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FOREWORD

The intention of editing and publishing the proceedings of this
first joint AIT/CDG-seminar finally ripened during the course of
the last days of September 1978 when the regional seminar on Solid
Waste Management was still going on at the Asian Institute of Techno-
logy, Bangkok, Thailand.

This seminar was the first of its kind in the field of environ-
mental engineering and management as a promotional measure within the
framework of the development policy of the Federal Republic of Germany.
It was initiated, administered and sponsored by the Carl Duisberg
Gesellschaft, Cologne, on befalf of the Federal Ministry of Economic
Co-operation, Bonn. The Asia section of CDG planned, organised, and
carried out the seminar as a joint venture together with the Environ-
mental Engineering Division of the Asian Institute of Technology,
Bangkok, the Waste Management Department of the German Federal Environ-
ment Agency, Berlin, and the Environmental Resources Limited, London.

The seminar, especially designed for waste management planners and
senior engineers, was attended by 32 participants from 8 Southeast and
East Asian countries: Hong Kong, Indonesia, Korea, Malaysia, Philippines,
Singapore, Taiwan and Thailand. Its main objectives were as follows:
Firstly, to enable the participants to gain a deeper understanding of
alternative techniques and methods available for waste management
planning as well as enabling them to take decisions relating to the
safe and economic collection, transport, handling, treatment and
ultimate disposal of waste arisings from consumer, trade and also
industrial sources. Secondly, to assimilate and edit the particular
experiences of problems encountered with waste management and resource
recovery in Asia while highlighting the specific conditions prevalent
in the respective areas of mass urbanisation and industrialsation in
the Far East and Southeast Asia: the nature of waste, climate and
hygiene, the influence of geographical factors, living standards,
economics, political administration, cultural and social environment
etc. Thirdly, to encourage the free and open exchange of industrial
experience in waste management and resource recycling between specialists
of a participating country in the respective Asian region as well as
between Asian and Western European experts.

For the aforesaid reasons the content of the lectures and the
numerous bilateral and group professional discussions centered around
the following topics:

- Operational factors and economic analysis /
in waste management planning and decision-making.

- Alternative technologies for collection, transport, ~/
handling and treatment of urban and industrial waste
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Regional problems of solid waste management in the
majority of developing countries in Asia, e.g. densely-
populated areas, lack of funds, equipment and trained
manpower, differing climatic conditions, high moisture
content of refuse, etc.

particular importance for the organiser, however, was to

stress 2 points:

1)

2)

The main purpose of this basically not-only-academic seminar
was to obtain data, information and experience of practical
relevance; i.e. it was essential that it will be assimilated
by professionals for professionals. Its components should
serve as an operational guideline for participating Asian
specialists in their search for rational solutions to their
own particular waste management problems in order that they
manage their tremendous tasks more efficiently, effectively
and economically and - at the same time - take into account
the given local restrictions with the aim of trying to reduce
environmental damage and danger, at least by a step-by-step
programme.

An integral part of the seminar concept was to promote mutual
professional as well as personal understanding and learning,
above all between the participants from the different Asian
nations; additionally between the participants, lecturers,
organisers and also between the parties involved on the
organising side: AIT, ERL, UBA and CDG.

Although of only indirect relevance to seminar participants, it
should be noted that the initiator intended to attain 2 further goals
by way of this solid waste management seminar:

9]

2)

Initiating joint AIT/CDG seminar activities in order to
broaden the scope of common understanding thereby streng-
thening the co-operation and partnership between both organi-
sations: the Asian Institute of Technology and the Carl
Duisberg-Gesellschaft.

To establish a pilot seminar in order to introduce and
establish the field of environmental technology and manage-~
ment as a new area for activities of further training under
the German educational aid policy.

Some participants showed their curiosity about the fact that the
German Government sponsored and engaged itself through the CDG in the
field of further training for environmental technologists and planners
in general and in solid waste management in particular. But I could
respond that there was no secret behind this engagement.
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This seminar could take place in Asia in 1978 because of my own
personal interest in environmental problems and therefore my belief
that this important field should no longer be neglected in the scope
of our training and educational aid activities, and the fact that my
regular work deals with and is confined to the Asian region.

At the end of the seminar the participants were asked to complete
a questionnaire in order to help us to assess its results. Overall,
the participants' comments were very complimentary about the seminar.
In particular they praised the selection of subjects, the efficiency
of the organisation and the material that had been provided.

The overall impression was that the participants found the seminar
to be extremely valuable and this was reinforced by numerous comments
received during the course of the seminar. Almost all participants
agreed that the most interesting and challenging aspect was the case
study work. In addition, many said that they were now in a better
position to take rational decisions and to question certain decisions
that had already been taken. Whereas the first 2 groups of questions
referred to the direct evaluation of the seminar, the third referred
to subjects which may be covered by a follow-up seminar and the last
placed emphasis on the participants' experience on the types of train-
ing programmes required. The answers showed that there is a great
demand for mainly practical training courses for professionals with
operating experience; particularly for advanced training on technical
processes.

The next solid waste management seminar in December this year will
reflect the responses of the previous one and will concentrate more
on the problems and circumstances faced by solid waste managers,
decision-makers and planners in the participating Asian countries. An
overall case study with 4 subcase studies will be grouped to serve as
medium in order to evaluate in detail the data requirements, the
technical options and their constraints, and the analysis of economic,
social and environmental factors which form the essential components
of a waste-management-master-plan. Particular reference will be given
to energy economics which will play an even more crucial role in
future developments.

I do hope that these proceedings shall reach a much larger
audience than a week-long seminar might accomplish in order to also
serve many other waste management professionals, for example as
reference material and perhaps guidelines for daily work routine.
1t might be helpful for environmental administrators with a planning
and overall decision responsibility at a regional or central govern-
ment level as well as for those with an operational responsibility in
this field: directors and senior staff of solid waste organisations.

Finally, I acknowledge with gratitude, the positive role and the
remarkable flexibility of the responsible sections of the Federal
Ministry of Economic Co-operation and the relative liberality of the



CDG's organisational structure. I am very grateful to the joining
Asian partner organisation: The Environmental Engineering Division of
the Asian Institute of Technology whose faculty and staff had done
everything to make the seminar not only a successful venture but also
personally a very pleasant event. Their warm hospitality will not be
forgotten. I must also thank our European partners: The German
Federal Environment Agency, Berlin, and the Environmental Resources
Limited, London, for their considerable input prior to and during the
seminar. Above all, I was very much impressed by the enthusiasm with
which the participants approached the course. Their clear interest
in taking part at every stage was an essential component for the gdod
outcome of the seminar. This was only made possible through the joint
efforts of all parties concerned. 1 express my sincere thanks
therefore, to each individual participant.

GUNTER THARUN

Regional Director for Asia, CDG
Cologne, May 1979




PREFACE

The problems associated with the management of solid wastes in
today's soclety are complex because of the quantity and diverse nature
of the wastes, the development of sprawling urban areas, the funding
limitations for public services in many large cities and the impacts
of technology. If solid waste management is to be accomplished in an
efficient and orderly manner, the waste collection and disposal systems
chosen must be most appropriate for the local conditions and operated
in an optimum way, the fundamental aspects and relationships involved
must be identified and understood clearly. Public attitude and concerns
are to be regarded as crucial for the process of sanitation education
of all members and social categories of a community at all age levels.

This seminar has been organised by AIT's Environmental Engineering
Division with the financial assistance of Carl Duisberg Gesellschaft,
e.V., on behalf of the Federal Ministry of Economic Co-operation, Bonn.
The Proceedings, divided into two parts contain 25 papers and one case
study.

Part I includes a Case Study and all the state-of-the-art reports
presented by the lecturers from the Asian Institute of Technology,
the German Federal Environmental Agency and the Environmental Resources
Limited, U.K. covering various aspects of solid waste management in
Asia and abroad. Part II exclusively presents the selected papers of
the participants who attended the seminar. The participants' papers
had to be edited without altering the opinions presented by the authors.
Finally, the proceedings provides a list of the invited participants
and lecturers who worked towards the success of the conference.

We gratefully acknowledge the financial support of Carl Duisberg
Gesellschaft, e.V., Cologne without which the seminar would have not
been possible. The participation of the Waste Management Department
of the German Federal Environment Agency (Umweltbundesamt, UBA), Berlin
and the colloboration of Environmental Resources Limited, London
are highly appreciated.

Many people have contributed to the development of the proceedings.
Their help is acknowledged gratefully. The faculty, students and staff
of the Environmental Engineering Division provided valuable support
for this endeavour. Punnee and Ratana typed the final manuscript
Sakda helped prepare the figures. To Tony Waltham who served as
assistant editor, we appreciate his professional service. We wish to
thank all the members of the organising committee and AIT community
for their assistance in making this seminar a success. Finally, to
Khun Pitak who advised on many aspects regarding the publishing work,
we owe much gratitude.

N.C. THANH
B.N. LOHANI
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SPECIFIC PROBLEMS OF SOLID WASTE MANAGEMENT IN ASIA

8.N. LOHANI AND N.C. THANH
Environmental Engineering Division,
Asian Institute of Technolagy,
B8angkok, Thailand

INTRODUCTION

The inability to evaluate the status of the art of solid waste
disposal and to develop logical and economical systems to meet the
everchanging circumstances is probably the most serious shortcoming in
the field of public works. This can be attributed to the very nature
and origin of the problem: waste disposal has historically been
relegated to the lowest levels of responsibility.

Many changes have been taking place. The character of the wastes
has changed in line with rising standards of living, retail distribution
methods and fuel technology. The volume has increased; storage methods
have evolved from open heaps through portable and disposable containers;
transport has improved from horses to motor vehicles and from open
trucks to compactor vehicles. The advent of high-rise buildings, super-
markets, institutions, hospitals and industries have given rise to new
problems and efficient solutions have been devised.

Industrialised countries can usually cope with these problems.
Basic health and environmental problems have been solved although sone
problems of resource recovery and disposal still remain. An efficient
taxation system generates sufficient money to provide an efficient
public service. The technology of waste handling is now highly
developed, the production of equipment has increased and technical
tralning institutions have been organised.

However, many countries in Asia are suffering the impact of urba-
nisation. Population densities are higher than any developed country
but Asia does not have the financlal resources needed to provide equi-
valent solutions. The quality of the urban environment is a matter
of growing concern and the importance of efficient solid waste manage-
ment is increasingly being recognised.
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COLLECTION AND DISPOSAL METHODS

In most countries in Asia, communal storage is being practised.
This method includes the use of uniform and non-uniform portable bins
with 1lids, large fixed bins made of steel, concrete, bricks, iron sheets
or wood. Open street dumps are also common. Frequency of collection
may vary from 3 times a week to twice daily. Large open motor vehicles
are commonly used although bullock carts and handcarts are used to
collect from inaccessible areas.

Street sweeping is normally manual, except in very few countries
like Singapore, where they use mechanical sweepers. The type of brooms
used is usually of coconut fibre which varies from short, flexible,
hard brushes to stiff brooms with long handles. Primary transport of
sweeping in these cities includes baskets, wheelbarrows, bin trucks,
bullock carts and handcarts,

About 90 per cent of the waste in Asia is disposed of by crude
dumping, although sanitary landfilling or controlled tipping is being
practised to some extent in Korea, Singapore, Taiwan and Hong Kong.

Non~mechanised or manual composting is successfully operated in
India but is rare elsewhere. In Taiwan, provincial governments have
erected semi-mechanical refuse composting treatment plants and a
mechanised composting plant is also being operated in Bangkok. All
these are not commercially successful because much of the product
remains unsold.

Few incinerators operate in the region and to a very limited
extent. An incinerator is being operated in Sri Lanka mainly for the
destruction of foodstuff condemned as unfit for human consumption and
disposal of animal carcasses. Although incineration remains the
preferred method of refuse treatment in Hong Kong, visibility and
atmospheric pollution raise some objections. A small incinerator
plant in the Philippines is at present non-operational due to its high
operating cost.

Labour-intensive recycling operates on a vast scale. Householders
have newspapers, tin cans, scrap metals, plastics recovered and sell
them. At every stage of storage, collection and disposal, saleable
items are salvaged so that recovery is negligible when the wastes
reach the disposal site.

SPECIFIC WASTE MANAGEMENT PROBLEM

Water Pollution

Leachate from dumps, static water in dump sites, the use of streams
and canals for solid waste disposal and decomposition of solid wastes
are potential sources of water pollution. Water drainage systems are
frequently impaired due to blockage of ditches, gullies and sometimes
major waterways by solid wastes.



Obnoxious Odours_ and

Open communal storages and dump sites and open collection trucks
produce obnoxious odours and wastes and litter are accidentally blown
out into the streets or scattered by stray dogs and animals and illegal
scavengers., Temporary storage, burning of refuse at street corners and
roadsides also causes air pollution.

Rodents and Insect Vectors

The very large numbers of open communal storage and unofficial
dump sites, together with the universal failure to cover landfills
properly, encourages the breeding of flies and rodents.

Direct Health Hazards

Aside from the health risk brought about by these insect vectors,
the methods of collection allow workers to be exposed directly by
regular skin contact with wastes which sometimes contain fecal matter
and offensive materials. This accounts for the increased incidence of
certain diseases and accidents among refuse collectors.

Lack of Motor Vehicles and Equipment

Almost everywhere in Asia, motorised collection vehicles are not
only too old but too few in number. Poor maintenance and the lack of
a vehicle replacement policy aggravates the problem. A considerable
amount of equipment used is no longer in good working condition. Im
most cities, except Singapore, regular checkups of the vehicles and
spare parts replacement are ignored or not considered seriously due to
lack of funds.

Delayed and Inefficient Refuse Collection

Improper scheduling of collection vehicles causes delays in collec-
tion. There are times when the collections are held up for such a long
time that households have to dispose of their wastes in their backyards,
vacant lots or sometimes into streams or canals. Often, garbage collec-
tors are too careless in transferring refuse from the containers to the
dump trucks causing the scattering of litter and refuse on the streets.

Dense Traffic

In most large cities in Asia, the work of collection vehicles is
impeded by dense traffic. Road congestion and street obstructions
caused by the increasing number of roadside parked cars is the most
notable problem in Singapore where mechanised street cleaners are
being used. This problem is somewhat minimised by the collection of
refuse at night or dawn.
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Narrow Streets and Alleys

Handcarts, rickshaws, bullock carts or baskets are used to collect
refuse in some old parts of cities and towns where streets are too
narrow to admit large motor vehicles. However, it is very common for
some of these alleys to be just ignored and denied collection, causing
an accumulation of rotten refuse and wastes in yards or on the banks of
streams and ditches. This is an eyesore and emits foul odours.

Land for Waste Disposal

Almost everywhere, finding suitable landfill sites is a problem
for governments due to the unavailability of and the high cost involved
in acquiring the land. Often the landfill sites are outside the city
in which transfer and transport of collected refuse add to the cost of
operation. In Dacca and Rangoon which maintain a small fleet of collec-
tion vehicles, no vehicle could be spared for any other additional work.

Accidental Fires and Gas Leaks

Accidental fire at a landfill is not surprising and may arise due
to several causes : a lighted cigarette thrown down by a careless
worker, hot ashes in a vehicle delivering waste, the sun's rays through
a fragment of glass. Fires have often been seen on the surface of
landfills in most Asian countries due to high density, high vegetable
components of the waste unlike in Europe where serious underground
fires have caused the collapse of the surface into voids caused by
fire. Toxic gases like carbon monoxide, carbon dioxide, methane and
hydrogen sulphide are produced as a result of decomposition. These
gases produce,an extremely offensive odour which at a certain concen-
trations may cause unconsciousness.

Dust

In countries where controlled tipping or sanitary landfilling is
practised, the process of excavation, hauling and placing of earth
cover materials, under dry weather conditions, presents a major dust
problem. In Singapore where there is an extensive silting of roads
caused by earth littering from constructional activities, the sweeping
of heavily~silted areas by the use of the mechanised sweeping units
generates dust and occasionally causes accidents as a result of dust
obliteration.

Lack of Co~operation from the Public

Public dissatisfaction with cleansing standards is often aired
through the radio, press, letters and other media in the same way that
most government officials complain of the lack of co-operation from
the public. It is evident that services have not reached that stage



which commands public respect and co-operation, with the exception of
Singapore, where more stringent laws and regulations are enforced and
people are quite satisfied with the services that they are getting.

CONSTRAINTS TO SOLUTIONS QF THE PROBLEMS
Solutions to these various problems are also subject to a number
of constraints and these are some of the reasons why methods generally

practised in Western countries are not suited to or adopted in Asia.

Climate and Weather Conditions.

A common denominator to all collection systems 1s climate and
weather conditions. Heavy rains increase leachate problems and run-off
causing surface water pollution. Accumulation of waste causes blockage
of ditches, streams and canals after heavy rains and flooding which
increases vehicular traffic all helps to hinder waste collection.
Moisture content and the density of wastes vary with the season and
thus impose problems on both collection and disposal methods. Wet
weather impedes plant operations which result in higher maintenance
costs and easier wear and tear.

Lack of Funds

The most pressing factor is the economic stability of the country,
the availability of sufficient funds to enable the government to provide
a good standard of service and the ability of the community to pay for
such a good standard of service. Very often, solid waste problems are
being ignored and given minimum priority both by the government and
the public sectors. FLINTOFF (1976) reported that Europe spends about
US$ 10/head/yr as compared with an average of about US$ 0.60 in most
Asian cities, inspite of a greater total workload due to access problems,
the need for daily collection, more complex housing and inefficient
traffic systems.

Limited Foreign Exchange

Shortage of foreign exchange for most countries in Asia with the
exception of Singapore, Hong Kong and Indonesia means the purchase of
foreign equipment is often blocked as preference is given to such
necessities as medicines, food and oil.

Social and Religious Factors

Although there is no well-founded information on these matters,
some strict religions do not tolerate the storage of kitchen wastes
in the house, and they must be removed from the premises immediately
after each meal. The manner of rearing domestic animals somehow depends
on certain social and religious norms. The social and religious
attitude towards cleanliness plays an important role too.
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Public Ignorance

The public is not well-informed and trained in the habits of
cleanliness and sanitation both personal and public. Inadequate
publicity on health hazards results in indiscriminate dumping and the
throwing away of refuse. Because of this unawareness on the part of
the people, co-operation cannot be fully expected from them.

COMPARATIVE DATA ON SOLID WASTE MANAGEMENT PRACTICES IN ASIA

Based on the data reported by FLINTOFF (1976) and the country
reports on solid waste management (Refs: 2,4,5,6,7,8,9,10,11), Table 1
shows comparative data on solid waste. Some of the figures in Table 1
are estimates calculated from the different figure suggested and reported
and are exclusively used here for comparative purposes. Rounded off,
the following figures are as follows:

Waste production
waste collected
Density of waste

250-870 g/head/day
75-870 g/hegd/day
250-600  kg/m

Workers/1000 pop. - 1-3
Wages/hour - 5-20 US cents
Expenditure/year - 25-150 US cents/person

A comparative refuse analyses for some countries in Asia has also
been prepared and is shown in Table 2. Further comparative data are
presented in Table 3 and Table 4.

Waste Production

The average amount of wastes produced from residential houses,
shops, markets offices, institutions, cottage industries and street
litter is about 350 g/head/day with variations of not more than 30
per cent with the exception of Jakarta where it may exceed 600 g, and
in Hong Kong and Singapore where wastes produced may be comparable with
that of some countries in Europe.

Waste Collection

Although Hong Kong and Singapore display an efficient collection
system, a substantial proportion of wastes produced are still not
collected in most countries. These uncollected wastes accumulate in
backyards, roadsides, in rivers or canals, are scattered by stray
animals or blown away by strong winds. The proportion of uncollected
wastes is highest in Kathmandu and lowest in Singapore.

Character of Wastes

There are two factors that influence density : the character of
the wastes and methods of storage and collection. Bangkok's wastes
are characterised by their low density representing consumer society
wastes, having a paper content of 25 per cent and collected directly
from dwellings. Hong Kong's wastes have an even higher paper content



Table | Tentative Comparstive Datas on Solid Wastes,

v ] b —wrwr
U.K.. muﬁ mAL. MIKHADISE. BU . umONlS!A‘ SRI 1 “”* nuu.um)' HONG KONG PHILIPPINES | SINGAPORR | TAIWAN
CLty: Typical |Bangalore Delhti Kattmandu Dacca Chittagong| Rangoon Jakarta Colombo Bangkok Hong Koug Manila Singapore | Taivan
Hevw Delhf
Population 1,650,000 |4,004,000 | 200,000 |[1,311,000 | 600,000 1,900,000 [5,000,000 580,000 3,300,000 4,500,000 7,042,492 2,300,000 -
Population density/sq.km 4,000 12,750 8,640 1,070 19,600 1.229 3,482 8,375 15,500 11,3%0 12,975 11,240 3,840 470
Population max. density/sq.lm 12,000 70,000 250,000 56,500 38,000 - 60,600 50,000 68,000 85,900 25,400 - - -
Ave. persous/dvelling 3 IR - 6 8-10 8 5-8 8 6 ? - - - -
Production g/head/day 900 415 - 250 350 280 ISDl 604 420 6551 8s0 500 870 400-500
Collected |/3ud/d-y 900 370l - 75 305 250 210 404 400 303‘ 840 - 870 -
Density kg/m’ 150 570 - 600 600 - 400 400, 400 250 - - 175 -
Vothers/1000 population 1.3 1.8 3.2 1.5 1.2 1.1 1.0 1.t 2.8 1.2 - 1.67 0.5 -
Wages/hour US$ 2.00 0.15 0.13 0.05 0.13 0.13 0.10 0.08 0.17 0.20 - - - -
Kgms collected/worker/day 700 2y - 50 260 27 222 286 135 244 - 300 1,843 -
Diesel coet US$/litre 0.29 0.13 0.13 - 0.17 - 0.11 0.04 0.16 0.12 - 0.21 - -
Petrol cost US$/Llitre 0.29 0.42 0.40 - 0.42 - 0.16 0-11: 0.41 0.17 - 0.24 - -
Annual Expenditure USS head pop.{ 10.00 0.70 1.06 0.20 0.32 0.37 0.18 0.40 1.33 0.55 - - - -
CHP/head pop. US$ - (1967)84 {1967) 84 {1968) 75 (1972) 60 {1972) 60 [(1968) 78 (1968) 83 (1969) 160 (1920) 187 (1977) 410 2,700 1,070

Based on complete records of weight or volume or relisble sempling.

Plus work by private collectore.

Plus payments to private collectors.

Average for all India 377 g/head/day (NERA1) Nsticnal Buvironmental Engineering Resesrch Institute.

PPy

* Solid Wastes Mansgement Practices in Scutheast Asia, SEA/KH/Wastes sen./W.P. 3, 27 Sept, 1974,
#%  S0lid Wastes Management Seminar Country Reporte, Bangkok, Thailand, 25 Sept - 30 Sept, 1978.

(Note: The reliability of these figures cannot be affirmed. They should be used culy as approximations for purposes of comparisen).




Table 2 Comparative Refuse Analysis

0!

2/
* * * <
Britain* Bangkok Bangalore Bangalore Hong l(ong1 Jakm.'ta1 Seoul ! Taiwanl Singapore
Typical Analysis by Jnalysis by Analysis by
YPL€AL ) Municipality [Flintoff Burner | NEERI Summer
[Vegetable/putrescible 28 44,0 75.2 65.1 9.42 60 - 24.6 4.6%
Paper 37 24.6 1.5 2.7 32.46 2 4 7.5 43.1%
Metals 9 1.0 0.1 0.4 2.17 2 0.4 1.1 3.0%
Glass 9 1.0 0.2 0.2 9.72 2 0.15 2.8 1.32
Textiles 3 3.0 3.1 0.9 9.58 - - 3.7 9.3%
Plastics and Rubber 3 7.0 0.9 0.3 6.24 2 1.8 2.3 6.1%
(exe.rubber)
}Misc. Combustatle 1 - 0.2 0.2 4.94 7 0.6 - 3.9%
(egg {(Wood)
Shells)
isc. Incombustable 1 3.5 6.9 1.2 - - 78.0 56.0 -
(ashes) | (ashes)

Inert below 10 mm 9 4.8 12.0 - 14.09 - - - 6.4%
Fine Earth - - - 29.0 - - - - -
Other Materials - - - - 10.47 25 13.7 0.8 22.3%
Density kg/m> 150 250 570 405 - - - - 175

Note : * - Solid Wastes Management Practises in Southeast Asia, Report by Frank Flintoff, WHO Consultant.

Country Reports on Solid Waste Management Seminar, Bangkok Thailand 25 Sept. - 30 Sept, 1978.

1
2 Personnel Communication




of about 32 per cent. Bangalore wastes have only 2 per cent paper,
Seoul 4 per cent and Taiwan 8 per cent are more typical of the region
as a whole. Seoul and Taiwan account for a significant high ash
content of 57-78 per cent, which originates from hard coal which is
used as domestic fuel and this amount may increase during winter.
Generally the major constituent of the wastes is putrescible or fermen-
table organic matter which accounts for 35-75 per cent of the total.

Worker Performance

The normal performance of a worker in the region (total weight
collected divided by total manual employees) is about 250 kg/day
FLINTOFF (1976). Exceptions are Nepal, about 50 kg/day, Colombo about
135 kg/day and in Singapore with a very high worker performance of
about 1,850 kg/day. The introduction of mechanisation in Singapore
accounts for the decrease in the labourers' workload, maintaining their
work productivity.

Number of Workers

Usually, it is necessary to employ 2 workers per 1,000 population
to achieve reasonable standards. As reported by FLINTOFF (1976)
although Rangoon employs only 1 worker/1,000 population, standards
observed in the central area were very high. Due to the implementation
of mechanical sweepers in Singapore, there is very significant decrease
in the number of workers. However, the equivalent deployment ratio
between men and a machine is in the region of 16:1.

Rates of Pay

The rate of pay for sweepers and collectors seems to be lower than
other unskilled workers as exemplified in Kathmandu where the rate is
so low that there is no incentive to work. Dacca employs only casual
workers for 4 hours a day. However, most workers are permanent, working
for 7 or 8 hours a day. In Manila, street sweepers and collectors even
enjoy some fringe benefits in the form of life and accident insurance,
uniforms and raincoats and incentive awards to deserving personnel.

Level of Expenditure

Annual expenditure on street cleansing, refuse collection and
disposal per head of population was difficult to ascertain on a truly
comparable basis as cited by FLINTOFF (1976) in his report. Although
some budget figures are used it was necessary to calculate some costs
from other data. Due to different financing schemes of vehicles,
amortisation of vehicles and plants has been excluded. In Southeast
Asia, the average figure is about US$ 0.60/head/year, although the
range is very wide. Because of adequate staffing, well-designed plants
and vehicles and district depots, Colombo reported an expenditure of
US$ 1.53/head/year. No data was obtained from other countries like
Singapore and Hong Kong where waste management is relatively efficient.



Table 3 Coocparative Data on the Countries in Asia

Economic Condit 1on‘2

Agency

Incidence of Infectious gueneu
(Caees and Deaths, 1975)

National Government Protection

Particular Government Agency

ural economy with
rincipal crops of
Fice, tea and jute

Cholera - 5,062

Smallpox - 13,798

Trade centre; indua-
tries include ship-
building textiles &
electrical products
Tuberculosis of the
Respiratory Systes

- 8,568

Infectious Hepatitis-
1,804

Typhoid Fever - 548

Public Worke Dept.

Agricultural and
partial industrial
economy

Cholera - 24,275
Smallpox - 1,612

Agricultural; petro-
leur - principal ®i-
neral product

Cholera - 51,458
Cardiac Diseases
and Cancer

Bangladesh Hong Kong India Indonesia S. Korea
Population (0()0‘000)l 2 83.3 4.5 622.7 136.9 36.4
Population ?ennlly/sq.nl aem 1,447.9 10,918.0 490.2 266.4 958.9
Growth Rat. 2.7 1.4 2.1 2.4 1.7
Birth Rate (per 1,000) 47.0 20.0 3.0 38.0 24.0
Death Rate” {(per 1,000) 1 20.0 5.0 13.0 14.0 7.0
Age Structure: 2 under 15 years 432 3z 40% 443 401
1 15 ycars - 64 ycars 56.7% 56.7%
CNP (USS/snp) 100.0 2,080.0 150.0 180.0 1200

Religions’ Mosles - 80X Hindu - 832 Moslen - 89% Buddhiet

Christian

Rindu - 13% Moslem - 11X Christian - 7% Confucfanist

48% rursl agricultural area

Minfstry of Health and so-
cial Environmentsl Protec-
tion Centre

for SWM
1 - Asia Yearbook, 1978 d
2 ~ Information Please Almanac, Atlas and Yearbook, 1978, 32" Edtition
3 - Singapore Facts and Figures
Table 4 Summary of Problems, Conetrainte and Deficlencies in Solid Waste Management in Asia
PROBLEMS hngalorel New Delhi Knthllndul Du:cnl Rnngoonl .Ilkn'ul

Water Pollution

Vectors

Landf1ll sites avail-
able
Motor vehicles ahort-

traffic
Narrow lanes

Lack of public co-
operation
Conetraints

Foreign .exchange
IClinatic problems
Deficiencies
[Bquipmeat

Vehiclea

fraining facilities,
techniciana in SWM

Health risks to workers

Shortage of local money

dunp

dunps
Skin contact
[Yes

[Yes, oany old
1o some areas

In some areas
[Yea

[fea
Pifficult
No

Eveeper trucks
Dpen and too h:

None

Stacic water and

Street bina and

phort brooms, no

Street bins and
dumps

Skin contact
Yes

Yes, many old

In aone areas
In sone areas
Yes

Yes
Difficule
No

Soft brooms, few
eweepers’ trucke
1gh | Open and too high

None

River pollution from
dumps

Courtyard street
dumps and main dumpe
Skin contact

Yes

Very few

No
In central
Yes

Yes
Difficult
No

Short brooms, few
sweeper trucks

Open

None

Surface water pollu-
tion from dumpa

Street dumpe and
main dump

Skin contact
Yes

Vary few

Few
In some areas
Yes

Yes
Difficule
Yes

Soft broom, no swee-
pers' trucka
Open and too high

Noune

Some atreet dumps
and wain dump
Skin contact

Yes

Yes

No
Not many
No

Budget underspent
Difficult
No

Sweepers' barrows
too saall
Covered but too high

None

Pollution of streams
& rivers & surface
wvater at dump
Randoa dump and maia

dump

Skin contact

7

Yes

Yes

Yeas

Yes & no

Yea

No problem

No
Sweepers'barrovs
too small

Open, too high no-
tipping gear
None

1 - Solid Waete Management in Southeast Asia Report and Working Papera of
a Regional Seainar, Bangkok, Thatland 29 October to 7 November 1974

~
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—WaTaysTa | Wepal | TPhII{pplnes STngapore TrT Tanka Taivan TRailand
2.6 13.2 44.3 2.3 14.1 16.6 “.
9.8 261:5 379.9 10,221.2 574.4 1,194.8 221.0
2.8 2.3 2.7 1.3 2.0 1.8 2.4
35.0 43.0 35.0 18.0 28.0 23.0 3.0
7.0 20.0 8.0 5.0 8.0 o 50 L 1o
452 40% 432 342 39% (1975)° 35.3z (1975)" 47.62,
52.4% 61.22 49.5%
844.0 124.0 370.0 2,668.0 150.0 1,040.0 350.0
Moslem Hindu - 89.4% Catholic - 871 Moslen Buddhtsr - 671 Confucianiat princi- Buddhist - 95%
pally
Buddhist Buddhiat - 7,5% Moslen - 4.4% Chriatian Hindu - 18% Buddhist Moslea - 4%

_est in producer

fculture tncludes

>er, rubber and
o1l

Cholera - 52
:1. Sabah and
avak)

Agriculture includes
rice, wheat and jute

Cholera - 260
Saallpox - 95

City Municipalicy

Chiefly agricultural;
copra, abaca and
sugar-chief products

Cholera - 695

Refuse & Eavironmen-

Trade centre; indus-
tries include ship-
building and oil re-
filaing

Tuberculosis of the
Reapiratory System
gonococcal infec~
tions - 2,750

Hini,t ry of Environ-
ment

Environmental Publ lc]

Heavily dependent on
food imports; tea is
lprincipal product

Cholera - 1,517

Essentially agricul-
tural; food process-
ing ~ major industry

(1976)® Typhotd and
paratyphoid - 131
Diptheria - 23
Dyeentery - 17

National Health

Principal agricul-
tural econoay

Malario - 290,447
gonocoecal {nfec-
tions -~ 143,863

Leprosy - 35,845

National Environmen-
tal Board

tal Centre of Metro Health and Environmen- Authority
Manila Commission tel Engineering Div.
Taivan Statistical Data Book, 1976
World Health Statistice, Annual, 1977 Vol. II
Statistical Yearbook of the Republic pf China 1977
1 1 2
Colombo Bangkok Hong Kong Seou12 Hnnulz Singuporez 'hiwuz

atic water at one
mp

nps

soue areas
some areas
" & no

fficult
potines

od

od

Static water at main
dump

Yen & no

Yes
No problem
Sometiznes

Sweepere' barrows
small

Covered but too
high

None

Leachate from sanita-
ry landfill

No problem

Minimal
No

No
In gome areas

In some arcas
No

No
No problea
Sometimes

Good

Static vater at dump
leachate from land-
f111

Static vater at dump

Dumps Street bins and
duzmps

Yes & no Skin contact

[Yes & no Yes

No Yes, many old

Yes In some areas

[Yeo In some areas

[Yes & no Yes & no

[No Yes

[Pifficule Difficult

[Tes Sometimea

|Sveeper barrowa Good

lsnall

ICovered Open and toc high

[fea Yes

Leachate from land-
f111

Bin centres on road-
sides

Mininal

No

No problem

In gome areas
Not asny
No

No
No problem
No problem

Good

Leachate from landfil

?

Skin contact
No

Yeas
In aocme aress

In some areas
No

No
Difficult
No

?

1

~ Country Reporta for Seminar on Waste Disposal & Resources Recovery,
Bangkok, Thailand September 25-30, 1978




CONCLUSION

The solid waste management situation in Asia in general needs
further improvement in quality and at the present faces many problems,
the solutions to which being subject to a number of constraints. The
nature of the waste, climate, hygiene, living conditions, social,
religious, economic and other factors in Asia are different from other
countries and therefore specific solutions need to be thought of.
There are already some good examples set by some municipalities, e.g.
in Singapore which has achieved a high degree of solid waste management
for Asia, and it is believed that there can be an exchange of relevant
methods and practices of effective solid waste management through many
channels including regional meetings and seminars like this one.
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OPERATIONAL FACTORS: A REVIEW OF THE MAIN FACTORS
AFFECTING SOLID WASTE MANAGEMENT OPERATIONS

MICHAEL BETTS
Consultant,
Enviranmental Resources (. td.,
London, U.K.

INTRODUCTION

The purpose of this particular paper is to identify and discuss
the main factors which directly influence the collection, tramsport,
processing and disposal of solid wastes at an operational level, and
which must therefore be assessed and taken into account in the waste
management plan. It would seem appropriate to list and examine generally
the main operational factors and how they affect each stage of the waste
handling system.

Fig. 1 shows, in simplified form, the main steps and alternatives
involved in solid waste management. There are essentially 4 distinct
functions making up the system:

- storage and collection (including separate collection of materials
for recycling);

- transport;
- processing (including resource recovery);

- ultimate disposal.

These 4 functions are necessary whatever the type or origin of the
waste. As we have heard, a prime aim of waste management is to ensure
that solid waste is handled and disposed of as efficiently and economi-
cally as possible, with the minimum of environmental impact. However,
environmental standards (and particularly operating standards) must
realistically take account of present environmental, economic and social
conditions, and it is a fact of life that, beyond a certain standard,
increasing expenditure on waste management brings diminishing returns
in terms of environmental improvement., The setting of standards for
waste management will to some extent reflect the aspirations of the so-
ciety, and it is the task of the planner to balance these aspirations
against the limitations imposed by the circumstances prevailing in the
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area concerned and what the society can reasonably afford. It is not

intended therefore that this paper should examine the implications for
waste management operations of factors introduced as a consequence of

policy decisions about environmental standards, but rather to loock at

those factors which must be considered irrespective of any politically
determined goals.

STORAGE AND COLLECTION

Whatever the prevailing circumstances, the essential starting point
for a waste management operation is the provision of adequate facilities
for temporarily storing the waste at the point where it arises, and this
is the case for industrial solid wastes as well as household and trade
refuse. In as much as problems of industrial solid waste are primarily
related to their treatment and disposal, my comments on storage will be
confined to those wastes, the collection and disposal of which normally
fall within the domain of a public authority.

However, I would just add that it is normally in the best interests
of an industrial plant operator to provide adequate temporary storage
facilities for his solid waste, where these are to be disposed of outside
the plant, otherwise he will very quickly find that the smooth operation
of his plant is impeded.

The main operational factors to be taken into account, when deciding
which form of storage arrangements are most suitable, are:

- climate;

nature and quantity of the waste;

t

physical conditions at the premises generating the waste;

method and frequency of collection.

Climate is relevant to storage arrangements primarily with respect
to potential health hazards. Generally speaking, the level of biological
activity of refuse is enhanced in hot and humid climates and hence it
degrades much more rapidly. In such circumstances, the waste becomes
highly attractive to flies and many other pests which can be prejudicial

to public health, and so it is desirable in such climates to operate a
storage system which prevents access to the waste by pests and animals.

The density of the waste has a very important bearing on storage
arrangements, for this determines the volumetric capacity of the container
which is required to store the refuse between collections. Insufficient
capacity to store the volume of waste being generated leads to spillage
and stacking of excess refuse around the container, with consequent risks
for health and environment, and higher collection costs. Selecting a
size of container must also take account of likely trends in the density
of refuse, for a well-established effect of a rising standard of living
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is a reducing density of household refuse and, as the proportion of
paper and other packaging materials in the waste increases, the greater
the volumetric capacity needed to store the waste generated.

A possible solution to the problem of insufficient storage capacity
is to increase the number of containers in use at each of the premises
served, but the effect of the first additional container is to add ca.

80 percent of the cost of the labour element of collection, correspon-
ding to a net increase in the cost of collection for each house of ca.
40 percent. Clearly, it is more desirable to have a size of container
such that a single container is able to take the volume of waste normally
generated at the premises between collections, with some room to spare.

The other waste characteristic having some bearing on temporary
storage is moisture content. Refuse containing a high proportion of wet
putrescible and other organic matter is usually too moist to permit the
use of paper sacks, so that rigid containers must be used. This applies
also in countries where heavy rainfall is usually experienced for some
part of the year.

Physical conditions for storing waste at the premises is probably
the most significant factor determining the type of storage system used.
The diversity of dwellings found in urban areas, particularly in develop-
ing countries, obviously precludes using any universal type of container.

The first requirement is an adequate space, suitable for standing
a container. This should ideally be a well-drained, firm site, some
distance from the living area. This may all sound a little obvious, but
this can be a major problem in some city areas, for example, in dense,
over-crowded shanty districts. Apartment blocks can also present a pro-
blem, particularly where not enough thought has gone into refuse storage
facilities at the design stage. Conditions for access by collection ve-
hicles is a critical factor, for there is no point in using individual
storage containers at premises inaccessible to the collecting vehicle,
e.g. in densely populated areas where made-up roads are few in number.
In such circumstances, there is really no alternative but to install a
communal, temporary storage system, located so as to be accessible to
the collection vehicle and convenient for the residents whom it serves.

Where communal refuse storage is employed in developed countries,
for instance in apartment blocks, the containers used are usually designed
so that they can be mechanically emptied by purpose-built collection
vehicles. In developing countries, while mechanised communal storage
arrangement can Also be employed, there may be other reasons why such
storage systems cannot always be used in circumstances demanding communal
refuse storage, e.g. lack of funds to purchase the specialised vehicles
and containers, and need to employ labour-intensive collection methods,
shortage of skilled labour to maintain the vehicles and specialised lift-
ing gear, etc. 1In this case, one has to resort to stationary cormunal
containers which are cleared manually by the collection crew. In terms



of efficiency, this is much less satisfactory than mobile, mechanically-
emptied containers, but is certainly preferable to no organised refuse
storage. Much can also be done to improve the worst features of sta-
tionary communal containers by careful design, e.g. by closing them in
so that other types of waste such as bulky waste and demolition waste
cannot be placed in them and animals are unable to interfere with the
contents, by making the cover and one side removable to facilitate emp-
tying (possibly with the aid of small shovel-loaders, if available) and
cleaning, etc.

We have already seen how refuse density affects storage capacity,
and a similar influence on the sizing of containers derives from the
frequency of collection as, clearly, the longer the period between col-
lections the greater the temporary storage capacity required. However,
potential health hazards constitute the most important determinant in
respect of collection frequency and the minimum acceptable frequency
for wastes containing putrescible matter is once a week. In certain
situations, particularly in hotter climates, in densely-populated areas
and where storage space is seriously restricted, a more frequent service
is necessary.

Apart from storage capacity, collection frequency will also have
a direct effect on costs of collection. For instance, collecting twice
a week rather than once a week may be expected to increase unit collec-
tion costs by up to 50 per cent. Another significant operational factor
for waste collection is the point where actual pick-up of the refuse
takes place. The two basic options available are:

- collection at the kerb or roadside, where the owner of the waste
places the container for collection and emptying and retrieves
the emptied container;

- yard collection, which can take various forms, but essentially
involves the refuse collector in carrying the waste from the
premises to kerbside.

The main issue therefore is who should be responsible for trans-
ferring the waste from the premises to the kerb - the waste owner or
the collector? The trade-off involved lies between convenience for the
waste owner and the cost of collection. Time spent walking to the con-
tainers and carrying them is costly, and savings of up to 55 per cent
on collection costs may be achieved by using kerb/roadside rather than
yard collection. Besides productivity considerations, yard collection
places a much greater physical burden on collection crews, which may

"make it much more difficult to recruit and retain manpower. Of course,
there will be instances where the owner of the waste is unable to place
the waste at the roadside, e.g. with elderly or handicapped people, but
such cases can be accommodated fairly easily within a predominantly kerb
collection service.
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The main options in respect of temporary storage containers are
summarised in Table 1. There is, of course, an enormous range of pro-
prietary container systems avallable and, having decided which option
is best suited to conditions within a particular area, the choice then
depends on price, quality and, in some cases, whether the container
system is domestically produced or imported.

When planning or modifying a collection system, equipment selection
and crew size determination should not be made until decisions have been
reached on level of service, e.g. point and frequency of collection,
types of storage containers, etc. Based on these decisions, preliminary
vehicle and crew size selections can be made. However, other local
factors will also affect the final decision, e.g. round-trip time to
the disposal site/processing plant, street widths, housing density,
types of storage container used, amount of waste at each stop, payload
regulations, etc. There are many types of collection vehicle available,
some of which are designed for specific jobs. A basic choice 1s whether
or not to incorporate a waste compaction system in the vehicle. Gemnerally,
it is advisable to opt for compaction vehicles to reduce haul costs and
prevent the litter problems that often occur with open-top trucks. How-
ever, compaction vehicles are significantly more expensive to purchase
and maintain, and there may be local factors such as lack of funds or
skilled maintenance staff which may make compaction vehicles a less de-
sirable choice. The main alternatives with regard to collection vehicle
types are:

Front loaders - used to collect from bulk containers at apartment
buildings, large commercial and industrial establishments, and other
buildings generating large volumes of waste.

Side loaders - can be used to collect from bulk containers, but
their main use is to collect from residential and small commerical pre-
mises. Suited to areas with difficult access conditions. Also suitable
for servicing street sweeping and market clearing gangs.

Rear loaders - widely used for residential and small commercial
collection. Best operated with at least a 3-man crew.

Satellite vehicles ~ used occasionally to provide for a low-density,
single-family residential yard collection service. These small vehicles
are serviced by a 'mother' truck into which waste collected by satellite
vehicles is emptied.

Specialised collection vehicles - wide variety of purpose-built
vehicles for specialised jobs, e.g. roll-on-off container trucks, 1lift
and carry trucks. Usually used to service large waste payloads and
specialised wastes.




Table 1 - Potential Advantages and Disadvantages of Types of Municipal Solid
Waste Storage Contalners, and Conditions that Favour the Use of Each.
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Potential Potential Conditons which

Alternatives Advantages Disadvantages Favour Alternative
Paper or Easier to handle - no lids to | Cost per sack. Sacks can |[Kerb collection.
plastic be removed or replaced. Less | fail if filled too full
sacks weight to 1ift. Reduces spil-{or 1f too thin. Suscepti-

lage and blowing litter when |ble to animal attacks.

loaded in truck. One-way Not suitable for bulky,

N containér - no bins left at heavy or sharp objects.

kerb. Eliminates odours and |May be difficult to obtain

necessity to clean dirty bins.| locally.

Prevents fly entrance. In-

creases speed and efficiency

of collection. Reduces con-

tact of collector with waste.
Metal or Reasonable size for collec- Must be cleaned regularly Backyard collection.

plastic bins
(75% to 110%)

tor to lift. Economical.

when not used with liners.

Containers More efficient than manual Residents oppose storage Alley space.avail-
for collection. of other people's waste able for storage.
mechanised on their property.
collection
Druns Better than nothing. Lower colléction effi- As last resort.
(210%) ciencdy. Excessive weight

can result in back injury

and muscle strain. Dif~-

ficult to handle. Lack

of 1ids allows insects to

breed in waste and odours

to escape. Rust holes at

bottom of drum allows ro-

dents to feed on waste.
Stationary Better than nothing. Inefficient - must be emp- | As last resort.
storage tied manually. Lack of
containers proper cover leads to

insect and rodent infes-
tation (unless designed
otherwise). Necessity
for hand shovelling of
wastes poses health ha-
zard to collectors.
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Other operational considerations relevant to vehicle selection
include overhead clearances under bridges and at workshops, the avail-
ability of parts and the extent of manufacturers' local back-up service.
Decisions also need to be made on such items as transmission and fuel
type. Automatic transmissions are initially more expensive, but over
the 1ife of the vehicle the cost of clutch replacement will often ex-
ceed the initial difference in cost between manual and automatic trans-
mission, and automatic transmissions are also easier to drive and
safer in hilly areas. Chassis and body replacement policies should be
included in long-term procurement plans. Chassis replacement will
depend upon engine operating hours, which is related to vehicle dis-
tances covered, and the need for replacement should be calculated on
an individual basis taking into account the costs of repair and down-
time on older vehicles. In summary, decisions on vehicle types and
crew sizes are highly dependent upon local operating factors, and
collection systems must be frequently reviewed to make sure that current
decisions on equipment and manning reflect changes in system parameters,
such as waste generation, traffic congestion, road conditions, haul
distances, etc.

TRANSPORT

Where a site suitable for the controlled tipping of solid waste
is available within or close to the main collection zone, then, with-
out any doubt, the cheapest method of transporting and disposing of the
waste is to haul it in the collection vehicle for direct tipping.
However, many urban areas in both developed and developing countries
face an acute shortage of suitable landfill capacity in close proximity
to the waste catchment area and are therefore confronted with having to
haul the waste to landfill sites remote from the main collection zone.
(It is, of course, possible to build and operate a waste treatment/
recovery plant close to the collection zone in order to substantially
reduce the volumes of wastes which must be tipped. This possibility is
commented on further below, and is the subject of detailed consideration
in other Seminar papers). In these circumstances, transporting the waste
directly in the collection vehicle can result in many man-hours being
spent on hauling solid waste from the collection zone to the disposal
site and higher-than-need-be operating costs. This situation may be
alleviated by using a transfer station. In simple terms, this is a
facility where solid waste from relatively small collection vehicles
is placed into relatively large vehicles before being hauled to the
disposal site. The small vehicles need not necessarily be confined to
public authority collection vehicles; such a station could also serve
private vehicles delivering other wastes suitable for tipping, e.g.
bulky waste (where reduction plant is installed at the station), commer-
cial and industrial refuse.

Transferring waste for bulk haul represents an additional materials
handling step, and will clearly involve costs for constructing and
operating the plant. The associated costs must be offset by greater



savings in collection transport costs for a transfer station to be
justified. The resulting savings are essentially twofold:

- the non~productive time of collectors is cut since they no
longer ride to and from the disposal site; it may be possi-
ble to reduce the number of collection crews needed because
of increased productive collection time;

-~ the reduction in distance travelled by the collection trucks
leads to reduced operating costs.

There is no generally applicable rule about when a transfer system
should be employed, for much will depend upon local conditioms, e.g.
quality of roads between the collection zone and disposal site, quan-
tities of waste being handled, local labour costs, etc. However, where
any significant amount of waste has to be transported more than about
10 km to be disposed of, then a transfer arrangement should be examined
carefully to see if this offers any potential saving.

There are 3 possible alternatives for transporting the waste from
a transfer station to the disposal area: by truck, by rail and by barge.

Truck transport is by far and away the most common method of bulk
hauling waste, and there is a wide range of equipment specifically de-
signed for this purpose. There are basically 2 types of system for
transferring the waste into large, bulk-haul vehicles.

The first is the direct-dump arrangement whereby a collection
vehicle empties its load by gravity into an open-top trailer. The
traller is located under a hopper to prevent spillage, and a back-hoe
is usually used to distribute the load and impart a certain degree of
compaction after it is placed in the trailer. A variation on this
arrangement uses a tipping bunker where a crawler tractor crushes and
compacts the waste before pushing it via a hopper into the trailer.

The second basic type of system relies on hydraulic pressure to
achieve horizontal compaction of the waste within the trailer. The
compaction equipment may take the form of an hydraulically-powered
traversing bulkhead, self contained within the trailer body, or a sepa-
rate, stationary compactor which uses rams to force the waste forward
into the trailer.

Either method of compaction can easily produce the maximum design
payloads of the container vehicle. A transfer station may also incor-
porate more sophisticated volume reduction equipment such as baling or
shredding. However, the main advantage of baling or shredding lies not
so much in the reduction of transport costs (where in my view this brings
little in the way of further savings over and above that achieved with
the compaction methods described above), but rather in providing a better
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form of material for landfill operations. Shredding or baling can also
be of help in gaining public acceptance of landfill site.

Rail haul of waste is finding increasing popularity in developed
countries, e.g. in London, but this depends on there being a rail link
between the collection area and the disposal site. Many worked-out
mineral quarries or opencast mines already have a rail-spur installed,
and where it is decided to reclaim these sites by sanitary landfill of
waste, then it may be possible to utilise the rail link and spur to
transport the waste. Nevertheless, substantial capital investment may
be needed to provide suitable rolling stock in which case the site would
need to have a fairly long disposal life expectancy to justify the cost.
A few cities around the world use barges to transport waste to remote
landfill sites, e.g. New York and London, but clearly there are few in-
stances where barging offers a practical option.

PROCESSING (INCLUDING RECOVERY)

The main purpose of processing solid waste is to reduce or remove
some of the objectionable or undesirable characteristics of the waste,
e.g. its volume, its unsanitary nature, its toxicity, prior to final
disposal. Some forms of processing are aimed essentially at waste
treatment, for example:

shredding/baling;

incineration (without heat recovery);

de-watering (pre-treatment of sludges);

neutralisation, filtration, solidification, etc.
" (of potentially hazardous semi-solids and solids).

Others are oriented towards the recovery of useful products from
solid waste, e.g.

- composting;

- materials sorting;

- incineration (with heat recovery);

- pyrolysis;

- waste-derived fuel recovery;

- methanation;

- hydrolysis.

Except in very favourable circumstances, none of the recovery-
oriented processes are able to recover 100 percent of the waste input,

so that there almost always remains a residue to be finally disposed of.
In practice, waste treatment and recovery are inextricably linked.
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For instance, a plant which started life as a pulverising transfer
station may subsequently be altered so as to recover a waste-derived
fuel and ferrous scrap. The plant then still functions as a transfer
station, still treats the waste to reduce its volume (though now to a
much greater extent), but also recovers 2 useful products. Some
types of solid wastes do not lend themselves readily to treatment, e.g.
certain kinds of demolition waste, excavation wastes, mining spoil.

Decisions about treatment and/or recovery of solid wastes involve
consideration of a large number of interrelated factors, most of which
are location-specific. The main questions which need to be answered
before decisions on treatment/recovery can be taken are listed in
Table 2, together with those factors which usually have a prime bearing
on the analysis which must be undertaken to provide satisfactory answers,

Whether or not to treat a waste depends primarily on its nature,
quantity and composition, and this again underlines the importance of
acquiring a detailed knowledge of the types and quantities of waste
arising in an area. Some waste are potentially very hazardous in terms
of both the human and natural environment and treatment is usually
essential to render them innocuous, e.g. hospital and medical wastes.
Other types of waste, e.g. many kinds of industrial wastes, have some
potential risk for health or the environment, but can, in the right
circumstances, be disposed of safely with little or no pre-treatment.
Here, the suitability of the disposal site is the determining factor in
respect of whether or not treatment is desirable.

Landfill for potentially hazardous waste relies largely on factors
such as breakdown, dilution and dispersion, and seeks to avoid wherever
possible long-term problems due to concentrated and persistent waste.
Such sites should also be located in relatively insensitive areas where
the risk of damage to health, ground and surface waters and ecosystems
is at a minimum. If no suitable landfill site is available locally to
take potentially hazardous industrial waste, then treatment is the only
alternative (unless, of course, it is possible to transport these wastes
to a more suitable, remote landfill site).

In many countries, the government authority responsible for waste
management is able to place the onus for safely disposing of these wastes
on the originator. However, if no private treatment facility is avail-
able to take these wastes, then it may make sense for the authority to
build and operate an industrial waste treatment plant, or charge industry
for treating its hazardous wastes. This will often be a cheaper option
for industrial waste producers than building and operating their own
smaller treatment facilities, and at the same time reduces the temptation
to dump illegally.

Most solid waste, e.g. household refuse, demolition waste, mining
waste, would not normally pose a serious threat to health or the environ-
ment if disposed of on land in a controlled manner. With these wastes, .
treatment is undertaken to reduce their bulk, make them easier to handle,
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Table 2 - Factors Affecting Decisions on Whether not to Treat or

Recover Wastes.

3.

Information needed to take

decisions

Is there a suitable landfill
site for the type of waste
requiring disposal, with
sufficient capacity for the
period covered by the waste
management plan?

Is a transfer station
desirable?

Would treatment of the
waste be necessary or
desirable?

Factors which must be
examined

capacity of site.

types, quantities and density
of wastes requiring disposal.
hydrogeological suitability

of site.

adequacy of access to the site.
potential impacts on local
inhabitants, wildlife and
amenities of the area.

traffic congestion.

planned subsequent use of the
reclaimed site.

enhanced value of the land when
reclaimed.

estimated capital and operating
costs of site.

distance of disposal site from
collection zone.

transport options for bulk haul.
types and gquantities of waste
to be transported.

nature of route from collection
zone to disposal site.

traffic conditions on route.

types, quantities and compo-
sition of the waste.
hydrogeological suitability of
final disposal, etc.

capacity of final disposal site.
implications of treating the
waste for reducing potential
environmental impacts at final
disposal site.

availability of sites within or
near waste catchment area for
treatment plant itself and
potential effects of treatment
facility on the environment.
estimated capital and operating
costs of alternative treatment
facilities

distance between possible sites
for a treatment plant and final
disposal site (and associated
route and traffic conditions).




Table 2 - (Continued)

Information needed to take Factors which must be
decision - examined
4. Is it feasible to recover - types, quantities and composition
materials, energy or other of the waste.
by-products from the waste? - market potential for any recovered

products (demand, likely revenue
from sale of recovered products,
location of potential outlets for
recovered products).

~ extent to which resource recovery
might reduce tipping capacity
required (or extend the useful
life of existing disposal site).

- extent to which recovery might
reduce potential environmental
impacts at final disposal site.

~ costs of recovering products from
waste, and effect of recovery on
overall disposal costs.

~ potential consequence of recovery
for employment, resource conserva-
tion, balance of payments, and
other national considerations.

and to give a better material for landfilling. Where, for example, an
existing landfill site within or near to the waste catchment area is
being used to dispose of untreated household refuse and similar wastes,
treating the waste to substantially reduce its volume (e.g. by incinera-
tion) may enable the authority to postpone opening a further site by
extending the life of the present site, and also to improve conditions
at the existing site. The authority may even be faced with a shortage
of local tipping capacity such that once the present site 1is exhausted,
the waste would have to be transported a very long distance for final
disposal. In such cases, treatment may be justified on economic as well
as environment grounds. It can be seen therefore that decisions about
treatment tend to be very waste and location specific.

The attractiveness of recovery as a method of handling wastes
depends primarily on how the costs and benefits of the available re~
covery methods compare with the costs of the conventional methods of
waste collection, treatment and disposal that would otherwise be em-
ployed.
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From the point of view of the responsible authority, recovery should
be of interest if: the cost of collecting the material or product plus
any cost of sorting or separation of the materials, or processing into
by-products less any saving in overall waste collection and disposal costs
is less than the revenue obtained from the sale of recovered materials,
energy or other by-products.

In operating terms, the viability of recovery is highly dependent
on there being a stable market for the recovered products in the vicinity
of the waste handling plant (or collection area in the case of separate
collection of materials for recovery), and on the prices obtainable for
the products. Another important factor is the operating reliability of
the recovery method, for constant breakdowns and persistent shortcomings
in performance can make recovery more expensive than handling and dis-
posing of the waste in a conventional manner.

It is not intended to go into any details of different methods and
technologies for recovering valuable products from solid wastes here.
However, it is perhaps worth stressing that the nature and composition
of the waste is of crucial importance in assessing the recovery poten-
tial of a waste. Highly mixed and contaminated wastes, containing low
value substances in low concentrations often offer very little potential
for recovery, unless the waste possesses certain characteristics which
are favourable to thermal or biological conversion into useful products,
e.g. methane from sewage sludge. Industrial waste is normally recovered
extensively in-plant for economic reasons, so that much industrial solid
waste is not suitable for processing to recover products. Undoubtedly,
the greatest potential for resource recovery lies in post-consumer solid
wastes, particularly municipal solid waste, and it is with these types
of waste that greatest progress in recovering useful products is likely
to take place in future.

