes

20 minutes

3 trips

8 hours

9 minutes

2.13 hours

15 km

20 minutes

(60 xl. 29 x 3) / 15

(5 x 2.21 / 15

0.7.3 cU.m

15 Nos.

v = 3 x 1.9 x 0.9
== 5.0 cU.m

Total volume of waste collected / trip

= 0.73 x 15 = 10.95 cU.m x 550 = 6022.5 kg = 6 ton.

Total 3 trips made daily, waste collected / day
93
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Table E - 2 1.5 ton payload stationary container system

Dayagong, Dayshift, 4 trips daily

Matuail

10 minutes

20 minutes

4 trips _

8 hours

9 minutes

== r (0,16 + O.33) + 4 x Tscs] / (1 - 0.15)

1.58 hours

15 km

15 minutes

1.58 - [0.25 + 0.06 + 0.03 x 15 1
0.82 hour I trip

(60 x 0.82 x 3) / 15 = 9.8 ~ 10 Nos.

(4x2.2)/10

0.88 cU.m

Total volume of waste

= 0.88 x 10 =

v = 3 x 1.83 x 0.75
= 4.0 cU.m

collected / trip
8.8 cU.m (average)

Total 4 trips made daily, waste collected / day = 19.36 ton I day.
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Table E - 3 Present vehicle scheduling in different wards of zone - 1

Ward No. 5 Ton 3 Ton 2 Ton '.5 Ton Day Night No. of
Shift Shift Trips

30 1 1 2
(Maniknagar)

75 1 (Hatkhola) 1 2 5
(Gopibag)

76 2 1 1 2 8
.

(Doyagonj) (Doyagonj)

77 1 2 3 8
IWari) (Lalmohon shah

street Narindal

80 1 1 3
(Banianagar)

81 1 1 2 5
(Shadhona) IDhupkhola)

82 1 1 2 5
(Faridabad! IFaridabad)

83 1 1 2
(Dhalkanagar)

84 1 1 3
(North Jatrabari
south Jatrabari)

85 1 1 3
IDhalpur outfall)

86 1 1 2
(South and

West Jatrabari)

87 1 1 2
(Mirhazirbagh)

88 1 1 2
(Murad pur, Jurain)

89 1 1 2 5
(Jurain) (Jura in)

90 1 1 3
(Postagola)

Day Shift

Night Shift

No. of Vehicles

No. of Trips

10 Nos.

13 Nos.

23 Nos.

58 Nos.

( SOl/rce Transport section, Dec, /995)
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I Table E - 4 Collection efficiency of vehicles engaged in zone - 1

Designation of No. of Volume of waste

Vehicles Vehicles collected

CU.m

1.5 ton 2 8.8

2.0 ton 15 10.95

3.0 ton 6 13.2

Average load Trips Trips

tons Day Shift Night Shift

4.84 7 -

6 16 21

7.3 2 12

Fuel used Time Worked Tons
litres I Trip Hours I Shift Collected per Day

4 8 34 tons per day

5 8 222 tons per day

8 8 102 tons per day

Total 358 tons per day
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APPENDIX F

Cost estimation of a pilot manual compost and its cost-benefit analysis

Cost estimate of Manual Compost Plant (5 ton per day capacity) on DCC or Government land;

1. Construction cost of C.I sheet shed covering 400 m' with R.C.C columns, timber
rafters and purlins, plinth wall all around, filled with carted earth and topped with brick
flat soling, complete with necessary anchor bolts, J-hooks, ridging and wind ties @
Tk. 1116.00 per sq.m (Based on PWD schedule of rates of October' 1993).

400 m' x Tk. 1116.00

2. Cost of Rickshaw van for collection of wastes 5 Nos.
(2.5 m' capacity each) @ Tk. 10,000.00 per van.

Tk. 4,46,400.00

5 Nos. x Tk. 10,000.00

3. labour cost for collection of wastes, 15 Nos.
@ Tk. 60.00 per head for 288 days
(40 days required for decomposition)

= Tk. 50,000.00

15 Nos. x 288/40 days x Tk. 60.00

Total cost of production of compost

@ 5 ton per day for the first year

= Tic 6,480.00

= Tk. 5,02,880.00

a) Cost of production for 1 ton of compost per day for the first year

5,02,880.00
= Tk.349.00

5 x 288

b) Cost of production for 5 ton of compost per day
for second and subsequent years. = Tk. 6,480.00

Thereforr., cost of production for 1 ton of compost for second and subsequent
years

6,480
Tic 4.50

5 x 288
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c) Assuming the project life of 5 years average cost of production per ton of
compost

Tk. (349 + 4 x 4.50)
= Tk.73.00

5

4. Composting may reduce the volume to be landfilled by only about 40% [WHO' 1971].
So from 8 ton per day raw solid waste it is expected that 5 ton per day compost can
be produced. In the composting process decomposition occurs upto 40 days.

Disposal cost of 3 ton of solid waste in landfill (including collection, transportation and
disposal).

3 x 288 / 40 days x Tic 450.00

Total Production Cost:

Tic 5,02,880.00 + Tic 9,720.00 = Tic 5,12,600.00

5,'12,600
Cost of production of compost =

5 x 1,000 x 288

= Tk.

= Tk.

9,720.00

0.35/ kg.

It is assumed that the compost could be sold at Tk. 2.00 per kg. (prevailing market price of
organic compost in Bangladesh is Tk. 10.00 per kg.)

Total expected earning from sale of compost
5000 kg (5 tons) x Tic 2.00 x 288 /40 days = Tk. 72,000.00
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