FINAL DISPOSAL

The most common (and usually the cheapest) form of final disposal
for solid waste is landfill, and 1 have already commented on the nature
of the key factors affecting the operation of final disposal sites.
Other means of final disposal are dumping at sea and subterranean depo-
sition. Again, the subject of sanitary landfilling of solid waste will
be dealt with in another paper, but it is perhaps worthwhile to list the
key operational factors which need to be examined before selecting a
landfill site.

These fall broadly into the following categories:
- the nature, quantity and composition of the wastes, in relation

to the capacity available at a potential site;

- potential environmental impacts which might result from taking
a site into use for disposal of these wastes;

- the planned use of the restored site; the amount of landscaping,
top-soiling and planting necessary.
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The nature, quantity and composition of the waste in relation to
disposal capacity has already been discussed under processing. In
respect of potential environmental impacts, a properly located, designed
and operated landfill site should not lead to any serious pollution
problems or health hazards. Probably the most important environmental
factor to be examined at a potential landfill site is the pollution risk
to ground and surface water. The physical, chemical and biological
barriers to migration of any leachates must be considered together with
precipitation, direction of ground flow, rate of deposit and degree of
dilution.

For most new sites, it is necessary to carry out a hydrogeological
survey of area which can, in some cases, involve the construction of
bore-holes. A factor which should not be ignored during any exercise
aimed at identifying and assessing potential landfill sites, is possible
public resistance and objection to the site being used for waste disposal.
Clearly, it is desirable to try and select a site well away from any
settlements, but inevitably a landfill site will intrude to some extent
upon the amenity of the area in which it is located. Publicity of the
benefits of reclaiming derelict land often goes a long way towards gain-
ing public acceptance, but certain conditions may be necessary as a re-
sult of a public inquiry, e.g. that the waste is shredded or baled, or
that certain classes of waste cannot be tipped. Finally, the proposed
use of the reclaimed land should be determined prior to commencement of
operation, in order to achieve the necessary finished levels and degree
of stability. This can also serve as a useful aid in winning over pub-
lic opinion in support of the scheme.
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INTRODUCTION

The complexities of solid waste management are not readily appreciated.
There are numerous sources and types of solid wastes ranging from the home
to the farm and from refuse to industrial wastes. Handling involves storage,
collection, transfer, and transport. Processing includes incineration,
densification, composting, separation, treatment, and energy conversion.
Disposal methods show the environmental inter-relation of air, land, and
water, and the ptace of salvage and recycling. All these steps introduce
constraints — social, political, economic, technological, ecological,
information, and communications — that must be considered in the analysis
of the problem and in coming up with acceptable solutions. The discussion
that follows will principally deal with the collection and transportation
of solid wastes in Asian developing countries.

In any solid waste system, the greatest costs are incurred at the
collection stage and so the greatest care should be taken to arrive at
management decisions which optimise the resources available for this
part of the service. In this connection, there are many modern planning
and management techniques which allow collection decisions to be made
rationally with full evaluation alternatives. Many facets of the solid
waste collection subsystem are amenable to analysis using the techniques
of operation research.

SOLID WASTE COLLECTION SYSTEMS (PESCOD, 1975)

Vehicular collection is by far the most common throughout the world.
The components of vehicular collection are principally the trucks, the
crews and, sometimes, transfer stations. Of vital importance to the
efficiency of collection are the types and sizes of refuse storage con-
tainers at source, the crew's size and method of pick-up, the type of
trucks and their scheduling and the location and organisation of transfer
stations or disposal sites.
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Evident are the advantages of standardisation of refuse storage
containers and these will include the expediting of the manual pick up
by a collection crew. It will also affect the decision by crews to adopt
transfer containers, which are often used to transfer solid waste from
several service points to a truck when a wide range of household container
sizes are met with in an urban area. Large baskets are commonly used
as transfer containers, being cheap and lightweight. Ideally in the
hotter countries of Asia, solid waste should be collected daily from
each household and commercial or industrial locations but market areas
might require an even more frequent pick-up schedule. Street sweeping
is an important function in metropolitan areas and must be included in the
collection process. If individual street sweepers are equipped with
simple but sturdy handcarts capable of transporting removable containers
of 100 to 200 litres capacity, they can operate within a l-kilometre
radius of a transfer site where a trailer can be parked for haulage on an
exchange basis.

The size of crew associated with a single pick-up vehicle will depend
on local requirements but even this can be evaluated and optimised using
techniques to be discussed. Organisation of the tasks of a crew will
depend on the type of storage container to be handled, the spatial distri-
bution of pick-up points, use of transfer containers and the type of
collection vehicle. A relay system may be adopted to fully utilise a
crew during the vehicle travel time to a disposal site, in which case
more than 1 vehicle is served by crew. This will be economic where the
haulage distance is great.

Trucks commonly used for solid waste collection in many Asian coun-
tries are not particularly adapted to the function and the economics of
the collection service is adversely affected as a result. Collection of
refuse should be with closed vehicles having a low loading height and
they should be equipped with tipping gear. Although labour is relatively
cheap in developing countries, the amortised additional cost of custom
built vehicles would be more than offset by the saving in additional
labour costs resulting from time-saving on loading and unloading. Fleet
standardisation is also strongly recommended to minimise the stock of
apare parts and simplify maintenance. In order to ensure prompt and
efficient servicing of collection vehicles, the public agency carrying
out the solid waste service should also be responsible for vehicle main-
tenance. It is common in developing countries to see very old vehicles
being used for refuse collection but it is also common for authorities to
have poor records of vehicles in service. In most countries it will be
the case that the cost of maintaining vehicles 8 years old or more (or
with accumulated mileage greater than 100,000) will be greater than the
cost of vehicle replacement. As it is desirable to achieve maximum
deployment of vehicles, it will be economical to schedule vehicle replace-
ment on a regular basis utilising a sinking fund financing system.

As for the type of vehicle, a low-loading, automatic tipping non-
compression truck will normally be most popular for urban areas. However,
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the concept of separate trailer and motive units is worthy of consideration.
Since the power unit is the most costly part of the collection vehicle, if
a single power unit can service a number of parked trailers the investment
in vehicles will be reduced. Trailers could be locally made in most coun-
tries but should still be the tipping type. Compressior-type vehicles
could be used in areas with low density waste but these would add to costs
and maintenance problems. The size of the collection vehicle is also
important, with a larger vehicle requiring fewer trips to the transfer or
disposal point in a day. However, a larger vehicle will cost more and may
be unsuitable from the point of view of access to service points in densely-
populated areas. Here again, alternative sizes of truck capacity can be
evaluated using simulation techniques. Very large vehicles (or sometimes
even rail transport) are often used between transfer stations and disposal
points.

The optimum scheduling and routing of collection vehicles is essential
if a solid waste system is to operate efficiently and economically. Many
techniques are available to make best use of vehicles, equipment and
facilities and some of these will now be reviewed.

ANALYSIS AND MODELLING OF COLLECTION SYSTEMS

Planning of solid waste systems can rarely be done from scratch, except
for new towns, and most planners will be faced with the problems of opti-
mising and/or expanding existing systems. Being the most expensive part
of the total solid waste system, collection deserves the greatest attention
but trial and error methods are unlikely to arrive at optimum solutions in
reasonable time. The use of systems analysis and operations research tech-
niques, given the availability of computer facilities, will enable a wide
range of variables and alternatives to be studied with a minimum of data
collection. Some techniques which have been applied to solid waste collec-
tion are Monte-~Carlo Simulation, Linear Programming and Queuing Theory.

Monte-~-Carlo Simulation

When an event is stochastic in nature the average value has very little
significance except as an estimator of the long term trend. The event
itself is better described by the probability density function (pdf) which
gives the relationship of the occurrence of one event with respect to
another. Moreover, when the system is made up of a sequence of events
(such as, moving from one collection stop to another, transfer of waste
from a collection truck, loading waste into a truck and returning the empty
containers to the original site), the probability distribution of the total
time is difficult to define. Unless the pdf is a normal distribution, the
sum of the averages does not give the average of the total distribution.
For example, the sum of events with exponential distributions is defined
by a gamma distribution. The shape and properties of the gamma distribu-
tion is different from the exponential distribution.

Considering the collection system, it can be deduced that most of
the variables are stochastic in nature. The stochastic or deterministic
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nature of a variable is dependent on whether the next event can be pre-
dicted without or with certainty. If the next event can only be expressed
in terms of chance of occurrence, then it is stochastic. For example, in
a residential area some houses may have one waste container, some 2, some
3, and some 4 or more. Before the next collection stop is reached, the
exact number of containers cannot be known but, from previous studies, it
may be possible to predict that 50 per cent of the time there will be one
container, 25 per cent of the time 2 containers, etc., so that the vari-
able 1s stochastic.

A case study of the application of the Monte-Carlo technique has been
discussed by OUANO and PESCOD (1974) considering the collection process as
a system. The first approach is to break down the system into its compo-
nents or steps as shown in Fig. 1, which gives the sequence of variables
and indicates where decisions are made. The system's graphical model can
easily be constructed by observing the process itself.

After the sequence of operations has been developed and identified,
field studies can be designed to measure and define the values of the
variables. The practical experiment can be conducted by following a
collection crew for a number of days in different types of collection
areas and recording the values of the variables. Statistical analysis
of the collected data is then carried out to determine the pdf.

A more sophisticated means of measuring crew performance is to
record the whole -sequence on a video tape provided with a time recorder.
In cases where the experiment is conducted in a standard motion study
laboratory, the video tape could record a wall clock in the background.
The advantage of this method is the ability to replay the sequence and
study the process more closely. As the video tape can be replayed and
run at speeds slower than the actual speed, details of the process which
could have escaped observation in the field may be noticed and examined
closely.

Sometimes the motion study is conducted not only to measure crew
efficiency, but also to determine the standard time to accomplish a piece
of work. 1In this case, a properly selected working crew will be observed
in the laboratory performing the same sequence. Details of this procedure
are given by STONE (1969) and BARNES (1968).

A simulation model can be constructed by generating random variates
for the different distributions. The first important step after the
model has been developed is to compare the output of the model with actual
field data. If the results are close to each other, say error is less
than 5 per cent, then the model is said to be validated.

After validation, the variables which could be controlled by the
organisation, such as truck size, crew size, container type, collection
type, are varied. This is known as the sensitivity test and the purpose
is to identify those varilables which have the greatest effect on the
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Fig. 1. Collection System Computer Simulation Model Flow Chart
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system. The management will then have an idea of which variables should
be watched closely and which could be taken for granted. In this way a
supervisory routine of inspection and reporting could be better developed.

The next important function of the model is for system improvement.
Consider the situation where there are 4 choices of truck size, 6 choices
of crew size, 3 choices of container types, and 3 collection types. The
total number of possible combinations is then equal to (4 x 6 x 3 x 3)
= 216. Using previous field experiment methods, it would take 3 years
or even more to study the performance of the 216 combinations. However,
with the simulation model, where the effect of these variables has been
segregated, only (4 + 6 + 3 + 3) = 16 field experiments need be conducted.
The 216 experiments can be c;fried out using the computer to study the
combined effects of the variables. It is worthwhile noting that the
behaviour of the system under a wide variation of options can be obtained
in a2 much shorter time using the simulation model, in this case in almost
1/10th of the time using 216 field experiments.

In addition to deciding the physical components of the system, such
as manpower and trucks, decision policies could also be incorporated in
the model. The decision policies are mostly those which deal with overtime,
deciding when to send a truck back to the collection area after a trip has
been completed and to what collection area, and the task system for the
collection crew. The analysis of these policies has been studied by STONE
(1969), QUON et al (1969) and OUANO and FRANKEL (1974). In the first 2
studies, the decision policies for the truck to return to the collection
area after a trip had been completed were derived empirically, whereas in
the latter paper an economic evaluation of the factors that affect the
cost of collection per trip was made and decision criteria were geared
towards determining the minimum operating cost. 1In all cases, the decisions
were tested using a simulation model. It should be noted at this stage
that a wider variation could exist for the collection policies than in
the choice of the physical system components. Therefore, a larger saving
of time and money could be realised in this process. Moreover, the testing
and development of policies involves very little actual field experimenta-
tion as it is dependent for input on the physical components which make a
computer model highly attractive compared with physical experimentation.

Linear Programming

The linear programming technique is most often used for allocating
resources to different uses and optimising the overall objective of the
organisation. This has found wide uses in petroleum refinery operation,
resource allocation in an economy etc. Due to its wide uses, computer
package programmes are available in which the users merely formulate the
linear programming equations, and transfer the coefficients and cons-
traints into media which could be transmitted to a computer. This section
will deal more with the formulation of the linear programming equations as
used in the solid wastes management system. With regard to mathematical
manipulation in solving the linear programming equations, standard



operations research textbooks such as HADLEY (1963) and HIELLIER and
LIEBERMANN (1967) could be consulted.

The main application of linear programming in solid waste management
is in the allocation of trucks and men to different collection areas such
that the cost of collection and disposal is minimised for the whole city.
The first step in the process is to divide the city into smaller districts
with very similar land use and population densities, which will hereafter
be called 'collection areas". The centroids of the different collection
areas are determined by methods commonly used in applied mechanics. For
the population and the wastes generation rate data, the volume of wastes
generated per day can be determined for each collection area, noted as
Vi (where i 1s the subscript for the different collection area).

From the simulation model, the cost of collecting wastes using a
given truck size, crew size, land use and distance between the collection
area centroilds and disposal site could be determined, denoted by Ci 3,k
(where i denotes the collection area, j the truck size and type, k™’7°
the disposal site at which the truck will unload the wastes collected).
The choice of crew size has been determined from the simulation model
itself, and the land use from the existing characteristics of the collec-
tion area. Similarly, the total volume of wastes collected per day per
truck, V, . could be determined from the simulation model for a given
truck sizd)and type, collection crew size, type of land use and distance
between the collection area and disposal site.

If the disposal site k has a definite size, then the cost of dis-
posal at the site k can be determined and denoted by D, . Then the total
cost of collection and disposal for the whole city cankbe expressed as
Z, which is also equal to:

n m [0}
z = 1L Z z (C,., +D) T,.
=1  j=1 k=1 kK ik
where, T are the trucks coming from collection area i

1,3,k unloading to disposal site k of type j.

The constraint to this equation is the number of trucks available
of each type, j, which gives:
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where, Aj is the truck of type j available

The other set of constraints is the wastes that must be collected per
collection area:
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The third set of constraints is the capacity of the disposal facilities
at the kth site, which gives the following equations:
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where, S is the size of the kth disposal facility.

For the solution of the number of linear equations with inequality
constraints, the simplex method could be used. For discussion of this
method, refer to a standard text or reference in operations research.

The result will give the number of trucks that serve the disposal
site i and unload at the disposal site k. CLARK and HELMS (1970) first
used these techniques in allocating the different vehicles to decentra-
lised waste collection facilities. The solution of large linear pro-
gramming tableau 1s very difficult to achieve manually or even with very
small computer systems. Where large numbers of semi-skilled workers are
available, the construction of iso-cost curves based on previous data of
different trucks serving the collection area 1 and disposal site k is
possible. An iso-cost curve is very similar to an elevation curve on a
contour map. The curve represents the cost as a function of the distances
from one collection area and disposal site, around the city. It 1s logi-
cal to say that the cost will be lowest for the areas near the disposal
site and will rise for remote areas. However, the iso-cost curve will
not be circular because land use will vary across the city. The boun-
dary for the different collection areas which should dispose of waste to
disposal site k can be determined by studying the different iso-cost
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curves. This method is simple but lacks the ability to assign different
truck types simultaneously throughout the city.

No existing use of the method has been published but it has been
widely used in  industrial logistics for very similar problems. Nowadays
it is usually neglected due to the large amount of data and semi-skilled
manpower requirements but may be appropriate in developing countries.

Queuing Theory

Queuing theory has found application in the design of unloading faci-
lities at a disposal site. Most often the regular working day starts
simultaneously for all crews but, since they are sent to collection areas
at varying distances from the disposal site, they arrive at the disposal
site at different times of day. Sometimes a large number of trucks will
arrive at the disposal site simultaneously, when some will have to wait
in line while the other trucks are unloading. In thils case, waiting
trucks will mean time lost in the utilisation of crew and truck. However,
increasing the number of unloading facilities at the disposal site will
also mean an increase in the cost of construction for the disposal site.
When the distribution of the time it takes to unload a truck is a gamma
or exponential distribution and the arrival rate of the trucks 1is a
Poisson distribution, standard mathematical formulae have been developed
to predict the number of trucks waiting, and the average waiting time
for the trucks. The cost of the waiting trucks can be estimated from
the idle labour and equipment. When the number of unloading statioms
increases, the cost of idle machines and manpower decreases while the
cost of the unloading station increases as shown in Fig. 2.

When the distributions of arrival time and service time are not
exponential or gamma, the Monte-Carlo technique of simulation has to be
used as QUON, CHARNES and WERSAN (1965) have done. In their experiment,
they found the ideal number of 3 to 4 trucks per unloading dock. In
developing countries, where the manpower cost is much lower than in the
United States, the number of trucks served per unloading dock could be
much higher as the cost of waiting is smaller compared with the capital
cost of constructing additional unloading docks.

REFUSE STORAGE METHODS IN ASIA

The rapid increase in solid waste generation in Asia is posing a
serious problem and a solution to it is a must in the collection process.
Storing the refuse is the only way in which collection process can be
facilitated and at the same time minimises the cost of collection.

Without refuse storage, substantial proportions of the waste produced

are not collected. These uncollected wastes will accumulate in courtyards
and waste grounds, will be thrown into rivers or ditches and in most cases
will be blown by the wind.

There are 2 types of refuse storage methods which are commonly used
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in Asia, namely: the communal storage method and the household storage
method.

Communal Storage

In the communal storage method, wastes are stored in communal con-
tainers provided, in most cases, by government officials. The residents
themselves deliver their wastes to the containers. These containers
should not be located very far from the houses, otherwise residents will
be encouraged to dispose the wastes on the pavement or the nearest avai-
lable area. The spacing of the containers is determined by their capacity
and the population density of the area. The closest spacing observed is
in Rangoon and the widest 1s found to be in Delhi. The distance between
the containers in Delhi explains the existence of private collectors and
the employment of large number of street scavengers.

Communal sites may take in many forms:

1. Depots which consist of a large garage or the ground floor of
a multi-purpose building. The capacity of depots may be as great as
25m°. Commonly, depots are used for storing wastes at large markets and
in some Asian countries, they are adopted for the storage of domestic
and trade wastes. In Delhi 150 buildings are used as depots and the
average capacity of each is 12m3, which is equivalent to a population
of 10,000 or more at the present generation rate. This kind of storage
is only really effectlve and practical in densely-populated areas where
it can be spaced properly.

The advantages of depots are that animals and scavengers are
prevented from gaining access to the wastes; the wastes are protected
from the rain thus production of foul smells and the breeding of flies
are inhibited.

In spite of these advantages, depots are not highly recommendable
because there i1s a problem in the acquisition of the sites for storage
depots. The area occupied by depots is equivalent to a large shop and
the location must be near the road wide enough for vehicle access and
this site is often very costly to acquire.

2. Enclosure is found to be widely used. Its essential feature
is a wall of timber, corrugated iron, brick or concrete which screens
and contains the wastes. The screen has one or more openings through
by collectors. The average capacity is 1-10 m3 having an average
throughput of 2 m3/day. This method would serve 2,000 people at the
minimum generation rate.

In many cases in Asia, enclosure is found to be a failure because
rain, animals, flies and scavengers are free to come in contact with
the wastes. Also wastes are thrown just inside the entrance where a
heap builds up, thus blocking access to the main area while wastes
overflow from the entrance., Sometimes enclosures are used for urination
and defecation purposes, increasing the health risk to the workers.
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3. Fixed Storage Bins are also commonly used in Asia. Usually,
they are built from concrete blocks. Such a bin has no entrance like
the screened enclosures. The wall is considerably high about 1.2-1.5
metres for the wastes to be dropped inside and as a protection from
scavengers and animals galning access to the wastes. In one side of the
wall, an opening, covered by a flap is provided through which the wastes
are removed. The average capacity 1s about 2 m3. In some Asian nations
this method fails because a great health hazard to the workers collecting
the refuse. Further, the flaps covering the bottom opening tend to break
off and disappear so that the contents overflow. Because of the height
of the wall, residents tend to dump their wastes outside the bins and not
inside it.

4. Concrete Pipe Sections are used in some Asian cities with a low
population density. The most common size is about 1 metre in diameter,
the length being of similar or shorter dimensions, providing a volume
of about 300 litres. Major objections are: wastes are exposed to view;
they are accessible to flies, rats, domestic animals and scavengers; are
difficult to be racked away; and provide the worker with intimate contact
with the wastes.

5, 200 litre Drums are most widely used throughout the world.
Depending upon the nature of the contents, the total weight would be in
" the range 35-115 kg. Handling should always be by 2 men, because of the
awkward size of the drum and its lack of 1lifting handles. With good i
management, 200-1litre drums would greatly increase efficiency and may be
advantageous over present methods. A few cities in Asia have demonstrated
that is possible to use 200-litre drums with reasonable success under the
management of the local authority: the drums have been painted inside with
bitumen paint; locations have been carefully selected, paved and provided
with partial fencing; damaged bins are quickly replaced; and collection
is conducted daily.

Household Storage

Household storage is used to supplement the function of communal
storage bins. Each family is requested to use containers to store
their daily generated wastes and these wastes are dumped at the nearest
communal storage facility or brought directly to the disposal sites.
The volume of the container to be used is a function of generation rate,
family size and frequency of collection.

As in communal storage, a capacity margin should be provided as an
allowance during weekends, holidays and other special occasions because
generation rate is higher than normal. This method of refuse storage
is very practical and convenient for a door-to-door and kerbside collec-
tion system.

The common types of household containers are: plactic buckets with
lids which are suitable for a daily collection; plastic bins with 1lids
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which are ideal for twice a week collection; galvanised steel, or plastic
bins with 1lids which have a capacity of 50 to 70 litres used when collec-
tion is twice a week from a high-income group, or for daily collection
from shops; and, expendable plastic bags. Expendable plastic bags are
not successful or practical in Asia, proving to be uneconomical. The
regular acquisition of bags will increase the annual expenditure. 1In
Delhi, for example where the average annual expenditure per family on
refuse collection is Rs. 0.50 (6 cents US) or less, the supply of 150
sacks even at a very low price, say, Rs. 0.20/sack would cost 30 rupees
per family per year. This means that a 40 per cent increase to their
normal expenditure.

The objections to domestic storage are: a constant loss of containers
by theft or when residents move house and the diversified function of
plastic bins being used as storage for food and water.

Most Asian countries are now facing a dilemma over refuse storage
and collection because there is no legislation covering the provision
of storage containers for refuse at the point of generation. People
are using different types and sizes of container which add considerably
to the collection time. In addition, infrequent and irregular collec-
tion offers another problem because it will result to overloading of
storage containers leading to unsanitary conditionms.

1t is advantageous then to standardise the containers taking into
account the generation rate and the limit of handling by single collec-
tor. Cover should be provided to protect the refuse from flies, animals
and scavengers. Ideally daily collection should be organised and indi-
vidual storage containers should be provided. However, the provision
of containers may have to be voluntary. This can be encouraged by
propaganda, mass media, etc. Large containers should be used for commer-
cial and industrial application and should also be standardised for
efficiency in collection.

Several studies have already been made concerning the insect and
fly breeding problem. It has been found that the garbage container
and uncovered adjacent storage areas are responsible for the large accu-
mulations of larvae and pupal life of the fly. Use of proper containers
with lids and the proper cleaning of the container storage area are the
immediate requirements.

COLLECTION SYSTEMS IN ASIA

Solid waste collection is the responsibility of the local government
to protect the locality from pollution and degrading and, most importantly,
to protect public health. Services provided by the local government are
paid for through taxation or a service charge.

The collection system involves collection, storage, transfer and the
transport of refuse. There are 2 collection systems operating in Asia
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municipal and private. Under the municipal collection system, the local
government deals with a contractor. It operates on established routes
serving the entire residential areas or on a scheduled basis; whereas,
in the private collection system, private collectors contract directly
with the household owners for an agreed fee.

The municipal system is the most economical because it can operate
without a profit while the private contractor cannot, and it has a lower
collection cost. If properly planned and supervised, it will provide a
satisfactory service to the public.

There are 4 basic types of collection employed in Asia: house to
house, communal, kerbside and block collection.

Collection from Communal Site

The organisation of refuse collection is greatly. simplified by the
use of large communal storage sites. Communal containers are provided
where household owners deposit their wastes. The collectors just collect
the waste from the site.

The effectiveness of this system depends mainly on the size of the
container and the distance of the container from the house. When sites
are widely spaced, a great deal of domestic wastes are deposited in the
streets by householders who are too lazy to carry it to the enclosures.

In this case, collection costs will increase because of the employment of
street sweepers. In Delhi, for example, where there are around 1,250
sites having capacities from 0.5 to 10 tonnes and which are widely spaced,
10,000 sweepers are employed to keep the city at a tolerable standard of
cleanliness. House-to-house collection has been found cheaper than to
sweep refuse from the streets.

Recently, communal storage is less employed in most Asian cities
because of the problems associated with it. Large and widely spaced
containers are a failure due to the unwillingness of the residents to
co-operate.

Additional objections to this system are that wastes are usually
removed by rake or shovel and basket which is a very slow process and
vehicle waiting time during the loading process is excessive thus
increasing the cost of collection. The collection vehicles also tend
to interfere with the traffic.

This collection system is found in Delhi, Madras, Bangalore, Manila,
and Rangoon.

Block Collection

This collection system is done every 2 or every 3 days. A collec-
tion vehicle serves definite routes and stops. Usually, it stops at

b
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every street intersection where a bell is rung to inform the residents

of all the streets leading to that intersection. Residents bring their
waste containers to the vehicle and hand them to the crew to be emptied.
Frequent collection is done so that the weight of the wastes to be carried
to the vehicle may not exceed the capacity of some of the residents.

It is more advantageous than kerbside collection in a way that bins
are not left out on the street for a long period thus loas is avoided.
At 2-day intervals, block collection appears to be the most suitable
system in Asla because it offers a low collection cost since the crew
does not need to leave the vehicle and it avoids all the possible problems
that arlse with the communal and kerbside collection systems. As cited
by FLINTOFF (1976) the daily performance achieved by this system is about
3.5 tonnes/man/day and 7.0 tonnes/vehicle/day. A 2-man crew is sufficient
for this kind of collection system which is widely used in Mexico City.

Kerbside Collection

Under the kerbside collection system, residents are urged to place
their bins on the pavement in advance of the collection and remove them
after they have been emptied. Standard bins are encouraged for the ease
of collection and to improve collection efficiency. If improvised bins
are used, collection efficiency 1s low and the cost is high.

Residents are advised to place the bins on the verge outside the
house only during the period when kerbside collection is expected.
Otherwise the bins will be lost by theft. Regular collection intervals
and a precise timetable 1is required.

Although kerbside collection is the cheapest method of house-~to-
house collection, it 1s never satisfactory in Asia. It offers several
problems: bins are sorted through by scavengers and turned over by
animals, thus scattering the wastes around, bins are stolen because the
householder fails to retrieve the bins quickly. In addition, number of
traffic accidents have been recorded caused by bins rolling onto the road.
However, for some types of buildings, kerbside collection is unavoidable.

House~to-House Collection

This system is employed when communal storage fails. Usually the
containers are just improvised oil drums, kerosene tanks, such as can
be found in Colombo, parts of Jakarta, Bangkok and Manila. Carton boxes
also are used as they can be disposed together with the wastes.

Under this system, the householder does not work. The collector
enters the garden or courtyard, carries the bin to the vehicle, empties
it and returns it to its usual place. This system is costly in terms of
labour because of the high proportion of working time spent walking in and
out of premises and from one dwelling to the next. But in Asia, this
system seems to be satisfactory because labour costs are low.
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The problem with door-to-door collection in developing Asian countries
is that there are fewer vehicles than in Europe or the USA. It can be said’
that door-to-door collection by the conventional system of a heavy motor
vehicle and crew is very unlikely to be viable unless the interval between
collections could be extended to a week.

The main conclusions that can be drawn from what has been discussed
are as follows:

- Communal storage systems based on manually portable containers
probably offer the lowest collection cost.

- Block collection at 2-day intervals appears to offer a low
collection cost and avoids all the problems that arise with
communal storage or kerbside collection.

- Door-to-door collection by a heavy motor vehicle and crew would
be by far the most expensive system for a developing country if
a daily service is required. It may be financially acceptable
in selected areas if a twice weekly service was adopted.

FREQUENCY OF COLLECTION

The frequency of collection is an important factor to be considered
in solid waste management as it determines the overall cost. Generally,
it 1s recommended that collection should be made once a week or on a
5 day week schedule - Monday through Friday, utilising the 8-hour work
day. This appears to be acceptable to householders.

To determine the frequency of collection, the following factors
should be considered:

1. Character of the waste. In the USA where wastes contain more
metals, plastics and inorganic matter, a once weekly collection is
sufficient. But in Asia, where wastes are high in vegetable-putrescible
matter, more frequent collection is desirable. Daily collection is
highly recommended because putrescible matter is a very good breeding
medium for flies and other insects. Also, if kept for more than a few
days, wastes decompose with undesirable aesthetic effects.

2. Climate. This is important with respect to the decomposition
of wastes. Decomposition proceeds more rapidly in a tropical climate
than in a temperate one. When communal storage is used, climate 1is
the factor that really determines the frequency of collection, which
should preferably be daily, or at least 3 times weekly.

3. Size of the container. Difficulty is encountered is areas
where size and types of containers are not standardised. Cost of collec-
tion is considerably high because the main determinant of work content
of a collection route is the number of containers to be emptied and the
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distance between them. As a rule of thumb, a 100-litre bin is sufficient
to meet the requirements of most houses where the collection is made once
a week.

The size of the family will determine the size of the container.
In Asia, a 7 to 10 litre bin is sufficient for a daily collection for
the domestic wastes of a family of 6. Bins having a capacity of 20 to
30 litres are suitable for collection twice a week. Furthermore,
generation rate also determines the size of a container. Bigger bins
are recommended in densely populated areas because the generation rate
is high.

4. Activity of the people. People's activities greatly affect the
generation rate. During summer and holidays, more wastes are generated,
thus more frequent collection is desirable.

5. The weight of the contents of the bins must also the taken into
account. It is economical to collect heavy wastes 3 times a week because
1 man needs assistance to 1lift the container, therefore an additiomal
crew member is needed.

The cost/tonne rises rapidly as frequency of collection is increased.
Therefore, weight in the container should be considered because the
greater the frequency, the less weight collected and the higher is the
cost/tonne.

In summary, communal storage sites should be cleared daily or at
least 3 times weekly. For dwellings with gardens and buildings having
outside storage space a twice weekly collection is adequate provided a
closed portable container is used. In the case of homes and buildings
that lack outside storage sites, collection should be made daily, unless
communal containers are provided. Because frequent collection appears
to imply high costs, unconventional systems and transport methods may
have to be employed to bring expenditure within local capacity.

TRANSPORTATION OF SOLID WASTES IN ASIA

As already mentioned, vehicular collection is widely used throughout
the world, and pneumatic and hydraulic systems are still in their experi-
mental stage. In developing countries, these pipeline collection systems
cannot compete economically with the vehicular system because of their
sophistication. The following discussion will be limited to solid waste
collection by vehicles.

The major components of vehicular collection are: the trucks, the
crews and, sometimes, transfer stations. Types and sizes of refuse
storage containers, crew sizes, types of trucks used and the scheduling,
method of pick-up and the location and organisation of transfer stations
or disposal sites are the major considerations in the efficiency of col-
lection. This has been discuesed earlier.
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Refuse Collection Vehicles

Refuse collection is the process of transferring solid wastes from
the storage receptacle to the place of disposal. Essentially this
involves emptying the storage container into a vehicle in which the wastes
are transported, but it is possible to organise this service in many -
different ways and to employ transport methods ranging from handcarts to
30-tonne vehicles. Refuse collection is a very costly service and every
city should evaluate both vehicles and methods in order to find the
system which is most appropriate to local conditions in terms of quality
of service and cost of operation.

Collection vehicles must be designed in such a way to meet the needs
of Asian developing countries, The following remarks are applicable to
vehicles of all types:

- the load should be covered during transport; this is imperative
for motor vehicles travelling at 30 kph or more, less important
for very slow moving vehicles;

- the loading height of vehicles receiving the contents of manually
emptied containers should not exceed 1.6 metres;

- unless the load is carried in portable containers, the body of a
vehicle should have hand-operated or power-operated tipping gear,
or a power—operated ejection plate; ‘

- the transfer of wastes from a primary collection vehicle to a
larger vehicle should never involve dumping the load on the
ground and both vehicle designs should take account of this;

- there are many situations in which the most suitable vehicle will
be a handcart or one drawn by an animal; these vehicles should
receive the same standards of mechanical design as motor vehicles,
particularly as to ball or roller bearings for wheels, and rubber
or pneumatic tyres.

The truck age plays an important role in the efficiency of solid
waste collection. It is obvious that old vehicles offer a poor service.
And the maintainance cost of old vehicles, say 8 years old or more, is
much greater than the cost of a replacement. Thus, to achieve maximum
deployment of vehicle, it will be economical to schedule vehicle replace-
ment on a regular basis utilising a sinking fund financing system. The
following is a kind of catalogue of refuse vehicle types used in Asia.

Handcarts
In Europe, handcarts are used for street sweeping because they

cause minimal obstruction and their capacity is enough to keep a sweeper
busy for at least 2 hours. Handcarts are also used in parts of Asia
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for daily house-to-house collection, especially in very narrow streets
inaccessible to motor vehicles.

The problem in Asia 1is that handcarts are of a fixed design; con-
tainers are not removable. Much of the labour is wasted and vehicle
standing-time is increased because handcarts are open boxes, and the
only way of transferring the wastes to motor vehicle is to dump them on
the ground and a shovel or a basket is used for reloading.

The most important aspect to be considered in the handcart system
is the design. It should ensure that the load is carried in a number
of containers which can be lifted off the cart and emptied directly
into a larger vehicle. Fig. 3 shows the different design of handcarts.
In Mexico handcarts consist of a platform supported by 4 small wheels
and carrying 2 200-1 (0il) drums. For daily house-to-house collection
of refuse house-to-house, one 6 bin handcart load equivalent to about
50 dwellings at 8 litres/dwelling/day, can be used, and one collector
would be able to serve from 200 to 300 dwellings/day.

Tricycles

Pedal tricycles with a box carrier in front are common in Asia.
They can be adopted to carry wastes, but their volumetric capacity is
less than a handcart. They were used in Saigon by self-employed refuse
collectors who served about 200 dwellings/day.

The two stroke, three-wheel motor cycle is in common use in several
cities in Asia and West Asia. It can be fitted with a high level tipping
body of about 2 n3 capacity while retaining a low loading line (Fig. 4).
Its relative high speed gives it an operating radius of about 10 km.

Tractors and Trailers

Agricultural tractors are widely available in Asian developing
countries. The main advantages of this kind of transport of solid wastes
is in the maintenance facilities which are more readily available than
for most other types of vehicle. Together with a trailer, the capital
cost of tractor may be more attractive than a 5 tonnes truck. Another
advantage is that it has a power take off from which hydraulic tipping
gear on a trailer can be operated (Fig. 5).

The tractor offers the cheapest method of motor transport for solid
wastes up to a trailer capacity of about 6 m3. The agricultural tractor
and trailer is often used as a continuously coupled unit for the collec-
tion of refuse from houses or communal storage points, but it also has
great potential as transfer unit because of the ease with which the prime
mover and the "body" can be separated.

Tonne-Truck

This is a type of vehicle widely used for the collection of wastes



Handcart with box body, a type
widely used in Asfia by sweepers
and sometimes for refuse collec-
tion. Capacity from 200-500
litres. Emptied by dumping con-
tents on the ground.

Two-bin handcart in general use
throughout Europe by sweepers,
total capacity 120-200 litres
according to bin size. The bins
are emptied directly into a tran-
sfer facility.

Six-bin handcart suitable for
daily collection of domestic
wastes where generation is low.
The total capacity can be from
300~500 litres. Bins emptied
directly into a transfer facility.
Handcarts of this type have been
used in Britain for collection of
kitchen waste separately for con-
version to animal feed.

Fig. 3. Different Designs of Handcarts

(Source: FLINTOFF, 1976)
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Body capacity about Zm3

The hydraulic tipping
gear 1s cleverly designed
to permit discharge at
about 1.5 metres above
ground level-direct into
a transfer facility.

This could be the hopper
of a compactor vehicle,
or a skip

Fig. 4. Lightweight Motor Tricycle
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An agricultural
mini-tractor can

tow a 3 m3 side-
loading trailer with
sliding shutters.
Hydraulic tipping
gear 1s operated by
a power take-~off.

A bullock could be
used to tow a trai-
ler of this design.

If hand-operated,

a worm and nut tipping
gear would be substi-
tuted for hydraulic.

Fig. 5. Agricultural Tractor
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from communal sites. It is desirable that a refuse collection vehicle
should have at least 2 m3/tonne of rate carrying capacitg and a loading
height not exceeding 1.6 m. An open body truck with 8 m” capacity is
commonly used in many Asian countries. It has a 'low loading height

and equipped with tipping gear. Due to its open body type, odours are
easily detected during traffic snarls,.and light materials such as
paper can easily be blown. This type of vehicle does good job for long
distance hauling.

Barrier-Loader

The barrier-loader has a van-type body, loaded from the rear.
Hanging from roof-fixed rails is a movable barrier which extends across
the body to a height of 1.6 m above the floor (Fig. 6). The contents
are discharged by hydraulic tipping gear, the barrier swinging clgar
during this operation. Barrier-loader with a density of 300 kg/m” is
common in many Asian developing nations.

Fore and Aft Tipper

Its main feature is that the body can be tipped 2 ways: towards
the rear for unloading and towards the front for the transfer of wastes
loaded at the rear tgo the front end of the body (Fig. 7). Body capa-
cities of about 12 m3 are normal with this type of vehicle. It repre-
sents halfway stage towgrds compactor vehicles and is suitable for
densities from 250 kg/m” upward.

Container-Hoist

This vehicle with 5-10 tonne range is equipped with a pair of
hydraulically-operated lifting arms which are used to lift a detachable
body on or off the flat floor of the vehicle. The detachable body is a
metal box (skip) having a capacity from 3 m~ upwards.

The container-hoist vehicle is an alternative to tractor-trailer
units and has the following advantages: a skip is much cheaper than a
trailer, it is much less liable to damage by fire, vandalism or loss by
theft than a trailler; the speed of a container vehicle is much higher
than of agricultural tractor, The disadvantages are: the cost of a
container vehicle is double that of an agricultural tractor; in many
cases it transports a lesser weight than a tractor-trailer. It is
recommended that Asian developing cougtries should have skip systems
based on capacities not less than 4 m~.

Animal Carts

Another common collection vehicle widely used in Asia for refuse
collection is the animal-pulled cart. Horses, buffalos, and bullocks
are still used in many parts of the world for house-to~house collection,
especially in areas which are not densely popu}ated. The average capa-
city of draught animal carts ranges from 2-4 m~ and they are often
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Hydroulic
tipping

\

ralls inside body near roof

S barrier carried on rollers

O L‘,_ folding steps

STAGES IN FILLING VEHICLE

Collectors walk inside and
empty bins over barrier.
Barrier is moved manually
towards the rear when avai-
lable space has been filled.

For high density wastes the
barrier loader achieves a
similar result to the com-
pactor vehicle without em-
ploying costly hydraulic
mechanisms, but it is more
labour-intensive as the
collectors have to walk
inside the vehicle.

Fig. 6. Barrier Loader
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swinging baffle plate
g rear loading space

When rear space is full,
the body is tipped for-
wards to transfer wastes
to the front end.

The baffle plate prevents
wastes from falling towards
the rear when the body is
returned to horizontal.

:

O

The load is discharged by
normal tipping to the rear.

O

For high density wastes the fore-and-aft tipper performs
similarly to a compactor, but with a simpler mechanism.

The operator must be careful not to elevate the body in

a street with overhead power lines.

Fig. 7. Fore-and-aft Tipper
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equipped with tipping gear. The tipping body is operated by pivoting
the body or the use of a manually operated worm and nut.

Animal carts operate from a two-level transfer station: first,
the animal carts tip their loads directly into a large motor vehicle
and then this motor vehicle will transport the solid wastes to the dis-
posal sites. This mode is successfully applied in Madras using bullocks.
But if the distance from the disposal site to the source is great, this
system will not work efficiently. Animal draught carts have an effective
radius of operation of about 3 km.

The advantages of animal-pulled carts are no consumption of fossil
fuels; almost silent operation and that the driver can leave the vehicle
and assist in loading; and low cost compared with motor vehicles.

Collection Crews

Crew Size

Crews numbering 2 to 8 are used for collection from communal storage
sites, kerbside and door-to-door collection.

In the case of collection from masonry enclosure (0.5-5 tonnes of
wastes), the limit on crew size is imposed only by the number of men who
can simultaneously empty a basket into the vehicle. It is customary to
employ about 6 men under these conditions.

Where cylindrical concrete bins are used, the number of men who can
work simultaneously transferring wastes from bins to baskets is limited
by the small diameter of the bin. Usually, 1 or 2 men can work at the
same time. The maximum useful crew size is 2 men when 200-litre drums
are placed at intervals on the footway or verge. In the case of block
collection, it is never necessary to employ more than 2 men as their
only task is to stand at the rear of the vehicle and empty bins handed
to them by residents.

For door-to~door and kerbside collection systems, the choice of
the most economic crew size is more complex. The main factor is that
the greater the crew size the longer the distance over which the crew
is spread at any one time; but the vehicle can be in only one place.
Thus the larger the crew the more time will be spent waiting with a bin
for the vehicle to come within reasonable distance, or walking towards
the vehicle.

Time Study

For every situation there is an optimum crew size which achieves
the lowest total cost of labour and vehicle. In most cities it is
possible to define several different types of areas, the physical con-
structions of which vary sufficiently to demand different crew sizes.



Relative vehicle and labour costs are usually constant for a city, but
may vary within a country, and worldwide they vary considerably. For
these reasons it is necessary to carry out time studies in every city
in order to determine optimum crew size for typical areas. The route
should be long enough to provide work for between 1 and 2 hours. The
total number of bins emptied and elapsed time between the starting and
finishing points will be recorded.

FLINTOFF (1976) reported the following results of door-to-door
collection for an area of detaching houses:

Crew Number Bins/man/hour Bins/crew/hour
2 30 60
4 25 100
6 22 132
8 19 152

This clearly shows the decline in labour productivity which occurs
with each additional labour increment; that decline is, however, accom-—
panied by rising vehicle productivity which is proportional to the
number of bins emptied/team/hour.

Relative Labour and Vehicle Costs

To determine optimum crew size, FLINTOFF (1976) applied unit cost
labour and the vehicle. To do this, the imaginary currency called
"money units" has been used and the performances above are described
in Figs. 8 and 9. It can be seen that for a low ratio of wage rate
to vehicle cost, 1:10, the largest team achieves the lowest cost; and
for a high ratio of wage rate to vehicle cost, 1:2, a small team
achieves the lowest cost.

Relay Systems

As a rule of thumb, when the time required to deliver a load to
disposal and return to the working area is approximately equal to the
time required to load a vehicle, then a 2:1 relay, i.e. 2 vehicles to
1 crewman (Fig. 10), enables the crew to be continuously employed
throughout the working day. When transport time is approximately half
of the time required to collect a full load, a 3:2 relay can be used
(Fig. 10).

Relay working achieves maximum labour productivity but some of
this advantage is lost by a reduction in output towards the end of the
day as a result of fatigue. Crews working with a single vehicle bene-
fit by rest periods between loads and this is reflected in a higher
average rate of working during the smaller number of hours during they
are effectively employed.
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Fig. 8. Determination of Crew Size
(Crew Collection, Door-to-Door,
Wage to Vehicle Cost, 1:10)
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Fig. 9. Determination of Crew Size
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One advantage of relay systems is that in the event of a sudden
breakdown of one vehicle, work can proceed using a single vehicle and
by working overtime the day's task can be completed; it helps, therefore,
in maintaining reliability of the service. However, relay systems
require a high standard of supervision and discipline.

Transfer Stations

In places where the distance between the collection area and dis-
posal site is very far, it may be cheaper to use transfer stations
within the city and transport the wastes in bulk to the disposal site
with or without pre-treatment. By reducing the time spent by collection
vehicle travelling to and from the disposal point, transfer stations
become more productive and offer more continuous work for the loaders
without the need for a relay system. The greatej the capacity of the
collection vehicle the lower the unit transpo¥ Tg%bsts and feéwer’ journeys
it has to make each day to and from disposal point. The other &onsidera-
tion as to whether a transfer station is needed is to cut down tong
haulage. It seems economical to have a transfer station at the centroid
of a collection area, but this practice is not possible. It is advisa-
ble to have a transfer station as near as possible. Another reason for
doing this is because the salvaged materials need not be transported
back to the city (a long haul). Economy of scale is very important in
any type of system. Undoubtedly, a transfer station reduces the total
collection cost. Sometimes the cost of the salvaging operation is also
included under the cost of the transfer station, which should not be
done. Actually, salvage operation cost is part of the collection cost.

Street Cleaning

Street sweeping is an important function in the collection process.
Between a third and a half of the solid wastes collection budget is spent
on street sweeping. Sometimes its cost is much higher than the cost of
collection. In India, for example, where street sweepers are employed,
in 1974 it is estimated that about Rs. 31,000,000 (US$3,900,000) was
spent in sweeping, while only Rs.7,330,000 (US$920,000) was spent in
collection.

Shortcomings in public behaviour is the main source of street wastes.
People throw litter anywhere and not in the containers provided. Resi-
dents often do not dispose of their wastes on the communal storage dump
because it is far away and instead, just dispose of their garbage on
the street or in vacant places nearby. However, in some cities, a high
proportion of street wastes arises from deficiencies in the refuse collec-
tion services and vehicles.

The major equipment used in sweeping i1s the broom. Normally brooms
have long handles to permit sweepers to work in an upright position.
Metro Manila has about 4,000 sweepers equally distributed in every zomne,
equipped with long, stiff, bristle brooms. Stiff bristle brooms are
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very useful for paved surfaces and to remove dirt from crevices. 1In
unpaved surfaces, soft brooms are used. Soft brooms are widely used in
tropical and sub-tropical countries because they are cheap and can be
manufactured using local fibre. The only objection to soft brooms is
they do not remove heavy fine wastes.

In lifting the gathered wastes into the receptacle, a shovel is
used, flat front shovels being the most efficient ones. The problem
with the shovel is that it cannot effectively transfer light waste
materials like leaves, papers, etc.

Handcarts are used in transporting these street wastes to the main
storage container. They are the most convenient transport system for
street sweeping purposes. The aim of street sweeping is to reduce to
a minimum the proportion of time spent on transport and increase the
time spent on sweeping. Baskets are used in Asia for transport. As a
result more time is spent in walking than in sweeping. If individual
sweepers are provided with simple but sturdy handcarts capable of tran-
sporting removable containers of about 100-200 litres capacity, they
can efficiently operate within a 1 km radius from a transfer site where
a trailer can be parked for haulage.

PROBLEMS OF THE PRESENT REFUSE COLLECTION SYSTEM IN ASIA

Most domestic storage methods used are not standardised so collec-
tion is difficult and costly. Usually, residents dump their wastes
into the communal bins provided. The contents of each communal storage
site are removed by a collection team every 2 or 3 days. But the problem
is in the design of most communal storage which encourages the breeding
of flies and rodents so the health hazard is high.

However, in some Asian cities where bins are widely spaced, private
collectors visit every house, hotels, etc. at regular intervals of 2 or
3 days to collect the waste. They disposed of the wastes either to tran-
sfer stations if any or to the disposal site. But if the private collec-
tor fails to collect the wastes on the scheduled day, residents usually
resort to unofficial dumping - in canals, on the pavement or in vacant
areas nearby.

This bad habit is the main reason why most of the methods used in
collection and storage fail. They seem to be indifferent to the system.
They don't co-operate with the authority in the implementation of the
method and yet make most of the complaints about the inefficiency of
the refuse collection services. '

Health

The major problem associated with the present storage and collection
system in Asia is the health hazard. Health officers have found that
great risks extend to the health of workers and indirectly endangers
the health of the public and animals as well.
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The methods of removing wastes from communal storage sites and
from domestic storage bins involve direct body contact by workers with
the wastes. The squatting and stooping positions result in the inhala-
tion of contaminated dust and droplets. It also involves soiling of
the hands, arms and feet of the collectors. Studies show that most
collectors exposed to this system suffer a higher than normal incidence
of intestinal diseases.

The observed risks to public health are indirect ones. They arise
only when insects and rodents have free access to the wastes. These
insects and rodents are disease vectors and can transmit diseases to
human beings.

The only way that public health can be safeguarded is to cover the
containers and see that they be kept closed all the time. The friguency
of collection should be intervals shorter than the lifecycle of insect
vectors. A direct risk may occur but this is seldom and caused by
inhaling contaminated dust and droplets when passing an uncovered bin.
Not only people but also animals - pigs, dogs, cattle, etc. turning over
the waste containers searching for food may be infected with various
diseases.

Effect on Environment

The present methods used in solid waste management produce con-
siderable environmental impact. Open vehicles used in transporting the
collected wastes, a dirty and dusty loading process, open storage in
which scavengers and animals can have free access and sort out the wastes
will lead to environmental degradation. Often, this is characterised
by visual offensiveness and the scattering of dust and litter.

Improper management can aggravate the water pollution problem. Water
pollution arises from the leachate in sanitary landfill which carries
contaminants from the wastes and will come in contact with the underground
water, river and lakes.

Deficiencies in Techniques and Management

Most of these problems could be avoided if the techniques and manage-
ment were efficient, such as the use of better equipment such as long-
handled stiff brooms, large hand-trucks, portable containers, etc. which
will double labour productivity. To increase vehicle productivity,
vehicles should be equipped with tipping gear to avoid loss of manual
loading.

Almost all of the Asian cities lack a network of district depots to
serve as polling points, offices for district supervisors and transfer
points for wastes collected in small vehicles. Usually, the solid waste
management organisation of one city/municipality is incorporated in its
health and sanitation unit, so, its function is limited in the light of
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the policy of the head unit. Middle management tends to be weak due to
lack of qualified and professional personnel and the lack of training
facilities for solid waste management technicians. Presently, there

is a great demand for professional engineers to monitor vehicle and
plant maintainance, landfill planning and supervision.

Constraints

The solution to these problems can be sought but is limited by a
number of constraints. These constraints include dense traffic, too
narrow lanes for motor vehicles, lack of public interest, shortage of
public funds, lack of foreign exchange, climatic vagaries and social
and religious customs.

Most important is public funds. If the fund is not enough, it can
be expected that the refuse collection service will be poor. Money
dictates the kind of service the community can have.

In Asia, the wage rates are low so manual labour can be sustained.
Unreliable service is due to vehicle shortage or very old vehicles.
The acquisition of vehicles is very difficult. The GNP of most Asian
countries is low, and not sufficient to buy enough new vehicles. Also,
foreign exchange is limited and is required for more important services.

Social and religious customs also affect the search for a solution.
Sometimes they become worse factors. Some families live in crowded
conditions in one room so there is no more space for refuse storage;
and under some religions the storage of refuse within the dwelling is
considered taboo.
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SANITARY LANDFILL: A GENERAL REVIEW AND PROBLEMS IN ASIA

B.N. LOHANI AND C. POLPRASERT
Environmental Engineering Division,
Asian Institute of Technology,
Bangkok, Thailend

INTRODUCTION

Human beings, at all levels of development, produce domestic wastes;
which at the least comprise kitchen wastes, ashes, worn out clothing etc.
The industrial revolution in the temperate countries concentrated people
in urban areas of very high population density and added new sources of
wastes: shops, institutions and factories. New problems like high-rise
buildings, supermarkets, industrial wastes of many kinds have arisen.
Thus in those countries where industrialisation came early, services for
the regular removal of domestic and trade wastes have been in operation
for a long time.

Many developing countries are suffering the problems of urbanisation.
This sometimes exceeds the densities of western cities, and is aggravated
by the fact the region is lacking the proper financial resources needed
to provide solutions of the western type (FLINTOFF). The developing
countries are not unaware of the importance of avoiding environmental
pollution, which shadowed urbanisation and industrialisation in Europe
and North America.

The technical literature of the West may be of little value for the
success of solid waste disposal, because of too many climatic, economic
and social differences. Therefore the aim in developing countries must
not be to mimic the technology of industrialised countries, but rather
to employ the technology appropriate to their own situations, with the
primary idea of meeting the needs of public health.

Our polluted environment has been the object of increasing concern.
It is only in the recent past that solid waste, which has been called the
third pollution, has received the true attention at the international
level. Public apathy toward the disposal of solid waste is no longer
commonplace. In many of the developing countries, the public is rejecting
the traditional open burning dump. Citizens are recognising the need for
safe and sanitary management of solid wastes. Demand increases for
properly engineered, effective, and economic solid waste disposal facilities.
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The production of solid wastes is increasing constantly, due not
only to an increasing population but also to a higher per capita rate of
waste generation. With the use of various methods of resource conserva-
tion, including reclamation and recycling and of volume reduction etc.,
it might appear that proper design and operation of the sanitary landfill
would become less important. In fact, however, this method of disposal
will always be necessary, even with the most rigorous methods of processing
and recycling.

Open and burning dumps, which are all too common, contribute to
water and air pollution and provide food, harbourage, and breeding grounds
for insects, birds, rodents, and other carriers of disease (WEISS, 1974).
An acceptable alternative to the present poor practices of land disposal
is sanitary landfill.

Sanitary landfilling may be defined as engineered method of disposal
of solid waste on land in manner that protects the environment, by
spreading the waste in thin layers, compacting it to the smallest prac-
tical volume, and covering it with compacted soil by the end of each
working day or, if necessary, more frequently (A.S.C.E.,1976).

Sanitary landfilling is a method of refuse disposal, which confers
environmental improvement by restoring natural contours. Sanitary
landfill is usually by far the cheapest method of refuse disposal. Hence
it is adopted all over the world.

Decomposition in a sanitary landfill arises from chemical changes,
which are brought about by bacteria (FLINTOFF). The consequences of
all these complex changes include temperature changes within the landfill,
the production of gases and the production of soluble and particulate
and decomposition products.

SELECTION OF SITE

The selection of a suitable site or sites for sanitary landfill
requires the consideration of many factors. Some of these can be measu-
rable, while some are subjective or need value judgements. Considerable
preliminary information can be obtained, including aerial photos, land
use plans, well logs, soil surveys, geological surveys and climatological
data.

Most site selection factors fall in two categories consisting of
public attitudes and technical aspects.

A balance of technical and public relations factors is necessary in
order to ensure success. The only means of ensuring that the job is done
right is to conduct an organised and comprehensive site selection study.

The major criteria of site selection are the protection of health
and safety, the prevention of pollution and environmental damange, the
economics of operation and public and political acceptability.



Where several possible sites are being compared, a scoring system
with suitable weightings reflecting the relative importance of various
factors is used. This is particularly useful where subjective non-engi-
neering judgements are involved. Its virtue is that it demands an
orderly and rational process of comparison. (See Table 2.)

Land Requirements

The land area, or more important, the volume of space required,
is primarily dependent upon the character and quantity of the solid
wastes, the effeciency of compaction of wastes, the depth of the fill,
and the desired life of landfill. In estimating volume requirements,
volume reduction of solid wastes due to compaction must also be
considered. As an estimate, a population of 10,000 people, with a
solid waste generation rate of 2.406 kg (5.3 pounds) per pergon per
day, and density of 593 kgs per metre~ (1000 pounds per yard™), dand 1
part garth cover to 4 parts waste, the space required would be 18,450
metre” (15 acre feet) per year. (SORG and HICKMAN, 1970).

The site should be as close as possible to the built-up city in
order to reduce transport costs. Sites will be preferred at which
the nearest dwelling is at least 200 metres distant. The roads to the
site should be of width and construction adequate to handle all sizes
of trucks when fully loaded and during all weather conditioms.

Drainage control is an important element in site operation. The
site must be carefully designed to be free-draining both during the
operation and after completion. Areas upstream of the site, which
might naturally drain across the face of the landfill must be diverted
around the new fill, while areas downstream must be capable of carrying
the additional flow. Contour maps of the area are vital for this
purpose, which can be available at the concerned geological survey
offices.

Suitable Soil Characteristics

Soil is important to landfill design for 2 reasons:

Interface : This is generally the material which lies between
the completed landfill and the ground water system

Cover : This 1is the material used to cover the landfill
daily and also the final cover

Since soil used as interface deals with the deeper layers of soils,
little data can be obtained from a visual inspection of the site. The
data from a soil conservation survey will be the chief source though
soil information at depth is only available by interference. Borehole
examination of a tentatively selected site is imperative in order to
determine interface conditions.
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For soil used as cover, the fileld investigation of the potential
site should include a soil analysis to determine the suitability and
quantity of soil available for cover material. Texture provides by
far the best indication as to the value of a site. Variations in the
distribution of the 3 primary constituents, sand, silt and clay, and
the general terminology for sail type are shown in Figure 1.

Acceptable soils
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Fig. 1. Ternary Diagram Showing Soils Suitable for Cover
Material.

In general, soil with good workability and compaction characteris-
tics is the most desirable cover material. Loams and mixed loams have
been determined to be the best cover material. On balance a wide range
of soils may be used as cover materials provided the appropriate
precautions are taken. The soils suiltable are given in Fig, 1
(NOBLE, 1976).

Depth of Water Table

The water table should be as deep as possible at a potential site.
The field officers of the area may be in a position to given the infor-
mation. Water well users in the area can also provide valuable assis-
tance. Ultimately the depth to water table will determine the life
of the fill. The more the depth of water table the larger is the life
(NOBLE, 1976). The cross section in Fig. 2 gives this idea clearly.
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Fig. 2. Soil Interface Diagram.

Other Factors

The haul distance is an important economic factor in selecting the
site. The economic distance to the site will vary from locality to
locality depending upon capacity of collection vehicles, haulage time
and size and methods of collection agency.

The stratigraphy and structure and the physical and chemical
properties of the underlying geologic formation should be determined
from existing geologic mapping and records and additional site investi-
gation to assess the risk of ground water contamination by leachate, the
location of the zone of saturation must be determined, and also the
quality, rate of flow, and the direction of flow of ground water through
the aquifer., These will be dependent on the permeability of the strata
and hydraulic gradient.

In areas receiving considerable rainfall, a low-lying site may
be undesirable because of flooding and muddy conditions. In windy
locales, a site surrounded by natural windbreaks will help to contain
loose paper and winimise dust problems. 1In an extremely cold locality,
a site requiring excavatinn of trenches and cover material may become
a problem because of freezing during the winter months. 1In rainy areas
a desirable site would be high in relation to the surrounding area and
have good drainage features.

Topography will influence many things (A.S.C.E., 1976). The
drainage pattern in the area, present and future land use, ground water
contour, method of working the site and the access to it. Whenever
possible, flood-plain land should be avoided entirely. Sites located
near rivers, streams or lakes also deserve careful scrutiny. Special
attention should be given to low-lying sites that might be drainage
basins for surrounding areas.
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Cost Considerations

Road construction, site preparation and clearing prior to operation,
and restoration for final land use can be expensive and affect site selec-
tion. In this connection, the size of the operation is important. Thus
for a given community, 1 large site is preferable to 2 or more smaller
sites, other considerations being equal.

Normal development costs would include diversion of surface runoff,
clearing, grading, extension of electricity, water, telephone, access
roads, fencing, scales, offices and other buildings. In planning the
system, the economic life of various components must be estimated.

Another major cost factor for a site is related to the depth and
characteristics of the soil and its suitability as cover material. Its
unsuitability for any of these functions may mean extra costs in providing
alternative measures. Table 1 serves as a guide for assessing the general
suitability of soil as cover material (A.S.C.E., 1976).

Table 1. Suitability of General Soil Types as Cover Material

Clayey- Clayey-
Function Clean |Silty |[Clean |Silty |Silt |Clay
gravel |[gravel | sand | sand
Prevent rodents from burrowing
or tunneling G F-G G P P
a
Keep flies from emerging P F P G G E
a
Minimise moisture entering fill P F-G P G-E G-E E
Minimise landfill gas venting a
through cover P F-G P G-E G-E E
Provide pleasing appearance
and control blowing paper E E E E E E
Grow vegetation P G P-F E G-E F-G
Be permeable for venting
decomposition gasb E P G P P P

aExcept when cracks extend through the entire cover.
Ponly if well drained

Note: E = Excellent, G = good, F = fair, P = poor
(Source: Brunner, D.R., et al., 1971)
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Haul distance is also a major factor in estimating and comparing
costs of varlous sites. The economics of transfer stations can also
be considered if the haul distance is too long. The measures necessary
to protect ground water or surface water supplies and the estimated cost
of such measures should be considered. The leachate problem should be
assessed, and the measures necessary to intercept, collect and treat it
must be taken into the cost evaluation. Similary the cost of controlling
the gases must be evaluated.

The operating cost of a small operation handling less than 50,000
tonnes per year varies from $1.25 to $5.00 per tonne, as shown in Fig. 3.
This wide range is due to the low efficiency of smaller operations.
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TONS PERYEAR O 106,000 200,000 300,000 400,000 500,000
TONS PERDAYs O 320 640 960 1280 1600
POPULATION®**  © 122,000 244,000 368,000 488,000 610,000

* Based on 6-day work week.
®»® Bgsed on national average of 4.3 ibs per person par calendar day.

Source: PB 204, 403, EPA, 1970

Fig. 3. Sanitary Landfill Operating Costs.

Decision Table for Landfill Site Selection

In summary, the chief criteria for finding a site can be presented
in the form of a table to assist in making the final selection
(NOBLE, 1976). This way all the possible sites can be evaluated and
appropriate site selected. A comparative scoring system (as mentioned
in this section earlier) should be used (Table 2).

SITE INVESTIGATION

When the site selection process ylelds good results, a detailed site
investigation is necessary. The first basic requirement is a more detailed
knowledge of soils and geology. A borehole examination gives basic infor-
mation about the site, and sub-surface cross sections can be drawn with
reasonable assurance of accuracy. Figs. 4 and 5 provide an excellent
example of a well-researched landfill site with excellent detail in the
cross sectional diagram. (NOBLE, 1976).
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Fig. 4. A good example of a well cross-sectioned landfill. Plan

view of the Woodstock landfill and surrounding area, showing
locations of borings and the contours of the top of the zone
of saturation. Gradients are away from the upland of the
northern part of the landfill in all directions. In the
older part of the filled area, the gradient is southward to
swampy areas bordering the landfill or to the drainage ditch
west and southwest of the landfill. Some influence of the
landfill is shown by a steepening of gradients on the
southern edge. This steepening suggests that a small ground
water mound lies beneath the landfill.

Source: "Hydrogeology of Solid Waste Disposal Sites in Northeastern

Illinois", by G.M. HUGHES, R.A. LANDON and R.N. FARVOLDEN
of the Illinois State Geological Survey. Published by the
U.S. EPA, 1971,
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Source:

Landfill cross-sections. Cross section A-A' (top) and B-B'
(bottom) of the Woodstock landfill with selected chloride
concentrations. A vertical gradient in the sity clay till and
a strong lateral flow of ground water in the shallow materials
above the till are evident. Ground water discharges into the
drainage ditch near MM 7 and MM 8, cross section A-A'.

"Hydrogeology of Solid Waste Disposal Sites in Northeastern

Il1linois", by G.M. HUGHES, R.A. LANDON and R.N. FARVOLDEN of
the Illinois State Geological Survey. Published by the
U.S. EPA, 1971.
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Table 2. Decision Table for Landill Site Selection

Site name Comments Score

Land requirement - -
Accessibility - -
Drainage - -
Soil as interface - -
Soil as cover - -
Depth to water table - -
Haul distance - -
Hydrogeology - -
Climate - -
Topography - -
Cost considerations - -
Other factors - -

e

In general, the number and the location of boreholes should simply
be whatever is adequate to support the plan. The general guidelines
for the borehole requirements are given in Table 3. These are not strict,
and hence may be varied as per the complexity of the site. The distribu-
tion of boreholes over the site area can only be determined in relation
to the actual site.

Table 3. Borehole Requirements - General Guidelines

Site Size Approximate Number General Configuration
Up to 10 acres 3 >~
10 to 50 acres $-6 +
80 to 100 acres 8-~-9 .—}——}——o
100 aocres or morse H=is b—}—f—{—.

Source: NOBLE (1976)

In general the choice of drilling method is governed by the expected
nature of the site geology, equipment availability and economics. There
are 5 types of drilling techniques: core boring, auger, hollow stem auger,
mud rotary and air rotary.

A summary of drilling techniques for different soil types is given
in Table 4.
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Table 4. Summary of Landfill Site Drilling Techniques

Technique
Hollow
Coring | Auger Stem Mud Air
Drill Auger | Rotary |Rotary
Sand - Dry X X X
Wet X X X
Silt X X X X X
Clay X X X X X
Rock Weathered X X X
In situ X X X

Soils : During the course of boring operating, soil samples should
be taken at 5 feet intervals or at each major change in soil type —
whichever occurs first. Dependent upon the depth of sampling, the soil
will ultimately provide cover material for the compacted refuse or it
will form the crucial interface between refuse and ground water table.
The soil for interface should be analysed for:

- soil permeability
- pH
- cation exchange capacity

For soil as cover, the sieve analysis is very important.

If the site itself has been carefully chosen, the depth of ground
water will be quite adequate to allow an appropriate depth of soil
interface. The direction of ground water movement should be established,
wherever possible.

At the site, all the relevant existing surrounding conditions should
be identified. This includes topography, slopes, vegetation, streams,
ponds, lakes, soil types, buildings, roads, land uses, population, public
facilities, open space and recreational facilities.

A base topography map delineating existing site topography prepared
to a convenient scale should be available. Contour intervals should be
1.5 metres (5 ft). The map should include the entire site and encompass
surrounding areas that may be affected by site operations.

Basic information on site hydrology and geology collected for site
selection should be made use of here for detailed idea. The quantity
of available soil cover material should be assessed.
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SITE PREPARATION
A list of site preparation needs are as follows:

- Enclosure

- Clearance and clean up
- Access road

- Employee facilities

- Equipment facilities

- Monitoring

A fence should be put up even before the site clearing begins. This
is for safety and security, privacy and noise (psychological reasons only).

Safety is in the sense that it prevents children from playing -and
scavengers can also be easily excluded. The privacy factor really has
an impact upon the extent of community acceptance of operation. There is
no noise attenuation due to fencing, but psychologically, noise may be
tolerated if the origin of the noise cannot be seen.

Trees and bushes that hinder landfill equipment or collection vehicles
must be removed. Obviously, all this material will be the first to be
buried when the operation starts. A large site should be cleared in incre-
ments to avold erosion and scouring of the land. If possible, natural
windbreaks and green belts of trees should be left in strategic areas to
improve appearance and operation. Site clearance should also include
setting out markers to indicate the boundaries of each fill area and the
layout of the access roads.

These access roads on the site represent the major arteries which
keep the operation running smoothly. They should be designed to support
the anticipated volume of truck traffic. The roadway should consist of
2 lanes for 2-way traffic. Most uphill grades should not be more than
7 per cent while downhill grades less than 10 per cent.

Intermediate type bituminous roads which will stand the test of time
and minimise maintenance costs are strongly recommended. If not, the
gravelly soils will provide the best alternative to roads. A complete
synopsis of the roadway characteristics of different soil types is given
in Table S.

A building is needed for office space and employee facilities.
Sanitary facilities should be provided for both landfill and collection
personnel. A building should be provided for equipment storage and main-
tenance. For small sites with a limited life, a minimum of portable
sanitary facilities, safe drinking water and a place for eating lunch and
changing clothes should be provided. Ideally 2 lockers should be provided
for each employee — one for street clothes, and other for working clothes.
For sites with a 10-year life and with an annual waste input of 200,000
tonnes or greater, permanent structures should be considered.



Table 5. Roadwsy Soil Charscteristics

Value ss Foundation Value as Base Poteotial Compressibility Drafnage Unie Dry
Major Divisfons Nane When Hot Subject to Directly Under Prost and Characteristice Coapaction Equipment Weight
Frost Action Vearing Surface Action Expansion Lb. Per Cu. Ft.
Cravel of vandy gravel, Excelleot Good None to very Almost nooe Excellent Crawler type tractor, rubber tired 125-140
vell-graded slight equipaeat, steel wheeled roller
Cravel or sandy gravel, Cood to excellent Poor to fair Nome to very | Almost none Excellent Cravler type tractor, rubber tired 120-130
GRAVEL poorly-graded alight equipaent, steel vheeled roller
ARD Gravel or sandy gravel, Good Good Nope to very Alpost none Excellent Cravler type tractor, rubber 115-125
uniformly graded alight tired equipment
GRAVELLY
Siley gravel or siley Cood to excellent Fair to good Slight to Very alight Fair to poor Rubber tired equipment, sheepsfoot 130-145
SOILS sandy gravel medium voller, close control of moisture
COARSE Clayey gravel or clayey Good Poor Slight to Slight Poor to practically Rubber tired equipmect, 120-140
CRAINED sandy gravel »edium impervious sheepsfoot roller
Sapd or gravelly sand, Good Poor None to very Almost oone Excellent Cravler type tractor, tubber 110-130
SOILS well-graded slight tired equipment
SARD Sand or gravelly sand, Tair to Good Poor to oot Hone to very Almost ocue Excelleat Cravler typa tractor, rubber 105-120
poorly-graded suitable elight ticred equipment
AND
Sand or gravelly sand, Tair to good Not suitable Nome to very Almost none Excellent Crawler type tractor, rubber 100-115
SANDY uniforaly graded olight tired equipment
SOILS Silty send or silcy Good Poor S1ight to Very slight Pair to poor Rubber tired equipment, she 120-135
gravelly sand high roller, close control of moisture
Clayey saod or clsyey Patr to Good Not suitable Sleght to Slight to Poor to practically | Rubber tired equipment, 108-130
gravelly sand bigh edim impervious sheepafoot roller
Silte, sandy silcs, gravelly Fair to poor Fot suitable Medium to Slight to Fair to poor Rubber tired equipment, sheepsfoot 100-125
Low eilts, or ¢iatomaceous sotls very high nedium rollar, close control of woisture
COMPRESSI-
BILITY Lean clays, sandy clays, Fair to poor Not suitable Medium to Mediuvm Practically Rubber tired equipment, 100-125
or gruvelly clays high impervious sheepsfoot roller
uxso Organic eilts or lean Poor Fot suitable Medium to Medium to Poor Rubber tired equipment, 90-105
orgenic cla: high bigh sheepsfoot roller
Micaceous clays or Poor Hot suitable Mediun to High Fatir to poor Rubber tired squipasnt, 80-100
HIGH diatomscecus soils very high sheepsfoot roller
copRess-| Fat clays Poor to very poor Mot suitable Medlua Bigh Practicelly Rubber tired equipaest, 90-110
BILITY impervious sbeapstoot roller
LL>30 Fat organic clays Poor to very poor Mot suitable Mediun High Practically Rubber tired equipment, 80-105
| Aapéxvious, ehespsfoot roller
PEAT AND OTHER Peat, humus, and other Not suitsble Not suitable Sltght Very high | Eatx to poor Compaction mot practical
FIBROUS ORGANIC SOILS
Souce: Adapted from U.S. Arey Corps of Enginesrs, Engineering Maousl, Pert XLL, Chaptar 2, Appandix "A%.
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Covered storage should be provided for all major items of landfill
equipment. Floor design should, of course, reflect the weight range of
the vehicle not forgetting the concentrated load on a hydraulic jack.

An inventory for a small maintenance shop which would also provide tools
for jobs around the site might be as shown in Table 6. In addition, a
small repair shop might be equipped as shown in Table 7.

Table 6. Tools for a Small Maintenance Shop

Complete set of small hand tools (as often provided
by the manufacturer)
Two 15 tonne screw jacks, one 20 tonne hydraulic jack
One % tonne, one l-tonne and one 2 tonne chain hoist

. An assortment of wire rope slings and shackles
One 200 amp portable arc welder, one 300 amp stationary
arc welder, or a gas combination welding and cutting
outfit

Table 7. Equipment for a Small Repair Shop

. One bench vice and one large floorstand vice

. An assortment of drop lights and extension cords

. One bench-type drill press and assorted drills

. One bench-type grinder

. A good assortment of test equipment for electrical
repair work

SANITARY LANDFILL DESIGN

After the selection of the site, on the basis of a review of the
available preliminary information, an engineering design report for
each site is prepared.

The factors that must be considered in an engineering design are
as follows:

— Land requirements;

— types of wastes that must be handled;

— evaluation of seepage potential;

— design of drainage and seepage control facilities;
— development of a general operation plan;

— design of solid waste filling plan; and

— determination of equipment requirements.

The more important individual factors that must be considered are
given in Table 8. Careful consideration must be given to the final
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use or uses to be made of the completed site.

The final density of solid wastes placed in a landfill varies with
the compactability of solid wastes and mode of operation. The typical
compactability data of some of the components is given in Table 9 in
which volume reduction factors are given for both normally compacted
and well compared landfills. Compacted density is calculated, with this,
and is then used for calculating the area requirements.

The recovery of materials and energy from solid wastes will also
reduce the landfill area requirements. The amount of the reduction will
depend on the components to be recovered. In cases where the computed
compacted density changes significantly as a result of material recovery
program the required landfill area can also be reduced by the ratio of
compacted density (TCHOBANDGLOUS et al., 1979). Anyhow large changes
in the density value will not be observed with materials recovery.

LANDFILL OPERATION

The design of sanitary landfill will dictate the method of operationm.
There are basically 2 methods of operation, the trench method and the
area method. Sometimes, a third method can be a modification or combina-
tion of the above methods. The 2 methods differ primarily in that con-
fining lateral earthern walls are used in the trench method but not in
the area method.

Trench Method

In this method, waste is spread and compacted in an excavated trench.
Cover material, which is taken from the spoil of the excavation, is spread
and compacted over the waste to form the basic cell structure, as shown in
Fig. 6. The bottom of the trench should be slightly sloped for drainage
and provision should be made for surface water to runoff at the low end
of the trench. The trench can be as deep as soil and ground water condi-
tions safely allow. The trench should at least be twice as wide as any
compacting equipment that will work in it. This method eliminates excess
soil movement, allows a clean operation and reduces the amount of soil
needed for daily cover. It is suitable only for small operations.

Area Method

In this method, the waste is spread and compacted on the natural
surface of the ground, and cover material is spread and compacted over
it, as shown in Fig. 7. The area method is used on flat or gently sloping
land and also in quarries, strip mines, ravines, valleys, or other land
depressions.
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Table 8. Important Factors that must be Considered
Operation of Sanitary Landfills

in the Design

Factor

Remarks

Design
Access

Cell design and construction

Cover material

Drainage

Equipment requirements

Fire prevention

Groundwater protection

Land area

Landfilling method

Litter control

Operation plan

Spread and compaction

Unloading area

Operation

Communications

Days and hours of operation

Employee facilities

Equipment maintenance

Operational records

Salvage

Scales

Paved all weather access roads to landfilli™
site; temporary roads to unloading areas.

Will vary depending on whether gas is to
be recovered; each day's wastes should
form one cell; maximum depth of 10 ft;
cover at end of day with 6 in of earth;
gravel gas vent should be installed every
60 to 200 ft.

Maximise use of onsite earth materials;
approximately 1 yd3 of cover material
will be required for every 4 to 6 yd3 of
solid wastes; mix with sealants to control
surface i{nfiltration.

Install drainage ditches to divert surface
water runoff; maintain 1 to 2 per cent
grade on finished fill to prevent ponding.

Vary with size of landfill.

Water onsite; if nonpotable, outlets must
be marked clearly; proper cell separation
prevents continuous burn through if
combustion occurs.

Divert any underground springs; if required,
install sealants for leachate control;
install wells for gas and ground water
monitoring.

Area should be large enough to hold all
community wastes for a minimum of 1 yr
but preferably 5 to 10 yr.

Selection of method will vary with terrain
and available cover.

Use movable fences at unloading areas;
crews should pick up litter at least once
per month or as required.

With or without the codisposal of treatment
plant sludges and the recovery of gas.

Spread and compact waste in layers less
than 2 fr. thick.

Keep small, generally under 100 ft. on a
side; operate separate unloading areas
for automobiles and commercial trucks.

Telephone for emergencies.

Usual practice 1s 5 to 6 days/wk and 8
to 10 h/day.

Restrooms and drinking water should be
provided.

A covered shed should be provided for
field maintenance of equipment.

Tonnage, transactions, and billing if a
disposal fee is charged.

No scavenging; salvage should occur away
from the unloading area; no salvage storage
onsite.

Essential for record keeping if collection
trucks deliver wastes capacity to 100,000
1b.




Table 9. Typical Compaction Factors for Various Solid
Waste Components as Discarded

Compaction factors for
component in landfills

Component
Normal Well
Range  |ompaction | compaction
Food wastes 0.2-0.5 06.35 0.33
Paper 0.1-0.4 0.2 0.15
Cardboard 0.1-0.4 0.25 0.18
Plastics 0.1-0.2 0.15 0.10
Textiles 0.1-0.4 0.18 0.15
Rubber 0.2-0.4 0.3 0.3
Leather 0.2~0.4 0.3 0.3
Garden trimmings 0.1-0.5 0.25 0.2
Wood 0.2-0.4 0.3 0.3
Glass 0.3~0.9 0.6 0.4
Tin cans 0.1-0.3 0.18 0.15
Nonferrous metals 0.1-0.3 0.18 0.15
Ferrous metals 0.2-0.6 0.35 0.3
Dirt, ashes, brick, etc. | 0.6~1.0 0.85 0.75

Source: TCHOBANDGLOUS, G. et al, (1979)
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In the trench method of sonitary landfilling, the collection truck de-
posits its load into a trench where a bulldozer spreads and compacts
it. At the end of the day, the trench is extended, and the excavated
soil is used as daily cover material.

Source: Sanitary Landfill Design and Operation, EPA, 1972
Fig. 6. Trench Method.

The primary considerations in an area method are:

- The truck unloading position;

- the distance of borrow area for cover;

- the method of transporting the cover material;

- the path over which the cover material must be transported, and;
- the confinement of the refuse both vertically and horizontally

Criteria for Manual or Mechanised Methods

The above 2 methods of operation can be achieved either by manual
or mechanised operation. The primary criteria for the selection of the
method are the density of wastes and compaction. The typical charac-
teristics of wastes of industrialised countries and developing countries
is as follows (FLINTOFF, 4).

COMPACT -
JOLID WASTE

In the area method, a bulldozer spreads and compacts the waste on
the ground, ond a scraper is used o haul the cover material at the
end of the doy’s operotions.

Source: Sanitary Landfill Design and Operation, EPA, 1972
Fig. 7. Area Method.
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Industrial Country

(Data from "Controlled Tipping", BEVAN, Institute of S.W. management,
London).

Density as tipped from vehicle

before compression 270 kg/m.3
Density after 3 days 628 " "
Density after 1 year 760 "V

Developing Country

(From "Garbage disposal for Calcutta City" NEERI, India).

Density of refuse arriving at disposal site 518-573 kg/m.3
Density of dumped refuse (6 months old) 1,128 kg/m.3

From the figures quoted above it would appear that high densdty -
wastes, which are typical of developing countries, do not require initial
compaction. It can be concluded, that in developing countries the
employment of a mechanical plant to achieve initial compaction is not
necessary.

Manual operation could be fairly effective if proper care is taken
in the selection of the site and in the formation of strips.

An all-weather access road must be provided first. The road can
be built from construction waste. The position of the first strip to
be raised should be defined by 2 rows of pegs driven into the ground,
and the final level of the first layer should be indicated by occasional
posts.

A three~time "drag" or rake, with a handle up to 2 metres in length
is the most effective tool for embankments. The vehicle delivering the
wasgtes should be reversed to a point a close as possible to minimise
the movement of waste by hand. To reduce the risk of a vehicle reversing
too far, wooden obstructions should be placed, at the point of rear wheel.
To avoid the rear wheels of the vehicle sinking into the newly deposited
wastes, a small area should be covered with steel plates, as in Fig. 8.

Very little lateral movement of wastes is needed if they are well
placed. However, the labourers need to stand in the wastes, and hence
protective clothing should be provided. From time to time, covering
material should be delivered to the site.  The volume of cover material
ranges from one seventh to one fifth of the volume of wastes. The density
of wastes at this stage will be at least 50 per cent higher. The covering
material should be spread to a thickness of at least 15 cm, and preferably
up to 25 cms. The best tools for this work are shovels and wide garden
rakes with short tines.
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Prolonged heavy rain is the only real obstacle. Under such circum-
stances, it is advisable to provide a portable roadway across the strip
in the form of old railway sleepers. It is necessary to be prepared to
recover vehicles where one or more wheels have sunk up to the axles.

For this, heavy jacks and timbers are necessary.

Table 10. Labour and Covering Material Scale of Requirement

Tonnes/day | m3/day In-place |Covering
Population {@500 gms/ @330 kg/m3 | volume [material, [Men
person/day m m3/day )
20,000 10 30 20 4 2
50,000 25 75 50 10 3
100,000 50 150 100 20 6

The probable scale of requirement of labour and covering material
at typical rate of generation and density are given in Table 10. Manual
operations are good only for small scales of operation.

SITE MONITORING

Site monitoring of any type involves some expense. Hence it 1is
important to select sites for landfills that will need only minimal
monitoring. The cost and extent of monitoring primarily depends on the
nature of the solid waste and hydrogeology of the site. The bigger the
size of operation, the higher the cost. The items to be monitored are:

1. Characteristics of leachate generation within the site;

2. Ground water and surface water quality in the immediate vicinity
of the site and at same reasonable distance around the site;

3. Characteristics of gases generated in the refuse mass and the
progression of the gases from the landfill site;

4, Erosion of the cover soil from the site;

5. General characteristics and approximate quantities of hazardous
and toxic wastes deposited in the site; and

6. The quantity and characteristics of any leachate that is collected

at the site and directed to another location such as sewer.

0f the items noted, leachate monitoring and gas movement are generally

of prime importance. Hence they are discussed in detail here.

Leachate Monitoring

Ground water or infiltrating surface water moving through solid waste
can produce leachate. Leachate may be defined as liquid that has perco-
lated through solid waste and has extracted dissolved or suspended
materials from it (SALVATO et al, 1971). Representative data on the
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Fig. 8. Small Manually-Operated Sanitary Landfill
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chemical characteristics of leachate are given in Table 11, (with range
values and typical values). In general, it has been found that the
quantity of leachate is a direct function of external water entering the
landfill. A simple water budget for a sanitary landfill may be represented
as in Fig. 9 (NOBLE, 1976).

The rate of seepage of leachate from the bottom of a landfill can
be estimated by Darcy's law, which can be expressed as:
dh

Q= -KA &+

where Q = leachate discharge per unit time.
K = coefficient of permeability
A = cross-sectional area through which the leachate flows
dh/dL = the hydraulic gradient.

The minus sign arises from the fact that the head loss "dh" is
always negative. The coefficient of permeability is also known as the
hydraulic conductivity, the effective permeability, or the seepage
coefficient.

The,coefficient of permeability is expressed in gallons per day
per foot” or feet per day (in FPS units). The conversion between
these factors is accomplished by noting that 7.84 gal/day/ft” = 1 ft/day.
Typical values for the coefficient of permeability for various soils
are given in Table 12 (SALVATO et al).

The physical conditions of the problem are shown in Fig. 10. The
landfill cell has been placed in a surface aquifer, composed of material
of moderate permeability, which overlies a bedrock aquifer. In this case.
it is possible to have two different piezometric water levels 1f wells
are placed in the surface and bedrock aquifers.

The 2 main problems of interest with regards to the movement of
leachate here are:

1. The rate at which the leachate seeps from the bottom of the
landfill into the ground water in the surface aquifer.

2. The rate at which ground water from the surface aquifer moves
into bedrock aquifer.



Table 11. Data on the Composition of Leachate from Landfills

Constituent Value t mg/l
Range I Typical
BOD5 (5-day biochemical oxygen demand) |2,000 - 30,000 {10,000
TOC (total organic carbon) 1,500 - 20,000 6,000
COD (chemical oxygen demand) 3,000 - 45,000 118,000
Total suspended solids 200 - 1,000 500
Organic nitrogen 10 - 600 200
Ammonia nitrogen 10 - 800 200
Nitrate 5 - 40 25
Total phosphorus 1 -70 30
Ortho phosphorus 1 -50 20
Alkalinity as CaCOq 1,000 - 10,000 3,000
pH 5.3 - 8.5 6
Total hardness as CaCOj 300 - 10,000 3,500
Calcium 200 - 3,000 1,000
Magnesium 50 - 1,500 250
Potassium 200 - 2,000 300
Sodium 200 - 2,000 500
Chloride 100 - 3,000 500
Sulphate 100 - 1,500 300
Total iron 50 - 600 60

1 Except pH.
Representative range of value.

Higher maximum values have been

reported in the literature for some of the constituents.
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Table 12. Typical Permeability Coefficients for Various Soils

(Laminar Flow)

91

Coefficient of permeability, KS
Material

f£t/day gal/day/ft2
Uniform coarse sand 1,333 9,970
Uniform medium sand 333 2,490
Clean, well-graded sand and gravel 333 2,490
Uniform fine sand 13.3 100
Well-graded silty sand and gravel 1.3 9.7
S11lty sand 08 2.2
Uniform silt 0.16 1:2
Sandy clay 0.016 0 12
Silty clay 0.003 0% 22
Clay (30 to 50 per cent clay sizes 0.0003 Ow@QQZ
Colloidal clay 0.000003 0.000022
Note: ft/day x 0,3048 = m/day 3

gal/day/ft2 x 0.0408 = m>/day/m2
Problem 1

The leachate flow rate from the landfill to the upper ground water
is computed by assuming that the material below the landfill to the top

of the water table is saturated and that a small layer of leachate exists

at the bottom of the fill. Under these conditions:

Q (gal/day = K (gal/day/ftz) (££2)

(assuming that flow occurs through 1 ft2).
Problem 2

The rate of movement of water from the upper aquifer to the lower
aquifer is given by:

hz(fc)

= K (gal/day/ft? A (£:2) 2oms
2

Q (gal/day)

In this problem, the thickness of the confirming layer is used to
determine the hydraulic gradient.

Leachate Movement Control

The best practice of leachate control calls for its elimination
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or containment, rather than taking risks in allowing leachate to percolate
to the ground water. To date (1978) the use of clay has been the favoured
method of reducing or eliminating the percolation of leachate. Membrane
liners have also been used, but are expensive and require extra care during
filling operations.

Elimination of surface water infiltration also controls the movement
of leachate (Fig. 9). This is the major contributor to the total volume
of leachate. With the use of an impermeable clay layer and an appropriate
surface slope (1 to 2 per cent), and adequate drainage, surface infiltra-
tion can be controlled effectively.

Gas Monitoring

The gases generated from a landfill should be either vented to the
atmosphere or collected for energy. Gases found in landfills with their
molecular weights and densities are given in Table 13. Carbon dioxide
and methane are the principal gases produced from the anaerobic decom-
position.

Table 13. Molecular Weight and Density of Gases Found in Sanitary
Landfills at Standard Conditioms (0°C, 1 atm)

Density

Gas Formula | Molecular weight g/l 1b/ft3
Air - - 1.2928 0.0808
Ammonia NHj3 17.03 0.7708 0.0482
Carbon dioxide CO2 44.00 1.9768 0.1235
Carbon monoxide co 28.00 1.2501 0.0781
Hydrogen H2 2.016 0.0898 0.0056
Hydrogen sulphide HZS 34.08 1.5392 0.0961
Methane CH4 16.03 0.7167 0.0448
Nitrogen N2 28.02 1.2507 0.0782
Oxygen 02 32.00 1.4289 0.0892
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Although most of the methane escapes to the atmosphere, both methane
and carbon dioxide have been found in concentrations up to 40 per cent
at lateral distances of up to 400 ft from the edges of the landfill
(TCHOGANDGLOUS et al, 1979) for unvented landfills, the extent of
this lateral movement varies with the characteristics of the cover
material and the surrounding soil. With proper venting, methane will not
be a problem. But carbon dioxide, being 1.5 times denser than air and
2.8 times as dense as methane, tends to move towards the bottom (Table 13).
Ultimately it reaches the ground water, and lowers the pH because it is
easily soluble in water. This in turn increases the hardness and mineral
content through stabilisation.

The solubility of the gases in water is given in Table 14, The
corresponding concentration of a gas in solution can be computed using
Henry's Law:

C = K P
s s
where
CS = saturation concentration as the gas in water ml/1
K = coefficient of absorption, ml/1

la-]
)

partial pressure of the gas in the gas phase, expressed
as a fraction.

Gas Movement Control

Permeable Method: Gas vents are constructed as shown in Fig. 11.
The spacing of cell vents (Fig. ll-a) depends on the width of the cells,
but usually varies from 60 to 200 ft. Barrier vents (Fig. 1l1-b) or well
vents (Fig. ll-c) can also be used to control the lateral movement of
gases.,

Downward movement of gases can be controlled by installing perforated
pipes in the gravel layer at the bottom of the landfill.

Impermeable Methods

The movement of landfill gases through adjacent soil formations can
be controlled by constructing barriers that are more impermeable than
the soil. Some of the landfill sealants for this use are given in Table
15. 0f these the use of compact clay is most common. The thickness varies
from 6 to 48 inches depending upon the type of clay and degree of control
required. Landfill gas can be recovered in this case.
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Table 14. Data on the Absorption Coefficients for the Gases
Found in Sanitary Landfills.*

(Millilitres of gas reduced to 0°c and 760 mm Hg per litre of
water when the partial pressure of the gas is 760 mm Hg)

T erat oC
Molecular emp ure,
Gas Formula weight

3 0 10 | 20
Air - - 29.18 22.84 |18.68
Carbon dioxide CO2 44,00 1713 1194 | 878
Carbon monoxide . Co 28.00 35.4 28.2 23.2
Hydrogen H2 2.016 21.5 19.6 18.2
Hydrogen sulphide HZS 34.08 4670 3399 2582
Methane CH4 16.03 55.6 41.8 33.1
Nitrogen N2 28.02 23.5 18.6 15.5
Oxygen 02 32.00 48.9 38.0 31.0
Vapour pressure of
water, mm Hg - - 4.58 9.21 J17.5

* Adapted from (SALVATU et al, 1971)

Other Possible Monitoring

With regards to the monitoring of settlement at a landfill site,
there is no acceptable technique. Settlement plates, usually concrete
or steel squares with sides 2 ft have been successful. Reinforcing bars
0.6 m - 1.2 m can also be implanted vertically into the cover soil and
refuse (A.S.C.E., 1976).

If completed landfills are used for agricultural purposes, then
erosion is of concern. Erosion rates of 6.3 mm - 13 mm (0.25 in - 0.5 in)
per year have been suggested as acceptable limits (A.S.C.E., 1976).

It would be a good practice to monitor the types of material being
brought to the site. 1If problems do develop in the future, then the
location of that specific wastes can be established.

In monitoring the rate of organic matter stabilisation, consideration
must be given to measuring the temperature of the decomposing refuse mass.
Temperature data, together with data on gas generation, leachate produc-
tion and settlement provide fairly complete monitoring of degradation.
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Table 15. Landfill Sealants for the Control of Gas and Leachate Movement

Sealant
Classification Representative types Remarks
Compacted soil Should contain some
clay or the silt
Compacted clay Bentonites, illites, kaolinites [Most commonly used

sealant for landfills;
layer thickness varies
from 6 to 48 in; layer
nust be continuous and
not allowed! to dry out
and crack.

Inorganic chemicals Sodium carbonate, silicate, or Use depends on local

pyrophosphate soil characteristics.

Synthetic chemicals | Polymers, rubber latex Experimental, use not

well established.

Synthetic membrane Polyvinyl chloride, butyl Expensive, maybe justi-

liners rubber, hypalon, polyethylene, fied where gas is to
nylon-reinforced liners be recovered.

Asphalt Modified asphalt, rubber- Layer must be thick
impregnated asphalt, asphalt— enough to maintain con-
covered polypropylene fabric, tinuity under differen-
asphalt concrete tial settling conditions.

Others Gunite concrete, soil cement,

plastic soil cement

Sites are designed to accept a specific amount of wastes. And hence
periodic monitoring of in-place density at the site will provide a valuable
operating tool. Weight data from scales of other means, in addition to
field survey information are necessary to make this calculation.

SITE MANAGEMENT

Management of a sanitary landfill site involves a wide range of res-
ponsibilities. The responsibility for operating a sanitary landfill is
normally determined by the community administrative structure involved,
and it should be suited to its conditions. Continuity of management over
the life of the site is desirable and a site should be managed in an
engineering sense. )

There are basically 2 financial decisions to be made in the manage-
ment of a sanitary landfill. How to finance the capital requirements
and how to meet the operating costs. Operating costs include salaries,
utilities, fuel and equipment maintenance. There are several sources
of funds to meet the capital and operating costs. Some of them are taxes,
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grants or subsidies and bonds. Loans are available from private companies
and local governments. The United States Environmental Protection Agency's
office of Solid Waste Management programmes has prepared a publication,
which has several good forms that can be used in cost accounting (ZAUSNER,
1969). The important operation costs include: wages and salaries, main-
tenance of equipment and fuel, utilities, depreciation and interest on
buildings and equipment, and overheads.

General Administration

Site Performance Evaluation: In most cases, there is a control
agency that determines 1f the operation is being conducted in a manner
that safeguards against environmental pollution. An evaluation checklist
for the operation of land disposal sites was developed by U.S.E.P.A. as
given in Table 16. The administrative section @£ the organisation operat-
ing the landfill should evaluate the operation periodically.

Personnel: To secure and retain competent employees, the adminis-
tration must have a systematic personnel management plan. A list of
positions for a landfill operation will include and administrative tasks
and operating tasks. Then the management must determine how many employees
are needed. As the size of the operation increases, a division of labour
will become necessary for sustained efficiency. Wages must be comparable
with similar employment elsewhere. It is desirable to have on the job
training, insurance plans, pension plans, uniforms, paid holidays and
sick leave programmes.

Supervision at Site: At least 2 persons should always be present
during landfill operations. This is a safety measure. At a large site,
a superintendent or a project engineer may be required. A multi-shift
operation, would require supervisors for each of the shift.

Public Relations: A key aspect of public relations is the procedure
for handling citizens' complaints. Deficiencies in operating methods or
employee courtesy should be investigated and acted on promptly. Local
political support should be sought to reinforce the landfill concept
and its benefits. Periodic news releases regarding how the landfill
is progressing towards its final design should be issued. Convincing
the public of the advantages of a sanitary landfill is a tedious process,
but can be achieved by explanation and education.

For security's sake, the landfill sites should be surrounded either
by a natural barrier or a fence. The purpose is to avoid accidents, and
to discourage people other than employees, legitimate users and visitors
from entering.

Equipment Maintenance: The supervisor should outline a comprehensive
preventive maintenance programme. In some large landfill operations,
there is often a need to charge one individual with the daily responsi-
bility of equipment maintenance. Landfill managers should make sure



Table 16. Evaluation Checklist for Operation of Land disposal Sites

users of sgite

CATEGORY NO. OPERATIONS PROCEDURE TO BE EVALUATED YES [ NO
Site 1 [Site accessible to vehicles by all-weather roads leading
Accesibility from public road system
| WITrET 2~ | SUrtace wateér courses and run off diverted from s8ite
Quality 3 | Leachate collection and treatment systems provided where
necessary
Afr 4 | Opening burning prohibited
Quality 5 |Decomposition gas migration vented to atmosphere
6 | Any concentration of decomposition gases in a manner
that will pose an explosion or toxicity hazard.
Vectors 7 | Disposal site operator prepared to implement contingency
programmes for vector control when necessary.
Esthetics 8 | Litter blowing controlled (portable fences, etc.)
§ [ Litter removed Irom fences at end of each operating day
Cover 10 [ Dally cover applied
Material 11 | Compacted daily cover thickness at least 6 inches
12 | Intermediate cover applied where necessary
13 | Compacted intermediate cover thickness at least 12 inches
14 | Final cover applied .
15 | Compacted final cover at least 24 inches
Compaction 16 | Landfill equipment capable“of functioning on a slope
not flatter than one (vertical) to three (horizontal)
17 | Solid wastes spread in layers not more than 2 feet thick
18 | Solid wastes compacted to smallest practical volume
19 | Preventive maintenance program established for landfill
equipment.
20 | Operating manual developed and available to employees
Safety 21 | Safety manual available for use by employees
22 | Employees instructed about safety procedures
23 | Employees follow safety procedures
24 Safety devices (e.g. roll over protective structures,
slot-belts, audible reverse warning devices, fire
extinguishers) provided on landfill equipment
25 | Provision established for extinguishing fires in wastes
being delivered to site, at working face, and at per-
sonnel facilities
26 | Emergency communications equipment available
27 | Scavenging prohibited
28 | Access to site controlled
29 | Access to site established by roadways only
30 | Containers located for after-hours deposit
3 Traffic pattern and signs established
Records 32 Records kept for major operational problems and complaints
33 | Qualitative and quantitative evaluations of leachate
control kept
34 | Qualitative & quantitative evaluations of gas control kept
35 | Qualitative & quantitative evaluations of water quality
analyses kept
36 | Vector control records kept
37 | Dust and litter control records kept
38 | Quantitative measurements of solid wastes received
39 | Description of solid waste materials received
40 | Source of solid waste materials identified
41 | Upon completion, a detailed description of site recorded
with the area's land recording authority
Wastes 42 | Bulky wastes pushed onto working face near bottom of cell
Handling 43 | State procedures for disposing of dead animals observed
44 | Incinerator and air pollution control residues spread into
working face & covered at intervals to prevent from blowing
45 | List of excluded wastes developed and available to regular
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that the operation manual for each piece of equipment is kept in a handy
place, to facilitate the operators to review the manuals, when necessary.
To prevent damage to the equipment, as well as to prevent accidents, only
competent and qualified personnel should be allowed to operate the equip-
ment. Equipment sizes, numbers and types must be selected to suit to

the conditions. Table 17 provides a guide to the types of equipment
being used at sanitary landfills and their capability to perform the
required task.

Table 17. Equipment Capabilities

Solid Waste Soil Cover Site
preparing
Type Spread- Com- Exca- |Cover- |Haul- ° and.
ing pacting |vating | ing ing o
- galiving
¢V) (2) (3) (4) (5) (6) (@)
Crawler dozer E G E G NA G
Crawler loader G G E E F G
Landfill compactor G E P F NA P
Rubber tyred dozer G G F G NA F
Rubber tyred loader F G F G G F
Scraper NA NA G G E F
Dragline NA NA E F NA F
Grader NA NA G NA NA G

Note: E = Excellent; G = good, F = fair; P = poor; NA = not applicable.
PROBLEMS RELATING TO LANDFILLING PRACTICES IN ASIA

The utilisation of solid wastes as materials for landfill is a widely
employed method of refuse disposal in the developing countries of Southeast
Asia. The presence of a large proportion of putrescible and high organic
matter in their wastes is favourable from the standpoint of effective
treatment and destruction of pathogenic organisms due to a rapid rise
in temperature during the degradation process. Despite these advantages,
however, this method poses some risks on the workers involved in deep
excavation projects on a landfill site due to evolution of methane gas
and other gaseous products that may result from accompanying organic
decomposition (FLINTOFF). Concomitant to the successful application
of landfilling to solid waste management in Southeast Asian nations are
some problems which require close co-operation among the various fields
of disciplines and the public. Some of the more common problems normally
encountered in developing nations are presented briefly in the following
discussion,
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Health Problems

A higher incidence of certain diseases usually involving the skin
was reported by NEERI (National Environmental Engineering Research
Institute) (FLINTOFF, 1975) to occur among workers involved with town
wastes. This can be attributed to the fact that the methods of sanitary
landfill management adapted are loosely applied and most often result in
undue expoéure of the worker's skin to wastes containing faecal matter
and other offensive materials. It has been observed that the risk to
workers by skin contact with wastes is greater in developing countries
than the industrialised nations which because of their superior economy,
can readily make provisions for protective clothing such as rubber boots,
gloves and overalls that can be changed and washed regularly.

Land AVailability for Waste Disposal

Although most countries land availability cannot be considered a
major problem at the moment, it 1s actually a potential cause of trouble
in the light of the rapid pace of industrialisation in some areas of the
region. Hong Kong and Singapore, for example, are starting to experience
this as more and more wastes are being generated. In some other areas,
difficulty in finding and acquiring landfill sites is influenced not by
physical lack of suitable land but rather by economics and administrative
processes.

Water Pollution

Water pollution in Southeast Asia is ordinarily caused by contact
of deposited wastes with ground water, surface water, leachate from
dumps, static water in dump sites, and the use of streams and canals for
solid waste disposal by residents not provided with proper services.
Surface water drainage is frequently impaired by the blockage of ditches,
gullies and sometimes major waterways. In one of the British experiments
(1961) concerning the generation of leachate from rainfall, it has been
observed that a leachate equivalent of 220 mm was produced from an annual
rainfall of 635 mm. This just indicated that pollution of surface water
can be considerably reduced by minimising leachate inflows. This approach
is achieved by the installation of an impervious membrane liner on the
prepared floors and the laying of network of subsoil drains to intercept
and collect the leachate into chamber where it is biologically filtered
before being discharged into sewers (WONG)

High Moisture Content

Wastes with high mositure content are in the form of either liquids
or sludges. In general, any waste containing moisture greater than 80
per cent will create problems unless special care is taken in disposal.
Whenever possible, the excess moisture should be taken up by the addition
of a suitable absorbent before sludges are incorporated into a landfill.
If this precautionary measure is neglected, the production of more
leachates is enhanced and pollution of surface water can be expected.
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Bulky Wastes

Most often, bulky items present a multiplicity of problems such as
vermin harbourage, unsightliness, physical hazards to operators, lures
to scavengers and a danger to children. To reduce the magnitude of these
problems, some preliminary treatment of the solid wastes can be employed
such as crushing and pulverisation. Since cars, appliances, and big drums
are partially crushable, crushing can achieve a smaller volume of landfill
and therefore more space is conserved and becomes available for additional
solid waste disposal. Construction and demolition debris, particularly
brick, concrete, asphalt and plaster, should be laid down as a landfill
base whenever possible. Most bulky items degrade very slowly and sometimes
do not degrade at all (particularly plastic), hence appropriate steps
should be taken to surround such objects with solid wastes of similar
character such as demolition debris.

Hazardous Wastes

With the increasing complexity of industrial development, landfills
are under pressure to receive many materials which they are not strictly
capable of handling. Items such as liquids and sludges, gases, radioactive
materials and pathological wastes should be kept away as much as possible
from all sanitary landfills. Liquids and sludges contribute to the total
moisture in the landfill which in effect contributes to the greater produc-
tion of leachate. Gases, whether in normal or pressurised containers,
should never be disposed of in the landfill, especially when the field
capacity has been reached. Special provisions have to be made in
disposing of radioactive wastes in order that no permeation or mixing
with the landfills such as leakage or seepage can take place. Pathological
wastes from hospitals, research establishments and drug manufacturers
have to be disposed of in an appropriate pathological incinerator (FRANK
et al).

Fire Hazards

Fires at a sanitary landfill can arise from a number of causes.
Although the high density and highly putrescible wastes of developing
countries are unlikely to give rise to the risks of very serious under-
ground fires, it is always necessary as a safety precaution that special
measures are taken to prevent any fire breaking out on the site. Pro-
visions, such as a sufficient supply of water near the landfill site
and adequate equipment and manpower to dig out the burning material so
that water can be applied effectively, have to be made. 1In this way,
the waste incorporated in the landfills of tropical and developing
countries which has been often seen on fire can be spared from unnecessary
burning.

Vectors

To prevent breeding of flies and rodents, landfills have to be
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covered properly. In some cases when breeding cannot be stopped by merely
covering the landfill areas, insecticides have sometimes been used.

Lack of Co-operation from the Public

The lack of public co-operation is perhaps one of the most common
problems in the field of solid waste management not only in developing
countries of Asia but also in industrialised nations of Europe and North
America. Unaware of the ultimate environmental impact of solid wastes,
people tend to get rid of recoverable refuse by throwing it away anywhere
they wish without thinking of reusing or recycling them. 1In doing so,
they scatter the wastes all around making it more difficult for the
cleaners to collect them. The offshoot is a series of complaints from
both the public and cleansing authorities. The public express their
dissatisfaction over the cleansing standards. On the other hand, the
cleansing officials put the blame on the public for being unco-operative.
The ultimate result is a management system with inferior cleansing
standards.

Cost Factor

The cost of sanitary landfilling in Southeast Asia varies widely.
This is because a number of complex factors such as land acquisition,
site clearance, and preparation, operation, availability of covering
material and landscaping can individually exert a significant change in
the total cost involved in this method of solid waste disposal. Owing
to the difficulty of land acquisition and subsequent clearing due to
reasons previously mentioned these steps are becoming more expensive.
Site preparation and operational costs are increasing substantially for
remote sites where land acquisition is relatively easy. The experience
in Hong Kong involving operational cost has shown that in general, the
larger the capacity of the site, the lower the unit cost will be (WONG),
A further increase in the total cost of landfilling is brought about
by the increasing cost of covering material, especially when addi-
tional land and landscaping costs are necessary

Dead Animals

The disposal of dead animals sometimes becomes a problem due to
health risks and bad odours that can develop. Dead animals have to be
disposed of at rendering plants if possible, otherwise they can be
deposited near the toe of the landfill and then covered with other refuse.
The problem is further aggravated by the fact that 1f they are large a
specially dug trench or pit has to be made for them to be buried.

Open Dumping

Open dumping normally generates various unhealthy consequences.
Waste matters left mounting with time create an eyesore to onlookers
despite the fact that they are reasonably far from urban centres. 1In
Metro Manila (Philippines) however, where rapid expansion of urban land
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has taken place, a seemingly far away site becomes inadequate as the
newly-developed sprawling areas reach the environs of the dump site in
a very short time. The aftermath is a problem requiring the immediate
transfer of the dumping site.

Increasing Volume of Solid Waste

As a higher standard of living is gradually attained in developing
nations, more and more wastes are being generated which eventually
increase the volume of wastes to be landfilled. This requires an increase
in the administrative machinery, the requirement of new equipment and
the maintenance of existing equipment. These are some of the immediate
needs that must be satisfied to get rid of the problems of the increasing
volume of solid wastes. In reality, the ultimate problem is basically a
shortage of available funds.
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REFUSE BALING AND PULVERISATION COMPOSTING IN ASIA
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Bangkok, Thailand

INTRODUCTION

As the population of Asian nations continues to increase rapidly
and as more people are concentrated in urban areas, the problem of
solid wastes handling and treatment becomes more acute. Particularly
in large metropolitan areas, the disposal problem has reached serious
proportions in recent years due to the steady exhaustion of available
dump of landfill areas and the impact of more rigid air, water, and
land pollution controls. Due to the problems caused by the large and
ever-increasing volume of refuse to be disposed of, the more stringent
demands for environmental improvements and the rapidly rising cost of
available refuse disposal schemes, some feasible methods of solid wastes
handling and disposal are being carefully considered to ascertain the
most appropriate handling and treatment approach necessary to cope with
the solid wastes problems of Asian communities.

Some of the various schemes conceived for- possible adoption are
refuse baling, refuse pre-treatment by pulverisation and composting.
Unlike composting with accompanying refuse preparation by pulverisation
which has long been a traditional method of solid waste treatment in
developing countries of Asia, the concept of applying baling to the
solid waste field is relatively new and may present technical difficul-
ties in certain cases.

REFUSE BALING

This method is known to have originated in Japan as indicated by
FLINTOFF (1974), and is now being developed in several countries out-
side Asia. 1In this physical treatment, initial refuse volume is reduced
by baling 7 or 8 times, and the bales which can weigh several tonnes
may be heavy enough for disposal into the sea. The concept of ocean
dumping is, however, not easily acceptable with the present conditions
in Asia as there are less costly alternatives which completely preclude
the possibility of marine pollution. It is highly questionable as to
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whether it will be necessary in the future. Nonetheless, the potential
use of baling is being considered as one of the alternatives in solid
waste handling and disposal which will enhance its capacity to facili-
tate long-distance transport because of the highly compacted and cohe-
sive nature of the products and less space requirement.

Baling Process

Baling as defined by TALTY (1973) is the process of applying pres-
sure to loose, compressible materials within an enclosure and binding
the compacted mass while it is in a confined condition. The resulting
material is known as a bale. The baling process 1s perhaps the sim-
plest and most economical form of packaging. No encasing or wrapping
1s required to maintain the integrity of the bale and the cohesion of
its contents. The compaction inherent in the process contributes to
the conservation of space and consequently to economies in storage and
transportation. In the scales on which they are produced on the farm
and in the factory, bales are readily handled by manual or mechanical
means. Typically, their surfaces are rectangular in shape and rela-
tively smooth and they are to be stacked and nested economically without
excessive wasted space. For these reasons, baling is often used in the
packaging of certain types of raw materials, scrap, staple commodities,
and manufactured products.

Types of Balers

Heavy types of balers are hydraulically or electrically operated.
They are generally classified into 2 major types depending on the
direction of the movement of the compressing ram:
s
Vertical stroke balers, which are sub—classified as down-stroke
or up-stroke (so called 'pit' type) balers and horizontal stroke balers.

In vertical stroke balers, the materials are compressed between
a moving ram (a piston with a flat face plate or 'platen' the size of
one face of the bale) and the fixed floor or ceiling of the compression
chamber. In the horizontal stroke balers, the ram moves laterally
against the end of the bale being formed and in the process not only
compresses the materials but also pushes the bales (the one being formed
and one or more already completed) towards ejection through an elongated
chamber and out at its open end. A typical multiple stroke baling press
in Fig. 1 shows the 6 steps (A-F) involved in the opération. There is
no available information whether the above types of balers are currently
employed in the treatment of the refuse in the developing countries
although there is scattered information that some baling plants are
about to operate and others are still under construction. For example,
the baling plant in mainland Hong Kong which costs about HK$lém (US$3.2m)
as reported by WONG (1978) has a treatment capacity of 600 tonnes per
day with a refuse reduction ratio of 5 to 1 and is expected to be in
operation by the end of 1978. Another type of refuse compression plant
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developed in Japan called the Tezuka Refuse Compression System APWARF
(1969) is perhaps the most widely known baling process applied to refuse
compaction in Asia. More or less comprehensive information about the
key features and other relevant details of the system are provided in
the following sections.

Tezuka Refuse Compression System

The compaction machine was developed by the Tezuka Kosan Company,
Ltd., Japan, which spent 10 years of research on the development of the
system. The compression system consists of 3 major operations namely:

1. The preliminary compression system.

2. The main compression system.

3. Equipment to add additional cover material such as asphalt
or cement to the bales previously compressed within an
enclosure such as chicken wire mesh.

A sketch of the full scale of a Tezuka Refuse Compression Press

is depicted in Fig. 2. Various types of preliminary compression systems
are available, including one or two-stroke precompression devices which
generally exert a pressure on the refuse in the system of about 15 atm
(220 psi). The refuse leaves the precompression system and goes through
a feeding hopper wherein further compression is attained; the maximum
hopper pressure is about 29 atm (425 psi). From the loading hopper the
refuse goes into the main compression system, which includes the main
press, a mobile compression chamber, an associated bale enclosure, and

a push-up device to remove the bale from the compression chamber.

The main ram and its pressure face are designed to perform 4 suc-
cessive compression operations; the pressure face is divided into 3
sections. The dimensions of the latter range from 24.8 x 24.8 cm
(63 x 63 in) to about 28 x 28 cm (71 x 71 in).

In the first step of the compression the full amount of the avai-
lable force is applied to all 3 pressure face sections so that a
pressure of approximately 46 atm (675 psi) is exerted on the refuse.

In the second step, a central cylinder about 46 cm. (18 in) in
diameter and about 40 cm (16 in) in length is forced into the centre
of the confined refuse: a nominal pressure of about 340 atm (5,000 psi)
is exerted on the refuse beneath the cylinder head. The pressure face
of the centre cylinder is only about }/16th of the total area of the
pressure face.

In the third step, 12 smaller cylinders distributed over the total
original pressure face are pushed downward in either a simultaneous or
individual pattern. Each of these 12 cylinders is about 17 cm (6.8 in)
in diameter and about 46 cm (18 in) in length and exerts a pressure in
excess of 340 atm (5,000 psi) on the refuse. The total pressure face
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2. Hydraulically operated door
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3. Precompression chamber.
4. Ram of the precompression
chamber press.
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area of these 12 cylinders is only about 11 per cent of the initial
pressure phase area. In essence, then, a pressure of more than 340 atm
(5,000 psi) is concentrated on small disconnected areas inside the bale.

In the fourth and final compression step the remainder of the ori-
ginal compression face is moved downward until an average pressure of
about 55 atm (800 psi) is applied.to refuse.

After compression process has been completed, the bale-enclosure
closing device folds the enclosure used over the top of the bale; quite
commonly chicken wire 1s used as enclosure of encasement for the bale.
Operating time for the Tezuka system is about 10 to 15 minutes per
S5-tonne bale. This does not include any additional time needed for
bale treatment; additional treatment includes encasement of the bale
in concrete, dipping of the bale into asphalt, wrapping the bale in
vinyl or other materials, and strapping the bale with metal bands or
mines. The density achieved according to Tezug? reports ranges from
about 0.96 g/cm3 to 1.92 g/cm3 (60 to 120 1b/ft”) with the variation
resulting from variable composition of the compacted wastes.

The physical stability of these large refuse bales has not yet
been established. The high densities of the refuse should be viewed
in the light of the fact that the water content of the bales may be as
high as 50 per cent. Although the manufacturer claims that aerobic
bacteria activity is zero within the completed bale, certainly some
partial degradation does take place. Fully enclosed, sealed, and moist
bales could represent significant hazards, since anaerobic biodegrada-
tion could produce explosive methane gas. The volume reduction ratios
claimed by Tezuka ranges from 5 to 1 to 7 to 1. Typical costs for the
equipment alone may be estimated at roughly US$400,000 for 150 tonnes
per day installation and at over US$M for 3,000 tonnes per day instal-
lation. A 750 tonnes per day installation requires about 602 m
(720 ydz) of space for the equipment alone, and a significant foundation
must be placed beneath the press since it weighs approximately 400 tonnes.
In addition to the 602 m2 (720 ydz) of space for the equipment itself,
further area approximately 10 times that should be allotted for asso-
ciated operations. In addition to capital costs, the operation cost
requirements for a 750 tonnes per day installation are close to US$2
per tonne.

In view of the high cost of equipment, operation and maintenance
requirements, the application of this system to the field of solid
wastes treatment in developing countries of Asia 1s quite limited.

PREPARATION OF REFUSE FOR COMPOSTING (PULVERISATION)

Pulverisation of solid wastes in some developing countries of Asia
is not normally performed for landfill purposes as their wastes contain
few hollow articles and up to 80 per cent of the crude wastes as collected
would pass a 50 wm screen (FLINTOFF, 1976). This as a matter of fact is
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almost as good as the average product of the hammer mill in Europe.

In tropical regions, there may be bulky items of vegetable wastes yet
size reduction is unnecessary as these types of wastes will ultimately
decompose without pre-treatment of compostable wastes which contain a
high proportion of materials that exceed 50 mm in size. This size
reduction process does not only increase the surface area for contact
between decomposable organic substances and attacking micro-organisms
but also confers a secondary benefit by mixing the wastes into a more
homogeneous material. Realising these advantages, Hong Kong authori-
ties favoured the construction of a pulverisation/composting plant

in Hong Kong Island which 1s now in progress and was expected to have
commenced operations in February 1979. The plant had an estimated
cost of HK$47.58 and an initia]l design capacity of 240 tonngs per day
capable of extending to 480 tonnes per day with a refuse buik reduction
ratio of about 4 to 1.

Pulverisation Process

Pulverisation is a physical process of beating, shreddipg.or sub-
jecting refuse, to attrition with the purpose of reducing its volume
and producing a material more suitable for further processing or dis-
posal than crude refuse., Pulverisation methods commonly employed in
developing countries of Asia as reported by FLINTOFF (1976) include
the use of hammermills, rasps, short-~term drums, long-term drums, shears
and cutters, A general discussion on the types, principle of operation,
throughputs, operational requirements and constraints encountered during
their operation is given below while further details can be found in the
appendix.

Hammermills

A hammermill is a strong metal casing carrying 1 or more rows of
swing hammers on which is a mounted a rotating shaft, with a speed of
several hundred revolutions per minute., It reduces the volume of refuse
by the combined processes of impaction and shredding. Wastes are fed
into the top opening of the machine and are reduced in size by being
struck repeatedly by the hammers. Hammermills can be classified accord-
ing to:

(1) Number of Rotor Machines (Figs. 3a and 3c)
a) Single - consists of 1 rotor machine usually having a
capacity of 45 m3 per hour.

b) Double - consists of 2 rotor machines with an output
up to 90 m” per hour.

(2) Types of Hammer
a) Swing - 1is composed of a horizontal rotor carrying fixed
discs through which are pivoted groups of freely
swinging hammer.
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b) Fixed - is characterised by unidirectional rotors with
hammers that are firmly wedged between discs
attached to the rotor shafts,

(3) Kinds of Shaft
a) Vertical - employs lighter hammers, simpler in design and
lower in cost.

b) Horizontal - employs a heavier hammer and can handle
solid wastes containing large items but
1s more costly.

The capacity range for hammermills used for solid wastes is about
3 tonnes an hour to very large mills which can handle more than 10
times this amount. In practice, the range used in refuse pulverisation
installations is generally from 5 to 30 tonnes per hour. The motor
sizes range from 120 to over 400 hp.

The basic arrangement of a hammermill consists of a horizontal
rotor carrying fixed discs through which are pivoted groups of freely
swinging hammers; a frame or casing with an inlet above the hammers
and an outlet area beneath. Impact plates and, in some cases, shredd-
ing teeth are fitted in the casing and a grate 1is usually fitted at the
outlet area, the spacing of the grate bars determining the maximum par-
ticle size of product. Grate bar spacings from 6.3 to 10 cm (2.5 to
4 in) are used in primary mills for refuse treatment.

It is not possible to avoid hammermills becoming overloaded from
time to time and it is usual to fit an electrical overload device which
will halt in proper sequence the train handling elements. Installed
power requirements are therefore relatively higher in hammermills as
compared to other types of pulverisers because excess power must be
allowed to deal with intermittent heavy loading.

For the reduction of urban solid wastes a hammermill can be of
limited efficiency; a common level of performance is that only 85 per
cent of the total pulverised refuse is below about 50 mm. For complete
size reduction it would be necessary to provide 2-stage milling and
screening, but for some reasons according to FLINTOFF (1976) it is rare
to find this type of installation today.

The main operating costs of a hammermill are energy and hammer
wear. Hammers are of two kinds: shaped steel castings of which the
vorking faces are rebuilt daily or less frequently by welding; and rec-
tangular hammers cut from standard sizes of steel bar. The second type
was reported to cost less and i1s expendable after having been reversed
end-to-end and top-to-bottom, and therefore, 4 cutting edges are
utilised.

Pulverisation followed by compression offers the prospect of
maximum volume reduction by physical methods, and could be of great



importance in extending the economic radius of transport of refuse to
distant disposal.

FLINTOFF (1976) reported that pulverisation of refuse by hammer-
mills is growing in popularity for the following reasons:

(1) There is an increase in density which may reduce subsequent
transport costs.

(2) Homogeneity is achieved by size reduction and thorough
mixing and the refuse loses its characteristic of offensive
appearance.

(3) Insect, rodent, and fire risks are very greatly reduced, if
not eliminated.

(4) The ultimate structure of land reclaimed by means of this
material is superior for both agriculture and building
development.

(5) The volume ultimately occupied by a given weight of pul-
verised refuse is only two-thirds that occupied by a similar
weight of decomposed crude refuse.

Some of the more common hammermills which are commercially manu-
factured are the B.J.D. (British Jeffrey Diamond) crude refuse crusher,
the Buhler pulverisers, Hazemag Novorotor mills and Buttner pulverisers.
They are shown in Fig. 3. Further information about the physical and
operational aspects of these hammermills is provided in the appendix.

Two B.J.D. pulverisers are used in Manchester, England, to produce
a fine material for tipping while a Buhler brand is employed in
Switzerland. Hazemag and Buttner hammermills are used at several inci-
neration plants in Germany and Holland.

All these hammermills, however, have a common operational con-
straint, that is the need to eliminate materials which may cause damage
to or stoppage of the mill. To handle this operational difficulty,

2 widely used machines, the Gondard shown in Fig. 4 and Tollemache
systems illustrated in Fig. 5 have been developed. They are designed
specially to eliminate the need for pre-sorting the refuse, other than
the removal of obviously oversized objects. A brief discussion of each
system condensed from REINHARDT and HAM's (1974) report is given in the
appendix.

According to FLINTOFF and MILLARD (1968), 6 Gondard hammermills
had already been commissioned in a 2-stage milling system in Haarlem,
Holland. REINHARDT and HAM reported that a Tollemache mill had been
initially installed at the Madison milling plant (USA) in 1969 primarily
for testing purposes. Some of the common operational problems encoun~
tered in the operation of the Tollemache system are as follows:
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Metal trap
and reject
by pass

a) Feed and Discharge Arrangements for the
British Jeffrey Diamond Hammer Mill

c) Buhler Double-Rotor Hammer Mill

Fig. 3. Commercially Produced Hammer Mills
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Fig. 4. Original Layout of Madison's Refuse Reduction Plant;
Packer Truck being Loaded for Trip to Landfill
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TOLLEMACHE MILL INSTALLATION
@ Orignal Gondord System Bin_ Conveyor WITH TRANSFER PACKER STATION

(@ Feed Conveyor for the Tollemache Mill

Which Was Inserted Into One End of the 3 Wide Rubber Belt Transfer Conveyor
Gondard System 8in Conveyor Surge Bin on the Stotionary Compacior
@ Toliemache Mil Stati y Compactor
@ 4' Wide Rubber Belt Conveyor Carrying ® 75 YD® Transfer Trailer
Milled Refuse from the Tollemache (3 Rubber Belt Conveyor to Gondard Mill
ond Gondard Mills (O Gondord Wil

Fig. 5. Transfer Packer Station in the Tollemache System
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(1) Feed delays due to excessive loading of the conveyor bins.
The operator has to limit the amount of refuse placed in the bin to
solve this problem.

(2) Failure of linkage in the speed reducer and occasional jam—
ming of the belt when the objects become lodged between the conveyor
rollers and trucks.

(3) Metal fatigue which can cause the hydraulic cylinder opera-
ting the hook that holds the trailer to the hopper to leak is omne of
the most serious problems usually encountered.

(4) Internal jams which usually occur in the grind section are
brought about by heavy wire, bed springs, tyres, etc.

(5) Explosions - as the refuse is being processed a constant
array of sparks is produced by contact of the hammers and metal in the
refuse. If a can of paint thinner, an unbroken bottle of alcohol or a
container with any other flammable liquid happens to enter the mill
intact, an explosion is possible.

(6) Bearing problems - abnormal stress on the bearings usually
causes burnout.

Drum-Type Pulveriser

The throughputs of drum-type pulverisers are usually flexible
within 1imits. Operational difficulty normally encountered is the
build-up of a roll of material in the drum. This roll consisting of
textiles, plastics, etc., can weigh several kilograms and does not pass
out with the rejects. Manual removal is a dirty and time-consuming
task, as the machine has to be stopped. To eliminate this difficulty,
a hinged plate through which the roll can be dropped is incorporated.

Rotating-Drum Machine Based on a 'Wet' Pulverising Principle

Rotating drum machines act on the principle of pulverising the
refuse by attrition. The pulverisation process is achieved by the
churning effect of the rotating drums. The amount of volumetric reduc-
tion is therefore a function of retention time within the drum. Some
of the most common types of rotating-drum machines are the following:

Fermascreen: This is an octagonal or hexagonal-shaped drum which
has in 1 unit the mixer, screen, and pulveriser. Each unit is designed
as a batch-loading machine and pulverisation is carried out by tumbling
action in the slowly rotating drum (1.6 rpm), the process being com-
pleted in approximately 2% hours.

Seerdrum: A seerdrum differs from the Fermascreen in that it is
designed on a continuous-flow principle. The drum is 2.4 m (8 ft) in
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diameter 8.8 m (29 ft) long and rotates at 11% rpm. It is driven by
two 30 hp motors, through reduction gearing and a ring gear on the drum.
Pulverisation is brought about by the combined churning and shearing
action of the deflection plates. The throughput capacity is approxi-
mately 5 tonnes/hour.

Operations require the moisture of the crude refuse must be raised
to about 40 per cent by water sprays at the feed hopper. At this per-
centage the product has a density of about 532 kg/m~.

Volund Pulveriser: This is basically a wet rotation process machine
which includes further a pulverising element in the shape of beater arms,
or paddles, on a central shaft rotating in opposite direction to the drum.
The drum itself consists of 7 plates, the first section normally of 22
to 38 mm (7/8 in to 1% in) in diameter to remove dust and other small
materials which have been collected in the hoppers below. Pulverisation
takes place mainly in the second section, where the contra-rotating blades
break up the material as it is tumbled in the drum. The throughput is
about 10 to 12 tonnes/hour.

Water at the rate of 50 gallons per tonne of crude refuse is added
by means of sprays at the feed hoppers. Tin and ferrous metals are
usually extracted from the feed conveyor by a magnetic separator before -
the refuse enters the pulveriser. The required moisture content is
about 50 _per cent while the density is expected to be approximately
532 kg/m3. The drum is driven by a 30 hp motor and a 16 hp motor
drives the beater arm shaft. The unit is a drum-type cylinder which
rotates at 12 revolutions per minute (rpm) about the axis of the cylinder.
This installation is common in Denmark.

Dutch Rasp: The Dorr-Oliver rasp sketched in Fig. 6 is one of the
oldest machines for reducing refuse. It is used in several countries
to process refuse for compost.

The rasp consists of a drum with 2 floors. The upper floor is per-
forated and is fitted with manganese steel pins. Radial arms hinged to
the main vertical shaft sweep over the floor, rasping the refuse and
forcing it through the perforation on to the collecting floor beneath.
Non-reducible material is discharged through a special outlet. Operat-
ing speed is low (5 to 6 rpm) and power requirement is moderate, 80 hp
The largest size of machine has a rated throughput of 8 to 10 tonnes
per hour of crude refuse. While the pulverised product is of a consis-
tent texture, the proportion of rejects is higher than with some other
pulverising processes. Periodic replacement of the perforated plates
is necessary, but otherwise maintenance costs are low.

Shears and Cutters: The methods of size reduction which have been
considered so far are normally applied to 100 per cent of waste input,
less salvage extracted, the justification for this being the physical
character of the wastes, in terms of constituents and size, as established
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by analysis., There are some situations, however, in which size reduc-~
tion is necessary only for certain specific wastes which form a small
percentage of the total. It may be necessary to chop such wastes to
facilitate mixing and decomposition, and a simple machine may be ade-
quate for such a purpose. The chaff-cutter, with rotary blades turned
by hand or a small motor is an effective low cost tool. A rapid reci-
procating shear operating over a flat bed is another alternative; the
blade, on which a heavy weight should be mounted, can be operated by

a pair of cams.

An example of a shearing machine is the Von Roll shear illustrated
in Fig. 7 which 1is specially designed for bulky waste. As can be observed
from the figure, it consists of a V-shaped hopper wherein one face is
fixed while the other moves on a pivot at the botton of the V, actuated
by 2 double-acting hydraulic rams. The fixed plate has a number of slots
30 cm wide and 30 cm apart, with cutting blades at the edges of the slots.
Corresponding blades on the movable plate shear the waste through the
slots when the 2 plates are closed. Retaining teeth on both faces ensure
that material is not pushed out at the top. The charging opening measures
3.4m (11 ft 2 in) x 4 m (13 ft in). The installed power requirement is
quite low since the shear is powered only by a 45 hp motor. However,
an enormous force is still exerted due to the great leverage and_slow
movement. The potential throughput is in the range of 120-200 o3 (157-
260 yd3). A shear of this kind 1s installed at an incineration plant in
Geneva, Switzerland. The cost of the Von Roll shear is about US$40,000.

Orive motors

Central Shaft Rosping arms

}\/
Pins <
D
4 *, Discharge for
rejects

i
[ /" e ]
Perforated fioor

Fig. 6. Dutch Rasp
COMPOSTING

Composting is the bilochemical degradation or reduction of organic
matter into a sanitary, nuisance-free, humus-like material. For many
centuries man has used leaf mould, animal manure, decayed fish and
other decomposed organic matter in husbanding his crops. Farmers and
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Fig. 7. Von Roll Shear



gardeners throughout the world have practised composting by placing
vegetable matter and animal manure in piles or into pits for decompo-
sition prior to use. The first significant development in composting
as a systematised process took place in India in 1925. Sir Albert
Howard FLINTOFF (1968) developed a process involving the anaerobic
degradation of leaves, garbage, animal manures, and nightsoil for 6
months in pits or piles. The method, known as the Indore Process, was
later modified to include more turning to hasten aerobic action. The
Indian Council of Agriculture Research improved the method by laying
down successive layers of refuse and nightsoil. This system is used
under the name of the Bangalore Process.

Requirements for Successful Composting

Most often, the wastes of Asian countries are ideal for transforma-
tion into organic fertilizers because of their high vegetable putresci-
ble content. Composting in these countries where high food production
is of great importance is favoured by economic forces in as much as
fertilizer imports are limited by foreign exchange constraints.

Asian experience in composting has revealed that at least 5 pre-
conditions are necessary for successful operation. They are:

1. Suitability of the wastes.

2. A market for the product within 25 km of the compost
source.

3. The support of agricultural authorities particularly by the
Ministry or department of Agriculture.

4, A price for the product which is acceptable to most farmers.

5. A net disposal cost (plant costs minus income from sales)
which can be sustained by the local authority.

When these conditions can be met, a developing country should
closely study the possibility of composting because town wastes are a
significant potential source of nitrogen, phosphate and potash as well
as an organic soil supplement.

Methods of Composting

There are 2 general methods of composting: manual and mechanical.

The 2 manual methods of composting widely employed in Asia are the
windrow (Figs. 8 and 9) and the Bangalore systems. The former involves
the stacking of the wasted at ground level in separate heaps about 2
metres high or in continuous stacks about 4 metres wide by 2 metres
high which are called windrows. Fermentation is initially aerobic, and
a rapid temperature rise eliminates pathogens and insect larvae at the
centre, but not in the outer layers. To enable aerobic fermentation to
proceed, it is necessary to turn the windrow after several days, and to
transfer the outer layer to the centre. If turned regularly, good
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A. Windrow turned for oeration

8. Windrow with frame ch i (wood, bamboo, ratan, etc.) for aeration from interior

Compost Pit

A - droinoge and oeration channels

Fig. 8. Compost Windrows




8. Pile with diometer of 24-3.6 m

Windrows ond piles

Fig. 9. Compost Stack and Pile in Windrow Composting

compost can be produced within a few weeks. The latter method is
accomplished by depositing the wastes in trenches and leaving them
undisturbed for a period of a few months to a year, after which the
contents are dug out as compost. This method is often preferred when
nightsoil is incorporated with town wastes, as the liquid is more
easily contained. The long retention period of the Bangalore system
is due to the fact that the decomposition is anaerobic and there is no
temperature increase that can speed up bacterial activity.

A mechanical method drawn schematically in Fig. 10 is normally
adapted in European countries not only because of high labour costs,
but also because the process may be shorter in time and thus requires
less space. At a typical plant, ferrous metals would be extracted
magnetically and there might be hand-picking facilities for bottles.
plastics, etc. Pulverisation may follow in order to break up larger
constituents and to facilitate subsequent bacterial action by reduction
of particle size and thorough mixing, The wastes next pass to the fer-
mentation process which would be inside a closed container such as a
large rotating cylinder or a silo with internal rotating paddles within
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which the wastes would be retained for several days when they are agi-
tated and carefully controlled in respects of air supply, temperature
and moisture content. Some systems provide further stages such as
screening, ballistic separation, and secondary milling and drying to
produce very fine product. With almost all systems the product is
improved by being allowed to mature in large heaps for several weeks
after the mechanical treatment has been completed.

LANOFILL

Fig. 10. Mechanical Compost Plant Flow Diagram
Plant requirements of mechanised composting systems are:

. Reception and storage, usually deep bunker/grab crane;

Surge hopper supplying;

Picking belt, with overband magnet for removal of containers;
Pulveriser to reduce size, grind glass, and mix;

Fermentation and mixing in an enclosed vessel;

Screening to remove oversized elements from compost; and
Drying nutrient supplementation and bagging (optional)

.
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USES/ADVANTAGES AND DISADVANTAGES OF COMPOSTING

The major advantage of composting is that refuse, a waste material,
is converted into usable products. The products of both manual and
mechanical systems have excellent qualities as organic soil conditioners
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and in some cases are also quite high in plant nutrients and therefore
can be used as substitutes for commercial fertilizers.

The traditional manual method has the following disadvantages:

1. The products normally contain a proportion of stones, glass
fragments, textiles and other 'contraries' which reduce their
market value.

2. Large land areas are required, especlally for the Bangalore
process with its long retention time.

3. Some odour and insect problems are unavoidable.

4. Stacks and pits on unpaved areas are almost impossible to
keep tidy.

5. Vehicle movement on unpaved areas is difficult after heavy
rains.

6. The system sometimes poses health risks for the workers.

Due to these reasons, the traditional manual composting methods
can seldom be applied in large cities.

For mechanical methods, the following disadvantages render them
not feasible to use in developing countries at present:

1. High capital and operating cost (cost of heavy equipment,
operation, and maintenance). )

2. High energy consumption (a pulveriser of 20 tonnes/hour
requires a 300 hp motor).

3. Loss of volatile nutrients through ventilation in fermentation
vessels.

The fact that mechanised composting plants were originally designed
for European wastes and labour costs, their adaption requires that every
element must be carefully evaluated in relation to Asian conditions.

Partial Mechanisatdion of Traditional Composting Methods

In the techniques of composting, there is a wide gap between the
traditional, cheap manual methods, widely and successfully used in
small towns {(but inappropriate to large cities) and the complex and
expensive mechanical composting plants which have been developed for
European wastes high in 'contrary' materials. A recent study of this
problem for a large city in India has come up with a proposal that may
fill this gap: a composting system which is based on traditional Asian
methods but which by means of a limited investment in civil engineering
work and mechanical plant, reduces substantially the area of land
required and operates at an acceptable cost. The proposal has made
recommendations on the required throughput, removal equipment, tran-
sport of products, land requirement and quantity of water supply for
a given population. The net income is calculated on the basis of
computed cost per tonne of waste disposed and the mean selling price
of compost (Rs 35/tonne) (US$4.4/tonne) produced. The major require-
ments are summarised in Table 1.
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Table 1. Mechanised Traditional Composting Plant Requirements

Population
Plant capacity (tonnes/day

Removal capacity (trailer
loads/day
Removal Equipment:

a) tractor shovels
b) towing tractors
c¢) trailers of 6 m3

Transport of Products:

a) trailers
b) towing tractors

Water requirement, m3/day

Land requirement, ha

100,000

40%

—

20

0.7

200,000

80

20

—

100

1.5

500,000

200

50

N O

100

*Note:

manual method of composting.

The 40 tonne/day plant capacity utilises the traditional

A comparison in costs of plants of varying sizes is also given
in Table 2 for 40, 80 and 200-tonne plant capacities.

Table 2. Comparative Costs of Composting Plants of Varying Sizes

Population

Plant capacity (tonnes/day)
Capital cost, Rs

Annual cost, Rs

Waste disposal cost, Rs

Gross/tonne

Net/tonne

100,000
40
650,000

367,000

31

16

200,000
80
3,350,000

891,000

38

20

500,000
200
7,500,000

2,060,000

34

16




COMPOSTING PRACTICES IN ASIA

There are at least 3 composting systems employed in Asia, namely:
the Bangalore (Indore) process which is common in India, the Jersey,
(also known as the John Thompson system) in Bangkok, Thailand, and the
T.A. Crane BREIDENBACH (1971) process practised in Kobe, Japan.

The Bangalore composting system 1s characterised by a trench in
the ground, 2 to 3 feet deep. The materials are placed in alternated
layers of refuse, nightsoil, earth, straw, etc. No grinding is neces-
sary and the pile is turned by hand as often as possible. The deten-
tion time is about 120 to 180 days. The process is able to compost only
30 tonnes per day and about 700 tonnes collected. The product is excel-
lent, but the process 1s untidy and may involve health risks for workers
through skin contact. The selling price is about US$3/tonne. Farmers
near Bangalore collect about 100 tonnes per day of raw waste which they
compost themselves and they also dig partly decomposed wastes from the
dump, as is also done in Kathmandu.

It was realised lately that conventional methods of composting
require a large space for trenching operations and the preparation of
the compost which takes about 4 to 6 months can be considerably reduced.
Moreover, considering the fact that these operations are not successful
during rainy months and also the compost prepared is of low nutrient
value, it was decided according to the report of BUTT, et al (1974)
to set up mechanical compost plants in India. The land requirement
for the mechanical compost plant is considerably less and the prepara-
tion of compost takes only about 4 weeks. By mixing sewage sludge
with refuse in these urban centres (all of which are sewered) compost
of not less than 3 per cent NPK value could be prepared. Realising
these advantages, New Delhi had previously conceived the installation
of a mechanical composting plant, initially for about 200 tonnes/day.

The compost plant at Din-Dang, Bangkok, Thailand, constructed in
1961 has a capacity of composting 150 tomnes (450.m3/day) of refuse
per day. The plant is a 'Jersey' system type and includes a receiving
ramp for 4 trucks at a time, 2 shredders, magnetic scrap separators,
centrifugal separators and belt conveyor lines and the fermentation
house. The fermentation house has 6 floors each 300 m2 in area. The
contents of each floor are dropped to the next lower floor daily to
effect 6 days detention time and a daily output of 210 m3 or 70 tonnes
of compost. The compost is saleable and.makes about 0.8 million baht
(US$40,000) worth of compost annually. However, the uncomposted portion
of the refuse is still very large and the open dumps are posing a great
public health hazard. Two more plants had been built at a capital cost
of about US$4 million for 300 tonnes/day capacity at 1968 prices.

In Kobe, Japan, there is a continuous-flow 3~stage horizontal
mechanical digester plant (T.A. Crane Process) in which composting is
followed by 2 days of curing with forced air. The prototype 20-tonne
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a day plant, constructed in late 1956, is adjacent to an old incinerator
and the nightsoil transfer station. Domestic refuse is put on a device
that feeds it in uniform amounts on to a picking belt. After passing
through a vertical swing hammer grinder, the refuse is conveyed to a
mixer where about two-thirds of the refuse, by weight is mixed with
about one-third nightsoil containing 94 per cent moisture. Material

is kept aerobic by forced air and continuous slow stirring. After 48
hours in the digester, it is cured and dried for 48 hours in a porous
bottom curing bin in which forced air is used.

In Manila, Philippines, solid waste disposal as outlined by ESPIRITU
and DRAN (1978) is carried out by in-place composting in a landfill. In
this process the shredded refuse slowly but completely compost in-place
by provision for the aerobic process being made for by blowing
air into the landfill under a pressure of 10.16 to 25.4 cm (4 to 10
inches) of water. Before the landfilling of the shredded refuse begins,
a perforated pipe is placed in the ground in hollow trenches. The small
pipe would be approximately 1.6 cm in diameter laid about 3 metres on
centres, these would be connected to air blowers. Air is blown inter-
mittently through the shredded and compacted refuse. The amount of air
used is dependent on the speed with which the breakdown occurs. Soon
after the process begins, the temperature rises sharply and residual
odours quickly disappear. Fly larvae are killed and thus fly breeding
is prevented. In a matter of 1 to 3 months the material is stabilised
into a finished compost.

In Jakarta, Indonesia, the crude refuse (about more than half the
collected wastes) is sold to the farmers at USS$0.50/tonne delivered.
The farmers apply the material raw to arable and fruit crops.

At Kurungula, Sri Lanka, which has a population of 25,000, aerobic
windrow composting is practised, turning at monthly intervals for several
months, nightsoil being incorporated. The procedure is experimental and
suffers anaerobic lapses, perhaps because of excessive nightsoil or
because the windrows are too small to retain the heat. The product was
sold for US$1.50/m3, but for some reasons the sales eventually ceased.

In Dehiwela, Mt. Lavinia, Sri Lanka, a well-managed trenching
ground is at work. It appeared that such grounds could be kept in
perpetual rotation if converted to Bangalore composting by increasing
the size of the trench, mixing town wastes with the nightsoil and selling
contents of the trench after 6 to 12 months.
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APPENDIX

PULVERISING EQUIPMENT DETAILS: FLINTOFF MILLARD (1968), REINHARDT

HAM (1974)

1. The B.J.D. (British Jeffrey Diamond) crude refuse crusher is
basically a heavy duty swing hammermill incorporating specially
designed hammers, each weighing over 50 kg which introduce
an exceptionally high degree of shear, normally absent in con-
ventional hammermills. The crusher will have feed openings up
to 1.2 x 2.3 m (48 x 90 in) which will accept most materials
from the municipal refuse. Within the limits of 200 to 300
of installed horsepower, the machines are capable of reducing
normal town refuse to nominal 7.6 cm (3 in) product suitable
for tipping, at the rate of 30 to 50 tonnes per hour (i.e. 6

to 6.5 hp per tonne per hour processed, compared with 10 hp
on conventional hammermills).

2. The Buhler pulverisers have separate cast steel hammer heads
fixed to the swing arms. The upper sections of the casing are
lined with the milling bars and the pulverised materials leave
the machine through grate sections. Two-62 hp motors are used
with a single rotor machine to provide the required high start-
ing torque. When normal running speed has been attained (1,200
rpm) one motor automatically cuts out. Capacity of the single
rotor mill is approximately 45 m3 (59 yd3) per hour. The large
double rotor machine is powergd by two-100 hp motors and has
an output up to 90 m3 (118 yd”) per hour. Buhler also produces
a small double rotor mill for secondary grinding.

3. Hazemag Novorotor mills reduce the volume of the refuse by the
action of the high peripheral speed of the hammers (rotor speed
up to 300 rpm) which crush and tear the refuse over impact bars
and shredding teeth in the casing. The refuse is ground to quite
small particle size (under 5 cm) (2 in) but if a coarser product
is acceptable, hammer speed can be reduced with consequent saving
in power and hammer wear. Hazemag mills are produged in a range
of sizes with capacities approximately 40 to 250 m” (52 to 330 yd3)
per hour.

4. The Buttner pulveriser is a double-rotor machine with unidirec-
t19nal rotors, and differs from conventional hammermills in
several respects. The hammers are not pivoted as swing hammers
but are firmly wedged between discs attached to the rotor shafts.
Each hammer has 4 beating surfaces and is reversible in 3 times.
Refuse is fed through the top opening on the first rotor. It is
partly crushed off by the hammer and swings against an impact
plate with great force. The material is then thrown towards the
second rotor and a second stage reduction takes place between
this rotor and an impact surface consisting of a second impact
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plate in the upper part of the casing and an adjustable lower
one. There is no grate, so no risk of moist refuse choking
the machine. The size of the product can be varied by adjust-
ment of the lower impact plate and speed of the rotors. The
latter normally runs at slightly differential speeds (1,480
and 1,500 rpm respectively) the peripheral speeds of the
hammers being approximately 69 km/hr (63 ft/sec). Each rotor
is driven through V-belts by independent motors. The largest
size machine has a rated capacity of about 63 m3 per hour and
is powered by 2 80 hp motors.

All of these hammermills have a common operational constraint,
that is, the need. to eliminate materials which may cause damage to or
stoppage of the mill. To handle this operational difficulty, 2 widely
used machines, the Gondard and the Tollemache systems are developed.
They are designed specially to eliminate the need for pre-sorting the
refuse, other than the removal of obviously oversized objects. A brief
discussion of each system condensed from REINHARDT and HAM (1974)
follows:

Gondard Equipment: The improved version of Gondard hammermill
(Fig. 4) consists of a horizontal main shaft with 48 3.01 x 10.16 x
27.94 cm (1-3/16 x 4 x 11 in) swing hammers on 4 shafts. The 6.8 kg
(15 1b) hammers are driven at 1,150 rpm.by a 150 hp motor. a patented
chimney is included to permit ballistic rejection of large, unmillable
objects. Ballistic rejection occurs when such objects are struck by the
hammer sufficiently hard that they pass the 8.23 m (27 ft) length of the
chute, strike a deflection plate, and come down a separate chute. This
feature allows ungrindable objects to bypass the grates through which
milled materials leave the mill.

The reduction plant employing a Gondard hammermill is designed to
minimise floor space. This design leads to complex system of 3 feeding
conveyors. The motors for the 3 conveyors are controlled by the special
unit that allows the operator to vary the speed of the speed of the 2
rubber-belt conveyors or the conveyor in the 57.39 m” feed bin. The
mill also includes a system to stop all 3 conveyors when power input to
the mill motor exceeds 125 per cent of rated load for 5 consecutive
seconds.

The crude refuse is fed into the mill in the direction of hammer
rotation and at a point on the upswing of the hammers. Heavy and bulky
objects such as tyres and large pieces of metal, are struck by the hammers
and thrown up the chute. Very light materials, such as nylon, stockings
and plastics tend to become entangled with these heavier items and are
carried up with them. The rejects are returned to ground level by means
of another chute connecting to the hopper at the top of the reject chute.
Rejects generally amount to about 5 per cent (by weight) of the crude
refuse. The normal throughput of Gondard machine ranges from 10 to 15
tonnes per hour depending in the size of grates used.
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Tollemache System: The Tollemache mill (Fig. 5) 1is a vertical
shaft, ballistic rejection hammermill. It has funnel-shaped outside
walls and a rotor which has the shape of a conical surface when spin-
ning. The rotor is driven at 1,350 rpm by a 200 h.p. squirrel cage
motor powered by a 3-phase 440 volt source.

The hammers are connected to the rotor in 3 distinct la§ers. The
hammers in the top layer are mounted to the shortest radius; the dia-
meter to the hammer tips is 83.82 cm (33 in). This layer, a pre-break
section, is also the site of ballistic rejection of some potentially
damaging and unmillable materials.

From the pre-break section, the refuse falls into the constricted
neck of the mill; which has a diameter of 104.1 cm (41 in). The hammer
tip diameter in this layer is 96.52 cm (38 in). 1In this section there-
fore, there are only 3.81 cm (1% in) of clearance; thus any material
that is ungrindable or that has not been sufficiently reduced in size
to pass this restriction will be spun around the funnel and will exit
through the rejection chute opposite the feed opening.

The material then enters the grind section, where the hammers
have a 109.22 cm (43 in) tip diameter. It is here that most is done
to produce the desired particle size. The ground material is discharged
centrifugally through an opening at the bottom of the machine.

Two layers of metal form the housing of the mill. The outer layer
is the shell of the unit. The inner layer is a removable protective
lining upon which are mounted breaker bars. It is the action between
the rapidly moving hammers and the stationary bars that produces the
grinding. :

The Tollemache mill has 34 hammers which are 25.4 cm (10 in) in
length, 10.16 em (4 in) in width and 3.016 cm (1-3/16 in) in thickness
and each weighs 6.81 kg (15 1b). It is fed by a metal flight conveyor
system. The one piece, 1.14 m (45 in) wide conveyor is driven by a
28 hp motor, equipped with a speed reducing mechanism and overload
section. The 5.49 m (18 ft) long horizontal portion of the conveyor
is located in the Gondard storage bin and over approximately one half
the length of the portion of the Gondard feed conveyor lies within the
bin. The inclined portion of the feed conveyor is about 45° to the
horizontal. The variable drive mechanism allows the operator to adjust
conveyor speed from 244 m/min to 3.66 m/min. An automatic overload
stops feed conveyor when the mill motor draws 100 per cent of its rated
capacity. The conveyor restarts automatically after the mill motor
draws less than 75 per cent of its rated capacity for 5 consecutive
seconds.
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INTRODUCTION

Mechanical processing and composting are options available in muni-
cipal waste management which have in common that, within the total spec-
trum of alternative treatment methods, they fall somewhere between land-
filling and thermal treatment, at least with regard to the level of cost
and the degree of volume reduction achievable.

This general statement need not of course apply in each and every
situation. It merely indicates that if one wants or has to undertake
more than simple landfilling, e.g. in the case of scarcity of laadfill
space and for special environmental requirements, but does not wish to
resort to drastic volume reduction through incineration or other forms
of thermal treatment combined with energy recovery, one may consider some
form of mechanical processing or composting.

The types of processes available in this category are (among others):
baling, shredding, and mixing/screening as pretreatment methods to improve
conditions for subsequent transfer and haul and/or landfill operationms,
and: composting and mechanical sorting as main treatment processes to be
combined with residue landfilling; plus a variety of combinations of the
above processes.

While the first methods are merely designed to change some of the
less desirable properties of solid wastes such as inhomogeneity and low
density, the latter go beyond disposal and aim at waste utilisation/resource
recovery.

BALING

Compared to other methods, baling of municipal solid wastes repre-
sents a fairly recent development. Thus information on long-term, full-
scale operation is still limited. However, it seems as though baling has
not spread as widely as was envisaged at least by some experts when the
first optimistic reports were published some 5 years ago. The basic idea
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of baling is to provide for maintained volume reduction through compac-
tion prior to transport and landfill operationms.

There are various alternative baling concepts and installations
available:

- with or without shredding prior to baling,
- with or without wiring to hold bales together,

- with or without covering or coating of bales as a final process
step.

To mention the names of just 3 different systems available:

i) Tezuka, Japan; high pressure baling without pretreatment, bales
being covered with wire-netting and coated with asphalt (other
types available too).

ii) American Hoist and Derrick, USA; high pressure baling, no pre-
treatment, no wiring or coating.

iii) Lindemann, Federal Republic of Germany; shredding prior to baling
at lower pressure, baling straps required.

The bale volumes are of the order of 1.5-2.0 m3 with densities between
0.8 and 1.2 t/m3.

The costs for baling can be roughly estimated on the basis of the
following example:

Investment cost for a 30-40 t/h plant, including mobile equipment for
on-site transportation of bales; land and site development costs excluded:
5~6 million DM (US$2.6-3.2 million).

Costs per tonne of waste baled
1 shift operation (70,000 - 75,000 t/a) 14-16 DM
1 shift operation (150,000 t/a) 10-12 DM

The above cost information applies to the American Hoist and Derrick
system as well as to the Lindemann system, since the high pressure baler
costs about the same as a shredder plus a low pressure baler. A Tezuka
plant, however, would involve substantially higher costs, but produces
coated bales of slightly higher density,

In general, baling may be considered if waste arisings exceed 50,000
t/a and if the advantages of long distance hauling (usually only if more
than 30 km) of bales can be combined with the advantages of being able to
just stack the bales e.g. under certain restricting landfill site condi-
tions, instead of tipping, spreading, compacting and covering untreated
waste, as in the case of a normal landfill operation.
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On the other hand, it is obvious that baling 1is only applicable
for certain types of wastes, namely voluminous, low density and low-mois-
ture wastes.

Such waste characteristics, however, should make the responsible
authorities think twice before deciding for a conventional disposal sys-
tem instead of an alternative oriented more towards resource recovery.
In other words, wastes best suited to baling are also likely to be amen-
able to other advanced treatment alternatives.

SHREDDING

Shredding is another method of reducing waste volume and at the same
time producing a more homogenous material. Some types of application are:

- Shredding prior to landfilling, shredding plant on landfill site.
Purpose: to improve landfill operation, shredded waste easier to
place and to compact, more acceptable appearance of site even with-
out daily cover; easier control of vectors and burning.

- Shredding prior to transfer and haul operations, (plant located at
transfer station). Purpose: volume reduction for more economic
transport, shredded waste easier to handle by conveyor belts, com-
paction and other mechanical equipment.

- Shredding as a pretreatment process prior to any further mechanical
(e.g. scrap separation), thermal or biological (composting) treat-
ment with the shredding plant located at the same site as subsequent
treatment installations, or at another site.

In the latter case, one would normally not refer to a shredding plant
with subsequent further processing, but rather to a plant including shred-
ding among other processing steps. This was done, however, to indicate
that shredding lends itself readily to forming the first step in a staged
development of a potentially complex waste management system.

In this respect the potential of shredding far exceeds that of baling.

From the wide variety of equipment available, at least the following
should be mentioned:
* fast type

- horizontal and vertical shaft hammer mills (the latter of
which seem to offer certain advantages);

-~ crushers, mostly derived from rock or ore processing.

* slow type .
~ cutting-shearing drums;
- rasp mills (e.g. "Dorr-Oliver Rasp'");

- ball mills (e.g. "Loesche Cascade Mill"),
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It is interesting to note that none of the aforementioned, except
for the Dorr-Oliver Rasp, have been originally developed to process
municipal waste but have been derived from other (more profitable) areas
of mechanical processing. So far, hammer mills of different types seem
to be most commonly used for solid waste shredding, especially those
equipped with special rejection mechanisms to remove non-reduceable
materials before they enter the milling section, where they might cause
jamming or damage to the equipment. During the last few years - at least
in Germany - the advantages of the slower type installations have been
recognised: less noise, dust and danger of explosions. On the other hand
there is still less well-established information available on the perfor-
mance of these than on conventional hammer mill operation.

Although there are far more shredding installations in operation
than baling plants, it seems to be more difficult to give cost informa-
tion on shredding than on baling. This may be because there is a wider
variety of shredders and also due to some additional inter-dependent
factors: wear and energy consumption vary substantially with fineness of
end product as well as with waste composition. For instance the presence
of abrasive residues (cinder) from household coal burning can increase
hammer wear by 50 per cent or more. Based on average German conditions
with regard to waste composition, a hammer mill plant producing an end
product of about 50 per cent by weight below 50 mm and 90 per cent below
100 mm particle size (sufficient for landfilling), designed for a through-
put of 20 t/h would cost:

Investment cost

(land cost excluded) 2-3 million DM

Cost per tonne of waste shredded for:
1. shift operation (30,000-35,000 t/a) 16-19 DM
2. shift operation (175,000 :/a) © 11-13 DM
and for a 2 mill plant (2 x 20 t/h):

Investment cost 3.2-4.5 million DM

Cost per tonne of waste shredded for:
1. shift operation (60,000-70,000 t/a) 12-14 DM
2. shift operation (~150,000 t/a) 9-11 DM

A shredding plant based on a cutting-shearing drum would cost about
the same, or perhaps slightly on the lower side, and would be preferable
in cases where more of a cutting size reduction instead of crushing is
required, depending on waste composition.

A ball mill (e.g. "Loesche Cascade Mill") would require substantially
higher investment costs but would offer the possible advantage of producing
finer material if desired and having the additional capability of serving
as a mixing unit, e.g. to admix sludge.
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It is a matter of debate as to whether or not the advantages of
solid waste shredding can justify the cost and effort. After some 20
shredding plants were built in Germany during the 1960's, the present
thinking in that country is that normally in the case where landfilling
is the main disposal method, shredding is unnecessary since heavy com-
paction equipment (steel wheel compactors) is available with which
nearly the same density can be achieved in the completed landfill, if
built up in thin layers. Shredding seems to have developed more widely
in other European countries, e.g. in Great Britain and Scandinavia,
where it is widely used, especially in combination with transfer stations.
In some cases, this is because of the advantages in gaining public
acceptance.,

The final remarks with regard to baling also apply here: if waste
quality and quantity makes shredding worthwhile it may at the same time
justify further steps aimed at recovery and use of some part of the waste.

OTHER PRETREATMENT METHODS

There are some other methods of mechanical pretreatment of solid
wastes combined with landfilling, which should at least be (briefly)
mentioned:

- Screening, to produce a fine fraction to serve as cover material
for the landfill (usually revolving screens).

- Mixing, to homogenise wastes, admix sludges etc.; trommel-type
mixers are preferable, which also provide for some grinding,
possibly combined with a trommel screen attached to the discharge
end.

- Materials separation, e.g. magnetic separation of ferrous scrap
(1f many or all recoverable materials were separated one would
of course not talk about a pretreatment method for landfilling;
see other papers dealing with resource recovery).

Examples of equipment designed for the purpose of mixing and screen-
ing prior to landfilling are:

- "Dano Egsetor' mixing/screening/grinding trommel by Bias, Denmark;

- "Vickers Seerdrum", by Vickers, U.K.

- Mixing/Screening trommel by Bihler, Switzerland.

These methods are not yet - or with regard to the mertioned Dano and
Vickers equipment - no longer used as widely in Europe as they deserve.

Pretreatment through mixing and/or screening can provide for sub-
stantial improvement in landfill operations and especially public accep-
tance, while costing about 10-30 per cent less than shredding.
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COMPOSTING

It is not necessarily a large step from landfill with mechanical
pretreatment, to solid waste composting. In fact composting, as a na-
tural process, takes place in all landfills and anywhere where bio-degra-
dable organic materials are stockpiled, provided there is no lack of
moisture and air (oxygen) and no absolute sterility. The principal
difference between a landfill and composting plant is that the product
of biological decomposition is used in the case of a composting plant
and wasted in the case of a landfill. Of course, composting takes place
in the surface layers only of a landfill. Below, in the absence of air,
anaerobic decomposition takes place, a process to be avoided in compos-
ting plants.

So a landfill, especially one combined with a shredding plant, could
be easily turned into a composting plant just by leaving the material
uncompacted on the surface for a certain period of time, for instance
6 months, digging it up again, and screening out what might be called
compost.

Although this may well be a reasonable approach, at least for start-
ing towards composting, a proper plant goes beyond this and consists
usually of the following 3 processing sections:

~ mechanical pretreatment such as shredding, screening, mixing
(e.g. admixing of sewage sludges), magnetic separation etc;

- composting process, i.e. controlling the process by providing
for optimal air and moisture supply, preventing heat losses etc;

- subsequent mechanical treatment such as screening, shredding,
air classification (for separation of glass and other heavy,
inert materials from the compost) and refinement of end product,
e.g. admixing of fertilizer etc;

It is mostly in the second of these sections where proprietary sys-
tems have been developed, while the design of the first process section
would usually depend on local conditions and requirements with regard to
waste composition, and the third section on local requirements with re-
gard to product quality.

When composting is to be taken into consideration in waste manage-
ment, one should first determine what portion of the solid waste is suit-
able for this treatment method and thereby to derive what could be achieved
by composting in terms of waste volume reduction and production of useful
materials.

Household waste components mainly suitable for composting are:
- organic kitchen wastes (food wastes)

- organic garden wastes (except wood)
- paper and cardboard.
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These components usually represent between 40 and 60 per cent by
weight of European domestic wastes. Composting should in any case be
excluded if the above mentioned components add up to less than 30 per
cent of the waste mixture to be treated.

Based on the usual 40-60 per cent of waste components suitable
for composting the product/residue balances can vary within the following
ranges:

Table 1. Product/Residue Balances in Composting

%
Raw Materials Input By Weight
Products: Compost, including non- 30-60%
separable ballast materials
(ferrous metal 3-5% )
Solid residues: |e.g. glass ceramics,
plastics, textiles, _a09
rubber etc. as far as 60-30%
separable
Process losses: | Evaporated moisture, CO, 10-30%

If the composting residues are disposed of to landfill - an expen-
sive alternative is incineration - the volume reduction achieved through
composting would be 50-70 per cent based on the in-place volume. Thus,
there is still a substantial need for residue landfilling, if there is
no additional materials recovery activity combined with the composting.
However, residue landfill sites, if properly run, are more acceptable in
terms of appearance and environmental impact, compared with normal
landf1ll sites.

Besides household refuse there are other types of waste suitable
for disposal or utilisation through composting:

- street sweepings, market wastes;

- sewage sludge;

~ organic wastes from the food industry;

- wastes from the wood/paper industry (bark, saw dust, sludges);
- manure from industrial livestock production.

Most of these wastes should preferably be composted in mixtures with
household refuse in which the moisture content should not exceed 45-60
per cent, depending on the system selected. In cases where one of the
above mentioned wastes is the prevailing type, there may be special com-
posting systems available, e.g. for sewage sludge.

A special advantage of composting which is also relevant, particularly
with regard to sewage sludge disposal, is that it provides for reliable
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sanitisation if properly operated. Pathogenic organisms are destroyed
at the temperatures of 60 to 75% generated by biological decomposition,
if kept at that level for a sufficient period of time (of the order of
weeks in the case of windrow systems), and through antibiotic substances
produced by fungi participating in the biological process.

The second step in investigating the feasibility of composting

- possibly even more important than the first, described above is to deter-
mine the local market potential for solid waste compost. In order to
avoid disappointment it has to be made clear that solld waste compost is
not a fertilizer to be compared, or to compete, with conventional indus-
trial fertilizers. It is rather a soil conditioner which functions as a
source of humus and nearly all the trace elements essentlal for vegeta-
tion, and then also contributes modestly, but not negligibly, to soil
fertility.

An example of a typical compost composition is given in Table 2.
Some of the main areas of compost application in Europe are:

- landscaping, e.g. park and sport grounds development and
maintenance, highway construction, etc;

- special cultures, e.g. vineyards, mushroom growing etc;

- horticulture, agriculture, especially on intensiveiy used
land;

- forestry, tree nurseries;
- waste land reclamation, e.g. landfills, erosion control, etc;

- other uses: e.g. as filter material for biological filters
for odour control.

In all cases where foodstuff is produced on compost-treated land,
special attention has to be paid to the heavy metal (e.g. Cd, Pb) content
of the compost, the soil and the produce (Table 3).

Although most of the metal compounds contributed by compost are not
available to or are not taken up by plants, a routine test programme should
be set up in parallel to compost application (see Preliminary Guidelines
for Solid Waste Compost Application, Germany 1977).

One should realise in this context that most of the conventional
industrial fertilizers also contain heavy metals, some in fairly high
concentrations.

The advisable application rates for compost vary over wide ranges:
30-120 tonnes per hectare are typical rates in agriculture and horticul-
ture, depending on type of soil and crop. This rate would be applied

annually if land use is extremely intensive, otherwise every second or
third year.



Table 2. Composition of Compost from Solid Waste
(based on tests carried out on 36 samples
taken from the Duisberg (Dano) Plant,
Federal Republic of Germany, 1970-73).

Criteria/Components Average Range
Particle size distribution,
%

<3.15 mm 52 41 - 67
3.15- 7.1 mm 22 12 - 31
7.1 -16 mm 17 5 - 32

>16 mm 9 - 18
Dry matter A 59.5 52.0 - 68.3
pH - Value (KCL) 7.9 7.5 - 8.6
Organic matter Fad 43,5 35.1 - 60.2
Degradable organic matter 7* 27.6 17.4 - 39.6
Total N %k 0.65 0.22 - 1.2
Conductivity 7* 1.06 0.48 - 2.4
Total P as Py0g %i* 0.65 0.14 - 1.48
Total K as K0 A 0.47 0.17 - 0.65
Total MgO %* 0.61 0.35 - 1.08
Total CaCOjg A* 3.98 2.85 - 5.46
Alkaline reacting VAl 7.0 3.8 - 13.2
constituents (Ca0)
Hot water soluble boron ppm¥* 23.9 11.0 - 40.0
Active manganese ppm* 66.0 39.9 - 98.0
Total copper ppm* 200.0 {100.0 - 326.0
Total zinc ppm* | 1,039.0 | 460.0 - 1,500.0
Total lead ppm* 92.0 26.0 - 272.0
Total iron ppm* 2.09 0.72 - 3.86
Total cadmium ppm* 3.7 1.8 - 6.4

* = based on dry matter
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Table 3. Information and Data on Tolerable Total Contents of
Certain Elements in Cultivated Soils with Regard to
the Health of Vegetation, Livestock and Man.

(mg/kg air-dried soil) (proposal from Kloke - 1976)

Element Total Content in mg/kg
Name Symbol Normal Cultivated Tolerable in
Soils Soils (Proposal)

Arsenic As 2 - 20 20
Beryllium Be T - 5 10
Lead Pb 0.1 - 20 100
Boron B 5 - 30 25
Bromine Br 1 - 10 10
Cadmium cd 0.1 - 1 5(a)
Chrome Cr 10 - 50 100
Fluorine F 50 - 200 200
Cobalt Co 1 - 10 50
Copper Cu 5 - 20 100(b)
Molybdenum Mo 1 - 5 5
Nickel Ni 10 - 50 50
Mercury Hg 0.1 - 1 5(a)
Selenium Se 0.1 - 5 10
Vanadium v 10 - 100 50
Zinc Zn 10 - 50 300(b)
Tin Sn 1 - 20 50

a) Here, only a few analyses exist so that these figures must be
treated with some reservation.

b) In hop and viniculture, where the application of Zn and Cu
containing plant protective agents has already enriched the
soil with these elements, the responsible agricultural research
stations must check carefully the locational proportions.

The contents of elements tolerable in forestry are not yet known.
Nevertheless, for forest vegetation, including berries and fungi
found in wooded area, no recommended value above those in this table
should be considered.

For vineyards and for other special forms of cultivation, up to
300 tonnes per hectare are used every third year, and in landscaping or
for reclamation of derelict land, up to 1,500 tonnes per hectare or more
may be applied.

Prices obtainable for solid waste compost are usually modest, in
Germany presently 5-25 DM/t, which is small in comparison to the cost of
composting solid wastes. It should be realised that producing and selling
compost is part of an environmentally meaningful waste disposal system
and not normally a commercial activity. So at the end of the second step
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of investigating the demand for compost, a well secured market based
on low or even zero prices and proper compost usage should be valued
more highly than maximum return potential under more risky conditioms.

The third step to be taken, after investigations of the waste
situation and the compost market have come to a sufficiently positive
conclusjon, would be an evaluation of the composting systems available.
For purposes of general consideration, the large variety of systems
and process design variations can be reduced to the basic choices in
Fig. 1.

Comp?sting in

windrows, heaps: reactors, cells:

- with/without "static systems"
artificial aeration (material stationary)
(forced draught or suction) or

- with/without "dynamic systems"
mechanical turning of (material being constantly
windrows or intermittently turned

- on an open or roofed site or stirred)

Both types usually combined
with subsequent treatment on
windrows for final maturing

and/or storage purposes.

Fig. l. Composting Systems Available

One somewhat unique system which does not fit into the above cate-
gorisation may be mentjoned: the Brikollare System by IWKA, Karlsruhe,
Germany, in which the composting process takes place 1in piles of bricks
("mini-bales") made out of a mixture of refuse and sewage sludge using
brick manufacturing equipment. Following a high temperature (v60°C)
decomposition phase, the bricks dry out and stabilise within 2-4 weeks.
The final product is prepared by grinding the bricks.

The first basic choilce between a windrow or reactor system cannot
be made without getting involved in the important subject of site selec-
tion.

Windrow systems require larger areas, i.e., towards the upper end
of a range of 125-250 m? per tonne per day of refuse treated, which can
be used as a rule of thumb. In addition, Windrow systems are somewhat
more critical with regard to odour problems which generally occur, but
can be more easily controlled in the case of reactor type systems., Thus,
in an area sensitive to odours and if land acquisition costs are high, a
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reactor system might be preferred, whereas in a more remote location
where land costs or land availability do not represent a limiting factor,
one would select a simpler windrow system for economic reasonms.

To comment briefly on the other choices:

Artificial aeration for windrow systems is usually recommended if
the height of windrows is to exceed 2m:

Special mobile equipment is available for turning of windrows.
Frequent turning (e.g. once a week for a month and monthly thereafter
for about 2-3 months) can replace artificial aeration and also provides
for thorough mixing of the composting material.

In regions with high precipitation rates it is advisable to use
covered windrow sites to enable control of the moisture content of the
compost material, thereby also avoiding problems associated with poten-
tially severe pollution through run-off from windrow sites.

The choice between "static" and "dynamic" systems may seem difficult
but is not really that important.

"Dynamic" systems (e.g. trommel reactors) provide for good mixing
of the compost material but consume more energy. Some ''static" systems
like the "Blaubeurener Verfahren' (Germany) have become famous for the
outstanding compost quality achieved.

A generally valid recommendation is to proceed towards composting
with a simple and extremely flexible system, which can be further deve-
loped according to specific local requirements.

About the only critical point with regard to environmental impact
of composting is the odour emissions typical of biological processes.
By maintaining aerobic conditions, the odours can be kept to a minimum.
If additional effort is required, simple but effective compost filters
can be used to treat odorous process air e.g. the exhaust from reactors.
This is forced through perforated pipes (about 80-100 cm diameter) covered
with a layer of gravel and 1.0-1.2 m of compost which has to be kept moist.
These odour filters have also been successfully used to treat odorous
process air from other sources, e.g. sewage treatment plants and various
industrial plants.

The cost of composting is obviously a more complex subject than in
the case of baling or shredding.

As a basis for rough estimation, the following example may be suffi-
cient. They are based on German conditions and reflect recent cost levels.
Land cost is excluded in all cases.
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The lowest costs are for simple windrow systems including at least
mechanical equipment for shredding, tractors for turning of heaps and
some subsequent mechanical treatment. The higher costs apply to more
sophisticated reactor-type systems. Extremely complex systems, as built
in Germany and Switzerland for instance, could (in a few cases) substan-
tially exceed the ranges given in Tables 4 and 5.

Table 4. Investment Costs for Composting Plants

Annual Throughput Investment Cost
(Tonnes) DM per tonne per day | Million DM
15,000 - 20,000 250 - 330 3.8 - 6.6
35,000 - 40,000 200 - 290 7.0 - 11.6
75,000 - 80,000 170 - 255 12.7 - 20.4
~150,000 150 - 230 22.5 - 34.5

In general, the mechanical plus electrical equipment, inclusive of
assembly, form 55~70 per cent of the investment cost, and construction,
30-45 percent, including site development etc.

The total cost per tonne of waste composted is given in Table 5
based on one-shift operation. This includes all operating effort, capi-
tal depreciation, etc. Very roughly, about one half of the cost would
be for operation and half for capital charges etc.

Table 5. Total Cost for Composting and Manning Requirements

Total Cost Personnel

Annual Throughput |} py per tonne of waste| Required

15,000 - 20,000 55 - 85 6 -9

35,000 - 40,000 45 - 70 9 - 13

75,000 - 80,000 35 - 60 ’ 13 - 19
~v150,000 30 - 50 17 - 25

O0f the personnel required, about one third would have to be skilled
workers, familiar with mechanical and electrical installations and at
least one staff member should be experienced in agriculture to supervise
and promote compost utilisation.

It is probably true to say that, in practically all countries, solid
waste composting still lies far short of its potential rate of application
as a useful means of disposing of waste, recovering resources, and contri-
buting to the conservation of soil fertility, which may become increasingly
important as costs of industrial fertilizers rise.



146

A particularly interesting area for future development seems to
lie in combining composting with mechanical sorting systems for materials
recovery and waste-derived fuel production, with the sorted moist,
organic fraction being suitable as a raw material for composting. Demon-

stration projects of this type are under way in a number of Western coun-
tries and Japan.



THERMAL TREATMENT OF HOUSEHOLD WASTES

CHRISTIAN NELS
Federal Environmental Agency,
Berlin, West Germany

INTRODUCTION

Wastes, the metabolic products of human society, arise continuously
and burden the environment in so far as they are not handled in a con-
trolled manner and transformed into residues capable of being harmlessly
disposed of. Incineration has proved to be a particularly effective
method of converting wastes into harmless and hygienically unobjectional
products. The heat generated at the same time represents a source of
energy which to varying degrees, may be used.

The idea of incinerating refuse was first realised about 100 years
ago in England in 1876. This new method of handling also began to be
utilised shortly after in the USA in 1881. During this period, refuse
incineration was primarily aimed at hygienically disposing of potential
substrates for bacteria.

In Germany, the first large refuse incineration plant was erected
in 1893 in Hamburg as a measure against epidemics. Further plants
followed. A large proportion of these plants soon had to close down
again on account of various defects in their construction and insuffi-
cient profitability, upon which many had set great hopes.

The development of living standards after the Second World War
brought a steady increase in the generation of refuse with characteris-
tics more suited to incineration. In view of new environmental protec-—
tion laws, many cities therefore decided to solve their waste disposal
problems by refuse incineration. In the Federal Republic of Germany,
some 17.4 million inhabitants, corresponding to 28.3 per cent of total
population, will be served by 44 refuse incineration plants by 1980.

It is estimated that by 1990, about 20 - 30 new incineration plants
will be erected, predominantly in urban areas. In this situation, the
needs of about 32 - 34 per cent of the population could be catered for
by refuse incineration plants.

147
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The technical and economic details of refuse incineration are
examined in more detail in the following sections. However, beforehand,
the more recent developments in the field of thermal treatment of waste
are discussed in a separate section, and which has recently gained a
particular significance from the point of view of energy and resource
recovery.

NEW PROCESSES OF THERMAL WASTE TREATMENT

Besides refuse incineration, considerable activity has been taking
place for some time now in the field of thermal waste treatment in
respect of processes for the thermal reduction of wastes, because those
wastes which can be incinerated, may also, with a few exceptions, be
decomposed thermally. The critically important characteristics in this
regard are primarily material type, particle size, moisture content and
calorific value.

Gasification and De-gasification of Household Wastes

With thermal decomposition, the organic components of the wastes
are broken down into condensable liquid components (e.g. tars, heavy
oil, light oil, alcohol), into non-condensable liquid components
(vapours and gases such as H,, CH&’ CO, etc.), and a solid residue
which can contain a relative%y large amount of carbon.

De-gasification (pyrolysis) is a process in which the organic
material is broken down at relatively high temperatures into molecules
with a lower molecular weight. The process takes place in the absence
of air. With pyrolytic conversion, there emerges a wide range of pro-
ducts with varying frequency. Their quantitative and qualitative com-
position is determined essentially by 3 factors, namely, by the compo-
sition of the input material, by the heating conditions and by the
residence time during the pyrolysis process.

Gasification describes the conversion processes by which solid
fuels are converted into flammable gas through partial oxidation with
free or combined oxygen. Here, it is Important that the oxygen does
not derive from the fuel. It can in elementary form be introduced with
air. One then obtains a lean gas or air gas. In other processes, it
is intreduced in concentrated or pure form. If steam is employed as
the oxidising agent, then one obtains water gas. A further oxygen
carrier is carbon monoxide as a component of the flue gases. With
proper partial oxidisation of the fuel, only carbon monoxide and hydro-
gen are formed. In practice, however, there always appear certain quan-
tities of solid carbon, methane and other hydro-carbon compounds, and
carbon dioxide. This demonstrates that other processes occur besides
partial oxidation, namely pyrolysis, hydrogenation, and oxidation.

The process possibilities for the thermal decomposition of wastes
are of necessity considerably more numerous than for example with coal
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and wood, on account of the inhomogeneous nature of the initial material.
Various possibilities exist in respect of:

- the design of the reaction chamber (open - closed)

- the arrangement of the chamber (vertical - horizontal)

~ the running of the process ( in a static bed - in a gas stream)

.~ the heating of the reaction chamber (external - internal)

- the process temperature (500° C up to 1500° ¢)

- the temperature distribution in the reaction chamber and

- the reaction time (residence time of the waste in the various
temperature zones of the chamber).

From the thermal decomposition of waste, the following end products
can arilse:

- fuels (or raw materials) in the form of tars, oils, flammable
gases;

- condensed water with dissolved contaminants contained therein;

- residues, consisting of refuse char which cannot be pyrolysed
any further, metals, glass, sand and similar materials.

The gas, oil and tar can be sent for fractional separation through
tar and oil separators as well as through gas washing systems. For
this purpose, conventional equipment associated with incineration can
be utilised. The recovered gas must be cleaned to remove harmful com-
ponents such as dust, SO H,S, NH,, HC1l etc. Interim storage in con-
ventional gas contalners is possib%e

After removal of tars and cleaning, the 0il product can either be
employed as a fuel in the system or be recovered as a raw material.
To the extent that the wastes have not already been previously processed,
the metals and glass can be recovered from the solid residues.

Solid pyrolysis residue (pyrolysis char), because of its relatively
high carbon content, can be further utilised for a variety of purposes

(e.g. combustion, gasification, manufacture of activated carbon).

Fuel from Refuse

In "traditional" waste incineration of the type used in Europe for
a long time, the refuse, with the exception of bulky refuse, is burned
in an unpulverised form. Separation of usable materials prior to
incineration does not as a rule occur. Scrap is recovered from the ash
and the ash itself can be utilised in road construction.

If the wastes are pulverised in such a way that, after simple
classification e.g. air classification, one obtains a light fraction
with a considerably higher calorific value than that of the original
refuse (ca. 12,000 to 16,000 kJ/kg) then this fuel can be burned in
power plants together with primary fuels. This type of processing can
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be combined with material recovery either prior to incineration and/or
after incineration, from the ash. This process was tested in a demon-
stration plant in the USA from 1972 to 1976 in 2 tangentially-fired
steam boilers (throughput ca. 51 tonnes of coal per hour); some 10 per
cent of the total heat output (corresponding to 11.3 tonnes of refuse
per hour) was produced by the combustion of refuse. In a number of
test, this percentage was increased to 25 per cent. The combustion
temperature amounted to 1300° ¢ to 1400° C, ana the residence time,

1 -~ 2 seconds.

There are also processes under development in which the wastes are
processed in several steps, with both pulverisation and classification.
The aim of this type of processing is the manufacture of a higher quality
fuel, which can be stored, transported and sold to various consumers.
Comprehensive recovery of materials is also included in the processing.

All of these new thermal processes, both degasification and gasifi-
cation processes as well as the recovery of fuel from refuse, are still
under development. As far as the Federal Republic of Germany is con-
cerned, their introduction on a large scale is not expected before
1980/81. For this reason, verifiable data on the construction and opera-
tion of such plants cannot be given. The following description therefore
relates only to refuse incineration, which is the most developed and,
at the present time, exclusively employed process for thermal treatment
of waste.

THE BASICS OF REFUSE INCINERATION

Incineration serves first of all as a method of treating wastes
prior to disposal. Incineration in modern refuse incineration plants
is an established and proven method of rapidly rendering wastes inert
in a controlled manner.

It also affords the possibility of using the heat generated as a
welcome spin-off. Besides which, the use of heat from the incineration
of household refuse is becoming of increasing interest economically,
because the municipal refuse in many areas already attains a calorific
value which corresponds to that of brown coal. This amounts currently
to 6,300 to 10,500 kJ/kg. However, whether it will increase to 12,500
kJ/kg as is frequently predicted, is uncertain. Nevertheless, refuse
incineration plants currently being planned or under construction are
already being designed for calorific values of this level.

Waste Types and Residues

Depending on the type of plant, the types of waste given in Table 1
are burned in municipal refuse incineration plants.

"



Table 1. Types of Waste Burned

in Municipal Refuse Incineration Plants

Calorific Value
Waste Type
(kJ/kg) (kcal/kg)

Household Refuse 6,300 - 10,500 1,500 -~ 2,500
Bulky Refuse 10,500 - 16,800 | 2,500 - 4,000
Commercial & Industrial
refuse (similar to
household) 7,600 - 12,600 1,800 - 3,000
Used oil 33,600 - 42,000 | 8,000 - 10,000
Sewage Sludge
(75% water content) 1,200 290
Residues from composting 6,300 - 10,500 1,500 - 2,500

The solid residues from incineration which arise as ash and

fly-ash, occur.at the points in Table 2.

Table 2. Solid Residue from Incineration

Residue

% by weight

throughput, dry
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Fall-through from grate
Grate discard

Fly-ash from the boiler )
flues )
Fly-ash from glue )
gas cleaning )

Dilute sludges from
flue gas scrubbing
(95% water content)

1 -
20 -

0.05 -

of refuse Unit Weight
2 2,000 -

35 1,200 -

6 600 -

0.5 -

3,000 kg/m°
2,000 kg/m>

1,000 kg/m°

Volume reduction amounts to approximately 85 - 90 per cent.
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The technical and economic conditions for separating ferrous
scrap from incineration residues and for recovering the slag are found
only in the larger plants. The separation of ferrous scrap relies
primarily on electro-magnetic methods and, in this regard, over-band
magnets have proved to be better than drum magnets.

The ferrous scrap is accepted by the scrap dealer either in loose
or compacted form and delivered to the steel works. The value of the
scrap is subject particularly to seasonal and regional fluctuations.
The separation of non-ferrous metal scrap from incinerator residues is
still at the development stage. This valuable secondary raw material
is currently land-filled together with the non-recoverable residues.

The slag arising in refuse incineration plants is tipped in the
majority of cases. It is used to some extent for filling sand and
gravel pits, where possible interference with ground water by the
soluble salts in the slag and ashes must be taken into account. A
further possibility for application is use of the slag in road construc-
tion is being investigated.

The fly-ash from gas cleaning, which makes up about 10 - 15 per
cent of the residues, contributes to a considerable-extent to the
leaching potential of the residues. It would therefore appear sensible
not to mix these up with the incinerator residues, as is customary, but
to treat and recover these separately. The tipping of slag free of
fly-ash could therefore, under certain circumstances, be carried out
without any problem.

Processing of slag and ashes via high temperature processes into
building materials such as sintered pumice is possible in principle,
but is not currently carried out because of the associated costs.
Consideration of ways in which the materials contained in fly-ash
separated by the electrostatic filters might be used has not yet
reached any firm conclusions.

Heat Recovery

The multitude of possible circuits and combinations for using
energy in waste incineration plants can be broken down basically into
5 types. )

Type Description
A Refuse-district heating plant.
B Refuse-district heating plant with
power production for in-plant use.
c Refuse-condensing power plant.
D Refuse-power plant with district
) heating capacity.
E Combined refuse and fossil fuel power

plant with district heating capacity.




153

Type A ~ Refuse-district heating plant.

Steam or hot water is producted at low pressure and fed into a
district heating network or into the steam network of an industrial
operation. As the heat demand of a district heating system is charac-
terised by small daily fluctuations, but substantial seasonal fluctua-
tions, refuse-fired heating plants are mostly operated in parallel
with conventional heating plant. Usually the base load is supplied by
the refuse-fired part of the heating plant.

Type B - Refuse-district heating plant with power production
for own use.

Prior to feeding into a district heating plant or a heat exchanger,
the steam is passed through a back-pressure turbine to produce electri-
cal energy which is at least sufficient to cover the needs of the plant.

Type C - Refuse-condensing power plant.

In this type of plant, the high pressure steam produced is conveyed
to condensing turbines with a high thermodynamic efficiency. The elec-
trical energy produced is fed into the public grid.

Type D - Refuse-power plant with district heating capacity.

The plant is built in the same way as type C, but bleeder condensing
turbines are employed. The bleeder condensing turbines allow seasonal
changes in demand for heat of a district heating network to be extensively
matched to periods of high demand for power; this enables an economically
optimal operation to be achieved.

Type E - Combined refuse and fossil fuel power plant with district
heating capacity.

The construction resembles type D, but the refuse incineration is
an integrated part of a coal, oil or gas-fired power plant boiler.
This type of construction has hitherto only been used in large power
plants.

Standard Data for the Recovery of Heat and Power from Refuse Incineration

The residual heat extracted via a steam boiler can amount to up to
80 per cent of the total energy brought into the plant in the refuse
and the combustion air, which, however, would place very high demands
on the quality of the furnace~boiler unit as well as its operation.

In general, steam production efficiencies lie at about 70 per cent
or even lower in correspondingly less expensive plants. In Tables 3
and 4, the results of energy recovery of various refuse incineration
plants are given.
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With respect to the values for the plants at Rennes, KEZO-Hinwill
and Paris-Ivry, it should be noted that the figures are quoted from

acceptance tests.

somewhat lower.

In practice, the operating efficiencies might be

Table 3. Incineration Capacity, Steam and Power Productionm,

and Efficiencies of Various Waste Incineration Plants

Plant Type| Capacity Average Steam Steam Power Power
t refuse/| CV of Produc-| Produc-| Produc-| Produc-
day refuse tion tion tion tion
kJ/kg t/t effic- | kWh/t effic-
(kcal/kg) | refuse | iency refuse | iency
% (1) % (2)
Rennes A 120 7,790 2.2 75 - -
(1,860)
Vienna-
Spittelau B 720 8,500 2.2 69 - -
(2,030)
KEZO-
Hinwill c 120 8,160 2.4 77 365 16
(1,950)
Hamburg-
Stellinger | C 912 7,960 1.7 62 303 14
Moor (1,900)
Paris-Ivry | D 2,400 8,250 2,2 74 - -
(1,970)
Munich-
North
Block II E 960 7,120 1.7 63 527 27
(1,700)

(D

Steam production efficiency:

a percentage of the calorific value of the refuse input.

(2)

Power production efficiency:

as a percentage of the calorific value of the refuse input.

heat content of the steam raised, as

net delivery as electrical energy,

On the basis of values from the KEZO-Hinwill and Hamburg-Stellinger
Moor plants, 2 modern plants, typical values for the recovery of energy
can be calculated and are presented in Table 4.
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Table 4. Energy Recovery Values

Calorific value of the refuse

Steam production per t of refuse
Power Production per t of refuse
Refuse required in kg per kWh

Energy required from the refuse
in kJ(kcal) per kWh

7,960
(1,900

1.9
300
2.7
22,020

(5,260 -

8,160 kJ/kg
1,950) kcal/kg)

2.4 t
365 kWh
3.3

26,250
6,270)

From the values in tables 3 and 4, it can
1kWh of power, about 2.7 - 3.3 kg of household refuse with a calorific
value of around 7,960 kJ/kg (1,900 kcal/kg) must be incinerated.

Environmental Loads

be seen that to produce

A substantial burden for the environment which can result from
the incineration of refuse, is that created by the dust and noxious

gases contained in the flue gas.

Table 5 gives an overview fo the maximum concentrations of pollu-
tants which have been determined by numerous emission measurements at
large municipal and industrial incineration plants.

Table 5. Maximum Emitted Pollutants

Solids
Ash and dust

2,000 to 15,000

(mg/m3)

Noxious gases

Cl-
F-
co
SO2
NO

NO2

< 1,500
< 20
< 5,000
< 1,000
< 500
< 50

(mg/m>)
(mg/m3)
(mg/m3)
(mg/m3)
(mg/m3)
(mg/m3)

The type and quantity of the pollutants contained in the flue gas
depends primarily on the composition of the wastes, the type of inci-
neration system, the controlling of the flue gas in the furnace, and
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the incineration temperature. Separate gas cleaning processes are
normally required.

The removal of dust is possible with cyclones, bag filters, elec-
trostatic cleaning systems and wet scrubbers. Cyclones do not achieve
a sufficient removal efficiency, particularly with fine particles.
Bag filters demand extensive cooling of the flue gases and are very
expensive. Wet scrubbers afford the possibility of simultaneously
eliminating the noxious gases, but they have not been applied because
of the large unit throughputs of water and the high losses in pressure.
Moreover, the particulate matter must then be separated from the scrubber
effluent in a further process step, and the resulting sludges de-watered.
A further problem is caused by the heavy metals found in elevated concen-
trations in particulate form, which would go into solution with wet
scrubbing.

In the Federal Republic of Germany, electrostatic filters have
found common use on account of the high removal efficiency required.
A total of 37 out of 41 plants are fitted with these. Removal effi-
clencies from 98 to over 99 per cent are being achieved. In newly-
erected plants in which the elimination of toxic gases becomes necessary,
the separation of dry removal of dust by means of electrostatic filters
and wet removal of noxious gases will be unavoidable.

Various types of scrubber have proved reliable for the absorption
of the noxious gases HCl and HF from the flue gases. All of these make
use of the solubility in water of the gases to be removed, but, in
addition, the removal of SO, is necessary which requires the use of
alkaline absorption agents on account of its poor solubility in water.

Dry removal processes which are based on the absorption of the
toxic gases by means of suitable absorption agents (e.g. lime Ca0) with
subsequent dust removal, do not achieve the necessary removal efficiency
at acceptable costs. From the point of view of water management, its
introduction would certainly be welcomed.

The clarified water arising from the gas scrubbers must undergo
further treatment before being discharged. Usually, neutralisation
with lime milk Ca(OH), or caustic soda NaOH is carried out and the solids
separated in settling basins. Depending on the neutralising agent, the
salts CaCl2 and CaF2 or NaCl and NaF result.

If the condition of the receiving water does not permit discharge
of saline effluent, then these must be treated. This is carried out
by single or multiple stage evaporation for which the usable heat from
refuse incineration can be applied. This type of facility is either
planned for or already under construction in several refuse incineration
plants.

Scrubber effluent can also present a thermal burden for the
receiving water, as it leaves the scrubber at a temperature of ca. 330 K.
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If need be, it must be cooled in heat exchangers before discharge.

Effluent from the wet treatment of slag only arises in small quan-
tities. As a rule, it does not present a problem. It is weakly alka-
line so that frequently it can be employed for neutralisation. Never-—
theless, it should be passed through a settling basin to remove the
solids prior to discharge to the receiving waters.

Pollution of the land can result from the sludge and solid residues
arising. Among the former are included the dilute sludges from the
sedimentation basins for the slag quenching effluent as well as the
effluent from the scrubbers. The latter include the slags and fly-ash.
Because of the soluble components contained in these, the same condi-
tions are as a rule applied in their tipping as with landfilling of
crude refuse.

Investigations have shown that fly-ash-free slags are only slightly
leachable. Therefore in relative terms, they can be harmlessly tipped.
The position is different in the case of tipping of fly-ash, from which
harmful substances can be extensively leached. In quantitative terms,
the most significant components of the leachates would be sodium,
calcium, sulphate and chloride. 1In addition, volatile heavy metals such
as zinc, lead, cadmium and fluoride, are also leached out. The heavy
metals get into the fly-ash because they are not combined in the slags
on account of their low boiling point, but leave the combustion chamber
in the form of a gas or as an aerosol.

From this, the conclusion has been reached that fly-ash should no
longer be tipped together with slag, as has been the case until now,
but to reduce the high water solubility of some of the components
through suitable treatment (e.g. compaction of the fly-ash).

A completely satisfactory solution for the final treatment of the
dilute sludges from the scrubber effluent has also not been found until
now. If they are added to the refuse slag together with the ash from
the electrostatic filters, there exists the danger of washing out by
the precipitated water. Its discharge to sewer might likewise not be
really acceptable.

Noise emissions emanate predominantly from rapidly running process
machinery (compressors for the combustion air, exhaust gas ventilators)
and, where used, from size reduction equipment. They may be controlled
by encapsulating the sources of the noise or by housing in a closed
building.

Plant Capacities

For economic and ecological reasons, the main emphasis of refuse
incineration lies in the area of large scale plants for urban regions.
Most of the plants have a throughput of more than 10 tonnes per hour



158

corresponding to at least 100,000 inhabitants served. In the Federal
Republic of Germany, about 76 per cent of the population in urban areas
of this size are served by refuse incinerators. Almost two~thirds of
the large scale plants presently in .operation have throughputs of more
than 30 tonnes per hour with at least 300,000 inhabitants served.
Following the trend of recent years, the future development of refuse
incineration will also be concentrated on plant capacities of at least
10 tonnes per hour.

DESCRIPTION OF SELECTED PLANTS

The majority of refuse incineration plants in the Federal Repulic
of Germany were constructed after 1965. In the first instance, the
plants were characterised by the following features:

- Utilisation of new grate constructions developed in part for
the incineration of waste, such as for example the roller grate
of the Dusseldorf system, or the reciprocating grate later
developed for refuse incineration in the Martin system.

- Intensification of heat recovery at the beginning of the period,
frequently with over emphasis of the thermodynamic aspects, with
negative consequences for availability (corrosion of the heat
surfaces) towards the end of the period under consideration with
clearly reduced claims for heat recovery.

~ Extension of automation from the grate and de-slagging to
cleaning of the heating surfaces as well as the complete
air-flue gas~train.

- Accommodation of the substantially increased calorific value of
refuse of the intervening period, by reducing construction costs
for ignition and support firing, and preheating of the combustion
air.

- Improvement of environmental controls, in particular through
improvements in filter efficiency.

- Increasing utilisation of radiant boilers built directly onto
the grates.

- Increased centralisation of operation, monitoring and control.

- Development of ancillary arrangements such as bulky refuse
reduction, slag and scrap processing.

A typical design example is the Dusseldorf refuse incineration
plant, which is described below:
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Design Example - The Dusseldorf Incinerator

The mode of operation of a refuse incineration plant with heat
recovery is the same for all plants with respect to the essential
processes, and is explained using the example of the Dusseldorf plant.

The refuse is conveyed with grab cranes into the charging hopper

of the incinerator.

It reaches the grate system via the feed mechanism
where it is incinerated with air fed from the bunker.
ceeds at a temperature range of 900-1000" C.

Combustion pro-
Cooling of the hot com-

bustion gases takes place through heat exchange for the recovery of

hot air, hot water or steam.

Electrical energy is recovered with steam

turbines while hot water or steam finds application in district heating.
The cooled combustion gases have any particulate matter removed in

filters and are discharged to atmosphere via the stack.

The slag is

delivered via the slag quenching tank (Fig. 1).

Commencement of operation was in 1965 and it is operated by the

City of Dusseldorf.

Plant technical data (first construction stage)

Mode of operation

Installed capacity

Number of incinerator units
Combustion system

Form of heat recovery

Form of flue gas cleaning
Bulk refuse reduction
Drying and addition of
sewage sludge

Processing of slag and scrap
Type of waste incinerated

Calorific value - range
Flue gas volumes

Installed boiler capacity
Installed turbine capacity

Live steam condition at
boiler outlet

Feed water temperature
Ignition and support firing
capacity

Usable bunker volume
Interior space of the total
plant including ancillary
equipment

Bullt on area of the total
plant including ancilary
equipment

3 shifts per calendar day

4 x 240 tonnes per day

4

Roller grate, System Dusseldorf
Steam production

Electrostatic filters
Available

Not available

Available

Household refuse and similar
industrial and commercial wastes
1,000 to 2,000 kcal/kg

50,000 Nm”/h and unit

4 x 20 tonnes/h, 1 x 30 tonnes/h
Not envisaged, as steam is
delivered to an existing power
station

105°excess atmospheric pressure,
500" C

150° ¢

2.5 Gecal/h
10,000 m3

130,000 m3

4,840 m2
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g
- 7
1 Refuse feed hopper 9 Bulkheod superheater 4 x10 t/h refuse throughput
2 Refuse feed lock 10 Sproy coolers 1 8 2 4 x16 t/h steom
3 Rolling grate Dusseldorf/System |1 Boacking superheater 2 105 excess otmospheric
4 Moisture feed screw {2 Bocking superheater | design pressure
3 Siog quench 13 Evoporator coils 500°C steam temperature
6 Ash conveyors 14 Spirol tube - feed water
T Ceiling ignition burners ore - haoters

8 Steam heating surfaces

Fig. 1. The Dusseldorf Incinerator
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In contrast, the plants planned, built and operated since 1972 have
the following features:

-~ The utilisation of flue gas scrubbers for the reduction of
gaseous emissions, particularly in respect of HCl and HF.

- More concentrated exploitation of the residual heat while
avoiding methods which create corrosion problems in respect
of the flue gas.

- Adapting the combustion chamber arrangement to the substantially
increased calorific values through air-cooled side walls, and
intensifying the admixing of secondary and, if need be, tertiary
air to avoid caking of the slags.

- Extensive automation and centralisation of monitoring of the
peripheral equipment, heat utilisation etc.

- Extension of environmental control measures to the effluent and
noise sectors.

A typical example of application is the refuse incineration plant
at Krefeld, which is described below:

Design Example - The Krefeld Incinerator

The refuse arrives via the weighbridge, where the weight and origin
are recorded, at the tipping bays or the bulky refuse shear of the refuse
bunker, from where it is brought into the bunker. From here, the refuse
is delivered by remote controlled cranes to the feed chutes of the indi-
vidual incineration furnaces, where it is burned on roller grates (Fig. 2).

The sludge arising at the sewage treatment plant, with a water
content of ca. 94 - 95 per cent, is delivered to a storage bunker at the
refuse-sewage sludge incineration plant, and is then centrifuged to the
point where the water content is reduced to ca. 74 - 76 per cent. This
thickened sludge is then dried and ground in impact mills to which hot
flue gases are admitted. The blowing in of the dust and the exhaust
vapours takes place directly over the refuse combustion chamber. Here,
the dust then burns in free suspension. T

Used o0il is fired through power burners after suitable processing.
The ash arising from the combustion of all waste materials, including
the fly-ash, is cooled in slag quenchers and conveyed to the ash bunker.
From this bunker, the ash is loaded into trucks with a remote controlled
crane and then transported away.

To exploit the heat release by incineration, the furnaces are
connected to down-stream steam generators. The resulting superheated
steam is converted into electrical energy in back pressure turbines.
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6 Refuse feed hopper

13 Shudge bunker

7 Roller grate “Dusseldrop System” 14 Centrituges

_m
18
20
|
17
o] 101 oot
I Unloading boy 8 Siag quench 15 Electrostatic filter
2 Refuse bunker 9 Flue gos recirculating pipe 16 Machine-house crane
3 Refuse crone 10 Sludge feed pipe 17 Turbo generator
4 Ash bunker 11 Steom generator
8 Ash crane 12 Impact mill

18 Feed water conkiner
19 Gaos scrubber

20 Stack

Fig. 2. The Krefeld Incinerator
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This energy is sufficient for the needs of the plant including the

sewage treatment plant.
for district heating.

The residual steam behind the turbines is used

Before the flue gases are released to the atmosphere via the stack,
the particulate matter in the gases is reduced in a first cleaning stage
to a residual content of about 2 per cent, and in a second cleaning
stage, the noxious gases such as hydrogen chloride, sulphur dioxide and
hydrogen fluoride are for the most part scrubbed out.

Commencement of operation was in 1975 and it is operated by the

City of Krefeld.

Plant technical data

Mode of operation

Installed capacity

Number of incineration units
Incineration System

Form of heat recovery
Form of flue gas cleaning

Bulky refuse reduction
Sewage sludge admixing and
drying

Slag and scrap processing
Types of waste incinerated

Calorific value - range

Flue gas volumes at boiler end
Installed boiler capacity
Installed turbine capacity

Live steam condition at boiler
exit

Feed water temperature

Ignition and support firing
capacity

Usable bunker volume

Interior space of the total
plant including ancillary plant
Built over area of the total
plant including ancillary plant

3 shifts per calendar day
2 x 240 tonnes per day

2

Roller grate, Dusseldorf
System

Steam production
Electrostatic filters

gas scrubbers

Available

Available

Not envisaged

Household refuse and similar
industrial and commercial
wastes

900 - 2,500 kcal/kg
85,500 Nm3 per hour

2 x 42 tonnes per hour

2 x 1.4 MW.

375° € - 23 excess
atmospheric pressure

140° ¢

3.0 Gecal/hour

6,000 m3

77,840 m3

3,520 m?

COSTS OF REFUSE INCINERATION

Investment and operating costs are the decisive factors for the

economics of a refuse incineration plant.

Their size is dependent on

a number of influencing parameters, which can be subject to large
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variations from plant to plant. Transferable, generally valid values
can therefore not be established without qualification. The figures
given below are only approximate.

Investment Costs

Decisive factors for the investment cost of a refuse incineration
plant are:

- installed capacity in tonnes per hour,

- type and extent of heat recovery,

- type and extent of flue gas cleaning,

- type and extent of ancillary plant for slag processing
or sludge drying and incineration,

- type and extent of conveyance/cooling of surplus energy,

- number of installed units and the sub-division of the
total installed capacity,

~ extent of pre-investment for further extension.

In addition to these prime factors, there are still a number of
subsidiary factors relevant to the level of investment, which as a
rule are less significant. These include:

~ site acquisition costs,

- site services,

- transport access to the site,
- condition of the site.

In Table 6, the investment costs (1976 price level) for 2 types
of plant are given.

Type A

Theoretical capacity: 4 x 10 t/h with district heating production,
power production, slag processing and scrap recovery.

Type B

Theoretical capacity: 2 x 10 t/h with district heating production
and sewage sludge incineration (maximum 17.5 per cent of the total
throughput).

Operating costs

The most important influencing factors on the level of operating
cost of refuse incineration are:

- capital costs, i.e. depreciation and debt charges of the
capital employed,

- expenditure for repairs, maintenance etc.,

- manpower costs,



Table 6. Investment Costs for

Incinerator Plants (2 Types)

Type A Type B
Site acquisition 540,000 430,000
Civil works 17,200,000 11,900,000
Mechanical plant 40,000,000 25,600,000
(of which, for the flue
gas system and gas cleaning) (7,600,000) (5,100,000)
Electrical plant 7,000,000 5,200,000
Plant investment and
site acquisition 63,740,000 43,130,000
Other investment costs 12,800,000 9,000,000
(e.g. fees, charges,
construction financing)
Total Investment (DM) 76,540,000 52,000,000

- credits from the sale of power and heat, or other residual
products.

Other remaining factors such as: water and power cost; chemicals;
transport and tipping of residues are relatively insignificant.

The incineration of wastes requires large investments to be made.
In this way, the capital costs can account for up to 80 per cent of
the costs of incineration. The type of financing and method of depre-
ciation, which substantially influence the level of these capital
costs, are therefore as a rule far more decisive for the costs of
incineration than manpower, maintenance or material costs.

The following bases of calculation are customary:
Debt charges on capital:
No generally valid statement possible.
Depreciation period:
25 years for the total plant or 40 years for the civil works;

15 years for plant components suchEtible to rapid wear; 20 - 25 years
for plant components with normal rates of wear.
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Maintenance and repair:

2 per cent of total investment per annum or 1 per cent of total
investment in civil works per annum; 1.5 - 2 per cent of the investment
in electrical plant per annum; 3 - 4 per cent of the investment in
mechanical plant per annum.

Manpower costs:
Average value: DM 40,000 per man and year (1976 prices). Personnel
requirements according to number and size of incineration units, the

operating mode and the extent of ancillary equipment, ca. 35 - 65 men.

In Table 7, examples of the annual operating costs are given for
the same types of plants as in Table 6 (1976 prices).

Table 7. Annual Operating Costs for Incinerator Plants (2 Types)

Type A Type B
Capital charges 8,900,000 4,900,000
Maintenance & repair 1,700,000 900,000
Personnel costs 2,400,000 1,800,000
(number) (60 men) (45 men)
Tax, insurance,
administration 1,460,000 840,000
Operating materials
(water, chemicals,
additional fuels) 1,300,000 3,700,000 (1)
Revenue
(Power, district heat,
slag, scrap) 7,700,000 6,450,000 (2)
Total Costs (DM per annum) 8,060,000 5,690,000
Total Unit Costs (DM/tonne) 32.80 56.20
(1) 1including sewage sludge conditioning.
(2) including sewage sludge acceptance.

OUTLOOK

The development of waste incineration technology has received new
impetus, particularly in recent years. In respect of the main objectives
of:
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- improvement and simplification of incineration techniques,
~ reduction of emissions of noxious substances,
- reduction of investment and operating costs.

Further development is needed in particular in the following areas:

- more extensive automation of refuse incineration,

- optimisation of existing, and introduction of new flue gas
cleaning systems for removing noxious gases,

- more extensive exploitation of the possibilities for heat
recovery, e.g. incorporation in supra-regional, co-ordinated
district heating systems -and sewage sludge treatment,

- attaching the largest possible catchment areas to central
incineration plants.

In these respects, refuse incineration can also be viewed in future
as a suitable process for waste removal in urban areas.

In evaluating the newly developed thermal processes such as de-gasi-
fication, gasification and refuse derived fuel, the criteria of environ-
mental impact, technical reliability and economic viability are of
essential importance. There are, however, still problems in evaluating
against these criteria, as only test, pilot or demonstration plants
exist until now. The first conclusive results from the practical
testing of developments on a large scale can be expected in 1980/81.
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HANDLING, TREATMENT AND DISPOSAL OF HAZARDOUS WASTES

ULF WIEDEMANN
Federal Environmental Agency,
Berlin, West Germany

INTRODUCTION

One of the serious drawbacks of the technological era is the
steadily increasing amount of hazardous wastes being produced daily by
industry, agriculture, government, hospitals and laboratories. To
protect human health and the natural environment it is imperative that
safe handling and disposal techniques for these wastes be used.
Increasingly, environmental managers at all levels of government will
be required to make decisions on how to cope with hazardous wastes.

Hazardous wastes comprise only a small fraction of all wastes
generated by an industrial society. The primary source of such wastes
is the industrial sector. But even of the industrial wastes proper,
only a fraction can be considered hazardous and, therefore, must be
handled and disposed of with special precautions. The environmental
impact of hazardous wastes, however, may be out of all proportion to
the amounts because of the threats of severe health and environmental
effects, both chronic and acute.

A brief and simple definition of a hazardous waste would encompass
those wastes which cannot or should not be handled or disposed of in
the same manner as the community's normal residential solid waste load.
The determination of whether a waste is hazardous would stem from a
judgement that a significant potential exists for causing adverse
public health or environmental impacts if the waste is handled, stored,
transported, treated or disposed of in the manner generally accepted
for ordinary solid wastes.

General categories of hazardous waste are toxic, chemical, flammable,
radioactive, explasive, and biological. They are mostly liquids but also
occur as gases, solids, and sludges. Hazardous waste includes toxic
chemicals, pesticides, acids, caustics, flammables, explosives, biolo-
gical and radiological residuals.
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Only in recent years have the public health and environmental
effects of improper waste disposal to the land come under serious study.
This problem is manifested in groundwater contamination by leachate from
landfills, surface water contamination via runoff, air pollution via open
burning and evaporation, food contamination via improper storage, and,
of course, personal injury via direct contact and explosions which may
result from the mixing of wastes in landfill operations.

This problem has both short-term acute effects and longer-term
chronic effects. It takes decades, in some cases, for hazardous com-
pounds which have been buried in the land to leach through the soil
into our surface and groundwater supplies.

A handicap to any hazardous waste management approach is the lack
of reasonably accurate predictions of the noxious influence of a large
array of substances with chronic risks of intoxication. Most of the
tolerable concentration figures refer to situations where industrial
workers or craftsmen are exposed to one or a few specific trade risks,
while understandably little is known about the combined influence of a
multitude of pollutants and the long-term effects of micropollutants.

Sometimes it is useful to take the velocity of recirculation or
the mean circuital period as a criterion for risk evaluation. The
fastest circuits usually go by air. At the same time they are the
hardest to control since air is ubiquitous and free flowing in every
direction while polluted water is mostly confined to lines, ducts and
rivers. Infiltration into used groundwater or wells is the second
fastest circuit. Disposal by tipping on land can mean second or third
velocity circuit grade, depending on where the leaching hazardous
substances go.

Also the control of toxic wastes discharged to a sewage system is
necessary in order to

- safeguard those who have to enter sewers for maintenance,

- protect the biological processes of treatment.

- meet river authority requirements in respect of specified
toxic matter in the effluent.

To achieve control, a limitation on the amount of toxic effluent
may be necessary.

The principal effect of toxic effluents will be felt in the bio-
logical stages of treatment, l.e. aerobic oxidation and anaerobic
digestion. In respect of aerobic oxidation it is necessary to consilder
carbonaceous oxidation and nitrification, and possibly in special cir-
cumstances such processes as sulphur oxidation. In addition it may be
necessary to ¢onsider other effects on treatment; for example, the
effect on macrofauna and film accumulation in biological filters and
the effect on protozoa in and final settlement of activated sludge.
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In sludge digestion the stages of liquefaction, acid production and
methane production are interrelated consecutive steps so that inter-
ference with any stage will lead to a breakdown of the whole process.

Toxic effluents may be divided into 2 classes:

(1) Waste which can be toxic but also may be amenable to biolo-
gical treatment. Examples of these include (a) gas liquors containing
phenolic substances, (b) plastics wastes containing phenols and for-
maldehyde, and (c) chemical manufacturing wastes, including those with
sulphides.

(2) Wastes which are toxic but do not undergo biological oxida-
tion. Examples include (a) cyanide, which is usually considered under
this heading because it is unlikely to be a major constituent requiring
oxidation, although the possibility of biological oxidation exists,

(b) metals of which copper, nickel, zinc and chromium are the ones
commonly of concern in sewage treatment, (c) organic substances which
do not readily undergo biological oxidation, e.g. nitrophenols and
some chlorinated organic substances, and (d) acid wastes or strongly
alkaline wastes. Table 1 gives a list of non-radioactive hazardous
compounds.

In considering the acceptance of toxic wastes, the capacity of a
treatment works to accommodate effluents, the waste and the practica-
bility of pretreatment will be important. For example, the toxicity
of acid wastes and cyanide wastes can be so easily eliminated by neutra-
lisation and alkaline chlorination respectively that this will nearly
always be the approach.

Everybody knows that some streams and rivers are so highly pol-
luted that their water may not be used for drinking purposes or, ulti-
mately, for any kind of application. Legislation, however, differs
from country to country. Some tolerate already helplessly polluted
rivers or water basins, others prohibit every, even additional, sort
of water pollution, A definite tendency towards the former way of
thinking may be observed the nearer we approach the sea, which is com-
monly not regarded as am important link of the ecologic network. On
the other hand, the discovery of micro-polluted fish, coastal pollu-
tion and other phenomena have shown the finite nature of the ocean.

Sludges, slurries, or dewatered solids containing tcxic materials
present an ever increasing problem of disposal. To many, any solid
represents material that can be safely landfilled and forgotten. On
the contrary, such solids may present potential sources of highly toxic
pollution.

I1f pollution of the environment is to be controlled, it is essen-
tial not only to remove the toxic materials from industrial wastewaters
before discharge, but also ensure that, once removed, they are prevented
from reaching ground or surface water by another path.
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Table 1. A Sample List of Non-radioactive Hazardous Compounds*

Miscellaneous Inorganics

Ammonium chromate
Ammonium dichromate
Antimony pentafluoride
Antimony trifluoride
Arsenic trichloride
Arsenic trioxide
Cadmium (alloys)
Cadmium chloride
Cadmium cyanide
Cadmium nitrate
Cadmium oxide
Cadmium phosphate
Cadmium potassium
cyanide
Cadmium (powdered)
Cadmium sulphate
Calcium arsenate
Calcium arsenite
Calcium cyanides
Chromic acid
Copper arsenate
Copper cyanides
Cyanide (ion)
Decaborane
Diborane
Hexaborane
Hydrazine
Hydrazine azide
Lead arsenate
Lead arsenite
Lead azide
Lead cyanide
Magnesium arsenite
Manganese arsenate
Mercuric chloride
Mercuric cyanide
Mercuric diammonium
chloride
Mercuric nitrate
Mercuric sulphate
Mercury .
Nickel carbonyl
Nickel cyanide
Pentaborane-9
Pentaborane-11
Perchloric acid (to 72%)
Phosgene (carbonyl
chloride)
Potassium arsenite
Potassium chromate
Potassium cyanide

Potassium dichromate
Selenium
Silver azide
Silver cyanide
Sodium arsenate
Sodium arsenite
Sodium bichromate
Sodium chromate
Sodium cyanide
Sodium momofluoro-
acetate
Tetraborane
Thallium compounds
Zinc arsenate
Zinc arsenite
Zinc cyanide
Halogens and

Interhalogens
Bromine pentafluoride

Chlorine

Chlorine pentafluoride
Chlorine trifluoride
Fluorine

Perchloryl fluoride
Miscellaneous Organics

Acrolein

Alkyl leads

Carcinogens (in general)

Chloropicrin

Copper acetylide

Copper chlorotetrazole

Cyanuric triazide

Diazodintrophenol
(DDNP)

Dimethyl sulphate

Dinitrobenzene

Dinitro cresols

Dinitrophenol

Dinitrotoluene

Dipentaerythritol
hexanitrate (DPEHN)

GB (propoxy (2)-
methylphosphoryl
fluoride)

Gelatinized nitro-
cellulose (PNC)

Glycol dinitrate

Gold fulminate

Lead 2,4~dinitroresor-
cinate (LDNR)

Lead styphnate

Lewisite (2-chloro-
ethenyl dichloroar-
sine)

Mannitol hexanitrate

Nitroaniline

Nitrocellulose

Nitrogen mustards
(2,2',2" trichloro-
triethylamine)

Nitroglycerin

Organic mercury
compounds

Pentachlorophenol

Picric acid

Potassium dinitrobenz-
furoxan (KDNBF)

Silver acetylide

Silver tetrazene

Tear gas (CN) (chloro-
acetophenone)

Tear gas (CS) (2-chloro-
benzylidene malo-
nonitrile)

Tetrazene

VX (ethoxy-methyl phos-
phoryl N,N dispropoxy-
(2-2), thiocholine)

Organic Halogen

Compounds
Aldrin

Chlorinated aromaties

Chlordane

Copper acetoarsenite

2,4-D (2,4-dichloro-
phenoxyacetic acid)

DDD

DDT

Demeton

Dieldrin

Endrin

Ethylene bromide

Fluorides (organic)

Guthion

Heptachlor

Lindane

Methyl bromide

Methyl chloride

Methyl parathion

Parathion

Polychlorinated
biphenyls (PCB)

* Source: OFFICE OF SOLID WASTE MANAGEMENT PROGRAMS.
Congress; disposal of hazardous waste.
Publication No, SW-115.
1974, 110 p.

Report to

Environmental Protection Agency
Washington, U.S. Government Printing Office,
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Most reactions, by which insoluble sludges are formed, are rever-
sible if the conditions in the water in contact with the sludge change
sufficiently. Variations in pH, in the concentration of ammonia
(which can dissolve most toxic metals by forming water soluble complexes),
in temperature or in the presence of oxidising compounds are some of the
parameters that can produce toxic concentration of metals in the leachate.

These possibilities require that sludges be segregated by class,
that close control of landfill conditions be practised and that adequate
surveillance of the leachate be maintained. Treatment of toxic leachate
may be required if the precautions taken are not adequate.

There is no "master list" of substances or compounds which are
hazardous when placed onto or under the land surface. Table 1 identi-
fies, however, a number of likely candidates. Numerous wastes contain
such compounds in quantities which render the waste unacceptable for
normal methods of waste management and disposal. Examples“of industrial
sources of such wastes are shown in Table 2. Of course, this is a
sample list and there are many other industries which produce hazardous
wastes. A more extensive list of hazardous waste substances was
published, for instance, in the 1974 California Guidelines for the
Handling of Hazardous Wastes.

Table 2. Presence of Representative Hazardous Substances
in Waste Streams of Selected Industries*

Hazardous substances
Industry Chlorinated Miscellanfous
As | Cd | hydrocarbons * | Cr | Cu | Cyanides | Pb | Hg organics, Se | Zn
Mining and metallurgy | x | x x |x bS x | x x |x
Paint and dve x x X X X X X x
Pesticide x X b3 X X x bls
Electrical and
electronic X x x x |x %
Printing and dupli-
cating X X X x X X
Electroplating and
metal finishing X x |x x x
Chemical manufac-
turing X X x X X
Explosives x b x | x x
Rubber and plastics X X x X x
Battery X X X X
Pharmaceutical X X x
Textile x | x X
Petroleum and coal x X X
Pulp and paper x X
Leather x X
L

* Source: OFFICE OF SOLID WASTE MANAGEMENT PROGRAMS. Report to congress; disposal of
hazardous wastes. Environmental Protection Agency Publication No. SW-115. Washington,
U.S. Government Printing Office, 1974, 110 p.

+ Including polychlorinated biphenyls.

i For example, acrolein, chloropicrin, dimethyl sulphate, dinitrobenzene, dinitrophenol,
nitroaniline, and pentachlorophenol.
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Many wastes when contacted or mixed with others at the waste manage-
ment facility or for transport purposes, can produce hazardous situations
through heat generation, fires, explosions, or release of toxic substances.

Below is a summary of potentially non-compatible waste materials and a

list of guidelines in their handling and disposal.

Guidelines for the Handling of Hazardous Wastes, 1974)

LIST OF POTENTIALLY NON-COMPATIBLE WASTES

Group 1-A

Alkaline caustic liquids

Alkaline cleaner

Alkaline corrosive liquids

Alkaline corrosive battery fluid

Caustic wastewater

Lime sludge and other corrosive
alkalis

Lime wastewater

Lime and water

Spent caustic

Group 1-B

Acid sludge, acid tar

Acid and water

Battery acid

Chemical cleaners

Electrolyte, acid

Etching acid 1liquid or solvent
Liquid cleaning compounds

Pickling liquor and other corrosive

acids
Sludge acid
Spent acid
Spent mixed acid
Spent sulphuric acid

Potential consequences: Heat generation, violent reaction.

Group 2-A

Asbestos waste and other toxic
wastes

Beryllium wastes

Unrinsed pesticide containers

Waste pesticides

Group 2-B

Cleaning solvents

Data processing liquid

Obsolete explosives

Petroleum waste

Refinery waste

Retrograde explosives

Solvents

Waste o0il and other flammable and
explosive wastes

Potential consequences: Release of toxic substances in case of fire
or explosion.

Group 3-A

Aluminium

Beryllium

Calcium

Lithium

Magnesium

Potassium

‘Sodium

Zinc powder and other reactive
metals and metal hydrides

Group 3-B

Any waste in Group 1-A or 1-B

(Source: California
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Potential consequences: Fire or explosion. Generation of flammable
gas.

Group 4-A Group 4-B

Alcohols Any concentrated waste in Groups
Water 1-A or 1-B

Calcium

Lithium

Metal hydrides

Potassium

Sodium

SOZCI , Soc1,, PC13, CH3SiC1 , and
ot%er watér-reactive wasteés

Potential consequences: Fire, explosion, or heat generation. Generation
of flammable or toxic gasses.

Group 5-A Group 5-B
Alcohols Concentrated Group l1-A or 1-B wastes
Aldehydes : Group 3-A wastes

Halogenated hydrocarbons
Nitrated hydrocarbons and other
reactive organic compounds

and solvents
Unsaturated hydrocarbons

Potential consequences: Fire, explosion, or violent reaction.

Group 6-A Group 6-B
Spent cyanide solutions Group 1-B wastes

Potential consequences: Generation of toxic hydrogen cyanide gas.

Group 7-A Group 7-B

Chlorates and other strong Acetic acid and other organic acids
oxidizers Concentrated mineral acids

Chlorine Group 2-B wastes

Chlorites Group 3-A wastes

Chromic acid Group 5-4 wastes and other flammable

Hypochlorites and combustible wastes.

Nitrates

Nitric acid, fuming

Perchlorates

Permanganates

Peroxides

Potential consequences: Fire, explosion, or violent reaction.
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GUIDELINES FOR THE HANDLING AND DISPOSAL OF NON-COMPATIBLE WASTES

1. Non-compatible wastes should not be mixed in the same tran-
sportation or storage container.

2. A waste should not be added to an unwashed transportation or
storage container that previously contained a non-compatible waste.

3. Non-compatible wastes should not be combined in the same pond,
landfill, soil-mixing area, well, or burial container. An exception
is the controlled neutralisation of acids and alkalis in disposal areas.
Containers which hold non-compatible wastes should be well separated
by soil or refuse when they are buried. Ideally, separate disposal
areas should be maintained for non-compatible wastes.

4. Non-compatible wastes should not be incinerated together. An
exception is the controlled incineration of pesticides and other toxic
substances with flammable solvents.

These guidelines do not apply to any hazardous waste generator,
transporter, or disposer or any person involved in hazardous waste
management who combines hazardous wastes for neutralisation, detoxifi-
cation or experimantal purposes providing that the lives and health
of personnel involved and of the public are protected by controlling
volumes, flow rates, constraints, vessel configurations, temperatures,
and vents during the process or experiment so that uncontrollable
reaction, fire, explosion, heat generation, or release of toxic materials
does not occur.

In order to classify industrial waste it is necessary to identify
it. Today's habit and legal situation in most countries is that waste
of unknown character accepted by public disposal organisations should
as a rule be identified by its supplier. Only in a few countries,
however, a regulation exists compelling people to identify their own
wastes, if disposed of privately. This situation is unsatisfactory
because in case of damage the damaged person or State has to inquire
about the possible nature of the pollution.

Several industrialised countries therefore tend to impose rigid
controls on the flow of all relevant hazardous waste streams from the
source to ultimate disposal. When enacting legislation and fixing
guidelines for hazardous waste handling and disposal one has to bear
in mind the following consequences:

- Lenient tolerance limits and indulgent rules stimulate increas-
ing waste loads and waste engendering processes.

- Accurate tolerance limits and strict regulations cause higher
production costs, thus reducing the competitive standard of a noxious
waste~causing product or even totally eliminating such a product from
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the market. But the alternative cost - the environmental and health
damage we will incur if dangerous materials continue to be discarded
irresponsibly - is infinitely greater.

The Federal Republic of Germany, for example, enacted in 1977/78
2 statutory orders on hazardous waste, which comprise a listing of 34
identified waste streams that have to be handled and disposed of with
speclal precaution and became subject to a book keeping system designed
to control their whereabouts from source via transport (trip tickets)
to disposal.

To safeguard public health and the enviromment, and also conserve
resources, mazimum use should be made of existing technology to

- reduce the amount of hazardous waste generated in the first
place;

- concentrate wastes (through evaporation, precipitation, other
techniques) at the source to reduce handling and transport
problems;

- stimulate "waste exchange' - one factory's hazardous wastes
can become another's feedstock; for instance, acid and solvent
wastes from some industries can be utilised by others;

- recapture and recycle metals, the energy content, and other
useful resources contained in the wastes;

- destroy some hazardous wastes in specilal incinerators;

- detoxify and neutralise other wastes destined for land disposal;
most non-radioactive wastes can be rendered harmless;

- build specially designed landfills, cut off from groundwater
and properly monitored and secured, for hazardous materials
that have to be buried in the ground.

No single treatment process for hazardous wastes can perform all
necessary functions, i.e. volume reduction, component separation, deto-
xification, and materials or energy recovery. A series of several pro-
cesses are generally required for adequate treatment. The general
applicability of various treatment processes to types and forms of
hazardous waste has been determined (Table 3). Many of these processes
have been utilised previously for managing hazardous waste in industry
and government. Several processes have capabilities for resource
recovery. Selection of appropriate methods depends upon the type, form,
and volume of the waste, and the relative economics of the processes.

Fig. 1 shows schematically the basic treatment and disposal options
for non-rvadioactive wastes bnsed on the present state of the art. The
most commonly applied chemical treatment processes are:

- Neutralization of acids and alkalis.
- Oxidation of cyanide and nitrite (commenly encountered in metal
finishing effluents) by sodium hypochlorite.
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Table 3. Functions, Applicability, and Resource Recovery Capability
of Currently Available Hazardous Waste Treatment and
Disposal Processes*

Functions Forms Resource
Process performed * Types of waste t of waste ** recoverty
capability
Physical treatment:
Carbon sorption VR, Se 1,3,4,5 L,G Yes
Dialysis VR, Se 1,2,3,4 L Yes
Electrodialysis VR, Se 1,2,3,4,6 L Yes
Evaporation VR, Se 1,2,5 L Yes
Filtration VR, Se 1,2,3,4,5 L,G Yes
Flocculation/settling VR, Se 1,2,3,4,5 L Yes
Reverse osmosis VR, Se 1,2,4,6 L Yes
Ammonia stripping VR, Se 1,2,3,4 L Yes
Chemical treatment:
Calcination VR 1,2,5 L
lon exchange VR, Se,De 1,2,3,4,5 L Yes
Neutralization De 1,2,3,4 L Yes
Oxidation De 1,2,3,4 L
Precipitation VR, Se 1,2,3,4,5 L Yes
Reduction De 1,2 L
Thermal treatment:
Pyrolysis VR, De 3,4,6 S,L,G Yes
Incineration De,D1i 3,5,6,7,8 s,L,G Yes
Biological treatment:
Activated sludges De 3 L No
Aerated lagoons De 3 L No
Waste stabilization ponds De 3 L No
Trickling filters De 3 L No
Disposal/storage:
Deep-well injection Di 1,2,3,4,6,7 L No
Detonation Di 6,8 s,L,G No
Engineered storage St 1,2,3,4,5,6,7,8 s,L,G No
Land burial D1 1,2,3,4,5,6,7,8 S,L No
Ocean dumping D1 1,2,3,4,7,8 s,L,G No

* Sources: TRW Systems Group.
recovery or disposal of hazardous waste. Vol. 1-16. Springfield, National Technical

Information Service, 1973.

Recommended methods of reduction, neutralisation,

PB-224 579-set/AS. ARTHUR D. LITTLE, INC. Alternatives

to the management of hazardous wastes at natlonal disposal sites. Vols. 1 and 2.
U.S. Environmental Protection Agency, 1973. Available from National Technical Infor-
mation Service, Springfield, Va., as PB-225 164/AS. BATTELLE PACIFIC NORTHWEST LABORA-
TORIES. Program for the management of hazardous wastes. Vols. 1 and 2. U.S. Envi-
(Available through the National Technical Information
Service, Springfield, Va.) (Inpress.)

+ Functions: VR, volume reduction; Se, separation; De, detoxification; Di, disposal;

ronmental Protection Agency.

and St, storage.

1 Waste types: 1, inorganic chemical without heavy metals; 2, inorganic chemical with
heavy metals; 3, organic chemical without heavy metals; 4, organic chemical with heavy metals;
5, radiological; 6, biological; 7, flammable; and 8, explosive.

*%x Waste forms: S, solid; L, liquid; and G, gas.
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Fig. 1. Treatment and Disposal Options for Non-radioactive
Hazardous Wastes (Source: Programme for the Management
of Hazardous Wastes, Batelle Memorial Institute Pacific

Northwest Laboratories, Richland, Wash., 1973)

- Reduction of oxidising agents such as chromic acid, chromate
or persulphate. This can easily be carried out by a range
of reducing agents, i.e. by sodium sulphite or sulphur dioxide,

- Chemical precipitation of metal hydroxides by reaction with
soda, calcium hydroxide or sodium hydroxide. In the presence
of ammonia, copper and nickel for example, form preferentially
a soluble metal-ammonia complex and the hydroxides cannot easily
be precipitated. In this case the metals can be precipitated
alternatively as sulphides which are extremely insoluble.

- Oxidation of organics by chlorine, ozone, peroxide or perman-
ganate. The oxidant of choice depends on the least expensive
effective procedure.

Liquid-solids separation is accomplished in sedimentation/floccu-
lation tanks. Dewatering of sludges can be achieved by filtering
devices and by evaporation. The wastewater separated from sludges
frequently needs further treatment before discharge. In arid climate
zones natural evaporation may be applicable to sludge treatment.

Carbon absorption can remove hazardous organics from wastewater.
After carbon filtration, the carbon may be regenerated by heat,
pressure, and steam.
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Special treatments such as ammonia stripping are required for some
wastes, but these are of secondary interest.

Solvents from certain wastes (e.g. dry cleaning wastes) can be
reclaimed by distillation.

Mineral oil emulsions can be separated by a number of processes.

Waste mineral oils can be rerefined for reclamation of lubricant
oil and gas oil.

The mineral oil content of certain solid wastes, especially spent
clays, can be extracted and the solid residue disposed of by landfill.

Some scrubber sludges as well as certain electroplating sludges
contain high concentrations of heavy metals. The increasing value of
metals such as copper and nickel may make their extraction practical.
This possibility will not decrease sludge volume though, since only
the metals are leached out and the added acid and residue will have to
be safely disposed.

Incineration of combustible hazardous wastes (mainly organic pes-
ticides and explosives) and spent carbon can eliminate organic hazardous
wastes and reduce waste volume. Incineration is generally unsafe when
heavy metals like mercury and arsenic are present and should be avoided.
Incinerator ash residues must be disposed into sanitary landfills
without contact with groundwater or surface water.

For the destruction of selected chlorinated hydrocarbon wastes
incineration at sea on board special combustion ships may be the best
solution whereby the bulk of the hydrochloric acid fumes evolving from
the furnace is absorbed and neutralised by the seawater.

Ocean disposal by dumping seems to be a method which arouses a
strong reaction from the public and there are a number of activities
on international level aiming to restrict dumping of hazardous wastes
at sea. A review of criteria for marine waste disposal as applied by
various countries - Southeast Asian countries included - was published
in the Proceedings of the 2nd International Congress on Marine Pollution
and Marine Waste Disposal 1973. For certain wastes, however, dumping
at sea may be the most appropriate disposal method, if applied with
adequate care and properly controlled. In the Federal Republic of
Germany, for example, acid waste from titanium dioxide production is
diluted and then discharged into the propeller waters of the disposal
ship while in motion so that rapid dispersal and neutralisation of the
sulphuric acid and oxidation of the ferrous sulphate content by the
sea water are guaranteed.

Similar considerations apply to the technology of deep well dis-
posal whereby waste liquids are injected into deep aquifers (say between
500 and 1,500 metres depth) below the reservoirs of usable ground water.
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The disposal of hazardous wastes in sanitary landfills has been
a common practice but requires precautionary measures to avoid operator
exposure and prevent adverse environmental impacts. Because of the
nature of many types of hazardous wastes, it is important to ensure that
they do not leach into underground water supplies. The conclusion was
drawn from an extensive research programme of the United Kingdom into
the behaviour of hazardous wastes in landfill sites that sensible land-
fi1l is realistic and an ultra-cautious approach to landfill of hazar-
dous and other types of waste is unjustified. Experience over a long
period of time has shown that very few documented cases of significant
groundwater contamination due to landfills have occurred. Preferably
landfill sites for hazardous wastes should be located on impervious
soils or rocks or on formations that are not water bearing or have
unusable groundwater beneath them. They must also provide protection
from flooding, surface runoff or drainage, and all fill seepage is
treated or limited to the fill site., Many times underdrain systems
are necessary in these sites to insure the collection of all leachate
for further treatment.

For many types of hazardous wastes, however, co-disposal with
ordinary waste at general though controlled landfill sites is accepta-
ble. In these cases attention is drawn to the advantages of an unsa-
turated zone beneath a landfill, namely the delay mechanisms and the
increased opportunities or attenuation of leachates by chemical and
biochemical processes. At such sites a greater decrease in TOC than
in chloride (attenuated only by dilution) occurs. At sites where
leachate movement took place under saturated conditions (i.e. no
unsaturated zone) the deleterious effect of high hydraulic loadings
caused by the discharge of excessive amounts of liquid wastes has been
confirmed. Although the significance of biochemical processes in the
unsaturated zone is not completely understood, the substantial reduc-
tions of TOC which were often noted were sufficient to allow any
residual 'tail' to be attenuated to background concentrations in
groundwater.

Attenuation mechanisms (defined broadly to include dilution) are
available in the landfill and underlying strata, which are extremely
beneficial if used with discretion. Mixed mineralogies such as clay
with sand lenses and sand with clay have been shown to attenuate
various chemical species.

Processes such as sorption and ion-exchange have been shown to
prevent the migration of leachate constituents from the landfill.
Domestic waste has a substantial retention capacity for mercury, oils
and PCB's, but not for phenols.

The rate and degree of mixing of leachates and groundwater in the
saturated zone may vary considerably, and aqueous wastes are attenuated
more easily compared to oil/water mixtures.
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To ensure the proper admixture of hazardous wastes into other
solid waste in a sanitary landfill, precautions should be taken to
ensure that the hazardous wastes are adequately spread. Some landfills
require a separate site area in which hazardous wastes are handled spe-
cially and where the operators have special procedures for mixing and
handling. One method is to prepare a sump to receive the hazardous
wastes on the sloping working face of the landfill. A portion of the
landfill solid wastes is compacted to form a sump and protective solid
waste and earth berms are provided to contain the liquid hazardous
wastes. Once the hazardous wastes are disposed into the sump, additional
non-hazardous solid waste is placed for absorption and burial. Additiomal
solid waste may then be covered using normal fill practices.

Also the percolation of certain types of liquid wastes from ditches
excavated in the solid refuse bed in a fenced area of a landfill may be
a method of choice, provided the wastes are compatible and the system
is not overloaded. Normal solid wastes (commercial, residential) can
absorb as much as 50 ~ 100 per cent by weight of 1liquid.

Many hazardous wastes arrive in containers that may present safety
problems during landfilling operations. Containers filled with liquids
or compressed gases may burst when struck by heavy landfill equipment,
releasing the gases or splashing-liquid on equipment and/or operators.
Explosions and fires may also result. Therefore drums should be emptied
before being crushed by landfill equipment. Some prepackaged containers
that may not be emptied before disposal require special care. They
should be disposed of without being punctured and should be buried well
under other solid waste so that when they eventurally deteriorate and
release their contents, they are absorbed and contained by the sur-
rounding refuse.

Extreme caution should be exercised during fill placing, sﬁreading,
compaction, and covering operations to prevent harm to the operator or
equipment through exposure to toxic solids, liquids, dusts, fumes, and
gases. Self-contained breathing equipment should be used by the operator
or at a minimum should be available in case of emergency. Other persons
using the disposal site should be segregated from the hazardous waste
disposal area, and scavenging should be strictly prohibited. Equipment
should be coated with anti-corrosive materials, and a systematic cleaning
and maintenance programme must be employed to minimise adverse effects.
Medical and standby safety equipment must be provided for the landfill
operators. All hazardous wastes handled must be clearly identified and
disposed in a technologically correct manner.
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WASTE MANAGEMENT PLANNING: A REVIEW OF THE KEY ELEMENTS
IN WASTE MANAGEMENT PLANNING AND DECISION MAKING

ROBIN BIDWELL
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Environmental Resources Ltd.,
London, U.K.

INTRODUCTION

The aim of waste management planning is to ensure that every day,
this year, next year and in 10 years' time waste is collected, handled
and disposed of as efficiently, as economically and with as little
environmental impact as practical.

As part of the exercise, the waste management planner must examine
and take account of a wide range of activities not always directly related
to the day-to-day collection and disposal of waste: population changes,
housing and industrial developments, water requirements, central govern-
ment policy objectives on resource recovery, etc.

And it is a continuous process. The quantity, composition and loca-
tion of waste arising changes and the useful life of most equipment and
disposal facilities 1s limited. So the waste management planner must
not only ensure that today's operation runs smoothly but he must also be
responsive to change. This means that relevant data must be reviewed and
plans updated regularly.

The aim of this paper is to review the main tasks involved in the
preparation of a waste management plan. This is done under the following

headings:

- Identification of objectives and constraints,
- Data collection,
- Analyses of the principal optionms,
- The decisions and the process of review.
The principal steps are shown in Fig. 1. A more detailed scheme
i{s included in Fig. 2.
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Fig. 1. Principal Steps in the Development of a Waste Management Plan
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OBJECTIVES AND CONSTRAINTS

Objectives

It is the objectives of the waste management plan and the constraints
within which it must operate that provide the framework for the eventual
decisions. Failure to identify the objectives and constraints accurately
at the outset can cause considerable confusion when defining the most appro-
priate collection or disposal options. This problem is discussed further
below.

The objectives should identify the purpose of the waste management
plan and should in particular note what the plan is to emcompass in terms
of geographical area, types of waste and a time horizon for the plan.

The geographical limits to be included in the plan are of particular
importance either where a number of small administrative units are grouped
closely together or where there is a large metropolitan administrative
unit bounded by rural areas. In either case a regional approach should
be considered for the purposes of planning: not necessarily because it
will prove desirable to bring the areas together as a single operation
but often shared disposal facilities can make real sense from a management
and economic viewpoint.

It i1s also important to identify what types of waste are to be included
in the plan. There is a tendency to think mainly of household and shop
waste (often because that is the only type of waste for which the public
authority has responsibility) and ignore waste arising from industry and
building operations and such waste as sludge from sewage treatment plants,
animal wastes from intensive farming and small urban farms and other wastes
from special local activities such as slaughterhouses, ports etc. These
wastes may fall outside the responsibility the public authority but they
will still require disposal and as such will be competing for local sites.
It should be stressed that no amount of regulation will prevent illegal
and haphazard dumping if local disposal facilities are inadequate or not
easily accessible.

One cannot be dogmatic about the time horizon for waste management
planning. This will depend very much on local circumstances and needs.
Probably certain elements in the plan such as waste quantities, long-term
availability and capacity of disposal sites should be considered over a
longer time horizon than other considerations. This is because final
disposal of the wastes is an overriding factor in any plan and is likely
to influence the approach adopted so far as collection and transport are
concerned.

Congtraints

There are a number of constraints that will tend to limit the
available alternatives. By recognising these at the outset, a great deal
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of unnecessary work can be avoided; their recognition will also be of
assistance in the eventual selection of the appropriate collection and
disposal options.

Some such constraints may be the local political realities: for
example, there may be no way of gaining co-operation between 2 neighbou~
ring towns in the development of a regional plan; and there is no merit
in developing a plan that ignores such factors since the result is that
the plan will not be implemented and a lot of work will be wasted.

General policy objectives must also be taken into account and to
some extent these also operate as constraints in so far as they provide
guidelines for decision making. Such policy objectives may arise from
central or local government and may cover:

- Employment: for example the need to maximise wherever
possible the numbers employed;

- Resource recovery: wminimising waste at all levels ‘even
where the financial return is doubtful is often considered
desirable for other reasons (savings in imports etc.);

~ Environmental improvement: minimising health and environ-
mental impact from waste is always one of the objectives
of waste management plan but this may for policy reasons
need to be given special emphasis in which case extra
resources must be made available for, for example, street
cleaning or enforcement to prevent illegal dumping.

Financial constraints There may be overall limits imposed on total
expenditure or specific limits on capital expenditure or on the import
content of any expenditure. If either of the latter of the case, there
is little value in considering capital-intensive high-technology solu-
tions unless the advantages appear so overwhelming that even a Minister
of Finance would be impressed.

Manpower constraints There may be a shortage of all types of manpower
(for example the productive sector may be able to reward workers more
highly than the public service sector) but it is more likely that there
will be a shortage of a particular type of skill. If for example there
is a shortage of technicians then this must be taken into account in the
planning and solutions must be found which either require the minimum
use of technicians or provide for the necessary training.

Land-use constraints Waste management problems tend to be worse in urban
and suburban areas and it is here that shortage of land will also be most
acute. Where some form of structure plan has already been prepared, some
information will be available on the possibilities for space for transfer
stations, depots, landfill sites etc. But the waste management planner
will be competing for land with many other types of user. Existing land
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uses will probably provide the best guide of the areas that are likely
to prove more or less acceptable. Waste disposal sites are clearly not
compatible with, for example, aircraft flight paths near airports
(because of bird strike dangers) and extra care is required if they are
to be sited close to residential developments.

Environmental constraints Disposal sites give rise to leachate problems
so site selection must take account of the hydrogeological characteristics
of the area and the location of aquifers and wells. In most parts of

the world good quality potable water is at a considerable premium and

as such is a major factor in identifying suitable areas for landfill.

Air quality is an important environmental factor where incineration
is under consideration. In some locations the emissions will be dispersed
without any adverse impact; while elsewhere local topographical and
meteorological circumstances can cause the emissions to give rise to
considerable local nuisance even where reasonable air pollution controls
have been installed. It is perhaps unfortunate that in those densely
populated areas where incineration would make most sense, background
levels of air pollution from cars, homes and industry make any additional
source of air pollution particularly undesirable.

Local circumstances will dictate other constraints,
THE KEY QUESTIONS

Identification of the objectives and the principal constraints
allow the planner to formulate a series of questions that will need to
be answered during the course of the exercise.

These are likely to include:

(i) What are the existing quantities, composition and location
of wastes requiring disposal? How are these likely to
change?

(ii) How are the wastes at present collected? What are the
principal problems and difficulties? What are the options
of overcoming these problems and the cost of the options?

(iii) How are the wastes currently disposal of? What are the
principal problems and difficulties? What are the options
of overcoming these and at what cost?

(iv) Given the objectives and constraints of the plan and the
costs, benefits and problems associated with collection
and disposal, which of the available options would prove
most appropriate?
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(v) Is the existing organisation and management adequate for
implementing the option selected? 1Is the available
legislation and are the enforcement procedures adequate?
How is the overall plan to be financed?

From the way the above questions are structured it will be seen
that the approach requires an examination of existing problems and
identification of the most cost-effective solutions (taking account of
the objectives and constraints) for overcoming these. It is of course
possible to tackle the waste management plan afresh. But in reality,
unless one is planning a new town, there is always some form of waste
management system in place and it tends to be more effective to upgrade
and improve what exists taking account of the problems and previous
experience rather than starting afresh. This approach also helps to
focus the mind of the planner on what most needs to be done.

It will also be noted from the sequence of the questions that after
the decisions have been taken in principle there is a further examination
of organisation, management law and financing. While these have a bearing
on the principal decisions themselves, nevertheless it is desirable to
minimise the detail at the earlier stages until one has some idea of the
overall approach to be adopted.

DATA COLLECTION

Essential Information Requirements

To answer the questions listed above, information will be required
on:

- Population, housing, industrial and agricultural development
etc.;

- Wastes arising, their quantity, composition and sources;

- Waste storage and collection: household and other storage
methods, collection methods, available vehicles, vehicle
maintenance, etc.;

- Treatment and disposal: existing methods, future capacities,
plant life, local hydrogeology, etc.;

- Management and law: organisation, staffing, training, regul-
ations and their enforcement etc.

This information will enable a preliminary assessment made of those
areas where a detailed investigation is required either because the avai-
lable data are inadequate; or because there are particular operational
problems (e.g. maintenance of collection vehicles) that require special

attention.
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Shortage of Data

In the short term, considerable ingenuity must often be applied to
collect the data on which to evaluate the local needs and the need for
immediate action; in the longer term systems can be established that
provide essential information on a regular basis.

In particular, there is often a shortage of information on quantity
and composition of waste arising. There are a number of ways that a
preliminary assessment can be made; these include:

- The use of per capita estimates from other local regions or
comparable areas in other countries;

- Estimates of the amount collected by each collection vehicle
over a period and aggregation of the results;

- Examination of the vehicles arriving at the local disposal
sites, identifying the source and estimating the loads;

~ Surveying and estimating the quantity of waste in the dis-
posal sites and calculating a daily arising from information
on when the site was started.

These approaches will only provide an approximate indication and the
use of these figures for forecasting is fraught with potential pitfalls.

In particular, care must be taken to disaggregate the household from
other wastes. This is important for 2 reasons:

- The rate of growth of the population will not necessarily be
the same as growth in other sources of waste (industry, con-
struction, agriculture etc.); so if the population is expected
to increase by 20 per cent over the next 10 years it does not
necessarily mean that total waste arising will increase by the
same amount;

- For some treatment and recovery options. (e.g. composting,
energy and materials recovery) the waste composition is cru-
cial: and it is not uncommon to find that waste planners
when designing a composting plant, for example, have applied
the figure for organic content of household waste (say 50
per cent) to the total waste arising whereas because of the
presence of construction, industrial waste etc. the proportion
could be only 25 per cent.

It is obviously important to have good data on waste arising so the
necessary system should be established to collect the information on a
regular basis. In addition, industrial waste arising should be estimated
either by a questionnaire approach or, often more satisfactorily, by
recording deliveries to disposal sites.
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Reference was made above to "essential information requirements".
One cardinal rule is not to collect data for the sake of it. It is
often a very time-consuming and expensive exercise. The preliminary
data collection stage is likely to have identified areas where there
are specific problems and where data are required to monitor the situa-
tion (e.g. leachate from landfill) or to provide a solution (e.g. the
number of households in a district where collective storage is required).
From this specific data requirements can be listed. It is always useful
to stop from time to time and ask the question: how is the information
we are collecting going to be used?

Detailed investigation

Where specific problems have been identified, a more detailed inves-
tigation will be required to provide sufficient data on the options to
enable an informed decision to be made.

There may be a shortage of landfill sites close to the waste arising.
There would be then a number of options that will require investigation:

- Transfer the waste by road or by rail to a more distant site;

- Reduction of the quantity of waste requiring disposal either
by incineration or by some form of resource recovery;

- Alternatively wastes from different sources could be sepa-
rated so that inert wastes (some industrial wastes) go to
sites that would be unsuitable for refuse.

For each alternative, informatjon will be required on the technical
viability (taking account of any land-use constraints) and the costs,
benefits and impacts. In the case of resource recovery, it is essential
that investigations are carried out to ensure that long-term outlets for
the product are secured.

ANALYSES AND DECISIONS

Where a number of options are available (for example, possible dis-
posal sites) it will be necessary to evaluate the capital and operating
costs and the benefits and associated health and environmental impacts.

A word of caution about the conventional cost/benefit approcach. It
1s often not practical to quantify the benefits and impacts in monetary
terms. The effects should be identified for each of the options and
should then be assessed against the background of the objectives and
constraints which need to be satisfied. 1In other words, if resource
recovery and minimising land use are important then each of the projects
should be considered in relation to these factors.
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Costs

There are however a number of general points regarding costing the
alternatives that should be noted.

All elements in the system should be costed for each of the options,
otherwise it is difficult to make comparison or to evaluate improvements
in performance. For example:

- If the cost of incineration is compared with the cost of
landfill, it is necessary that the cost of disposing of the
residue from the incinerator (which may be up to 30-50 per
cent of the original waste by weight) should be taken into
account in the incineration cost;

- Compaction in the collection vehicle may be a viable alter-
native to normal collection and transfer so all the collec-
tion costs and transfer costs of each system should be
evaluated in parallel.

Costs should be expressed in terms of cost per tonne of waste as
this is a constant throughout the waste system. Volume changes, usually
decreasing at each stage until it reaches a final compaction perhaps
several years after disposal. Volume, not weight, however, is often a
key determinant in judging capacities of vehicles and disposal sites.

In assessing the different costs of options, capital and operating
costs should be 'treated" in conformity with the accounting approach
used by the public authorities. This means account must be taken of the
way that capital costs are written off (over how many years, at what
interest rate, etc.) as should any grants given by a central government
agency for particular types of scheme (e.g. for energy projects).

Where a number of different options with different life times are
under consideration, perhaps the best way of comparing the cost is to
consider the Present Value of the alternatives: that is, discounting
all the costs over the life time of the projects back to today's value.
Otherwise it is very difficult to compare the cost, for example, of a
composting plant (with a 20-year life) with a series of landfill sites
which will need capital expenditure in 5, 10 and 15 years' time and will
require new site equipment every 4 years or so.

Finally, in assessing the costs a number of assumptions will need
to be made about future inflation rates, interest rates and exchange
rates. In some countries these are of major importance in determining
the financial attractiveness of a particular project. To examine their
importance, it is necessary to look at the sensitivity of costs to varia-
tions in these factors.
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DECISIONS

: As has been stressed throughout this paper, the most appropriate
A solutions will be those that minimise the cost of waste management,
provide long-term security of disposal and satisfy environmental and
other objectives and constraints.

To assist the decision process, it may be useful to present the
results of the analyses in the form of a matrix, with each of the options
down one axis and the implications along the other.

The implications are likely to include:

- cost per tonne
: ~ Present Value of scheme

- cost implication (capital cost, input content, annual
operating cost and annualised capital plus operating cost)

- longer-term implications (life of scheme and effect on
long-term management of local resources)

- environmental implications (water pollution, air pollution
and proximity to residential areas, etc.)

- employment implications

- resource recovery implications, etc.

Information on each of the options and the extent to which they
satisfy the constraints or objectives can be shown in the matrix. This
allows the decision-maker to rapidly compare, for example, the environ-
mental effects of each of the schemes.

Further matrices can be prepared to indicate in more detail the
extent to which the options satisfy particular objectives or constraints
and at what cost.

Clearly the least cost solution is not necessarily the most appro-
priate. The achievement of environmental objectives, for example, is
likely to increase the cost and a decision will be required how far such
improvements should go given additional cost. Similarly many resource
recovery projects tend, in strict financial terms, to add to the cost of
waste management; again, a decision is required taking account of the
wider issues whether the additional cost is justified.

One other important factor which is often overlooked is the question
of long-term security of disposal. In most cases, there 1s only one
option for final disposal of all wastes and that is landfill. Even the
most extensive resource recovery scheme for household wastes will leave
some residue; and for many wastes there are no real recovery options,

If there is an acute shortage of tipping space it is unrealistic to
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evaluate a site solely in terms of the actual cost of tipping there
today; as in 5 years' time it may prove necessary to select a very
expensive alternative when that particular site is full. For this
reason it is essential to look at the options in the longer term and
where capacity is short to take action now that will prolong life and
minimise costs in the longer term.

Once the plan is complete it should if possible be published.
This helps the public to understand how their problems are being dealt
with and gives anyone whose interests may be affected a chance to dis-
cuss these with the authories.

But the plan itself is only the first stage. Progress must then
be monitored and the plan regularly reviewed and when necessary changes
made.
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INTRODUCTION

Economic analysis is one of the fundamental tools required in
waste management decision making. It 1s an essential aid in decisions
as varied as:

- what method of disposal to use for a particular type
of waste;

- where to locate waste handling facilities;

- evaluating options for resource recovery;

- assessing the net benefit to be obtained from higher
standards of waste management, taking into account both
financial costs and environmental impact.

Here some important general features of economic analysis are
briefly discussed and then how this tool can be used in the field of
waste management is examined. The method is illustrated with an
example drawn from ERL's practical experience of using economic analy-
sis to assist in waste management decision making.

THE FEATURES OF ECONOMIC ANALYSIS

Economic analysis is concerned with the assessment of the costs
and benefits that are attached to any particular course of action. It
provides a framework for bringing together the variocus elements that
need to be taken into account in waste management decision making,
from methods of handling waste to the amount of finance avallable and
from environmental impact to the rate of cost inflation. By setting
out systematically what are the costs and benefits of possible actions,
the advantages and disadvantages of different waste management stra-
tegies can clearly be seen. So too can the best solution to specific
problems.

199
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The use made of economic analysis as a basis for decision making
can be very flexible. The costs and benefits to be taken into account
may be confined to those that are represented by financial flows. Or
they may include implicit values given to social costs and benefits
such as the effect of pollution on the environment, hazards to health
and amenity and the like. The criteria used for evaluating costs and
benefits can also be adjusted to meet particular requirements, by, for
example, setting speclal constraints on the. costs that may be incurred
or on the extent of different forms of environmental impact that is
acceptable.

Within the limits set by such constraints, the guide to action
given by economic analysis comes from the assessment of the total net
cost or benefit that different decisions might produce. But this
assessment differs in 2 important respects from a straightforward
addition of costs and revenues as might be obtained from accounting
records.

First, in his assessment, the accountant is interested in the use
that a particular method of handling waste makes of resources, whether
or not these resources have an actual cash cost. For example, land
that is already owned by or that is given to a government authority
is costless in cash terms. But it may well have valuable potential
for use in other ways than as a site for landfill or a location for
an incinerator or a sewage treatment works.

In this case, the value of the potential use that is foregone,
the "opportunity cost” needs to be included in the total cost of the
process. Hence a full economic costing incorporates a number of such
imputed "opportunity costs" as well as all the actual cash costs to
be incurred. This is so even when attention is restricted to financial
as opposed to social costs and benefits.

Secondly, economic costing takes account of the fact that the use
of money has a cost in terms of interest, whether this is actually
paid or not. As a result, the cost of outlays in the future is less
than the equivalent amounts in the present owing to the potential for
earning interest in the meanwhile. The pattern of expenditure over
time can thus be important in determining the true costs of alternative
waste management strategies. As discussed below, some form of dis-
counted cash flow (DCF) technique is the normal approach used to handle
this problem,

THE COSTS AND BENEFITS OF WASTE MANAGEMENT

The first and most fundamental step in using economic analysis
in waste management 1is to identify all the relevant costs and benefits
that need to be taken into account in the particular decision being
examined. These costs and benefits then need to be quantified as far
as possible. We consider below some important aspects of this process
and a number of the main problem areas.
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What Aspects of Waéte Management?

It is important to be clear at the outset precisely what is the
area of waste management involved in the analysis. Is the concern
solely with final disposal of the waste or with the whole process of
waste handling from initial collection through to disposal? What
possible intermediate stages of waste handling are involved?

As an aid to clarifying thought in this area, some form of flow
diagram of the type shown in Fig. 1 is useful. In general terms, 4
main stages of waste handling can be identified; that is:

- initial collection from the point of arising;

- pre-treatment to make the waste more suitable for final
disposal and/or to enable useful materials to be recovered;

- bulk transport from the point of pre-treatment to the place
of final disposal;

- final disposal of the waste including the recovery of any
useful content.

As Fig. 1 indicates, wastes may flow through a variety of channels
from initial collection to final disposal. In most cases, it is possi-
ble to analyse the costs and benefits of each stage of waste handling
separately. This provides the basis for a modular approach to the
analysis, where the figure for different elements can be examined
separately or combined together in various ways to produce an overail
view of the costs and benefits of a number of alternative strategles.
0f course, account must be taken of any interaction between the stages
of waste handling.

What Measures are Being Used?

As mentioned before, in considering costs and benefits, the
economist is concerned with the use of resources in waste handling,
not simply with actual cash flows. For the narrower analysis of
financial costs and benefits, the resources of relevance can be
grouped under 4 main headings:

- capital items: 1land; plant and equipment;
- operating items: labour; materials.

If social costs and benefits are also brought into account,
additional use of the resources of land, air and water as a result of
waste discharges must be covered as well as the effect of such dis-
charges on amenity and personal health and safety.

In Table 1, listed in more detail are the types of costs
and benefits that will normally need to be analysed under each of the
main resource categories. Figures will be required for each of the
stages of waste handling covered in the analysis, though naturally
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INITIAL Untreated waste
COLLECTION
Tranafer Filtration
Shredding Asration
PRE -TREATMENT Incineration Chemical
Resource treatment
recovery otc.
Road
Rail
BULK TRANSPORT Pipeline
Borge
Landtill Recovered
FINAL DISPOSAL Dumping af sea materials
Energy.

The path of the arrows indicate the alternative ways in which
waste can flow from initial collection through to final disposal.

Fig. 1 The Stages of Waste Handling

not every type of cost or benefit will be relevant at each stage. It
should be noted that at this point in the analysis no mention is made
of interest costs or the cost of capital repayment, since these do
not represent a use of actual resources. Financing questions are
considered below in the context of methods of evaluation.

Are the Correct Figures for Costs and Benefits Available?

Once the relevant categories of costs and benefits have been
{dentified, they need as far as possible to be quantified. Two parti-
cular problems tend to arise here. First, there may be no figures
avallable for certain items; this 1is, of course, almost certainly the
case for social costs and benefits, but it may also apply to financial
flows as well. Secondly, the figures that are available may not repre-
sent the correct values that should be attributed to the use of the
resources.
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Table 1. Possible Costs and Benefits of Waste Management

1. FINANCIAL COSTS

Land - site acquisition
- site preparation
- site services (water, power etc.)

Plant and - wages

Equipment - operating plant
- other handling equipment
- vehicles

Labour - wages

- 1insurance and similar items
- pension provisions

Material - repairs and maintenance
- fuel and power
- water

- chemicals etc.

Other - plant insurance
~ administration and other overheads

2. FINANCIAL BENEFITS

Recovered materials and energy

3. SOCIAL COSTS AND BENEFITS

Impact of waste management on - natural environment
(land, water, air)
~ amenity
- personal health and
safety.

The description "financial" costs and benefits covers those items
where there are normally financial flows corresponding to the items
in question. The value of such flows of relevance for economic
analysis may not be the actual cash payments or receipts (see text).

The problem of imputing values for different kinds of environmental
impact and other social costs and benefits has been a subject of much
discussion and controversy and will not be examined in detail here.

But 2 points are perhaps worth making. Difficulties in arriving at an
acceptable set of values for social costs and benefits often puts a
severe limitation on the extent to which a formal analysis of these
items is possible. However, it must always be remembered that the
inability to carry out such an analysis does not mean that social costs
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and benefits can be or are ignored in waste management decisions; the
ultimate decision will involve putting at least an implicit value on
social impacts.

It is often not realised that the apparently more straightforward
costs and benefits (such as spending on new plant, or revenues from
the sale of recovered materials) have also to be estimated when making
management decisions. By definition, any figures relating to newly
constructed facilities must be estimated, and it is seldom that new
facilities are sufficiently similar to those in existence for the
latter to provide a precise model.

Thus most figures for capital or operating costs or for potential
revenues will need to contain an allowance for contingencies. Further-
more, estimates of costs in the future must allow for the prospective
inflation in costs from current levels as a result of increased wages
and salaries, higher material prices, and the like. This can be a
source of much uncertainty in the analysis; as discussed below, the
allowance for inflation is of particular importance when comparing
capital-intensive alternatives with those where a high proportion of
costs are for labour and for materials.

Even where estimated costs and benefits are available, the values
attributed may not be the correct ones for the purpose of economic
analysis. This is because the figures most likely to be available are
those for expected cash payments and receipts; these may not correspond
to the opportunity cost of the use of the resources in question which
1s the value that the economist requires.

The example of the site cost for land was given earlier. Another
important instance is in the case of labour costs. In economic terms,
the use of labour that would otherwise be unemployed to work on waste
handling projects involves an opportunity cost substantially below
the actual wages and other costs paid. There may also be further gains
since the increased employment may result in a higher level of economic
activity and spending and these should be taken into account in assess-
ing the total net cost or benefit from different types of waste
handling,

METHODS OF EVALUATION

In most waste management decisions, the costs and benefits attached
to alternative courses of action will arise at varying points of time.
Where a new handling facility is being established there may be large
capital costs to be incurred immediately followed by a regular flow of
operating outlays and possibly revenues over the lifetime of the plant.
When the question of tightening standards of pollution control is at
issue, both costs and potential benefits will arise over a considerable
number of years.
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Thus it is seldom possible to evaluate the total costs and bene-
fits of the alternatives by means of a simple process of addition.
Normally it will be necessary to use some form of DCF technique to
bring present and future figures on to a comparable basis. The most
common approach is to calculate the net present value of the future
flows, though internal rates of returns for different projects may
also be applied where this technique is suitable.

In practice, a more simplified approach is quite frequently used.
This involves annualising capital costs and adding thereto figures for
annual operating costs to give the total net annual costs of projects.
One advantage is that the resulting figures can be expressed per unit
of waste being handled, a presentation that is often more readily
understood than figures for net present value. A major disadvantage
is that the resulting figures only correctly represent annual costs
if there is no change in annual operating costs during the life of the
project; the method thus ignores, in particular, the effect of future
inflation.

The last problem can in part be overcome through the choice of
interest rate for the purpose of annualisation. Careful consideration
of what is the correct interest rate to use in evaluating costs and
benefits 1s of great importance. Here again, the approach of the eco-
nomist 1s that the rate should represent the opportunity cost of the
use of capital to the investing authority. This may well not be the
same as the actual interest cost to be paid on borrowings, though the
latter is often used for practical convenience. Where social costs
and benefits are beilng evaluated as well, more fundamental issues
concerning the soclal rate of time preference need to be taken into
account.

1f the correct allowance for future inflation poses a special
problem in the analysis, it is possible to carry out the evaluation
using a rate of interest from which the implicit allowance for infla-
tion, contained in market interest rates, has been excluded. This
approach can, for example, be employed when annualised costs are being
calculated. The implicit assumption underlying the use of such a
"real" rate of interest is that future inflation will affect all types
of costs and benefits equally.

If this is not likely to be generally the case, then this approach
to evaluation should naturally not be adopted.

There are a variety of other techniques that may be applied in
conjunction with DCF to assist in the evaluation of costs and benefits
in waste management. Some have to do with the question of sensitivity
analysis discussed below. Of the others, one of the most helpful is
the use of linear programming to assist in decisions about the optimum
location of waste handling facilites. This technique has been exten-’
sively used in practice in connection with the collection and disposal
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of solid wastes; with a carefully designed model of costs, it can
handle actual operating decisions in addition to more general stra-
tegic problems.

SENSITIVITY OF THE RESULTS

The third, and equally important step in the economic analysis
of waste management decisions, 1s the assessment of how far the con-
clusions reached from the initial evaluation of costs and benefits
are sensitive to alternative assumptions about key elements in the ana-
lysis. These alternative assumptions may relate to the general envi-
ronment within which the waste handling takes place, concerning, for
example, the rate of inflation or the level of interest rates. Or
they may affect matters more specific to waste management, such as the
distance which the waste must be carried prior to treatment or dispo-
sal or the level of capacity at which particular handling facilities
are operated.

Sensitivity analyses are of special importance where the decision
being examined concerns the choice between alternatives of rather
different character, for example between capital-intensive and labour-
intensive methods of waste handling or if the balance between social
and financial costs and benefits varies greatly. Listed below are some
of the assumptions for which sensitivity analyses are frequently
required in waste management decisions, with comments on the types of
decision that they most affect.

Inflation and the Level of Interest Rates

All economic analyses used in waste management decisions will
involve some assumptions about the level of interest rates and the
expected rate of inflation and the latter is an area where there is
normally a considerable degree of uncertainty about what is the correct
assumption to make. The decisions particularly affected by varying
assumptions are those where the alternative courses of action being
examined have very different patterns of costs and benefits over time;
for example where capital-intensive and labour-intensive projects are
being compared, high levels of interest rates and/or low rates of
inflation will put labour-intensive projects in a more favourable
light, while low interest rates and/or high rates of inflation favour
schemes with a large initial investment.

Levels of Plant Operation

Another set of assumptions of importance for the choice between
projects that are capital-intensive and those that are not, is the
assumed level of operating capacity of the plant and equipment.
Naturally if expensive facilites are operated at well below their full
capacity, as may well be the case in the initial stages of a project,
the cost for handling a given amount of waste will be much greater
than if a higher rate of operation is possible. It is important here
that the ranges of operating rates assumed are realistic for the
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particular type of facility being examined and that they fully reflect
actual operating conditions rather than what might theoretically be
possible.

Transport of Waste

Many practical decisions about waste management involve considera-
tion of how far it is worthwhile transporting the waste to gain other
advantages such as economies of scale in disposal.or treatment costs,
or access to markets for recovered materials. Since most wastes are
very costly to move any distance, the assumptions made about the likely
distances involved in alternative handling plans are very important.
Where transport is by road, care must be taken when assuming vehicle
speeds, since these can be greatly influenced by the specific area
within which the movement of waste takes place.

Imputed Values

All decisions for which a large proportion of the values for iden-
tified costs and benefits need to be imputed, will of course be very
sensitive to the precise assumptions that underlie these values. This
is especially the case where social comnsiderations of environmental
impact and the like loom large in the analysis. Since the latter is
generally an area of much uncertainty and disagreement, it is vital
that the conclusions of such analyses be fully explored with a variety
of differently imputed values.

A PRACTICAL ILLUSTRATION

The remainder of this paper presents a practical illustration of
how economic analysis has been used to assist waste management decision
making. The illustration is taken from work that ERL has done on alter-
native methods of waste disposal in the United Kingdom. The figures
quoted were orginally presented at a Public Enquiry into the possible
use of an excavated quarry as a site for the controlled tipping of
solid waste. They relate to the middle of 1977.

The Area Being Investigated

The decision being analysed was the strategic choice concerning
methods of disposing of domestic solid waste. For this purpose, the
disposal operation was defined to exclude the initial collection of
the waste from the point of arising, that is the analysis covered the
last 3 stages of waste handling identified in Fig. 1. Four main alter-
native methods of disposing of solid waste were considered. These were:

- direct tipping of waste at a landfill site;

- bulk transfer (with some compacting) and haulage of waste
to landfill;

- pulverisation (shredding) of waste, followed by bulk
haulage to randfill;

- 1incineration of waste with landfill of residual.
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Basic Assumptions and Costs Identified

The analysis was concerned solely with financial costs and benefits
and no allowance was made in the calculations for the varying environ-
mental impacts of the different disposal alternatives. Since questions
of overall strategy were being examined, the costs prepared were in the
form of generalised estimates, based on the practical experience of a
large number of waste disposal authorities. A modular approach to
costing was adopted and separate figures were collected for each of the
forms of pre-treatment involved, for the bulk haulage of solid waste by
road and for final disposal by controlled tipping.

Cost figures were prepared for a waste handling operation capable
of disposing 90,000 tonnes of solid waste a year over a period of 20
years, this being the constraint set by the size of the quarry whose
use was being investigated. Some of the other main assumptions made
for the calculations are given in Table 2 of particular note are the
size of the plant required and its relation to the operating level
assumed and the inclusion of revenue from reclamation for the incinera-
tion option.

Method of Evaluation and Resulting Costs

The simplified form of DCF calculation described above, that is
combining annualised capital costs with an estimate of annual operating
costs to give a total net annual figure, was used as a basis for
evaluating the 4 options. An interest rate of 13 per cent was employed
for amortisation; this figure was derived from the rates currently
being paid by waste disposal authorities on loans of a life comparable
to that of the project. The annual costs were expressed as an amount
per tonne of waste handled to conform with practice normal in waste
disposal costing in the United Kingdom.

The main figures of costs and revenues are summarised in Table 3.
To assist in interpreting the table shows both the breakdown between
the capital and operating elements in costs and the division between
different stages of waste handling for each option.

Sensitivity Analyses

In this particular analysis, one of the most important assumptions
concerned the distance over which the waste might have to be transported
prior to tipping. The costs of transport over distances different from
the 10 km assumed in the base calculations were calculated and the
resulting effect on total costs of the 2 alternatives involving bulk
haulage is illustrated in Fig. 2. In the figure, 2 sets of costs are
given for incineration; the total cost, and the operating cost alone,
since one option open to waste disposal authorities was that existing
incinerator plant might be closed in favour of a policy of disposing of
waste by bulk transfer to landfill if there was a potential saving in
costs.
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Table 2. Main Assumptions Used in Cost Calculations

Method of Waste Handling

Direct Tipping |Bulk Transfer| Transfer with | Incinerating
Pulverising
PLAN ACITY AND
COST&%\P
Design capacity
Tonnes/Hour (i) 50 50 25
Cost per tonne/hour
of capacity (1) 11,500 35,000 250,000
Operating hours p.a. 2,080 2,080 2,080 4,160
Waste handled p.a. 90,000 90,000 90,000 90,000
MANPOWER
Staff employed 5 6 12 24
Average costs p.a. 4,500 5,000 5,000 5,500
POWER
Requirement Kwh/tonne (1) 5 20 31.25
Cost #£/Kwh 1.88 1.88 1.88
OTHER OPERATING ITEMS
Maintenance) % of (1) 2% 2% 2%
Overhead ) capital ) % Y Y
cost
RECLAMATION
Ferrous metal % of
imput tonnage n/a n/a n/a 6.25
Value # per tonne
of metal 10.00

Notes: (i)

assumptions:

space required for 1 tonne of waste
capital cost per m3
power, maintenance & other running
costs

' overheads

(11)

Tipping costs have been calculated on

of space

All plant costs are amortised over 20

are amortised over 5 years.

the following

1 m3 (incl. cover)
70 pence

50 pence per tonne
of waste

= 25 pence per tonne

of waste

years: vehicles
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Table 3. Estimated Current Costs of Waste Disposal(i)

Cost & per tonne of waste handling
Capital(i) Operating { Total | Revenue | Net
Cost Cost Gross Cost
Cost
Direct Tipping 1.99  |1.6WV | 31| - 3.15
Bulk transfer to tip
(10 miles, one way)
Transfer 0.91 0.62 1.53 - 1.53
Bulk transport 1.28 - 1.28
Tipping 3.15 - 3.15
Total 5.96 - 5.96
Transfer with
Pulverising
(10 miles,one way)
Transfer and
Pulverising 11 2.77 1.62 4.39 - 4.39
Bulk transgort( ) 1.28 1.28
Tipping(il 3.15| - 3.15
Total 8.82 - 8.82
Incinerating
Incinerating 9.89 4.13 14.02| 0.63 13.39
Tipping of
residual (11ii1) 1.05 - 1.05
Total 15.07 14.44

(€Y

Notes:

(11)
(111)

(iv)

Costs relate to plant and/or tipping operation with a life
of 20 years, handling 90,000 tonnes of waste a year.
Capital costs have been amortised at 13 per cent.

No allowance has been made for possible economies from
txansfer and tipping of pulverised waste (see text).
Assumes that incineration reduces the tonnage of waste

to be tipped by two-thirds.

Includes allowance for capital cost of site vehicles.
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Costs £ per .tonne

Lacineration /~/total nat cost

Transfer with pulverising (road)

Bulk Transfer fo0 tip (road)

Incineration /-/ net cost excluding capital items

10 20 30 40 80 60 70 80 90 100

Distance to tip (one way) miles

Fig. 2. Comparison of Estimated Cost of Waste Disposal

Other especially sensitive areas for this analysis were the ope-

rating rates for incinerator plant and the Prospective rates of inflation.
Both were examined, the latter by using a "real" rate of interest of

5 per cent as a basis for amortisation, thus implicitly assuming an
average inflation rate of 5 per cent over the next 20 years.

Main Findings

The conclusions reached from this analysis were summarised as

follows:

- direct tipping of solid waste is a cheaper method of disposal
than either bulk transfer of waste to landfill, with or
without pulverising, or incinerating;

- bulk transfer of waste, with some compacting but without
pulverising, is estimated to be cheaper than the total
outlay required for incinerating for distances to tip up
to 100 miles (160 km) or more;

- but, even for short distances to tip, bulk transfer costs
are likely on average to exceed the net operating cost
(excluding capital items) of an existing incinerator;
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- bulk transfer with pulverising is generally more expensive
than transfer without this form of pre-treatment unless
it enables sites much closer to the transfer station to be
used.

These conclusions are based on experience in the United Kingdom
and do not necessarily apply in other countries.

CONCLUSION

The example given above 1s but one of many possible illustrations
of the way economic analysis can be used to assist those responsible
for waste management. The value of economic analysis 18 not only that
it gives a guide to the best course of action by calculating the net
costs or benefits of the different options available. Equally impor-
tant is the fact that economic analysis provides a logical framework
within which waste management problems can be examined. It shows
clearly the significance of the different elements in waste management
and so helps to enlarge understanding of the key issues and problems
in this important area.



ORGANISATION AND MANAGEMENT: A REVIEW OF ADMINISTRATIVE
ASPECTS OF WASTE MANAGEMENT
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. INTRODUCTION

Every day of every year wastes are produced that need to be
collected, transported and disposed of efficiently, economically and
with the minimum of environmental hazard.

If a waste treatment and disposal operation is to work, good
management 1s required; yet consultants see many instances where
expensive hardware has been procured but is lying idle and frequently
in an unusable condition because inadequate thought and effort has
been paid to the associated management and training requirements.

Some of these questions are discussed here, however it is parti-
cularly difficult to generalise on the question of administration.
Each country will have its own approach which will have developed to
meet the particular geographical and cultural needs. This paper
therefore attempts to concentrate more on the issues and the needs
rather than on laying down detailed proposals.

CO-ORDINATION

The Need for Co-ordination

There are often a large number of organisations, both governmental
and private, who are concerned with waste: either as producers, handlers
(collection, disposal etc.) or recoverers.

These are likely to include:

-~ Private householders: responsible for domestic wastes;
- Shops and offices: responsible for trade wastes;

- Manufacturing industry: which may be producers of hazardous
wastes (e.g. some chemical manufacturers), recoverable wastes
or relatively inert, non-recoverable wastes;
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- Agriculture: this causes a problem particularly where
there is intensive farming, where animals are kept in the
urban areas or where (as in Hong Kong) animal wastes are
dumped into water courses and an alternative means of
disposal is therefore required;

- Construction and demolition: these wastes are of particular
interest because they often can be used at the disposal sites
for cover material and provision of access roads.

There are then the organisations responsible for waste collection
and transport:

- The waste collection authority or authorities: In some
cases collection and disposal have historically developed
separately and in this case the collection authorities are
separate from those responsible for treatment and final
disposal;

- Private contractors: In most countries a large proportion
of the commercial and industrial waste is handled by the
companies themselves or by private waste haulage contractors.
This may be no more than a man and a truck.

There are also the organisations with an interest in disposal:

- The disposal authority itself which is responsible for the
location and operation of treatment and disposal plants;

- Other organisations who own sites suitable for landfill or
own and operate private landfill sites;

- Organisations (public or private) which may dispose of waste
in other ways; for example, dumping at sea.

In addition to these organisations which have a specific interest
in waste and waste management there are the environment and other agencies
whose activities are relevant. These include the following:

Air Pollution Control Agency: The agency responsible for
air pollution will have an interest in the siting and
emissions from any new incinerators.

Water and effluent control: The water supply and water
pollution control agencies (which may nor may not be
separate) will be concerned to ensure that landfill sites

do not affect water supply or unduly pollute other water
courses.

Planning Authorities: Land use planners are able to provide
a guide as to areas where development is expected and they
should be able to indicate land that might prove useful for
transfer, landfill etc.
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Energy and natural resources: There has been increasing
interest in the potential extraction of energy or materials
from waste; the relevant agencies are likely to wish to be
kept informed of recovery proposals.

Residential and industrial development: New developments
need to be catered for in any waste management plan and
it is important that the waste planners are kept informed
about all proposed new development.

Health Departments: The Health Authorities have a direct
interest in collection and disposal methods, siting of
facilities etc., in so far as they are likely to have an
affect on public health.

Secondly, from the review of resource recovery policy it will be
evident that if one of the options being given serious consideration is
resource recovery, then it is important to involve the potential users
of the recovered materials, energy or compost. Their involvement is
required firstly to ensure that the end product is recovered in a form
that can be most easily and economically used and, secondly, to ensure
that long-term markets for the product are guaranteed.

The above list is far from comprehensive, but it does provide an
indication of the wide variety of organisations and possible interests
involved in waste management. The reasons why co-ordination is important
may be summarised as follows.

Identification of landfill sites: There are likely to be

a number of agencies interested in the siting of new disposal
sites. These may include the water supply and effluent

control agency, the planning agencies, the transport department,
the envirommental and health agencies, community action groups
as well as the collection and disposal authorities. If all

of these agencies can be made aware of the problems involved
then there is a greater chance that sites can be identified
with the minimum of disagreement.

Efficient use of landfill sites: Particularly where the
available landfill sites are owned by more than one organi-
sation, it is useful if agreement can be reached on the most
effective way of using the available capacity. This will
take account of other treatment and disposal facilities in
the area and the types of waste: for example, if there is

a particular site from which pollution risk is minimal, this
should be used for the disposal of potentially hazardous wastes
rather than for inert wastes such as builders' rubble.
Similarly if capacity is scarce then builders' wastes are
better diverted to other land reclamation schemes.
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Forward planning: It is valuable to know well in advance
of proposed housing and industrial development. There are
2 reasons. Firstly, it is obviously of assistance in
planning future resource requirements. Secondly, at a more
detailed but no less important level, it enables the autho-
rity to check that adequate storage and access facilities
have been made available.

Integration of effort: This is particularly important
where the collection, disposal and environmental authorities
are from different agencies. We are aware that some waste
authorities gain the impression that if the regulatory
authorities have their way they would prohibit the disposal
of wastes in any way at all. Secondly, and more seriously,
environmental regulations (e.g. effluent control) often
leads to an increase in the amount of solid or semi-solid
wastes requiring disposal; the waste management authority
needs to be aware of such intentions and plan for the
necessary facilities.

ORGANISATION
Depending on the existing organisation, co-ordination is likely to
be achieved through the establishment of a number of consultative groups

or committees.

Waste Management Planning

This group should be constituted of agencies and organisations who
can help provide the information that the waste management authority
needs for its future planning and also to provide some 'feed-back' on
the waste management authorities' proposals.

It is likely to comprise not only the collection and disposal autho-
rities but environmental control agencies, industry and community repre-
sentatives, agricultural interests (where relevant), town planners and
industrial development agencies etc.

The principal functions are likely to include:

- Reviewing the existing and projected waste arisings in
relation to the available collection and disposal capacity;

- To review any proposed regulations regarding collection,
disposal or recovery;

- To review and provide advice on the waste management plan.



Identification of Sites

This group may be a sub-group of the first one, but it is also
likely to include the water authority and representative from districts
likely to be affected. 1Its principal function will be to discuss pro-
posals for new sites and make recommendations on those that appear
suitable. It should also be responsible for reviewing any complaints
about the operation and affects of existing sites.

Resource Recovery

As has already been noted above, an integral part of any scheme to
increase the amount of waste recovered is to ensure that the activities
of the suppliers (residents, collecting agencies, private contractors
etc.) are integrated with, and that the suppliers are aware of, the
needs of the potential users of the material.

MANAGEMENT

Little attention tends to be paid to the internal management and
operation of collection and disposal agencies. A great deal of atten-
tion is paid, on the other hand, to the purchase of a new incinerator:
but the work of the agencies themselves (where the potential saving may
be enormous) is ignored.

Yet again it should be stressed that no amount of hardware or even
forward planning will in itself shift the waste, but only every day
collection and disposal. This is highly labour-intensive and to be
conducted efficiently requires a high level of man management.

Once again it is difficult to generalise. But in examining the
efficiency of the operations there are a number of points that need to
be covered.

Training

Adequate training of all levels of staff may appear to be a self-
evident requirement. But it is important that all levels of management
down to foreman level should be trained in management as well as tech-
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nical skills. This should include all aspects of man management (setting

of objectives, review of progress etc.) and also reporting procedures.
This and technical training may best be handled through the seminar
approach (involving the participants) rather than through a series of
lectures. In this way the courses can take account of the day to day
problems and also act as a means of communication.

Communication

Everyone in the collection and disposal organisation should be at

least aware of the plans and objectives of the waste management authority

and how these are likely to affect them now and in the future.
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Management Control

Internal systems should be established to enable the senior
officials of the relevant agencies monitor performance and efficiency.
At a more basic level, there should be controls that enable senior
management to check whether each man being paid for a specific job is
actually carrying out the job (or, indeed, exists at all).

Financial Control

Waste management often forms one of the largest items in a local
public authority's budget of recurring expenditure. Guidelines should
be laid down:

- On capital expenditure: expenditure on all major items should
obviously have the independent approval of the most senior
financial officer in the '"system" (he may be in the local
authority or in the ministry);

- Recurring expenditure for equipment: the major expenditure
is likely to be on vehicle and other equipment operating
expenses (fuel, spares, repairs etc.); it is important that
guidelines should ensure that no one supplier is particularly
favoured and that no individual officer is solely responsible
for selecting a supplier;

- Manpower costs: as noted above, there should be a system to
ensure that no payments are made unless there is evidence that
the individual has turned up for work. Once again, this might
appear not a little obvious; but in a large labour intensive
organisation where some casual, unskilled labour is also
employed the opportunities for malpractice are considerable.

REGULATORY REQUIREMENTS

Waste management operation will require the support of appropriate
regulations and legal controls. These may be embodied in new legislation
or scheduled as regulations under existing laws. The decision on this
and the drafting of the controls themselves will of course be a matter
for the lawyers.

However, it will be up to the waste management authority to make
the necessary proposals. Development of such proposals should take
account of the following:

Practicality

Regulations that cannot be complied with or which are difficult to
comply with are likely to rapidly fall into disuse. For example:
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It is not reasonable to require a householder to bring his
waste to the nearest collection point unless the authority
plans to provide collection points not more than a short
walk from every dwelling;

Alternative disposal facilities will be required if the
regulations prohibit industry from dumping its waste at
the authority's disposal sites: otherwise this will simply
promote illegal dumping;

Schemes requiring the notification of every load of waste
transported by private waste haulage contractors may, from
a control and planning point of view, appear attractive,
but the authority may find the handling of say 100,000
pieces of paper a year will strain its resources.

The enforcement is an important factor that should be taken into
account in the framing of new regulations; obviously it is preferable:

Firstly, that existing law enforcement bodies such as the
police should not be required to enforce the regulations
except where there is no practical alternative since solid
waste management is likely to form a relatively low priority
in their work;

Secondly, that wherever possible, the regulations should be
'tacked-on' to existing systems: for example, in Sweden
illegal dumping of abandoned vehicles is controlled through
an additional payment made at the time of first licensing
the vehicle, which is refunded to the final owner when he
takes the old vehicle to an approved scrap yard.

Economic Implications

New regulations may have an impact on the costs to government as
well as to manufacturing industry. Apart from the cost of enforcement,
government itself is often a waste producer and controls may consider-
ably add to its costs.

Environmental Implications

Any proposed new waste management regulations should clearly be
discussed with them, other regulatory agencies.

Where Regulations May be Needed

The areas in which regulations may be required include the following:
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It may be necessary to define different categories of waste
in order to control the way they are transported or controlled.

Regulations governing the way that wastes are stored in domes-
tic, trade or industrial premises may assist the collecting
authority. This may be tackled through planning controls or
building regulations.

It may prove necessary to license waste transporters to ensure
at least minimum standards regarding types of vehicle, proce-
dures, etc. and to provide some sanction against illegal
dumping by such operators.

The problem of litter and illegal dumping tends to be more

one of enforcement than enacting regulations; this is as

much a matter of public education and, to the extent possible,
exerciging controls over the product itself - for example the
EPA in the United States has proposed that all containers sold
on federal premises should be returnable: this approach may be
adopted at beaches and other locations where litter is a parti-
cular problem;

Effective Resource Recovery Regulations can, in some cases,
for example waste lubricating oil, have an environmental as
well as a resource benefit.
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INTRODUCTION

It is readily apparent that the absolute costs of waste management
are governed very much by the environmental standards we set. There
are also various processing methods for treating and/or recovering use-
ful products/frdﬁ solid wastes which, given the environmental standards
aimed for and the constraints imposed by local circumstances, require
economic comgarison before any decision on waste handling can be taken.

In other words, it is these comparisons that will primarily influence
the choice of a waste disposal strategy that achieves the required stan-
dards at the least cost and with the optimum use of scarce resources.

Here is an outline of the main options for achieving recovery of valuable
resources from solid wastes and an examination of some of the key crite-
ria which are usually used to determine whether resource recovery from
waste might be worthwhlle. \

Reclamation from waste is, of course, not a new idea, either in
developed or developing countries, for man has always attempted to
reclaim waste in many diverse ways, whenever it seemed attractive to do
so. However, recovery from waste attracted a growing interest during
the past 2 decades or so, particularly from.governments, and although
there are probably many reasons why this has happened, 2 of the main
influencing factors are certainly:

- The continuing growth in the generation of wastes, the disposal
of which poses management and environmental problems, particu-
larly in urban areas.

- A growing awareness that primary or virgin resources are in
many cases in finite supply, coupled with recent, sharp
increases in the price of energy and some other natural
resources.

221



222

In spite of this growth in interest in resource recovery, as
manifested in intensive research and development into recovery from
waste and substantial expenditure on test and demonstration plants in
many developed countries, there remain very large quantities of solid
waste which are disposed of with little or no recovery attempted.
There are many reasons why this is so, for instance:

- Natural resources occur in concentrated form.
Wastes are dispersed and collection and transport
costs are high.

- Virgin materials, even unprocessed, tend to be more
homogeneous in composition than wastes. Sorting
and upgrading of mixed wastes is costly.

- Virgin materials are usually of higher quality than
wastes and less heavily contaminated. Product
specifications and quality are therefore easier to control.

- Plant locations and process technologies exist and
were developed to use natural resources. Waste
processing requires different technologies and
different plant locations.

- Synthetic hydrocarbon materials used in combination
with natural materials make economic sorting and
recovery difficult for both.

Virtually all of the opportunities for easy and profitable recovery
are already being exploited, e.g. process scrap from iron and steel manu-
facture, waste paper from paper conversion, etc.

In these cases, there is a clear economic incentive to recover mate-
rials, where these are available in a pre-separated, concentrated and
relatively uncontaminated form, and where the materials has a high inhe-
rent value and costs of collection and processing are comparatively low.

The position is very different in the case of potentially mixed
wastes which make up most of the solid waste currently disposed of without
any recovery. It is these types of solid waste, e.g. household refuse,
mixed industrial refuse, demolition waste, sewage sludge, which are of
major concern to the waste management planner and on which prospects for
increasing the amounts of waste recovered must largely be founded.

The main options presently available for recovering useful products
from potentially mixed solid waste therefore form the essential subject
matter of what follows.
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REVIEW OF METHODS FOR TREATING AND RECOVERING USEFUL
PRODUCTS FROM POTENTIALLY MIXED SOLID WASTE

The reason for including the notion of treatment in the above
heading is that treating the waste is almost always a prerequisite
for efficient recovery of products from waste, though not all forms of
waste treatment are aimed at resource recovery. In practice, it is
difficult to draw a hard and fast distinction between waste treatment
for recovery and waste treatment for disposal, for both objectives are
often achieved simultaneously.

For instance, incineration, with recovery of the heat generated,
converts (and thus effectively destroys) a substantial proportion of
the waste feed, releasing heat which may then be applied for a variety
of purposes. However, there remains a comparatively inert residue,
amounting to about 10 per cent by volume or about 40 per cent by weight
of the original refuse feed, which must usually be landfilled unless
an opportunity exists nearby for long~term utilisation. Hence, some
part of the waste is to all intents and purposes disposed of by inci-
neration, while at the same time a potentially valuable resource
(energy) is recovered.

Even conventional sanitary landfill, which is often thought of
solely as a means of disposal, can serve a potentially useful purpose
in reclaiming derelict land.

Certain kinds of mixed solid waste, e.g. demolition waste, indus-
trial slags, by their nature offer only a limited potential for materials
recovery, and so the vast bulk of such wastes can only be landfilled.

Conventional methods for treating and disposing of most mixed
solid wastes may be generally summarised as follows:

- Landfilling (with or without various forms of pre-treatment,
and with varying degrees of site control;

- incineration (with or withogﬁ/heat recovery, and with
possible recovery of ferrous/hetals/gnd residual slag);

~ composting (with varying degrees of pre-treatment and
product refinement, with or without ferrous metals recovery).

The less conventional methods being developed or under considera-
tion for recovering valuable materials and/or energy from potentially
mixed waste can be broadly divided into:

- Separate collection systems in which specified materials are
separated from other wastes by the originator of the waste,
and are collected by a municipal or commercial organisation;
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- centralised mixed waste recovery systems, in which mixed
waste is delivered to a centralised plant, where it is mecha-
nically, thermally, chemically or biologically processed to
produce various valuable materials or energy.

This broad definition is presented conceptually in Fig. 1.

Way in which waste Methods of Nature ‘of initially
material arises recovery recovered product

in essentially

separate form » separate

———————
(e.g. used tyres,
much industrial: COll?Ction

~

process waste) N

original product
in relatively
unchanged form

!
!
|
|

as part of separated materials

potentially mixed ‘recotery from and/or products

waste (e.g. house- ———+ mixed waste —————swith varying

hold waste) degrees of con-
tamination

separated mixture
of materials

(e.g. compost,
waste-derived fuel)

products involving
major changes in
nature of material
(e.g. steam, elec-
tricity, oll/gas
by pyrolysis

Fig. 1 Initial Recovery Methods and Nature
of Initially Recovered Product

Mixed waste recovery systems can be further sub-divided as follows:

~ Recovery centres: centralised stations to which the originator
brings his waste, generally in a pre-separated form.
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Materials recovery processes in which mechanical systems are
applied to extract useful or valuable materials from the waste.

- Solid fuel recovery processes which extract a solid fuel which
may be used as a substitute for conventional fossil fuel in an
existing process (refuse-derived fuel).

- Pyrolysis processes which thermally convert the waste into
combustible gases or o1l, useful chemicals and slag.

- Composting processes in combination with one or the above
systems.

- Chemical and other biological processes which convert waste
into, for example, alcohol, methane or other chemical products.

Incineration

Incineration is a well-established and comparatively reliable
method of treating many mixed wastes prior to disposal. This status
1s demonstrated in the fact that there are now some 200 incineration
plants in operation in Western Europe for household and similar kinds
of waste. This method of treatment also affords the recovery of part
of the energy content of the waste, which may be applied for a variety
of purposes, e.g. power generation, district and/or process heating,
water distillation.

A part of the energy so recovered can also be used for different
functions within the plant itself. However, incinerator technology
has as its prime aim, the substantial reduction in volume of the waste
to produce a virtually inert residue. The recovery of heat (and fre-
quently the recovery of ferrous metals and the residual slag as well)
are usually secondary activities which can provide a useful credit for
offsetting against the operating costs of the plant.

Despite technological developments, which have led to higher
thermal efficiencies (e.g. combined heat distribution and power
generation) incineration remains a relatively inefficient method of
recovering the energy value in waste. Moreover, it is often difficult
to guarantee supplies of energy from an incineration plant and balancing
heat production and demand can be problematic.

Incineration, with or without heat recovery, is the most expensive
form of conventional solid waste treatment, due largely to the very
high capital costs involved in building a plant. This is particularly
the case with plants having a small capacity, or where refuse throughput
falls consistently short of design capacity.

The scale effects which characterise incineration plants and the
need to maintain throughput at a consistently high level, in order to
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avoid prohibitively high operating costs, are major drawbacks of this
type of plant and make this a somewhat inflexible method of treatment
in areas with modest arisings of suitable waste. Incineration has
found greatest success in large urban areas generating substantial
quantities of waste.

From an environmental point of view, incineration leads to
drastic reductions in the volume of the waste (up to 90 per cent) and
the resulting residue is rendered largely inert and is, therfore, ideal
for landfilling or, alternatively, for use as a £111 material in the
construction industry. However, incineration of waste gives rise to
a number of atmospheric emissions which normally would have to be
removed to prevent serious environmental impacts occurring. The tech-
nology for achieving this 1is available, but adds substantially to the
capital costs of an incineration plant.

Composting

Composting is likewise a traditionally-established process of
treating household refuse and similar wastes in Europe. Stated simply,
composting is primarily a biological process whereby micro-organisms
feed on and convert the organic components of the refuse, and produce
a humus-1like material which can then be used in several ways, e.g.
as a soil improving agent, as a bulk material for land reclamation
operations, as a cover material for landfilling operations.

In practice, composting involves a series of overlapping process
stages which are biologically and chemically very complex. The process
and the compost product are affected by a large number of determining
factors, for example, composition of the waste, the form and extent
of any pre-treatment of the waste, moisture content of the waste, the
availability of oxygen or air, process pH and temperature, the carbon/
nitrogen ratio of the waste, etc.

Refuse composting may take the form of simple windrow-composting
or much more complex composting, with extensive pre-treatment, extrac-
tion of metals and other biologically inert fractions, processing in
various types of digestors, admixing of nutrient substances, etc.

One also has the possibility of composting refuse in combination
with sewage sludge, which may be an important future consideration
with the trend towards more extensive and more efficient sewage treat-
ment in developing countries.

Simple composting of refuse in open windrows normally results in
a very inferior quality compost product which is difficult to sell
and, in some cases, cannot even be given away. In addition, this
method of composting requires a relatively large plant site, an insen-
sitive site location, while odour formation and site drainage can be
problematic,



More complex composting which selects the more suitable fractions
of the refuse for processing, gives rise to a better quality product
but, at the same time, is much more expensive to operate and leads to
a low compost yield and high arisings of residual matter. Problems
of odour emissions and site drainage are not normally associated with
mechanised composting plants.

Composting has, in the past, suffered considerably from problems
connected with the marketing of the compost product. These problems
are, to some extent, organisational in nature and stem from:

A lack of information on potential customers for compost
and their requirements;

~ the lack of any quality standards for different compost
products;

- the sensitivity of compost marketing to transport costs;

- doubts among potential users about the long-term effects
of certain trace elements in the compost product.

This last problem is currently being extensively researched in
the Federal Republic of Germany, and it would appear that any risk
assoclated with trace elements in the compost can be eliminated by
controlling the concentration of these elements during processing and
by establishing a code of practice for using compost produced from
refuse.

Composting as a process in its own right and can be considered
an inefficient method of recovering certain of the valuable materials
contailned in refuse. Paradoxically, most of those refuse reactions
with the highest material or energy value (wood and hardboard, rubber
and plastics, textiles and metals) are the components which are either
impossible or very difficult to compost, and must, therefore, be sepa-
rated out, or are otherwise responsible for detracting from the quality
of the compost product.

This, therefore, opens up the possibility of producing a high
quality compost product at a comparatively lower cost if applied in
combination with some form of material sorting and recovery process.
This option is considered further below.

Separate Collection

Separate collections systems aim to reclaim valuable materials
before they become part of a mixed waste stream. This obviates the
need for later manual or mechanical separation from the mixed waste,
and ensures that the reclaimed materials are relatively uncontaminated.
This requires the segregation of the materials concerned from other
wastes by the originator.
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Many such schemes have recently been started in Western Europe by
local authorities, by industrial groups and by voluntary organisations,
often with co-operation. The materials reclaimed vary from scheme to
scheme, the main ones being: peper, cardboard, plastics, glass and tin
cans. Such schemes have been widely used for recovering valuable
industrial wastes for many years.

The main advantage of separate collection as a method of initial
recovery, is that a waste material can be recovered in a form which
closely resembles that of the original product or raw material. Sepa-
rate collection as a method of recovery is likely to be technically
most suitable where:

~ Wastes of different types arise in an essentially separate
form (e.g. old newsprint);

- waste products are easily separated by thelr owners and are
not seriously contaminated in use (e.g. glass bottles);

- a substantial amount of the waste arises at one point to
make separation and collection worthwhile.

Referring to these technical conditions it will be appreciated
that only certain kinds of post-consumer solid waste meet these condi-
tions. There are also inherent limits on the extent to which a mate-
rial can be separated out from consumer waste prior to collection.
Many consumer goods contain closely mixed materials (e.g. laminated
packaging) while some are heavily contaminated in use (e.g. food
packaging).

In addition, the materials which may be most readily collected
separately from households are generally of low density and available
only in small quantities, which makes collection very expensive.
Recent experience with such schemes around Europe has shown that 2
critical factors for the success of a scheme are:

~ Gaining the sustained co-operation of householders;

- the existence of local markets for the reclaimed
material.

The main advantages of using separate collection as a method of
recovering domestic waste are that such schemes may be quickly put into
effect and that a relatively small capital expenditure is required.
Separate collection schemes can, in certain circumstances, prove to be
a viable method of recovering certain types of waste, but that they
do not constitute a long-term solution to the problem of treating and
_removing the bulk of mixed solid wastes.



Recovery Centres

A recovery centre is a facility that will receive, store and
sometimes process specific wastes from domestic consumers and/or indus-
try, for later use. Such centres can range from the simple skip placed
temporarily in a supermarket, which seeks to recover small quantities
of low value material, e.g. glass containers, to the large, permanent
centre incorporating one or more processes for treating a variety of
recovered materials. The main advantages of a recovery centre are:

- A recoverable material is prevented from entering a mixed
or contaminated waste stream;

- the costs of delivery to the centre do not (normally)
form part of the costs of recovery.

The viability of recovery centres is generally hindered by:

- The difficulty of maintaining a high level of public
response;

- the low value of the wastes recovered; and,

- the problems of securing a stable market for the
reclaimed materials.

Nevertheless, numerous schemes are currently in operation to
provide simple collection points for glass containers, and sometimes
tin cans and plastic containers. Where public response 1s forthcoming
(and there is much evidence to show that it 1s), such simple collection
points are preferable to trying to recover these types of material from
mixed waste. As in the case of separate collection schemes, recovery
centres can provide a useful contribution towards recovering certain
post-consumer wastes, but do not represent a long-term solution for
managing large quantities of solid waste.

A point worth mentioning in this regard, is that centralised mixed
refuse recovery plants can also function as a collection point for
receiving certain types of separated waste from the public.

Materials Recovery Processes

A variety of processes have been developed in Europe and the USA
for physically removing useful or valuable materials from household
and similar solid wastes. A summary of such processes either in
operation or under development, is shown in Table 1.

The materials recovered vary from process to process, but typically
products would include a fibre product consisting largely of paper,
board and some textiles; ferrous metals and a mixed organic fraction
consisting of vegetable and putrescible matter.
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Further process steps (found particularly in the USA) aim to
recover non-ferrous metals (predominantly aluminjium) and glass (fre-
quently colour sorted). The materials recovered by these processes a
are, generally, of low grade and often need further treatment before
they can be marketed.

While most of the individual items of equipment used in material
sorting processes have been widely used for other purposes over many
years, bringing these together to form an integrated materials recovery
process can give rise to a large number of complex problems. All of
these material sorting processes suffer to some extent from having to
handle efficiently substantial fluctuations in the characteristics of
the waste, principally composition, density and moisture content.

In principle, it is technically feasible to progressively refine
the recovered products to a point where they become attractive to
potential users. However, this can usually only be achieved by employ-
ing additional process steps, the costs of which often exceed the value
added to the recovered material.

This is a major disadvantage of material recovery systems because:

~ The initial sorting steps produce very low quality products,
which are very difficult to sell at an economic price;

-~ further process steps can be added to upgrade the recovered
products, but this leads to a more complicated and costly
process layout which is frequently difficult to justify in
terms of the marginal value added to the recovered product.

Moreover, as the process configuration becomes more complicated,
more sophisticated process controls are required and the plant becomes
more susceptible to breakdowns and to higher maintenance and energy
costs. These, then, are the main problems which almost all of the
processes shown in Table 1 have suffered from.

Mechanised material recovery systems are still under development,
and much effort is currently being devoted towards improving the
quality and yield of the recovered products while, at the same time,
avoiding complex process configurations, with their associated high
energy and maintenance costs.

The commercial viability of material recovery processes (as with
any resource recovery system) is critically dependent on the income
received from sale of the recovered products. 1In this respect, these
processes are particularly vulnerable to the violent fluctuations
which occur in the prices for low-grade waste paper, low-grade ferrous
scrap and mixed waste plastics.



Table 1. Examples of Materials Recovery Processes Under Development or in Operation

Announced
Location partfzipants Process Output Aizz:z;:d capital Status
costs,
Franklin, Ohio {City of Franklin, |'Hydrasposal/Fibre- | Fibre product, Under construction;
USA Black Clawson Co. |claim' wet pulping, ferrous metals, operational in 1978
magnetic separation,| aluminium, colour- 2,000 tpd 73
heavy media, jigging| sorted glass
electrostatic pre-
cipitation, optical
sorting
New Orleans, City of New Shredding; air clas-| Paper; ferrous Shredding/landfilling
USA Orleans, Waste sification, magnetic| metals, aluminium, 650 tpd 7.75 operational; recovering
Management Inc., and other mechanical| glass ferrous and aluminfum
NCRR Inc. separation; hand- metals; glass recovery
sorting (paper) just started; paper re-
covery planned
Wilmington, Delaware Solid Shredding; air clas~|{ Ferrous metals; 1,000 tpd 32 Negotiations under way
Delaware, USA |Waste Authority, sification; magnetic| non-ferrous metals; | of refuse 9 from with Raytheon Service Co.
EPA and other mechanical| glass; compost; with 350 EPA, re- for full service contract
geparation; froth fibre or fuel tpd of 20% mainder which includes design,
flotation; aerobic product solids from the construction and opera-
digestion digested Authority | tion
sewage
sludge
Warren Spring |WSL, Department Refuse liberation, Paper-rich frac- Two full- | Two plants based on WSL
Laboratory, UK |of Environment rotary scfeening, tion, ferrous 4 tph scale process under construc-
magnetic separation, | metals, low-grade pilot plant (200 tpd) tion at Doncaster and
air-classification, | fuel product, plants at | Tyne and Wear. Start-up
sink/float and bal- | optional glass approx. $4 | 1979.
1istic separation, and non-ferrous million
shredding metals recovery each




Table 1. (Continued)

Announced Announced
Key Process Output tonnage capital Status
Location participants costs, M
Haarlem, Central Technical Magnetic separation; Paper, plastics, 15 tph
Netherlands Institute TNO, shredding; air claa— ferrous metals pilot plant n.a. Scale-up planned
Esmil-Habets sification; baling
Rome and City of Rome, Magunetic separation; Paper, plastics, Two plants;
Perugia, Italy | Sorain Cecchini various forms of animal feed, ferrous 600 tpd
automated sorting; metal, compost, steam 1,200 tpd Operational
residue incineration .
Munich, FRG City of Munich Magnetic separation; Paper, ferrous metals, 5 tph No Being offered at
Krauss-Maffei shredding; air clas- compost (potentially), |pilot plant details throughputs of up
(System R-80) sification glass (potentially) to 20 tph
Aachen, FRG RWTH, Aachen Screening; magnetic Paper, ferrous metals, 1.5 tph Ca. $4m
separation; shredding; [non-ferrous metals pilot plant for 15 tph |Scale-up planned by
ailr classification; (theoretically), plant Firma Siebtechnik
dense media sorting; compost raw material, (estimated)
optical sorting glass
Tbingen, Federal Govern- Not yet decided Paper, ferrous metal, 300 tpd Ca. $25m
FRG ment, Zweckverband glass, compost, plas~ (first stage) |(estimated) Planned
Abfallverwertung tics (possibly RDF 600 tpd
Reutlingen/TUbinger i1f paper recovery (second stage)
Land Baden-Wilrttem- should not succeed)
berg (privated par-
ticipants yet to
be decided
HYgdalen, Svenska Flikt- Shredding; screening; [Paper, ferrous metal,
Sweden fabriken AB air classification, plastics, glass (op- 5 tph
magnetic separation, tional) pilot plant no details |Being offered at full-

froth flotation;
drying

scale




Fuel Recovery Processes (Refuse-derived Fuel)

What may be viewed essentially as a variation on mechanised mate-
rials recovery processes, are those processes which recover a solid,
potentially transportable (and to varying degrees storable) fuel from
refuse. The primary aim of RDF processes is to separate the combusti-
ble fraction of refuse, and process these in a variety of ways to pro-
duce a fuel which may be substituted for other fossil fuels, particu-
larly coal and lignite, and possibly heavy fuel oil. Some of the RDF
processes which have been developed to date are shown in Table 2. The
advantages of processing domestic refuse into RDF are primarily
twofold:

-~ The separating efficiencies required of the process need
not be so high as those for materials recovery processes,
and hence the process configuration tends to be simpler
and less energy consuming;

- if necessary, the fuel product may, within limits, be
transported to distant consumers and used in commercial
combustion facilities, which generally have a significantly
higher thermal efficiency than refuse incineration plants.

Because RDF processes aim to recover the combustible fractions
of the waste, they also extract a greater proportion of the waste than
materials separation processes. Fuels produced from municipal solid
waste contains much smaller quantity of sulphur than most conventional
fossil fuels, which is a distinct advantage when trying to reduce emis-
sions of sulphur oxides from combustion.

It has been suggested that the presence of PVC packaging materials
in the fuel might be problematic in terms of emissions of chlorine
compounds in the flue gas and might also conceivably lead to corrosion
difficulties in the combustion plant itself. However, the use of PVC
film for packaging is disappearing in Europe and most of the PVC found
in household refuse is in the form of heavy gauge products which can
be sorted out from the fuel fractionms.

The first RDF process to be built and operated commenced operation
in 1972 in St Louis, USA. This was a demonstration plant supported
by the US Environmental Protection Agency in co-operation with the city
and the Union Electric Company. The process itself was of a very simple
design, and in the initial stages some operating difficulties were expe-
rienced with the firing of the fuel. These difficulties were subse-
quently eradicated by design modifications.

The fuel produced by the St Louls demonstration process was of
a fairly crude nature, and later American RDF processes were generally
of a far more complicated design and produced a highly refined fuel
product. Later European RDF processes benefited considerably from the
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Table 2. Examples of Refuse-Derived Fuel Processes Under Development or in Operation

Announced
Location partizipants Process Output Aﬁgzﬁx;:d capital Status
costs, ¥
Ames, Iowa, City of Ames, Henn- |Paper baling; shredding; |RDF (for use by
USA ingson, Durham and |magnetic separation; utility), baled 200 tpd 7 Operational since 1975
Richardson air classification; paper, ferrous metals,
(Designer) screening; other mech- aluninium
anical separation

Baltimore Maryland Environ- Shredding; air clas- RDF; ferrous metals;

County, USA mental Service, sification; magnetic aluminium; glass 600-1,500 tpd 9 Operational
Baltimore County, separation
Teledyne National

Bridgeport, Connecticut Re- Shredding; magnetic RDF (Bco-Fuel II), [Under construction;

Conn., USA sources Recovery separation; air classi- |[ferrous metals, 1,800 tpd 53 operational 1978
Authority, Occi- fication; froth flota- aluminium, glass
dental Petroleum tion
Corp., Combustion
Equipment Associa-
tes.

Chicago, USA |City of Chicago, Shredding; air clas- RDF for use by In shakedown; full
Ralph M. Parsons sification, magnetic utility, ferrous 1,000 tpd 19 capacity during 1978
Co., Consoer, separation metal
Townsend & Assoc.

East Bridge- |City of Brockton Shredding; air clas- RDF (Eco-Fuel II) 1,200 tpd 10~12 Operational

water, Mass.,
USA

and nearby towns,
Combustion Equip-
ment Assoclates.

sification, magnetic
separation, other
mechanical separation

for industrial
boiler, ferrous
metals




Table

2. (Continued)

Key Announced] Announced
Location Process Output capital Status
participants tonnage
costs, $M
Lane County, Lane County, Allis Shredding; air clas- RDF; ferrous metalsg 2,1
Oregon, USA ~Chalmers Corp., sification; magnetid 500 tpd (at exis-
Western Waste Corp.| separation. ting Operational
transfer
station)
Milwaukee, City of Milwaukee, Shredding; air clas- RDF for use by
USA Americology sification; magnetiq wutility; baled
(American Can Co.),| and other mechanical] paper; ferrous 1,600 tpd 18 Partially operational
Bechtel Inc. separation. metals; glass con-
centrate.
Monroe County,| Monroe County, Shredding; air clas-| RDF for use by 51
New York, USA | Raytheon Service sification; magnetic} utility; ferrous (includes
Co. and other mechanical] metal; non-ferrous |2,000 tpd cost of
separation; froth metal; mixed glass. associated| Start-up late 1978
flotation. transfer
station)
Newark, New City of Newark, Shredding; air clas~] RDF (Eco-Fuel 1I) 70
Jersey, USA. Combustion Equip- sification; magnetic| for use by utility;|3,000 tpd (including| Under construction;
ment Assoclates, separation. ferrous metal. fuel user | operational late 1979
Occidental Petrol- conversion
eun Corp. costs)
Zlrich, BUhler & Co. Shredding; air clas-| Pelletised RDF; Prototype plant (10
Switzerland. sification; magnetic| ferrous metal.: Pilot na tyh) under construc-
separation. plant tion at Eastbourne,

U.K.; captial cost
estimated at approx.
$4million, Start-up
late 1978.




Table 2. (Continued)

Key Announced Announced
Location Process Output capital Status
participants tonnage costs, $M
Birmingham, UK, | Imperial Metal Shredding; magnetic Low-grade fuel 0.5
Industries Ltd. separation. product; ferrous 200 tpd (very Operational
metal. simple
plant)
Westbury, Wilt- | Associated Port- Shredding; magnetic RDF for use in Operational. Further
shire, U.K. land cement separation; cement kilns; fer-~ 300 tpd no plant at Shoreham,
Manufacturers Ltd. | screening. rous metal. details |U.K., also operational
U.K. The General Rotary screening and RDF pellets;
Engineering Co. homogenisation; ad- ferrous metal.
(Radcliffe) Ltd. mixing of oil sludges; - - Experimental
magnetic separation;
optional air classi-
fication;
pelletisation.
Stockholm, The PLM Co. Shredding; various RDF (densified);
Sweden. forms of mechanical ferrous metal; 5 tph - Operational
sorting; air classi- compost (optional). | pilot plant
fication (optional);
magnetic separation;
fuel densification;
composting (optional).
Herten, Fed- Siedlungsverband Developed version of RDF; ferrous
eral Republic Ruhrkohlenbezirk, American 'Eco-Fuel metals. n.a. n.a. Planned
of Germany. Gesellschaft flir I1' process. (Plant
Materialrlickgewin- | will also include

nung and Umwelt-
schutz m.b.H.

material sorting and
incineration units)
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American experience in that they aim ed to use comparatively simple
process designs to produce a fuel of intermediate quality.

Most later processes also use methods for densifying the fuel,
e.g. briquetting or pelletisation. Based on experience to date, RDF
plants would appear to involve capital investment costs substantially
lower than those for incineration plants, and noticeably lower costs
than those for mechanised materials recovery plants.

Pricing of the RDF product is related to prevailing prices of the
fossil fuel for which it is substituted (until now, only coal) and,
hence, reflects a degree of price stability which is inherently lacking
in markets for many secondary materials.

Furthermore, if, at some future date, it becomes economically more
attractive to recover waste paper and plastics as secondary materials
rather than as a fuel, then it would be comparatively easy to modify
an RDF process to achieve this. All RDF processes separate out and
recover ferrous metals, this being essential to the production of the
fuel and can also provide useful extra income at little extra cost.

Pyrolysis Processes

Pyrolysis is a process whereby organic compounds are broken down
into simpler substances by heating in anaerobic conditions.

The products generally produced through pyrolysis of municipal
solid waste, while varying in proportions, comprise fuel gases; an
oily mixture; tars; organic compounds and solid chars.

The range of temperatures applied also greatly affects product
distribution. Broadly speaking, lower temperature pyrolysis processes
tend to produce predominantly solid and liquid products while the
higher temperature processes result in an inflammable off-gas and a
small quantity of solid residue.

A summary of pyrolysis processes under development is shown in
Table 3. Much of the development work on waste pyrolysis has been
carried out in the United States, though some research work has taken
place in the U.K., Sweden and the Federal Republic of Germany.
Pyrolysis, as a method of treating and recovering products from solid
waste, 1s still at an early stage of development, and despite the fact
that several large-scale plants have been built and operated, the
technology itself is far from commercially proven.

Published and estimated capital costs for pyrolysis processes
are usually at least as high as those for incineration with heat
recovery and can, in certain circumstances, be even higher. Comparison
of the operating costs of different pyrolysis systems has indicated
that pyrolysis, like incineration, is susceptible to substantial



Table 3. Examples of Waste Pyrolysis Systems Under Development

plant (FRG)

possible

Capacity Maximum Waste Production of
Process Location 24h  throughput Status Reactor Pulverisation Usable Surplus
Tempgrature Necessary Energy Possible

Landgaard Baltimore 900t Demonstration 1000 yes -
(Monsanto) (USA) plant in

5 operation

pe

o4 Andco-Torrax Orchard Park, 75t Test opera- 1700 no -

& Buffalo (USA) tion (in

£ Luxembourg)

3 Luxembourg

0'g

] Frankfurt-am-

Rk~ Main (FRG)

R

Falks Purox South 200t Test opera- 1700 yes -

~ e (Union Carbide) | Charleston tion

g (UsA)

it

8 Pyrogas Gislaved 50t Test opera- 1500 no

- (Motala) (Sweden) tion -

o

Q

R Krupp Hoval Mobile de- Only batch Demonstration - no -

= monstration operation




ment

Table 3. (Continued)
Process Location Capacity Maximum Waste Production of
24h throughput Status Reactor Puliverisation | Usable Surplus
Tempgrature Necessary Energy Possible
Destrugas Kalundborg 5t Test 1000 yes yes

(Denmark) operation

Licensed complete
~ plant in
4 Japan
<
‘s Fluidised~bed | Hambuxg - Laboratory-~ 600-900 yes (011, char, ZnO)
g process (FRG) scale
- (Prof. Sinn)* operation
a3
~—
[ Herko/Kiener* | GoldshBfe/ 6t Test
E; Aalen (FRG) operation 600 yes (011, char)
° .
g Kiener System | GoldshBfe/ 6t Test
a Aslen (FRG) operation 600 yes yes
[3]
o
iy Pyrol Stanford - New develop- - - -
@ Research ment
g Institute
2 (Usa)
g
ol Gelsenberg- Bochum (FRG) 5t Test 700 yes (011, char)
o Mannesmann operation
= Unweltschutz
A GubH*

Krauss-Maffei | Munich (FRG) - New develop- - - -

* Waste materials used: Used

tyres, mixed plastics, cable wastes, wood.
Less suitable for household wastes.
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economies of scale, and must be operated consistently at throughputs
close to design capacity if unit costs using pyrolysis are to be
brought down substantially below those of a comparable incineration
plant.

Those pyrolysis systems producing a fuel gas will normally require
a user (or, in the case of a large plant, several users) in close proxi-
mity to the plant. In theory, it is possible to liquify the gas for
storage and transportation, but it is doubtful whether liquefaction can
be justified in terms of the additional capital and operating costs
that this would entail.

The high temperature pyrolysis processes usually produce a friable,
inert residue, which may in principle be used for a variety of construc-
tion purposes, e.g. road metalling, as a bulk aggregate, etc. It seems
unlikely that this residue could be sold, unless a major consumer could
be found very close to the plant. The char and oil/chemical products
associated with lower temperature pyrolysis systems are usually intended
as substitutes for conventional fossil fuels, though experience with
using these products is very limited.

Environmentally, the flue gas volumes from pyrolysis are generally
considerably less than those produced by incineration and, consequently,
gas cleaning requirements (and related costs) are reduced.

The overall volume reduction achieved with pyrolysis is high
(comparable to incineration) and the residue is ideal for landfilling,
where no user can be found nearby. As mentioned earlier, pyrolysis
systems involve a very high capital outlay, and it appears that this
method of recovering wastes might only be economically attractive in
certain circumstances, i.e. in dense urban areas where a large capacity
plant can be supported and where potential users for the gas and oil
products can be found in close proximity to the plant.

Coupled with this, there have been reports from the United States
of technical operating difficulties with some pyrolysis systems, e.g.
the Monsanto Landgard system at Baltimore. It appears that small
scale pyrolysis plants might only be eventually attractive as a method
of treating and recovering certain high calorific value, difficult,
wastes, e.g. used tyres, mixed and contaminated industrial plastic
wastes.

Composting Processes in Combination With Some Form of Preliminary

Sorting

As pointed out earlier, certain fractions of municipal solid waste
are more suitable for composting than others. The application of com-
posting in combination with some form of preliminary sorting (e.g.
materials recovery or RDF production) has distinct potential advantages
over the more conventional composting systems. The main advantages are:



- Composting the more suitable, pre-sorted waste fractions
allows a greater degree of control over the homogeneity
and mixing of the compost raw material, leading to a
better quality compost product and a greater likelihood
of being able to introduce standard specifications;

- the total yield of a combined sorting and composting
plant is substantially improved (to 70-80 per cent),
and therefore smaller quantities of residue remain to
be landfilled;

- total operating costs per tonne of waste processed
might be noticeably reduced;

- such a plant would allow greater flexibility for
composgting certain other types of wastes (e.g. sewage
sludge, bark, some types of agricultural waste).

This form of composting therefore removes some of the difficulties
associated with conventional composting of refuse, and could be expected
to benefit both the value of the compost product and the development of
the required markets.

Other Chemical or Biological Processes

Under this heading, one could include such processes as hydrolysis,
methanation, ethanol production, single cell protein production, etc.
Some of these processes have traditionally been used for converting and
recovering certain types of industrial waste, e.g. in the sugar and
pulp and paper industries.

However, the application of these processes for treating and
recovering domestic refuse poses conditions and operating requirements
very different from those prevailing in industry. Apparently there
are no large-scale processes of this type being built for processing
domestic refuse, though methanation is finding increasing use as a
method of treating sewage sludge.

The very limited information available suggests that the capital
costs are likely to be quite high because of the eleborate process
controls required. Even though research is being conducted with the
eventual aim of introducing these processes into large-scale operation,
it is likely to be many years before they achieve a practical role in
resource recovery from highly contaminated, mixed solid wastes.

ECONOMIC CRITERIA OF IMPORTANCE FOR SOLID WASTE TREATMENT/RECOVERY

The potential benefits (and associated costs) of recovering pro-
ducts from waste can be broadly divided as follows:
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- Those accruing to the persons or organisations with the
responsibility for handling and disposing of wastes;

- those accruing to the users of recovered materials/ products;
- those accruing to the community as a whole.

Each will have a different view of the attractiveness of reclaiming
wastes, which can in certain circumstances conflict.

The attractiveness of recovery as a method of handling waste depends
on how the costs and benefits of the available recovery methods compare
with the costs of the conventional methods of waste collection and dis-
posal that would otherwise be employed.

From the point of view of the responsible authority recovery should
be of interest if the cost of collecting the material or product plus
any cost of sorting or separation of the material or by-product genera-
tion less any saving in overall waste collection and disposal costs
is less than the revenue obtained from the sale of recovered materials,
energy or other by-products.

It is important to be clear that the relevant waste collection
and disposal costs for this calculation are the marginal savings to be
obtained as a result of reclamation, not the average level of collection
and disposal costs for all wastes. In practice this point 1is frequently
disregarded since marginal savings can be difficult tc calculate. Some-
times average costs are used or, alternatively, potential savings are
themselves ignored.

From the point of view of the user of resources, products recovered
from waste represent an alternative to products derived from virgin or
primary sources. However, the products can rarely be used directly in
the form in which they are initially recovered from the waste stream
and, even if there has been some prior sorting and treatment, additional
processing to upgrade the recovered product is often required, or it
may be necessary to adjust the method of manufacturing the final product
so as to accommodate the use of recovered materials/energy/or by-products.

In addition to the cost of obtaining and processing materials/energy,
there are the costs of transporting the materials or product between the
various stages of operation; the importance of these costs varies greatly
in different circumstances.

If the common elements in costs are eliminated, the choice between
using virgin or reclaimed material by-products can be simplified down
to the following calculation.

It will be worthwhile using reclaimed material if the cost of buying
the reclaimed material/energy (ex-collection vehicle, -initial sorting
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point or -recovery plant) is less than the cost of purchasing or pro-
ducing virgin material/energy less any extra cost involved in processing
and using reclaimed material/energy less any additional transport costs

involved in obtaining the reclaimed rather than the virgin material/
energy.

As with the similar calculation for the worthwhileness of recovery
as a waste handling option, the key cost elements are marginal ones,
those resulting from changes from the existing situation.

These costs will differ in the short or long term, and between the
producer already operating a plant using virgin material/energy and the
organisation considering setting up a new plant.

In the case of an existing plant, the extra costs involved in
changing to the use of reclaimed materials/energy may be high, either
in terms of expenditure on new processing equipment or extra transport
costs, or both. But, if a new plant is being considered, a production
system specifically designed to handle reclaimed material/energy can
be used, which may not be much more costly than that for virgin feed-
stock; while transpdrt costs can be minimised by selecting the location
of the plant best suited to the resource being used.

The scope for using recovered rather than virgin material/energy,
and the level of extra costs for the user to be set against any saving
in price, depends in practice on a large number of factors.

These fall broadly under the following headings:

- The technical ability to turn reclaimed material or
by-products into an acceptable substitute feedstock;

- the market's attitude to final products made with
recovered feedstock;

- the supply conditions for reclaimed as compared with
virgin feedstock;

- the location of production facilities in relation
to sources of materials/feedstock.

It should be mentioned that the producer and user of recovered
products need not be separate organisations. Indeed, some integrated
concerns in the US and Europe collect and process waste, recover various
products and materials, and use these in their own manufacturing plants.
Conversely, several independent organisations may be involved at dif-
ferent stages in the sequence of recovery, processing and conversion.

The third view of the attractiveness of resource recovery from
waste is that of society as a whole which, for a number of reasons,
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may not coincide with the views of the waste handling authority or the
user of raw materlals and resources. For example, other issues which
the Government may need to consider in its assessment of the costs and
benefits of resource recovery from wastes include:

- The value to the country of the waste materials currently
not being recovered;

- the value of this material in terms of saving of imports
and scarce raw materials (including energy);

- the impact of recovery on pollution of the environment and
destruction of amenity;

- the social effects consequent upon additional recovery
(e.g. impact on employment).

Such issues tend not to be of main concern to local authorities
or individual industrial organisations.

CONCLUSION

There are few general conclusions which can be made about the
viability of different methods of recovery from wastes for so much
depends on local circumstances.

However, the decision on whether or not to mount a concerted
effort to recover from wastes as part of an overall waste management
strategy depends mainly, but not exclusively, on economic considerations.
Nevertheless, the following points, taken from the 1973 report to Con-
gress by the US Environmental Protection Agency, succinctly summarise
the position on the potential for resource recovery from most of the
mixed solid wastes currently destined only for disposal:

"(a) The use of recycled materials appears to result in a
reduction in atmospheric emissions, waste generated,
and energy consumption when compared with the use of
virgin materials.

"(b) The recovery of materials from waste depends largely
on economics. The cost of manufacturing products
from secondary materials is generally as high or
higher than manufacturing from virgin materials.
Consequently only high quality and readily accessible
waste materials can find a market.

"(c) There has been sufficient technological development
to allow extraction of materials from mixed
municipal wastes. But the cost is high and makes
recovery attractive only in areas where high
disposal costs prevail and favourable local markets
exist for recovered materials.



245

"(d) Recovery of materials (as opposed to energy) from mixed
municipal wastes, while conceptually the best alternative to disposal,
cannot be instituted on a large scale without: '

- substantial reduction in processing
costs and/or upgrading in quality

- major re~ordering in relative virgin
and secondary material prices, to
make secondary materials more
attractive.

The former is simply unattainable given reasonable projections
of present technology.”
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INTRODUCTION

It is not the purpose of this paper to examine the legislation and
regulations governing the collection and disposal of waste; that 1is a
subject better dealt with by a lawyer and there are a number of detailed
comparative reviews available (McLoughlin, 1976).

The aim of this paper is rather to review the approach and policy
being adopted by governments in particular in Europe and the US to
control waste and encourage resource recovery (Bidwell, "Recycling
Policy: an International Perspective').

This subject 1s discussed under 3 headings: the rationale for
these programmes; the types of action that can be taken and the selec-
tion of the most appropriate measures.

RATIONALE FOR ACTION

There are 3 principal reasons why, since 1970, European and US

governments have turned their attention to waste reduction and resource

covery. These are as follows:

Reduction in the Use of Resources

The disposal of waste obviously involves some loss of material.
Estimates for the EEC countries suggest that each year around 100
million tonnes of potentially recoverable materials are thrown away:
included in the waste is over 20 million tonnes of paper, 15-20 million
tonnes of ferrous metals, about 10 million tonnes of glass and between
1-5 million each of non-ferrous metals, rubber, plastics, textiles and
waste oils. In addition to the potentially recoverable materials
large quantities of residues from agriculture, food processing, mining
and power generation many of which are potentially usable in one form
or another ("Economics of Recycling'", 1976).
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Many of the materials lost are imported so there are good economic
and strategic reasons for any government to decide to recover materials
from wastes. Furthermore, some materials are relatively scarce and the
governments feel it a soclal duty to ensure that these should not be
discarded unnecessarily. Certainly reduction in the use of resources
has been a major impetus for government action in Europe:

- Loss of potential raw materials is specifically identified
in the paper setting out the United Kingdom Government's
views on recycling (War on Waste, a Policy for Reclamation,
Cmn 5727, HMSO, London, 1974).

- It is recognised by the French Government both in their recent
report (Ministry of Quality of Life, 1974) and as an objective
for setting up their Raw Materials Commission (France: Decree
No. 75-200, 1975), one of whose aims is to reduce raw material
uSe through recycling.

- In Sweden, an important factor in the programme to encourage
waste paper recycling has been the need to avoid a shortfall
in the raw material for paper products, since this is one of
the country's most important exports (Sweden: SFS 1975).

- The Netherlands, in an unpublished note on recycling policy,
observés that one reason for encouraging recycling 1is the
reduction in the consumption of energy associated with the
use of recycled material as compared with primary ores.

This last one, the use of energy, has played a role in the thinking
of some governments. However seen from a totally nationalistic rather
than global viewpoint, it must be recognised that the energy for basic
smelting and refining is often used before the material is imported
and any saving will therefore arise from importing less of the material
rather than from saving very much energy. There are of course excep-
tions: glass is often manufactured from local resources and recycling
glass using cullet can give savings of 10-20 per cent compared with
use of raw materials.

Reduction in the Quantity of Waste Requiring Disposal

In Europe and elsewhere local disposal sites are becoming increas-~
ingly hard to find in those areas where they are most needed. The
alternatives such as incineration and long haul to landfill are expen-
sive., Reduction in the quantity of waste requiring disposal can there-
fore result in a very real saving.

This does however depend on the individual circumstances. For
example if the waste from a particular area is incinerated and that
incinerator is working at full capacity, measures to prevent any
increase in the quantity of waste may avoid the need for a new facility.
But if the incinerator is not fully utilised then the reduction will
show little benefit.



Similarly with collection: if every householder reduces the amount
of waste by 10 per cent it will not necessarily mean that 10 per cent
fewer men and vehicles are required. But in general and in the longer
term, waste reduction measures may be expected to be beneficial.
Governments have been looking at ways to reduce the amount of waste
requiring disposal and prior to the post 1973 increase in resource
costs, it formed probably the principal objective. So the German
Federal Government in their 1975 Waste disposal Programme note (Berlin,
1975) state that, while in,1971 they were concerned primarily with
"problems of systematic waste disposal,' now the cost in manpower and
resources of providing disposal services, the need to protect the envi-
ronment, and the dependence of the country on imported raw material
supplies are identified as 3 main reasons for action: the programme
proposes that such action should not be confined to systematic waste
disposal but rather should "strive for a reduction in the amount of,
and increased utilisation of waste".

In the United States, waste disposal and the litter problems are
given greater emphasis than resource savings. In 1970, the President,
in a message to Congress proposing, inter alia, an extension of the
Solid Waste Disposal Act, suggested the need to redirect research so
as "to place greater emphasis on techniques for recycling materials and
on development and use of packaging in other materials which will
degrade after use'". The message also noted that existing packaging
methods, with an emphasis on "non-returnable bottles and cartons" had
created an increasing volume of waste and refuse; and the traditional
method of dealing with the problem was to continue spending money on
collection and disposal of wastes which "amounts to a public subsidy
of waste pollution" (Congressional Quarterly Almanac, 1970).

Prevention of Environmental Damage and Litter Reduction
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So far as municipal refuse is concerned, prevention of environmental

damage usually requires good management rather than more fundamental
action. But the aims of preventing environmental damage and reducing
litter usually receive a mention in recycling-waste reduction programmes
for example, in the United Kingdom Government's "War on Waste'" (War on
Waste, a Policy for Reclamation, Cmnd 5727, HMSO, London, 1974) and the

.
s

French "La Lutte Contre le Gaspillage" (Ministry of Quality of Life, 1974).

These aims tend to be of importance in the case of specific recycling
programmes such as the recycling of waste oils (to minimise pollution)

and controls over packaging materials. There is some doubt about whether

programmes designed to reduce waste are of much assistance in reducing
litter; but in the United States, litter reduction appears to have been
the primary objective of the Oregon Legislation to control beverage con-

tainers (USEPA, 1973). It is of interest to note that similar regulations

in Sweden were brought in primarily to help finance the freeze on the
prices of certain food products (Olson, 1975).

The EEC summarised the rationale for action very succinctly in their

recent Environmental Action Programme (EEC Council Resolution; Official
Journal No C139).
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"The protection of the environment against pollution, sound eco-
nomic management of resources, the effort to reduce the Community's
dependence on imported raw materials, the rational long-term management
of natural resources which are either non-renewable or can be renewed
only at a certain rate - all these considerations together argue in
favour of an immediate and hard-hitting campaign against waste" (EEC
Council Resolution; Official Journal No C139).

TYPE OF ACTION

Before deciding the type of action that 1s required, it is necess-
ary to resolve 2 questions:

- What are the objectives of the action?
- What are the specific problems that the action is designed
to overcome?

The Objectives

The objectives are likely to determine the priorities for actions.
Programmes primarily designed to reduce the amount of refuse requiring
disposal are likely to concentrate, certainly in Europe, on packaging
materials since these account for up to 50 per cent of the total
weight. This has been an important objective of the solid waste pro-
gramme in Germany and France. On the other hand programmes which are
principally designed to reduce dependence on imports may select other
priorities: the French Raw Materials Commission has looked carefully
at plastics, copper, textiles, phosphates, and the energy and paper
aspects of packaging.

In the United Kingdom, however, emphasis has been given to
encouraging reclamation which can be shown to be economic (Kruse, 1976);
so attention has been Paid to further recovery of ferrous and non-ferrous
metals. In Sweden where the economy is particularly dependent on ferrous
metals and paper exports, there has been some emphasis on minimising the
indigenous use of these materials and recovering more waste paper and
metal from abandoned vehicles.

The Problems

Any action that 1s developed will need to take account the reasons
why materials are currently discarded as wastes. The fundamental pro-
blem may be that it is just not economic. But there may also be other
problems that act as a disincentive to further recycling and which may
partially determine the overall economic feasibility:

~ There may be no demand for the waste materials.

- They may be difficult to separate out and recover in a form
uncontaminated by other materials.



- Quantities of individual arisings may be low so traunsport
may prove disproportionately expensive.

- Producers and users may have insufficient technical and
market information on the availability and use of the
materials.

~ There may be difficulties in guaranteeing a continuous
supply.

- Consumers may find materials manufactured from recovered
materials unacceptable.

The types of action that can be employed to overcome these diffi-
culties are reviewed below and summarized in Table 1.

Lack of Demand

It will be appreciated that there is no point in encouraging
people to reduce wastes and recover materials if there is no demand
for the recovered materials. This is a fundamental error that many
governments make. The most likely result will either be a large
unwanted pile of the recovered material (which is bad for public rela-
tions) or, where there is an existing market, the secondary material
price will be depressed and even the traditional recoverers will drop
away.

Demand can be encouraged in a number of ways.

Government Purchasing (Procurement) Policy

That is, the requirement that certain products or materials pur-
chased by public authorities should incorporate in some proportion a
secondary material. A number of European governments have plans to
or in fact do specify proportions of recycled fibre to be contained in
supplies of paper procured for the public sector.

The status of procurement programmes in the United States is
reviewed in the Second Report to Congress. The General Services
Administration requires that paper procured should include certain
proportions of recycled fibre from post-consumer waste as well as
from industrial sources: these proportions are established taking into
account the performance required, the supply of secondary material and
product price. The Department of the Army has a policy of tyre
retreading for automobiles and trucks (USEPA, 1974).

Provision of Information

The demand for recycled materials may be limited because potential
users may not have adequate information on the availability and use of
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Table 1. Summary of Actions by European Governments to Encourage Resource Recovery and Reduce Waste

LEGISLATION

REGULATIONS, FISCAL MEASURES, ETC.

OTHER GOVERNMENT ACTION

DENMARK

1971, Law on containers for beer
and soft drinks.

1972, Law on the disposal of
o1l and chemical wastes.

1973, Environment Protection
Law.

Voluntary action by industry to
restrict non-returnable containers
for beer, wine and spirits.

1977, Statutory order prohibiting
the use of non-returnable contain-
ers for soft drinks.

1972, All waste oil (above 501)
must be reported and disposal
authoriged.

1977, All chemical wastes must be
reported and disposal authorised.

Plans for submission of Resource
Recovery Bill in 1978 to enable
control of products, particular-
ly paper and board and beverage
containers.

Government introducing secondary
materials standards into public
procurement specifications.

Recovery of wine and spirit
bottles and use of recycled
paper by public authorities are
under examination.

FRANCE

1975, Law on waste disposal and
recovery.

Regulation planned to limit use of
certain glues, inks, etc. in some
paper products.

Administrative directive on use of
recycled paper in public organisa-
tions.

Tax regulations favour waste oil
over primary supplies.

Programme of public education
including National Agency in-
formation service (“svp") on
waste disposal and resource
recovery.

Examination of separate collec-
tion techniques, waste paper
stockpiling, the role of product
standards in resource recovery
and methods of regulating packag-
ing.

Specifications for secondary
materials.




Table 1. (Continued)

LEGISLATION

REGULATIONS, FISCAL MFASURES, ETC.

OTHER GOVERNMENT ACTION

GERMANY 1972, Waste Disposal Law.

1969, Waste 01l Law.

Voluntary agreement by industry to
restrict packaging. Glass and metal
industries have agreed to use more
secondary raw materials. Government-
industry working group will monitor
progress.

Subsidies awarded for collection
and use of waste oil, funded by
tax on delivered primary supplies.

Examination of: public procure-
ment specifications, the value
of subsidies for local authority
waste paper collection, methods
of controlling non-returnable
containers and the effect of
increased disposal charges on
recovery.

Publicity on waste reduction
through product control.

Development of waste management
and resource recovery databank
and information service (UBA).

NETHERLANDS 1977, Waste Materials Act.

1976, Chemical Waste and Used 0Oil.

No regulations introduced yet.

No disposal or recovery regula-
tions introduced yet.

Ministry of Public Health and
the Environment has increased
use of secondary paper.

Government gave initial capital
support for a waste paper stock-
piling scheme.

Product controls under investi-
gation.

UNITED KINGDOM 1974, Control of Pollution Act.

Waste Disposal Authorities now
required to develop waste disposal
and resource recovery plan.

National Anti Waste Programme's
"Save and Recycle" campaign for
public education and to encour-
age voluntary activity.

WMAC Advisory Papers on the dis-
posal and/or recovery of a wide
range of different wastes.




Table 1. (Continued)

LEGISLATION REGULATIONS, FISCAL MEASURES, ETC. OTHER GOVERNMENT ACTION

UNITED KINGDOM A new consortium of textile

(contd...) reclaimers (established by
government encouragement) has
agreed to guarantee to purchase
supplies from organised voluntary
collections.

COMMISSION OF THE 1975, Directive on Waste Committee on Waste Management,

EUROPEAN priorities for study are:

COMMUNITIES 1975, Directive on the

Disposal of Waste Oils

1976, Directive on the
Disposal of PCBs.

1976, Proposal for Codes of practice to be drawn
directive on toxic and up on recycling and disposal of
dangerous wastes. specific wastes.

- toxic wastes,

- waste paper,

- the use of waste as energy,

- the use of agricultural wastes,
- waste material exchanges.

Under the waste paper programme
the Committee is to propose
action on:

- increased use of recycled
paper by the public sector,
-~ contamination of paper products
- separate collection of certain
grades of waste paper

and develop a publicity programme
on the use of waste paper.

CREST Sub-committee, secondary
raw materials group is continuing
its work to coordinate natiomnal
research effort and establish
joint research programmes.




Table 1. (Continued)

LEGISLATION

REGULATIONS, FISCAL MEASURES, ETC.

OTHER GOVERNMENT ACTION

SWEDEN

1975, Waste Disposal Law (No. 495)

1976 regulation requires that by
1980 all households, shops and
offices must separate waste paper
for collection (except in areas
where this is impractical).

1973 Beverage container tax and
mandatory deposit regulations.

1975 Car scrapping premium regula-~
tions.

The impact of an increase in
container tax recently examined.

NORWAY

1976, Product Control Act.

1974, Provisional Law on deposits
for packaging for beer, mineral
waters and soft drinks.

1978, Bill to regulate waste
disposal and resource recovery
in preparation.

First products to be controlled
under the Product Control Act
to be toxic and dangerous sub-
stances.

1974, Beverage container tax and
mandatory deposit scheme.

Wine and spirits’' state mono-
poly repurchases empty bottles.

Environment Ministry provides
loans to finance waste paper
stockpiling.
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suitable secondary materials. In this case, the government may assist
by setting up of information centres to hold relevant data. In Europe,
there are a number of publicly and privately sponsored waste material
exchanges: for example, in the United Kingdom, Scandinavia, the
Netherlands, Germany, Austria, Belgidﬁ and Ttaly.

Research and Development into Technical Problems

As noted above, there may be technical (practical) obstacles to
the demand for secondary materials. For example, it may prove difficult
(and costly) to clean and upgrade a particular material to a quality
acceptable to potential users. Where it is clear that the main obstacle
to demand for a specific recycled material is a technical problem, R and
D may be subsidised by the government. Problems of this type that have
received attention in Europe include investigation into methods of
de-inking and upgrading waste paper, de-tinning and research into new
uses for materials that are difficult to recycle or re-use. Examples
of this research include the search for new uses of cullet and the
development of buillding materials from pulverised fuel ash and from
refuse residues.

Much of the R and D work of this type has been undertaken by the
private sector; government-sponsored R and D has concentrated more on

the supply problems of initial reclamation and materials separation

Regulations to Overcome User Problems

Consumers may prefer their products made from primary materials;
for example, preferences for bleached paper and clear uncoloured glass.

Measures may be taken to prevent unnecessary discrimination against
secondary materials or products incorporating the secondary material.
For example, the French waste law prohibits the discrimination against
the presence of recovered materials and products which satisfy regula-
tions and standards; it also prohibits any publicity based on the
absence of recovered materials (France: Loi No 75/633, 1975, Art. 18,19).
Such regulations may be supported by further regulations laying down
quality specifications for secondary materials and products - in France,
the Raw Materials Commission, the French Standards Organisation (AFNOR)
and the International Standards Organisation have examined whether primary
materials in specifications can be replaced by secondary materials.

Othexr Measures

Finally, demand may be stimulated by action encouraging the use of
secondary materials in products or stimulating the re-use of products
through regulations or fiscal incentives. The Raw Materials Commission
in France has stated that it is actively considering ways of increasing
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the use of recycled materials in products and the Govermment has powers
to fix a minimum proportion of recoverable materials, or components to
be used in the manufacture of products or product categories (France:
Loi No 75/633, 1975). Primary materials may also be taxed at the
expense of secondary materials (or secondary materials subsidised); in
Germany, France and Italy reprocessing oils is made financially attrac-
tive in this way.

Problems of Supplies

For some materials there may be a strong demand (e.g. the metals)
and government action may be required to encourage further recovery;
in other cases, supply may fluctuate and the government may principally
be concerned with trying to stabilise the supply and demand.

Fiscal Incentives

Fiscal incentives may be used to promote recovery and make the
material available for recycling. Under Swedish legislation (Sweden:
SFS 1975) an owner, before he can de-register his car (and cease paying
a car tax), must be issued a certificate from an authorised person
(e.g. a vehicle-breaking company) confirming that the vehicle has been
received for scrapping. Every car manufactured or imported into Sweden
from 1976 bears an additional charge of 250 Swedish crowns (about US$55);
the car owner will receive a premium of 300 Swedish crowns when the car
is de-registered.

In Germany, the Waste 0il Law (Germany:Waste 0il Law, 1969) pro-
vides for the payment of a subsidy if the waste oil is collected and
used in an approved manner. In France, the law (France: Loi No 75/633,
1975) enables the authorities to require that waste disposal methods
should, where possible, allow for material and energy recovery.

Measures may also be taken to ensure the return of products that
can be re~used and that might otherwise be discarded as waste: in prac-
tice, this means containers made of glass, metal and to a lesser extent,
plastic. In Sweden, there is a tax at the point of manufacture on all
beverage containers whose contents are more than 0.2 litres and less
than 3 litres. In Norway, there is a tax on one-way containers and
the deposit on recoverable containers is fixed by law (Oslo: Law No 35,

1974).

In the United States, a number of states are considering, or have
taken, action to encourage the re-use of containers. The first was
Oregon, whose "Bottle Bill" was passed by the state legislature in July,
1971 and became effective on October 1, 1972. The purpose of the legis-
lation was to control litter (USWPA, 1973) and it required that a 2 cent
deposit should be levied on all standard bottles that were refillable
by more than one bottles; and a 5 cent deposit for all other containers,
such as non-standard bottles (for example, bottles with trademarks).
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The EPA has proposed guidelines for beverage containers; in particular,
the guidelines require that carbonated beverages sold in federal esta-
blishments should be sold in returnable beverage containers on which
there would be a deposit of at least 5 cents (Federal Register, 1975).
The Commission of the European Communities is currently examining
questions of container re-use.

Research and Development to Overcome Technical Problems

The US and most European governments have made finance available
for research and development into separation and up-grading technologies.
In particular, Germany, the United Kingdom and the Netherlands have all
provided finance for the development of materials' separation systems.
In the US the 1970 Resource Recovery Act allowed for grants by public
agencies for resource recovery demonstration plants or construction of
innovative waste disposal facilities. The federal share of demonstration
grant was set at 75 per cent; the federal share of construction grant was
set 50 per cent if the project served any one municipality and 75 per cent
for joint projects. Whether or not such a high level of expenditure on
such projects 1s justified in terms of its eventual return or benefit to
the community is a matter of opinion; of the large number of systems that
receive assistance, only a few would appear to be commercially viable.
There may be a case for more selective assistance by government.

Regulations to Overcome Technical Problems

The availability of secondary materials may also be limited by tech-
nical difficulties in recovering and separating materials (particularly
from mixed wastes and from products made from different materials).

Where technical problems arise from product characteristics, these can
be controlled by government regulation. A number of European governments
have the power to require that specific products are changed to facili-
tate their recovery or disposal.

In France, the Council of State is able to regulate, by decree,
methods or using certain materials, components, or energy so as to faci-
litate subsequent recovery (France: Lol No 75/633, 1975). In Germany,
while there is no legislation, the Government has noted (Berlin, 1975)
that some products contain different mixtures of materials whose recovery
is difficult and expensive, and it is therefore necessary that waste
management measures should start at the product design state; to this
end a degree of standardisation may be required. In the Netherlands,
the Government can regulate or prohibit the manufacture or sale of cer-
tain goods which, because of their nature, composition, weight, or volume
are difficult to recover (Netherlands, 1977).

Provision of Information

Central government may play a valuable role in providing industry
and local authorities with information on recovery and waste management.
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The French Government produces and circulates booklets in an easily read-
able question-and-answer form; the first was on separate collection
schemes (Ministry of Quality of Life, 1976); the UK Government has dis-
tributed advisory papers aimed principally at waste disposal authorities
(HMSO Waste Management Papers); and the German Environment Agency is at
present establishing a data bank to hold information on European recyc-
ling and materials re-use.

A review of action would not be complete without mentioning measures
that have been taken to try and stabilise prices in the secondary mate-
rials' market and so overcome fluctuations in supply and demand that
have been particularly damaging in Europe. Two methods have been tried.

The first type of measure involves the use of public money to
finance stocks of secondary materials during times of low demand.
Excess-stock schemes for paper to reduce the effect of peak and trough
in demand have been examined or implemented in a number of countries
including Norway, France, Netherlands and Japan. As with any interven-
tion of this type into the market system, the problem lies in determining
at what price waste paper should be bought in and in deciding what action
to take if demand remains depressed and the stocks of secondary materials
continue to grow.

On the other hand, long-term agreements between waste producers or
waste handlers (such as public authorities) and industry may prove a more
satisfactory solution. Such agreements can in fact be made at the
national level. In Sweden, industrialists within the paper industry were
prepared to make investment in increased waste paper processing plants,
but they laid it down as condition of such expansion that the supply of
waste paper should be guaranteed. The Government responded (according
to the Minister for Agriculture and Environment (BIR, 1975) with the
regulation (Sweden: SFS 1975) under which householders can be required
to separate out newspapers and magazines from their refuse and keep
these separately for removal by the local authorities.

SELECTION OF MEASURES

In developing policy to encourage waste reduction and resource
recovery there are a number of points that should be remembered. One
of the most important is that there are probably very good financial
reasons why materials are currently discarded as wastes. All things
being equal, action to stimulate recovery may very well increase costs
and therefore prices; so a government should satisfy itself that the
benefits in terms of the objectives justify any cost increases. There
are of course exceptions: in particular, information can be provided
cheaply.

Secondly, it is essential for supply and demand measures to be
integrated. It has already been noted that unless demand for the
recovered materials can be increased, action to improve supply will
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not result in an overall increase in recycling activities; the only
exceptions to this rule are the metals which can be readily substituted
for their high-value virgin materials. Similarly, measures to increase
demand (e.g. government purchasing of products incorporating secondary
materials) should not be implemented unless an adequate supply of the
secondary materials can be guaranteed.

Thirdly, it is important to establish that the measures will have
the desired result with the minimum of unwanted side effects. This
problem of potential distortion and dislocation warrants careful inves-
tigation and the potential dangers may even act as a deterrent to funda-
mental action. It was, for example, noted in the First Report to Con-
gress on Resources Recovery and Source Reduction (USEPA, 1973) that
"additional Federal incentives for recycling are not considered desirable
at this time. Studies to date indicate that the effectiveness of specific
incentive mechanisms that can be formulated is extremely difficult to
predict. New tax incentives may well distort the economics of resource
utilisation much as preferential treatment of virgin materials distorts
them today".

In the case of the Swedish returnable container scheme, Olson,
Head of the Swedish Environmental Protection Board, has commented
(Olson, 1975) that the main effects of the tax have been to increase
the number of containers above or below the limit set by the legislation
and to bring about some shift from the use of non-returnable containers.
There has perhaps been some decrease in litter, but there is doubt as
to whether this results from the tax or the associated publicity; and
it has been calculated that there has been a very small reduction in the
quantity of solid waste produced per year (of the order of 1.0 kg per
person per year) and in the amount of energy consumed (reduction of
about 0.01 per cent). Industry has argued that the scheme has conferred
few, if any, environmental or economic benefits and has resulted in some
unemployment (See Olsen (Olson, 1975) and PLM (PLM, 1975). A more recent
report on whether or not to increase the container tax (Stockholm, 1976)
has argued that while this may not induce the required consumer behaviour,
it will raise money to help in antilitter campaigns.

Finally, it will be appreciated from the above that there are likely
to be a number of government departments and organisations with an
interest in different aspects of recycling and it is valuable to establish
some form of co-ordinating body.

There is no doubt that the rising cost of raw materials and the intro-
duction of more stringent environmental protection standards have encouraged
many governments to develop recycling programmes. As has been noted, the
main obstacle is frequently that it is not at present sufficiently finan-
cially advantageous to reclaim, process and use materials from waste. The
first priority is to determine where additional recovery would be most
beneficial and whether the additional cost involved would be justified.

Once the government is satisfied on this point, the next stage is to iden-
tify measures that will achieve the objectives with the minimum side
effects.
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CASE STUDY: EXAMINATION OF DISPOSAL OPTIONS
FOR THE ROWANNA SUB-REGION

Environmental Resources L td.
London, U.K.

INTRODUCTION

The following pages include information relevant to the waste
arisings and disposal facilities for a mythical area called Rowanna.
This is part of a larger region of a sub-tropical country.

In developing this information, it has been the aim to provide
the type of data which a waste management planner would be likely to
collect during the first phase of his investigation. It is therefore
not altogether complete, consistent or accurate.

Some data on waste handling and costs is included but is just
general background information which should give sufficient additional
data for the preparation of an outline plan.

THE OBJECTIVE

The objective of the case work is to prepare an outline plan for
the region of Rowanna, specifically:

- To assess and, where necessary, analyse and summarise the data
into a form suitable for decision making;
- To identify the waste disposal options for the area;

- To outline the implications of each option in terms of cost
(capital cost, operating cost, cost per tonne, import require-
ment etc.) and in terms of impact on the environment (water etc.),
long-term security of disposal etc.;

~ To prepare recommendations on the preferred option outlining what
further investigations will be required.

The objective is not therefore to find a solution but provide a
careful analysis of the problem.
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ROWANNA
Map 1 indicates the existing land uses in the Rowanna subregion.

The subregion is divided by a river and bounded to the south and
east by the sea. The river also forms a dividing line for administrative
purposes: there are separate local government authorities to the
northeast (NE area) and to the southwest (SW area).

The principal roads and railway links are shown. It can be seen
that a single bridge carrying both road and railway joins the two admi-
nistrative areas.

The NE area has 3 towns A, B and C and is bounded by mountainous
country towards the north and low-lying and in parts swampy areas to the
south. There is a great deal of agriculture outside the towns and an
army training area on the north coast. Town C is a port.

The SW area only has one town of any size (Town D). There is some
forestry and agriculture in the area but the principal activity is mineral
extraction about 20-30 km northwest of the town.

POPULATION

Table 1 indicates the existing and 1985 population of the 4 towns.
The areas to which the population figures refer are indicated on Map 2
(solid waste management zones). It can be seen that Town A is very much
the largest town with a population of 800,000; it is expected to increase
to almost a million by 1985. Town B is a smaller town (around 100,000)
which increasingly depends on Town A for jobs etc. The relatively healthy
economy (manufacturing industry has achieved an increase in output around
about 5 per cent a year for the last 5 years) is likely to result in an
expansion of the port facilities (Town C).

In the SW area, Town D, currently with a quarter of a million inha-
bitants, is expected to grow to almost 360,000 by 1985. This is principally
because of its importance in servicing local agriculture but an expansion
of local processing industries will also play an important part.

ADMINISTRATIVE AUTHORITIES

The authorities for the NE and SW areas are separately constituted
but overall co-ordination is achieved at regional government level. Up
until now there has been limited co-operation on public services but
future co-operation cannot be ruled out. Town A's prosperity means that
the SW area authority (located in Town D) would be unlikely to accept any
proposal unless there seems to be some financial benefit.

Population growth in each of the towns is summarised in Table 2.
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Table 1 - Metropolitan Population Growth 1978-1985

(See Map 2)

1978-1985 Annual Growth 3 Per cent

iorating. Rural-~urban
migration.

1978 1985 .
Area Description No. % of No. % of Pop. Change
total total incr- in 7%
pop. pPop. ease p.a.
TOWN A | A rapidly expanding Regional | 800,000 100.00 | 980,000 100.00 | 184,000 3.0
capital. .
Sectors
Al Major growth resulting from 100,000 12,5 | 180,000 18.3 80,000 +5.8
rural in-migration.
A2 Quite stable. Housing stock 200,000 25.0 {220,000 22.3 20,000 -2.7
improving.
A3 Processing industries 130,000 16.2 160,000 16.3 30,000 -1
starting to locate here as
a result of labour availabi-
lity and increasing agricul-
tural productivity.
A4 Stable residential. New 70,000 8.7 75,000 7.6 5,000 -1.1
growth is in-fill development.
A5 Large scale inner-city 60,000 7.5 90,000 9.1 30,000- +1.6
redevelopment scheme under
way. Prestigious high rise
development on under-utilised
utility land
A6 Stable 50,000 52,000 5.3 2,000 -.9
A7 Migration from city centre. 65,000 8.1 73,000 7.4 8,000 =.7
Housing Commission high rise
development schenme.
A8 In-fi11 and consolidation of 75,000 9.4 81,000 8.2 6,000 -1.2
existing housing stock.
A9 Housing stock improving 50,000 6.2 53,000 5.4 3,000 -.8
through government building
programme,
TOWN B | Naturally expanding 100,000 100.00 |{ 119,000 100.00{ 19,000 +2.2
Processing Centre
Sectors
Bl Increased commuting function 60,000 60 74,000 62.2 14,000 +2.2
to Town A. Redevelopment
around Town Centre.
B2 General housing stock deter- 40,000 40 45,000 37.8 5,000 -2.2




Table 1 - (continued)

(see Map 2)
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Area

1978-1985 Annual Growth 3

Per cent

Description

1978

No.

% of
total
pPop.

1985

No.

% of
total
pop.

Pop.
incre-
ease

Change
in %
p.a.

TOWN C

Fishing activity increasing,
Greater movement of export

and import trade corresponding
to sub-regional growth.

80,000

100.00

106,700

100.00

26,700

+4.2

Sectors

Cl

c2

Consolidation of existing
area. In-fill in vacant
blocks.

Residential growth in new
urban development scheme of
good quality.

60,000

20,000

75

25

66,000

40,700

61.8

38.2

6,000

20,700

-13.2

+13.2

TOWN D

Agric. Processing Centre.
Rural Service Centre.
Expansion of tin mine.
Construction of new timber
mill.

250,000

100.00

358,870

100.00

108,870

+5.3

D1

D2

D3

D4

‘Internal migration focus.

Rural-urban migrants settling
on urban fringe. Markets
increasing in size.

Processing industries
expanding. Poor quality
residential development.

Road surfacing and other
urban services falling behind,

Housing stock being
revitalised through
government programme.

High rise housing occuring.

50,000

85,000

60,000

55,000

34

24

22

85,000

125,000

80,000

68,870

23.7

34.8

18.4

19.2

35,000

40,000

20,000

13,870

+3.7

+0.8
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Table 2 - Rowanna Sub-Region Metropolitan

Growth Summary

% of % of {1978-1985 % of |1985-2000
Descriptions/ Total Total |Expected Tota] | Expected
Town 1978 1985 2000 Annual
Functions Metro. Metro.| Annual Metro.
i increase
Pop. Pop. ncr;ase Pop. %
A Regional 800,000 65.0 984,000 62.8 3 1,343,900 61.3 2
Capital
Commercial
Industrial
Manufacturing
B Agricultural 100,000 8.2 116,500 7.4 2.2 145,800 6.6 1.5
Processing '
Satellite to
A
C Port Fishing 80,000 6.5 106,700 6.8 4.2 166,200 7.6 3.0
Trading
D Agric. 250,000 20.3 358,900 22.9 5.3 535,200 24.4 2.7
Processing,
Rural
Service
Centre,
Mining
Support
Sub-region 1,230,000 | 100.0 { 1,566,000 { 100.0 2,190,900 | 100.0
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WASTE ARISINGS

Table 3 indicates current estimates of waste arisings for each of
the areas indicated on Map 2. These waste arisings are analysed into
the principal categories: commercial and domestic, industrial and
general, agricultural, food and processing and others. In some cases
the other wastes are identified.

It can be seen that overall arisings for the area amount to almost
1,700 tonnes per day of waste from all sources.

There are preliminary estimates and have been derived by limited
sampling, surveys and through use of available data on population,
industry etc.

The quantity and type of waste arisings may be expected to change
in the coming years; as noted above the population is expanding and
industry is thriving. While the overall estimates of future population
are reasonably accurate (see Table 1) there is of course some doubt as
to whether growth will occur in the areas shown. Similarly, while manu-
facturing industry and food processing has been extremely successful in
recent years, no one can foresee whether this rate of expansion will
continue or not.

WASTE COMPOSITION

Table 3 gives a general idea of the nature of the wastes. However,
some analyses have been carried out and the results of these are indi-
cated in Table 6.

DISPOSAL FACILITIES

Existing disposal facilities are described in Table 4 and their
location is shown on Map 3; possible options for future sites are listed
in Table 5 (positions shown on Map 4).

It will be noted that some of the waste from Town A is composting.
The plant is only working to about 50 per cent of its capacity and, on
an annual basis, the throughput of the plant is only around 50,000 tonnes.
This is because of breakdowns and the way the collection service is
organised. But the principal problem has always been to find an outlet
for the soil conditioner.

It will also be seen that with the exception of site 4 (which has its
own problems) the existing sites have a limited future. The figures for
throughput for landfill sites indicate maximum week-day levels. Densities
of refuse are indicated in the waste handling summary.
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A survey has been carried out to identify future disposal sites.
By 1980, it is expected that the composting plant will be relatively
old and the problems of breakdown etc may be expected to have increased;
a decision therefore will be required on whether or not to replace it.
The site survey has looked not only for new landfill possibilities but
also possible sites for new transfer or treatment plants (such as No. 8
and No. 2).

Map 4 also indicates those areas where development is expected in
the period 1978-1985 and 1985-1999.



Table 3 - Waste Arisings by Quantity, Area and Type 1978

(See Map 2)

Types of Waste (tonnes per day)

Principal n
Commercial Agric.
Area Functions/Description and Industrial Food oOther Total
Domestic General Processing
TOWN A | Administration 473 80.0 87.0 64 704
Commerce
Manufacturing
Industrial
Sectors
Al Depressed residential 45 15 (pigs) 6 (cars) 66
A2 Residential 116 116
A3 Depressed residential 75 75 (pigs) 5 (cars) 100
A4 Residential 41 41
AS *Commercial 35 + 30 * 20 (earth 85
*0ffices excavation)
Residential
A6 Residential 29 29
A7 Manufacturing 37 60 (tin 35 142
Markets smelting)
Residential 10 (metal
work)
A8 Institutional - 43 30 73
Residential (demolit-
ion)
A9 Manufacturing 22 10 (kilns) 10 (rice) 3 (cars) 52
Depressed residential 7 (pigs)
Sector
El Urban support activity 15 20 70 105
Pigs (uncollected) (cement)
Chicken
Aerodrome etc.
TOWN B | Agric. Processing 53 10 50 113
Centre
Sectors | .
Bl Residential 35 35
Commercial
B2 Processing and 18 10 (wood- 30 (rice 78
Manufacturing working) husks) :
Depressed residential 20
(pineapple

waste)




Table 3 - (continued)

(See Map 2)
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Types of Waste (tonnes per day)

Principal
Area Commercial | Industrial Agric. Total
F and Food Other
unctions/Description Domestic Ceneral Processing
Sector
E2 Urban support activity 10 (pigs) 13
Sector
F Plantation Agric. 50 50
Kpineapples)
G Plantation Agric. 20 (rubber) 20
H Rice fields 15 (rice 15
Market gardening husks)
I Rice growing 5 20 (rice 25
Market gardening husks)
TOWN C Port 46 260 41 347
Fishing
Agric. Processing
Sectors
cl Depressed residential 27 8 (pigs) 35
Markets
c2 Port related industry 19 10 6 (fishing) 35
Commerce
Residential
E3 Urban support 7 (pigs 7
activities chickens)
J Tin Mining 250 250
K Plantation agric. 10 10
L Rice fields
10 10

Market gardening
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Table 3 - (continued) (See Map 2)

Types of Waste (tonnes per day)

Principal
Area Commercial Industrial Agric. Total
Functions/Description and Food Other
Domestic General Processing
TOWN D | Agric. Processing 130 50 180
Centre
Rural Service Centre
Sectors
Dl Depressed residential 22 15
Markets
D2 Agric. Processing 49 . 35 84
Residential
D3 Depressed residential 27 27
D4 Commércial 32 32
Industrial
Residential
E3 Urban support area 15 (pigs 15
chickens)
N.B. 1. Depressed residential waste generation: 1.0 lb/person/day (.45 kg)

Residential

" " : 1.3 1lb/person/day (.59 kg)

2. All figures are averaged over the year.




Table 4 - Existing Solid Waste Disposal Facilities 1978

(See Map 3)

Catchment Capacity Wastes
EZf' Description Existing Future currently Comments
Area Throughput treated/
t/day Capacity tipped

1. Compost plant. Al, A2, A4 200 Commercial | Site expansion
Compost sold for (max & Domestic | is constrained
market gardening 380) by roads &

& for commercial residential

potting. development.
Difficulties
in finding
markets.

2. Landfill in A3, A5, A6 500 250,000 m3 | Commercial {Ground-water
disused quarry A7, A8, A9 Domestic pollution

B2 Agric. & increasing to
Food unacceptable
processing.| levels. Town

is looking for
new water
supply.

3. Landfill in Bl, A5, A8 50 200,000 m3 | Industrial |May be bene-
natural Agric. & ficial for
depression Food future air-

processing | port extension.
Excavation

and

Demolition.

4, Landfi1l Ccl, C2 60 1,000,000 w3 | Commercial |Demand for
Swamp & Domestic | land for Port
Reclamation Agric. & industry -

Food expansion 1is

processing | strong.
However
lucrative
oyster farms
may be
threatened by
ground-water
pollution

5. | Landfill. o0ld D2 & D4 121 1,000,000 m3 | Commercial
sand & gravel & Domestic

Agric. &
Food
processing

6. Landfill in Dl & D3, 49 50,000 m? | Conmercial | Dumping
natural E4 & Domestic | organised to
Depression Food long-term golf

processing | course plan
& Agric.
N.B Agricultural and some industry wastes are regularly tipped on owners land and

elsewhere with no planning consent.
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Table 5 - Possible Future Disposal Options Available After 1980  (See Map 4)
Site '
Number Description Capacity Problems

1. |Compost plant 380 tonnes/day |O0ld plant. Commercial
viability questioned

2. |Council-owned site |8 acres (3.3 ha)

becomes available

3. |Landfill 550,000 m3 Possible health threat to
existing and future planned
urban areas.

4. Landfill 400,000 m3 Fish farming and crop
irrigation downstream
becoming threatened from
urban run-off and landfill
ground-water pollution.

5. Sand and gravel 900,000 m3

quarry
6. |Landfill in disused 600,000 m3 Ground-water pollution
quarry threat to town's water
supply.

7. Landfill 370,000 m3 Investors interested in
developing high rise tourist
complex on adjacent slope.

8. Council owned site |6 acres (2.4 ha) To assess merit of other

becomes available demands for the site.

9. Landfill 700,000 m3 Smell nuisance and health
threat (rats) to adjacent
urban area.

10. Tin mining 12,000,000 m3 | Private owners

quarry
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Table 6 - Analysis of Refuse

Low Income| Middle| Higher
Component Depressed | Income| Income
P Area Area Area
% Z %
Organic
Paper and paper products. 7.2 27.2 22.3
Plastics 1.1 1.9 3.2
Other organics (vegetable and
putrescible food waste,
abattoir and animal waste; 78.6 59.2 58.0
leather, rubber, yard waste,
rags)
Inorganic
Ferrous metal 4.7 3.7 6.6
Non-ferrous metals - 0.1 0.1
Glass 2.7 2.1 5.4
Other inorganics (rock,
concrete, earthenware, sand, 5.7 5.8 4.4
ash, etc.)
100% 100% 100%
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WASTE HANDLING SUMMARY

The following paragraphs summarise information on collection and
disposal methods.

Costs and operating factors (densities etc.) depend crucially on
local conditions, types of waste etc. Therefore the figures included
on the following pages, while providing a general guide, should not be
used out of context.

COLLECTION
Density of waste: A density of around 0.2 tonnes per metre’ may be assumed

for domestic wastes in a standard vehicle. A compacting vehicle can give
increased densities of 0.4 or more tonnes per metre3.

Vehicles: Standard vehicle: Payload 4 tonnes; capital cost $ 17,500,
Compacting vehicle: Payload 7 tonnes; capital cost $§ 37,500.

Costs per tonne of wastes collected: Standard vehicle: $ 35 per tonne;
compacting vehicle: $ 25 per tonne.

TRANSFER HAULAGE

Density of waste: Density for bulk transport, depending on compaction
process, can be assumed to be 0.5 tonnes per metre?.

Vehicles etc.: Road vehicle : payload 18 tonnes; capital cost $60,000.
Rail, per wagon: payload 40 tonnes; capital cost of
modification $25,000.
Rail, per train: payload 600 tonnes.

Cost ger tonne: See Fig. 1 which assumes a density of 0.2 tonnes per
metre”.

PULVERISATION/SHREDDING

Density: Pulverised waste compacted for long-haul transport can achieve
higher densities around 0.3-0.5 tonnes per metre3.

Costs: 10 tonnes per hour (60,000 tonnes per year) including site works:
capital cost $1M; 20 tonnes per hour (120,000 tonnes per year) including
site works: capital cost $1,5M.

Including all site works for 90,000 tonnes throughput per year:
cost per tonne $ 10.
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Transfer with pulverising(road)

Bulk transfer to tip (road)

n——

Bulk transfer to tip (rail)

1 1 ! ! 1 | J
0 10 20 30 40 50 60 70 80 90 100 Miles

Distance between transfer station and tip.

Fig. 1 - Transport Costs Including Cost of Transfer and Landfill
TRANSFER STATION
Costs: Rail transfer 400,000 tonnes per year: up to $ 8M; road trans-

fer 100,000 tonnes per year: wup to $§ 4M, 400,000 tonnes per year: up
to $§ 6M.

Costs per tonne are included in the costs shown on Fig. 1.
INCINERATION
Reduction in weight etc.: Incineration should reduce weight of refuse

by up to 80 per cent and volume by around 90 per cent. Actual reductions
depend critically on composition.

Capital cost: 20 tomnnes per hour (120,000 tonnes per year): capital
cost $ 20M; 30 tonnes per hour (180,000 tonnes per year): capital cost
$ 27M.

Excluding cost of tipping residue and assuming 6,000 hours operation
per year, cost per tonne: $ 30M -~ $ S50M.

BALING

Density: Up to 1 tonne per metre3. Transport cost can be reduced by
one-third or more depending on permitted payload.

Costs: 20 tonnes per hour (120,000 tonnes per year): capital cost $ 3M.
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Excluding cost of tipping and assuming around 6,000 hours operation
per year the cost per tonne is $ 15M.

COMPOSTING
Costs: 40,000 tonnes per year: $3M; 150,000 tonnes per year: $ 10M.
Excluding disposal of residue etc. the cost per tonne is about $§ 15M.
LANDFILL

Densities etc.: After 6 months: crude refuse 0.6 tonnes/m3; pulverised
refuse 0.75 tonnes/m3; baled refuse 0.9 tonnes/m>.

After 2 years: crude refuse 0.9 tonnes/m3; pulverised refuse
1.0 tonnes/m3; baled refuse 1.0 tonnes/m’.

Costs
Site preparation costs vary enormously depending on requirements.
For the case sr.udy§ assume up to $0.8M per metred for small sites (up to
)

one million metres®) and up to $0.4M for larger sites,

Costs per tonne for small sites are up to $15M while for large sites
they are around $5-10M per tonne.

Resource recovery costs are summarised in Table 7.



Table 7 - Estimated Comparative Costs of Different Methods of Treating and Disposing of Household
Wastes Plant to Handle 60,000 Tonnes Per Annum.

Treatment/ Operating | Capacity | Cost per tonne/ | Total capital | Total gross Total net
rate needed hr of capacity cost operating disposal
Disposal Method n . N 1000 $ milli cost/t of
ours p.a.| tonnes/hr $ m on costs $/t refuse $
1. Controlled landfill 2,000 35 71 - 214 2.5 - 7.5 5-15 5-15
2, RDF and ferrous
metals recovery 4,000 18 333 - 472 6.0 - 8.5 21 - 28.5 9.5 - 17
3. Incineration with
heat and ferrous 6,240 12 1,458 - 1,875 17.5 -~ 22.5 50 - 60 41.5 - 51.5
metal recovery
4. Pyrolysis and
ferrous metals 6,240 12 108 - 2,291 17.5 - 27.5 55 - 80 27.5 - 52,5

recovery
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CONTROLLED TIPPING IN HONG KONG

MANG-K| WONG BSc (Eng} F.l'.C.E.
Principal Government Civil Engineer,
Public Works Department,
Hong Kong

INTRODUCTION

Hong Kong is located on the southeast coast of China and lies just
inside the tropics, less than 160 kilometres south of the Tropic of
Cancer. It has a land area of approximately 1,049 kmz, of which 740 km2
are on the mainland. The Hong Kong Island and other adjacent islands
make up the remaining area. The total population is about 4.5 million,
the bulk of which inhabits the metropolitan areas of Hong Kong Island
and the southern peninsula of the mainland. The population density
(persons per km?) varies between 25,400 in the urban areas to 550 in
the northern part of the mainland known as the New Territories. These
figures are, however, rapidly changing with the fast development of many
new towns in the New Territories and significant redistribution is now
being achieved.

SOLID WASTE GENERATION

Currently, some 4,700 tonnes of solid waste are generated daily
in Hong Kong from the following main sources:- (i) Households, offices
and shops (Domestic waste). (ii) Factories and trade premises (Indus-~
trial waste). (iii) Construction industries (Construction waste).
(iv) Special industries, which include agricultural wastes, industrial
effluents and sludges and toxic wastes (Special waste).

COLLECTION AND TRANSPORTATION

In Hong Kong household refuse is taken by occupiers of the premises
to collection points where it is loaded into collection vehicles which
call at these points at scheduled times. The vehicles are operated by
the Urban Services Department and have capacities ranging from 1 tonne
to 6 tonnes. The smaller ones are deployed to serve areas with congested
roads and at short distances away from disposal points. Some of the
vehicles are equipped with cutting-shearing~shredding teeth and a com-
pacting mechanism. Any bulky waste can therefore be broken down and

287
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Table 1. Sources of Solid Waste

Type Tonnes/day %
Domestic waste 2,600 55.3
Industrial waste 1,450 30.8
Construction waste 350 7.5
Special waste 300 6.4

Total 4,700 100.0

It can be seen from Table 1 that domestic waste constitutes by

far the major share of the total solid waste generation. A typical
analysis of its contents is shown in Table 2.
Table 2. Typical Analysis of Solid Wastes
New Hong Kong
Territories Kowloon Island
% % %
Metal 9.24 1.92 2.17
Glass 13.71 4.86 9.72
Wood & Cinder, 1.84 3.85 2.22
Dust & Fine Particles 0.45 25.04 14.09
Bamboo Basket, Junks 0.48 0.94 2.74
Vegetable Putrescible 21.69 4.35 9.07
Paper 15.55 16.31 32.46
Rag & Cotton Wastes 9.30 7.84 9.58
Plastic 15.39 10.55 6.24
Tannery & Slaughter Wastes 0.54 3.19 0.35
Unclassified Debris 5.39 20.77 10.47
Total 93.58 99.62 99.11

Note:

The analysis was by actual weighing of each constituent.

The

that the recovered weight is less than 100% is due to loss of
particles and mositure content during the course of test.

fact
fine
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compacted so as to achleve a better payload for transportation to the
final disposal point. The vehicles are operated daily on two 8-hour
shifts and longer hours if demand arises. This service is provided
free of charge by the Urban Services Department.

For industrial waste, up to 3.25 ft3 (0.09 m3) from each premiges
1s removed free of charge by the Urban Services Department. For quanti-
ties exceeding this, the occupier of the premises is required to make
his own arrangements for delivery of the waste to approved disposal
points.

Construction waste, consisting mainly of building rubble and debris,
is normally taken by contractors to approved dumps where the waste is
accepted as filling material for land reclamation. Small quantities are
accepted at controlled tips for construction and surfacing of access
roads.

The majority of special waste 1s pig and poultry manure and generated
in the New Territories where farmers live. There is no provision by the
Government to collect this agricultural waste as most of it is used by
the farmers as fertilizer. Other types of special waste is collected by
arrangement.

DISPOSAL

Prior to 1966, disposal of refuse in Hong Kong was carried out mainly
by tipping at designated dumps without any form of treatment apart from
the final covering up by a blanket of earth. In 1966 the first incine-
rator with a capacity of 710 tonnes per day was installed on Hong Kong
Island and treatment of solid waste introduced. Two years later a second
incinerator with a capacity of 1,010 tonnes per day was installed on the
Kowloon Peninsula. Meanwhile, a third one with a capacity of 910 tonnes
per day is under construction in the New Territories and will begin opera-
tions this year.

While incineration still remains the preferred method of “refuse treat-~
ment in Hong Kong because of its high volume reduction (10 to 1),
increasing difficulty is experienced in gaining acceptance for incinerator
sites due to visibility and atmospheric pollution objections. High capital
and recurrent costs are also negative aspects in the choice of treatment
methods.

In view of the limitations of incineration, a study was conducted by
the Public Works Department in 1971 on the treatment of refuse by 'con-
trolled tipping', otherwise known as 'sanitary landfill', which would
offer the double attraction of lower costs and the production of recrea-
tion land. After establishing suitable sites, the technique was first
introduced in June 1973 on a site at Gin Drinkers Bay on the Kowloon
mainland. The experience on this first controlled tip has proved to be
highly successful and many other sites were selected subsequently for
such use, At present there are 4 sites in operation, receiving a total
of some 2,520 tonnes of refuse daily. Further sites are being planned
for. Fig. 1 shows the various completed and planned sites.
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Other methods of solid waste treatment have also been investigated
and construction is in progress for a pulverisation/composting plant.on
Hong Kong Island and a pilot baling plant on the mainland. The former,
at an estimated cost of HK$47.5 million (US$9.83 million) has been
designed to an initial capacity of 240 tonnes/day capable of extending
to 480 tonnes/day with a refuse bulk reduction ratio of about 4 to 1.
The compost will be used as a covering material for controlled tips or
for agricultural purposes. Operations were scheduled to commence in
February 1979. The baling plant, at an estimated cost of HK$16 million,
has a treatment capacity of 600 tonnes/day with a refuse bulk reduction
ratio of about 5 to 1. The finished bales, which are about 1.5 o3 in
volume, will be transported to controlled tips for disposal. The plant
was 1n operation at the end of last year. Plans are also in hand to
construct a second composting plant at Sha Tin in the New Territories.

Table 3 gives the average daily quantities of solid waste disposed
by the present 2 methods.

Table 3. Average Daily Quantities of Solid Wastes
Incinerated and Tipped

By incineration By controlled tipping
(tonnes) (tonnes)
Domestic waste 1,000 1,600
Industrial waste 550 900
Construction waste - -
Special waste - 20
Total 1,550 2,520

METHOD OF CONTROLLED TIPPING

The method now practised in Hong Kong requires fresh refuse to be
gpread and compacted in layers by a mechanical plant to a maximum con-
solidated thickness of 2 metres. Proper compaction of the deposited
refuse is essential for achieving maximum volume reduction as well as
for minimising hollow spaces where vermin can hide and nest. This is
then covered with earth filling or other suitable materials to a thick-
ness of 0.25 metre and again compacted by mechanical means. All working
faces are also sealed off by earth filling immediately at the end of
each shift or at the conclusion of each day's work, whichever is the
earlier. The compacted refuse is thus confined to a number of earth
‘cells', the gsize of which can be predetermined to accommodate quantities
of waste delivered daily on site., This method makes a striking diffe-
rencte between an open refuse dump and a controlled tip.. The compacted
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earth eliminates the necessary air supply for animal survival, prevents
the emergence of insect larvae, reduces the attraction of birds to the
refuse and discourages rodents from scavenging for food. It also
prevents waste from being blown around, seals off odour and gases and
lessens fire hazards from the spread of internal combustion.

Fig. 2. shows a diagrammatic illustration of the typical operation.
Problems

Wet weather seriously impedes plant manoceuvrability. Adequate site
drainage and all-weather access roads are therefore essential in the
effective operation of controlled tips. Broken concrete and building
debris 1s often used as temporary surfacing material for these access
roads which are varied continuously to suit the changing layout of
tipping bays. This results in higher maintenance cost of the compaction
and earthmoving plant and delivery vehicles due to heavier wear and tear.

However, under dry weather conditions the process of excavation,
hauling and placing of cover materials is a substantial dailly operation
which on unsealed access roads gives rise to a major dust problem. It
is essential that periodical water sprinkling be maintained. Fences or
screens may also be used to help control dust.

Refuse is particularly conducive to spontaneous combustion. Expe-
rience has shown that fires tend to break out generally during the early
hours of the morning when supervision is necessarily at a minimum. These
fires often continue to burn for long periods. Careful control must
therefore be exercised in ensuring proper compaction of refuse and the
prompt use of emergency stockpiles of cover materials which must be ready
on site at any time.

Odorous gases are products of surface putrefaction of deep-anaercbic
digestion. These can be prevented by prompt and continuous covering,
elimination of surface pools, side leaching action and seepages at the
toes of filled embankments, the sealing of surface cracks and by spraying
the refuse with suitable deodorants.

A potential source of water pollution arises from leachate, an

effluent produced by surface water infiltrating through the refuse and

by decomposition of solid waste. It must therefore be properly controlled
to avold contaminating underground water. On controlled tipping sites in
Hong Kong this is achieved by the installation of an impervious membrane
liner on the prepared floor of a tipping bay and the laying of a network
of sub-soil drains to intercept and collect the leachate into chambers
where it is biologically filtrated before being discharged into sewers.

Details of sub-soil drains appear in Fig 3.
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COST

The cost of controlled tipping varies widely from site to site.
The main variables are land acquisition, site clearance and preparation,
operation, the availability of covering material, and landscaping.

Because of the shortage of land in Hong Kong, land acquisition and
subsequent clearance are becoming more expensive. The problem is further
aggravated by frequent opposition from local villagers and often requires
payment of heavy financial compensation.

Site preparation and operation costs can be estimated with some
accuracy for a given site. These costs increase substantially for remote
sites, but to a certain extent tend to be economically offset by the land
acquisition and clearance costs. Experience in Hong Kong has shown that
in general the larger the capacity of the site, the lower the unit cost
will be.

Covering material can be quite expensive if it is to be obtained
from borrow areas where additional land and landscaping costs are
required. Wherever possible, the material should be obtained from
nearby site formation projects where surplus excavation is available.

Table 4 shows unit costs and other particulars of various controlled
tips in Hong Kong — both those completed and under planning.

Approximate unit costs, excluding that for land, of various treatment
methods appear in Table 5.

FUTURE PLANNING

The total quantity of solid waste requiring disposal each year
depends on population growth and distribution and the per capita rate
of solid waste generation.

The rate of solid waste generation is affected by the prevailing
standard of living and consuming habits and the trend and form of
commercial activities and industrial development.

From data collected over the past years and by reference to available
data from abroad, it is evident that the solid waste generation rate per
capita 1s increasing. It is possible that an increase in effort on the
part of the collection authorities may contribute to a significant portion
of this growth rate. Over an eight-year period from 1963, the rate of
s0lid waste generation for Hong Kong Island showed an average of approxi-
mately 0.27 kg/head/day. But this rose sharply to 0.63 kg/head/day for
the period 1971 to 1973. From 1974 to 1977 it was 0.73 kg/head/day.

The corresponding figures for Kowloon and the New Territories were on
the whole about 0.08 - 0.16 kg/head/day higher due to more intensive
industrial development and low-cost housing estates.



Table 4. Unit Cost and Other Particulars of Various Controlled Tips

Site Estd. Cost Capacity Unit Cost Tipping Life Level area formed and Remarks
(HKS$a. ) (m. tonnes) (HK$ /toune) Commenced Expectancy proposed use (ha.)
Gin Drinkers Bay 16.00 2.30 5.94 June 1973 67 months | 23.0 ... 2 artificial | Previously an open dump con-
hills verted to controlled tip in
4.7 ... open space 1973.
Ngau Tam Mei (completed) 1.30 0.03 43.30 Dec. 1973 15 montha | 1.0 ... open space Substantisl preparation work
carried out.
Shuen Wan 15.60 0.66 - 23,64 June 1974 8 years 5.5 ... open space
3.0 ... undetermined
Ngau Chi Wan 12.00 0.63 14,46 Jan. 1976 22 months | 4.5 ... open space
2.2 ... cultural
Ma Tso Lung 4.35 0.15 29.00 July 1976 28 monthe | 2.0 ... open space Bxpensive clearance costs.
Sai Teo Wan 20.50 1.70 12.06 Mar. 1977 34 months | 2.2 ... open space
2.4 ... stadium
1.5 ... educational
Shiu Lang Shui 17.66 0.53 33.30 Sept. 1978 5 years 3.8 ... open space Long road access required.
0.5 ... undetermined
Ma Yau Tong Wes: 24.29 0.80 30.35 Oct. 1978 24 months | 3.0 ... open space High clearance costs.
1.8 ... cultural
Junk Bay Stage I 101.00° 6.00 16.84 end 1979 7 years |25.0 ... 2 artificial
hills
8.2 ... residential
Ma Yau Tong Central 28.51 0.80 35.60 mid 1980 30 months | 4.7 ... open space High clearance costs.
1.1 ... cultural
Jordan Valley 44.00 1.40 31.45 1982 4 yeara 8.2 ... open space Expensive reprovision works.
Yim Tin Tsai 134,00 7.40 18.10 1982 over 10 yrs. undetermined
Pillar Point Valley 37.50 1.25 30.00 1983 5 years | 14.4 ... open space Long road access required.
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Table 5. Unit Cost of Various Treatment Methods

HK$ per tomne
Incineration 48
Composting 40
Controlled tipping 22
Baling
(excluding disposal) 17

There are indications that solid waste generation in Hong Kong
tends to increase at a much slower rate. Although the effect of in-
creasing industrialisation cannot be predicted with any accuracy, it
may generally be anticipated that rising costs of both raw materials
and production will cause manufacturers to become more economical in
their use of products and that waste generation will become less viable.

On the domestjic side, the local standard of living and consuming
habits have to a certain extent started to become less oriental. For
instance, the strong preference in the past for recently-slaughtered
meat and fish and for very fresh vegetables has weakened due to signi-
ficant increases in the import of frozen meat and vegetables. This,
on the whole, reduces the domestic waste generation rate considerably.

However, for the purpose of planning after taking into due con-
sideration the available data, a flat growth rate of 6 per cent per
annum has been taken in the preparation of 10-year planning programmes

-for Hong Kong Island. The corresponding rate for Kowloon and the

New Territories is 6.5 per cent. It is acknowledged that these may
yield upper bound figures, but it is considered advisable to plan for
the higher levels and to update the programmes regularly as data
collection continues and more accurate information comes to hand.

The current l10-year programme for the period 1977-86 on solid
waste generation forecast and disposal capacities are given in Tables
6 and 7.

CONCLUSION

Controlled tipping is an effective and economical means of solid
waste disposal which is environmentally acceptable. There are operational
problems, but these are not insurmountable. It becomes more attractive
as additional land is formed even though there are limitations on the
land use.

It is, however, becoming more difficult to find suitable sites
which must be acceptable-to the public as well as being economically
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Table 6. Solid Waste Generation Forecast

1977 978 [1979 {1980 1981 {1982 (1983 1984 [1985 (1986

H.K. Island 0.73 .77 0.82 P.86 P.91 P.95 P.99 .04 1.08 .13
Generation Rate
(kg. /head/day)

Solid Waste 790 | 837 { 885 | 932 | 980 1027 {1074 EIZZ E169 k217
requiring disposal
(tonnes/day

Kowloon and N.T. 0.88 [0.94 [0.99 J1.05 .11 1,17 1.22 h.28 h.34 1.39
Generation Rate
(kg./head/day

Soiid Waste 3020 13216 |3413 13609 {3805 4002 4198 14394 K590 4787
requiring disposal
(tonnes/day)

Total - 3810 |4053 4298 4541 (4785 |5029 |5272 |5516 (5759 (6004
(tonnes/day)

NOTES: Population projections are based on 1975 forecast and
construction and special wastes are excluded.

viable. High density baling, which 1is an interim treatment, is there-
fore being adopted to maximise the tip capacities.

Notwithstanding the advantages of controlled tipping, it is to be
recognised that the continual generation of solid waste will one day
fill up all available sites in Hong Kong and the demand is apparent
for a greater use of incineration in the future.



Table 7. Solid Waste Disposal Capacitles in Tonnes per Day
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197711978 |1979 {1980 |1981 ]1982 j1983 1984 }1985]1986
Incinerators
Kennedy Town 610} 710} 710} 7104 710 | 710} 710} 710] 710} 710
Lai Chi Kok 7601010 {1010}1010 ]1010 {1010 {1010 {1010 |1010|1010
Kwai Chung - | 290 910§ 9104 910 910§ 910| 910 | 910} 910
Total 137012010 [2630 |2630 j2630 {2630 |2630 |2630 [2630(2630
Compost
Chai Wan - - 1501 2401 480 480 | 480} 480 | 480] 480
Sha Tin - - - | 300 | 480 480 480 480 480} 480
Total - - | 150} 540 960 960} 960 960 | 960} 960
Controlled Tips
Gin Drinkers Bay 410} 100} - - - | Exhausted - - -
Shuen Wan 60| 200 | 200} 220 | 230 280 Exhausted
Ngau Chi Wan 680 | - - - Exhausted - - -
Ma Tso Lung 1804 200 - - Exhausted - - -
Sai Tso Wan 1110{1400 {1100 | 330 | - Exhausted -
Shiu Lang Shuti - ] 100] 200 200 | 230 | 300 | 450 Exhausted
Ma Yau Tong &

Jordan Valley - 50 150( 230 | 200 200 { 250 | 360} 410 510
Junk Bay - - 50{ 540 (1000 {1250 {1370 (1830 (2240 {2490
Yim Tin Tsai - - - - - 50| 420 ] 4201 420 510
Pillar Point - - - - - - 50 ] 400 ) 400} 500

Valley

Total 244012050 (17001520 |1660 (2080 {2540 {3010 3470 |4010
Grand Total 3810 (4060144804690 {5250(5670 {6130 {6600 {7060 {7600
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NONO A. ABOEPRAJITNO AND WAHYU SANTOSO
Urban and Environmental Research Centre,
Jakarta City Government,

Jakarta, Indonesia

INTRODUCTION

Speaking of the present solid waste management of Jakarta within
the context of city problems such as 1its establishment, its rehabili-
tation or development, we have to first observe the location of the
city, the nature of its administration as well as the living aspirations
in the city itself.

The city of Jakarta has an area of 560 km?2 excluding many small
islands in the bay of Jakarta. Geographically, it is part of West
Java's northern coastal plains, stretching 60 km long and 28 km wide
where 10 rivers and canals flow northwards. These rivers and canals a
are also important for the irrigation of ricefields around Jakarta.

The city itself is bordered to the North by the Java Sea, to the
East by the Cakung River, to the South by the District of Bogor and
to the West by the Angke River.

The highest land in this area is found in the southernmost part
and averages only 50 metres above sea level. The northern part is mainly
swamp.

Topographically, Jakarta can be divided into 2 distinct parts —
north and south of the Banjir Kanal (flood control canal).

The northern part is bordered by the sea and rivulets of the Banjir
Kanal. It is approximately 10 km wide and reaches a maximum height of
5 metres above the zero point of Tanjung Priok.

This is very much in contrast with the conditions to the south of
the Banjir Kanal. It is a relatively hilly area, with a higher gradient
than the Northland rising from 5 to 50 metres for the 18 km length of
this part. So it can be said that this southern part is relatively
steep, while the northern part is nearly flat.
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The hot, tropical climate of Jakarta has a high rate of relative
humidity (80 to 90 per cent) with an average daily temperature of
30 Celsius. Due to its location in the equatorial zone, Indonesia and
the city of jakarta itself are under the influence of the monsoons;
from November to April being affected by the West monsoon and from May
to October by the East monsoon. Jakarta is also subject daily to land
and sea breezes blowing alternately northwards and southwards.

The average annual rainfall is 2,000 mm and the maximum rainfall
is usually in January.

POPULATION

The population growth of Jakarta was very rapid after the Second
World War. 1In 1972 total population was 4.3 million including 138,000
foreigners. The rate of growth for the period 1961-1971 is estimated
at 5.7 per cent annually, 2.5 per cent being due to natural growth
(difference between birth and mortality rates) and 3.2 per cent caused
by urbanisation. Compared with other big cities in Asia, Jakarta has
the highest population growth.

Jakarta, as a big city as well as the capital of the Republic of
Indonesia, plays its role as a place which handles all kinds of national
activities and development. It has thus been a powerful magnet
attracting people from suburban and rural areas. Construction work
and development undertaken in Jakarta has provided attractive job
opportunities and many people from outside the city and from rural areas
are flooding the city. Moreover, the availability of educational faci-
lities, health services, communications and recreation facilities have
also intensified the urbanisation process.

Urbanisation is due to various reasons. Formerly it was due to
insecurity in certain rural areas but now the emphasis is more on eco-
nomic and social reasons.

As for the city itself, the urbanisation process does not only
reflect the population increase, but also creates very serious problems.

Coming from traditional village communities with Iintimate personal
relationships, urban residents comprising peasants and labourers arrive
with high expectations. Stiff competition in finding jobs and other
such unexpected urban socio-economic realities have become the sources
of problems in the city such as crime, demoralisation and other kinds
of urban vices.

The effects are obviously reflected by the presence of vast slum
areas, potential sources of fires and epidemics.

In general, Jakarta has to fulfil 2 important roles:



As the capital, its role and activity should guarantee the preser-
vation of national interests as can be evaluated from the activities
performed within the country as well as foreign-related activities
executed in Jakarta.

As a city playing a universal role, this should be really guided
and public services and prosperity to its community should be provided.

These 2 roles should be complementary and parallel in their ful-
filment and accomplishment.

Community life in Jakarta is somewhat different from those found
in other cities in the country due to the existence of national and
international aspirations requiring national as well as international
considerations in addition to the efforts for the promotion of living
conditions of the local populace.

Seeing to it that foreigners can adapt, in most cases, to our
national way of life, we cannot, therefore, ignore the demand for
civilisation or norms of international 1life.

Here lies the problem of Jakarta's administration. It must be able
to provide balanced public services to meet the 2 somewhat different
ways of life with the limited facilities available. Meanwhile, tradi-
tional ways of life are noticeable in the capital which are in fact
opposing the instinct of dynamic city life dominated by logical ways of
thinking and modern development.

There are efforts being made in Jakarta to promote and speed up
the growth of dynamic thinking towards modernisation and a wide under-
standing which might soon create the norms of city life.

The warm climate and the dense population make Jakarta a city
which can easily become dirty. The heat causes organic substances to
get rotten easily. Combined with heavy dust, this poses a big challenge
for sanitation authorities.

The efforts taken by Jakarta's administration in this field will
have no meaning if the population is not aware of the importance of city
health. Therefore, to imprint this responsibility on its population,
Jakarta's administration is striving to induce them to participate in
maintaining the city's hygiene by making them realise that their active
participation means improving their environment. '

The efforts in city clearing, particularly in solving the problem
of wastes in Jakarta, is undertaken by the Cleaning Service with its
scattered units., The implementation of a decentralised policy in
solving this problem has been extended to each family in the community
under the co-ordination of the local village head. For this purpose
the service has improved its equipment and means of transportationm.
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It is important to know that the special Territory of the Capital
City of Jakarta is designated as a first grade region or province level,
similar with any other first grade region in the country. The head of
the region conducts the administration and is responsible to the Presi-
dent through the Minister of Home Affairs in accordance with the existing
hierarchy. The governor, in addition to his function as head of the
autonomous region, also acts as representative of the central government
in the region. The region's administration maintains structurally,
procedurally and operationally an integrated staff unit of the central
Government with the autonomous administration of DKI Jakarta adminis-
tration on the basis of "functional integration" so that a single admi-
nistration system is performed in accordance with the spirit and content
of the Presidential Instruction No. 05, 1967.

Generally, the governor is responsible for the whole region's
administration. The deputy head of the region, as assistant to the
head of the region, is responsible to him. The municipal secretariat,
as the general staff of the municipality, consists of 8 directorates
and 7 bureaux co-ordinated by the executive secretary. The directorate
is assigned to handle the main duties of the administration (major exe-
cutives) and the bureau provides auxiliary services.

The core of the executives consist of the mayor/administrative
township head with the local/central agencies/local public corporations
as their special staff.

Within the context of rendering services to the community to con-
form with the duties of a socially-oriented administration, the region's
administration is carrying out a deconcentration programme. The terri-
tory is divided into 5 administrative entities, i.e. Jakarta Pusat
(Central), Jakarta BRarat (West), Jakarta Utara (North), Jakarta Timur
(East) and Jakarta Selatan (South). It is also divided into 5 town
territories, 30 subdistricts and 236 villages. The village administra-
tions are subordinate to the subdistricts. The village head in DKI
Jakarta is a government official whose appointment is made by the gover-
nor/head of region.

The district chief is the head of the subdistrict and is responsi-
ble to the mayor with regard to the administration in his territory.
With the purpose of maintaining and promoting closer ties between the
administration and the public and as a response to the healthy public
participation, community and family associations have been reorganised.
The aforementioned overall reorganisation of the region's administration
is meant to improve and expedite services to the public.

JAKARTA CITY CLEANSING DEPARTMENT AND ITS PROBLEMS

Responsibility

On the issuance of Jakarta Governor's Decision No. Db. 4/1/7/1967,
dated December 6, 1967, on the formation of Jakarta City Cleansing
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Department, all responsibility for cleanliness of the Jakarta area was
instantly turned over to this department. Following the growth of urban
areas experienced by Jakarta, the Cleansing Department's responsibility
became greater and more extensive. As explained earlier, it is obvious
that the more populous Jakarta becomes the more voluminous the wastes
will be.

Fortunately, the main task conducted by this agency is still limited
to the solid waste problem because other types of pollution are insigni-
ficant in comparison.

Nevertheless, the Cleansing Department has realised that its res-
ponsibility will be increasing in the future. Water and air pollution
has become visible in the Jakarta area and will be a challenge which
requires the awareness of the agency.

In this context, the Cleansing Department is making all efforts to
consolidate and prepare itself for operations relevant to the growth of

a modern, efficient and effective city administration.

Organisation and Operational Pattern

Since its establishment until now, many changes and improvements
have been experienced by this department, either to its organisational
structure or aperations following the improvement of the Jakarta city
administration.

City growth has caused new changes and improvements to the orga-
nisational structure, government apparatus, in terms of personnel,
facilities and finance.

The Cleansing Department's organisation is growing according to
Jakarta's development. At present, this department has 12 people as
core staff consisting of 1 chief officer, 2 deputy chiefs and 9 divi-
sion heads. There is 1 chief of a sub-department in each of the 5
administrative regions. Up to now, there are 29 cleanliness inspectors
in the sub-districts and 125 superintendents in the communities
(kelurahan).

The Cleansing Department still stresses the traditional labour
intensive approach where the human factor is always given priority.

It is not surprising, then, that due to increasing work volume,
the number of workers is also increasing. When the department was
established, there were 4,546 personnel. Ten years later in 1977, the
staff totalled 7,211, including administrative personnel and operators,
see Table 1.

The staffing policy of the Cleansing Department is represented in
Tables 2 and 3.
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Table 1. Personnel Growth of the Cleansing Department (1967-1977)

Year Number of employees
1967 4,546
1968 4,546
1969 5,312
1970 5,558
1971 5,859
1972 6,107
1973 6,363
1974 6,363
1975 6,363
1976 7,211
1977 7,211

Table 2. The Staffing of the Cleansing Department

Head office staff 1,281
Central Jakarta Sub-department staff 2,648
North Jakarta Sub-department staff 623
West Jakarta Sub-department staff 1,020
South Jakarta Sub~department staff 851
East Jakarta Sub-department staff 788

Total 7,211

Table 3. Details of Assignments

Sweeping operators (road sweepers) 4,362
Truck/Cart operators (driver and crew) 1,772
Workshop (transportation maintenance) 159
Waste utilisation/disposal areas 103
M.C.K. operators 24
Pump of excretas operators 128
Cleanliness Supervisors (Special Police) 378
Administrative Works 285

Total 1,211
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Based on the decision of Jakarta Governor dated September 2, 1972,
No. Jb. 4/2/45/1972, 200 special policemen were appointed to the Clean-
sing Department as non-salaried staff on February 20, 1973. The chief
of the department, in his letter dated December 20, 1972, assigned them
to each sub-department as follows:

- Central Jakarta Sub-department 25
- North Jakarta Sub-department 21
- East Jakarta Sub-department 15
-~ South Jakarta Sub-department 20
~ West Jakarta Sub-department 15

The total number of special policemen of the Cleansing Department
is 247 men, "Prajaksa'" 15 men.

CLEANSING DEPARTMENT OPERATIONS AND MANAGEMENT

Discipline

Cleansing discipline is a situation where environmental quality
in every aspect is well-maintained and protected from pollution.

In promoting this, 2 kinds of activities are performed simulta-
neously.

Firstly, Jakarta's Cleansing Department functions in such a way
that all wastes are disposed of on time and the proper methods are used.

Secondly, the source of pollutants is monitored, controlled and
regulated. This programme is conducted through good communicatioms,
information, guidance and training complemented with legal sanctions.

The implementation of these programmes are reflected in the
operational techniques performed by the Cleansing Department. Should
these programmes be well executed, then cleanliness discipline in a
real sense will be a reality.

Operational Techniques by Region

The person responsible for solving the cleanliness problem in
each municipality is the respective chief of the sub-department office
which is directly under the guidance of the mayor concerned. He is
also under the guidance of the Jakarta Cleansing Department administra-
tively.

The relationship between the head office, branches (sub-department),
inspectors and the superintendant is functional while the relationship
between the mayor, sub-department, sub-district heads, supervisors,
village heads and cleanliness inspectors is the line of command (opera-
tional).
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In view of the above directives, employees of the cleansing Depart-
ment assigned to a municipality including all the department's equipment
such as trucks and carts are under the mayor's authority. Therefore,
each mayor, as head of the municipality, has the authority to mobilise
and direct cleansing operations needed in his area at any time by
deploying all available facilities.

Such delegation of authority will enable the head of the area to
direct and control effectively cleanliness operations in his area.

From 1967 up to now, labour intensive activity is still functioning
well in the field of waste collection by sweeping and transportation
with trucks and carts.

The management of solving the waste problem requires adjustment
with the development of Jakarta. It is clear that the operational
management of the Cleansing Department should follow the development
dynamics of the city in all aspects. Population growth, city facilities,
the standard of living and industrial growth all require an improved
working system because volume, type and the quality of the work itself
is changing. :

At each working area, either on important roads or others, employees
of the Cleansing Department sweep, collect and load the wastes into the
carts following them.

During its first years, the Cleansing Department was trying to find
out and formulate an operational system adaptable to the cleanliness
situation at that time. Heaps of waste along the streets could not be
quickly removed by road sweepers while the problem of a shortage of
transportation such as carts and trucks required an immediate solution.

The cleanliness inspector in each sub-district directly handles
and manages sweeping work in his area both on the streets and near
market places. Sweepers are supervised at the "kelurahan" (community)
level by foremen. In 1973, the term "foreman" was changed to "cleanli-
ness supervisor" who has authority and a definite assignment. Conse-
quently, uniform cleanliness operations in each "kelurahan'" has been
achieved.

A department regulation prohibits waste diposal before 13.00 and
in some important or business streets with heavy traffic sweeping is
performed twice daily, first from 03.00 until daybreak and later from
15.00 hours. Nevertheless, the result is not as might be expected as
the streets become dirty again as soon as the city comes to life.

Foremerly, there were some temporary dumps for waste such as those
located at Tanah Abang I, Jembatan Serong, Lautze Street, and Karang
Anyar Street near the Cideng river which were reserved for the commu-
nity and marketplaces. These places have been gradually wiped out as
they are not suitable anymore in the context of the city's development.
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During 1969 and 1970, sweeping was improved by the formation of
sweeping teams. Each team consists of an average of 10 people including
1 cart drawer.

Each team is responsible for the cleanliness of the area assigned
to them considering the volume of daily waste in the area as well as
the size of it. Simplification and improvement of the team's operation
has increased manpower efficiency and they have been able to include
those areas formerly without a sweeping team including rehabilitated
villages.

In view of the improvement of city facilities, it is felt necessary
that mechanisation in waste transportation needs improving.

Dealing with wastes derived from industries and other enterprises
having chemical waste, producers are obliged to solve the waste problem
and 1if necessary to minimise the degree of pollution.

Table 4. Waste Volume in Jakarta and that Disposed
of by the Cleansing Department

Waste production

From 5.2 million population at 2 lt/cp/day 10,400

Sectors performing self disposal

Marketplaces 1,100/day
Some industries 900/day
Absorbed naturally in the village 500/day

Sub-total 2,500

Balance 7,900

Thus Volume Disposed of by the Cleansing Department 7, 900

After making continuous observation for 3 months, wastes in
Jakarta can be categorised by type and volume as in Table 5.

Problem of Disposal

All trucks operated by the department in Jakarta as well as carts
operating nearby dispose of waste into open pits.

This is known as the open dumping system which, although inexpensive,
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Table 5. Waste by Type and Volume

Type of Waste Volume (Per Cent)

Paper 2.34
Plastic 3.17
Waste from kitchen

(Organic material) 81.85
Various shells, egg shells, etc. 5.23
Metal 3.24
Glass 0.40
Sand, soil, crushed sonte 3.31

Total 100.00  (100%)

is not appropriate from a sanitation point of view since secondary
pollution such as air pollution (bad smell), fire hazards and health
hazards such as typhus, dysentry and cholera will arise.

As practised today, open dumping at certain places in Jakarta has
caused pollution. For example, the open dumping ground located at the
blocked Ciliwung river is capable of absorbing waste for 10 years, but
whenever there is the opportunity, waste is taken to the suburban areas
such as Pasar Rebo and Pasar Minggu.

Waste supply at those agricultural areas were received enthusias-
tically by farmers. The waste is used as compost which increases their
crop yields.

Waste disposal by sanitary landfill must be carried out by a sand-
wich system, covering the waste with soil or sand usually with at a
ratio of 2:1.

An ideal site for waste disposal should be close to the waste
producer and provide no harm to the environment. Sanitary landfill in
Jakarta is difficult to conduct due to non-availability of suitable
locations and the high cost calculated as follows:

Should the estimated waste volume be about 4,000 m3/day, equivalent
to 2,000 m” after compaction, the total soil or sand needed for layers
will be 1,000 m3 costing Rp. 500/m> or a total of Rp. 500,000/day (US$800).
Therefore, the application of this disposal method will cost Rp. 180
million annually for sand alone.

Waste disposal by incineration, compaction or composting will cost
twice as much as the above amount.
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For leveling purpose, the department has several bulldozers at the
disposal sites.

Moreover, the application of the sandwich system in Jakarta will
require mud excavators as the ground water is not very deep.

Furthermore, and this is not less important as it supports the
whole operation, the department has built a workshop for repairs to dump
trucks as well as having plans for the procurement of lathes, service
bridges and other equipment.

Truck repairs and maintenance is organised by grouping the mechanics
and each group is responsible for a number of trucks. Other activities
such as wiring, dynamo repair, welding and repairs to the engine and to
other parts of the truck are conducted by the group.

Law Enforcement

The Jakarta authorities have used law enforcement as a factor to
discipline the people whose behaviour has been deteriorating lately.
As an example, the construction of a steel fence along pavements is in
intended to prevent the people from squatting on such places. This
action was first considered as an "iron hand”, but gradually the sense
of discipline is coming back and its meaning is being realised.

The Cleansing Department is also performing its 'law enforcement"
programme through its special police force.

In Jakarta, the Cleansing Department's sub-offices in the 5 areas
have certain places proclaimed "clean areas'" such as shopping centres,
Pasar Baru Street, Kramat Raya, Blok M, Melawai Street etc.

The introduction of law enforcement in cleanliness has produced
positive although not widespread effects.

CLEANLINESS PROMOTION

The proper maintenance of cleanliness in Jakarta to the prerequisites
of a modern city is only possible if members of the community have a. uni-
form understanding and attitude on the sanitation problem.

It is obvious that some of the city people are conscicus and actively
participate in solving the problem of cleanliness, but others show their
irresponsibility particularly on the waste problem in the capital which
is now quite critical.

Apathy and carelessness about environmental problems is due to tradi-
tional bad attitudes of the city people. Understanding and consciousness
about the problem of cleanliness is very limited.
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It seems that cleanliness belongs only to a small group of elite.
While some communities consider that dirt caused by waste disposal will
not directly disturb their environment, apathy towards proper waste
disposal is traditional and difficult to overcome in a short time.

Up to now, many people still dispose of wastes into the river,
sewerage or in the middle of a road and they regard such actions simply
expedient and not an offence. Some people do not realise that inappro-
priate waste disposal will damage their environment.

In view of the complexity of the problem, it is necessary to take
persuasive measures and convince the people of the importance of clean-
liness and for them to adopt it as a natural attitude. It is necessary
to promote consciousness and understanding that careless disposal of
waste is prohibited and will ruin the environment. Through enforcement
of cleanliness regulations people participation in maintaining a clean
environment will be promoted.

People participation can be promoted in 4 ways:
1. Education through elementary schools to the pupils.

2. Two-way communication. To promote interest in this cleanliness
movement, there should be understanding and consciousness on both sides
between the authorities and the city people. The authorities are ready
to step down and observe it on the spot and provide necessary informa-
tion while the people should not have any hesitation in sending their
problems to the authorities. For example, suggestion boxes will be made
available at government agencies to receive any compaints or problems
reported by the people who can ask for a sclution.

3. The city's public facilities. The government must provide
public facilities such as pavements, street lighting, public lavatories
in certain place such as shopping centres, petrol stations and other
public utilities.

4, Law enforcement. Everyone should obey the law and realise its
benefits and the security it provides. Likewise, anyone who breaks the
law should receive punishment accordingly.

CITY CLEANLINESS IN THE FUTURE

The prospect of city cleanliness in the future needs projections
based on observation of the past problems.

The main problem being faced now is urbanisation with all its
aspects which increases the production of waste.

Furthermore, a forecast should be related to progress of techno-
logy and the growth of industrial estates.
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The following factors influence future plans:

Urbanisation, technolpgical progress and industrial development,
the plan to make Jakarta a metropolitan city, pollution solutions,
! waste treatment, infrastructure and facilities in maintaining a clean
environment and co-ordination between departmental units. These factors
are considered individually.

Urbanisation
Jakarta's population is growing from year to year as stated earlier

and urbanisation i1s mainly responsible, leading to a high rate of unem-
ployment among other things.

e o

Jakarta has now introduced family planning and the city is now
closed to potential migrants. Nevertheless, a high population growth
accompanied by lack of city amenities and the low standard of living
for the majority have caused a low social awareness and disrespect for
law and order and other regulations. This is reflected by the fact
that some people are still disposing their domestic waste in places
not prepared for it. Certainly, this poses a great challenge to the
Cleansing Department.

Technological Progress

At present, we are still at the first stage of industrialisation.
Viewed from the experiences of developed countries, industrialisation
has reflected living standards. Industrialisation is also the manifes-
tation of technological progress as can be seen in Jakarta where the
products of technological progress have been much used. This can be
seen in the fields of communication and transportation.

Jakarta now suffers from 2 sources of pollution. The first cause
is the social and economic condition of society, and the second one is
the application of technology in certain fields such as air pollution
from car exhausts.

Consequently, Pprogress in technology should be able to prevent
environment pollution as long as preventive measures can be undertaken
through accurate planning by studying the experiences of industrialised,
developed countries. In this connection, Jakarta authorities plan to
establish an industrial estate with the purpose of providing job oppor-
tunities on one hand and to avoid industry's negative effects on the
other.

Industrial waste from this estate will be the most important issue
for the Cleansing Department. Such industries will produce wastes
which are complex in nature in gaseous, liquid and solid forms. The
consequencies of this requires the Cleansing Dep?rtment to take appro-
priate measures. '
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Jakarta's Transformation into a Metropolitan City

As the capital city, Jakarta, like any other capital city, is tran-
sforming into a metropolitan city.

According to the master plan for Jakarta from 1965-1985, it is
expected that Jakarta will fulfil the criteria of a metropolitan city.

The master plan calls for:

~ Housing as a primary need of the population. This plan is imple-
mented by considering the conditions for area development, popu-
lation density, necessary facilities, security and cleanliness.
As for the last issue, it reflects that the cleanliness of the
environment must be easy to maintain. In this context, it is
much better if a master plan on the cleanliness issue in Jakarta
is included.

- Facilities and public services. The daily needs of the population
must be satisfied with the purpose of promoting a healthy environ-
ment. Basically, require public services include:

- Portable water supply. For the present, the supply of 150-200
litres/man/day is an ideal figure for Jakarta. By supplying
that need, it is estimated that about 70 per cent of the water
will be thrown out as used or dirty water. It is appropriate,
therefore, to plan channeling system for the dirty water. . The
most important thing here is that the dirty water does not pollute
the environment. In such a situation, the application of a water
disposal system where the water can be recycled or taken away
to an open area without harming the environment is necessary.

- Electricity. In 1966, per capita consumption was 22 watts and
it is planned to increase it by 1985 to 149 watts per capita.
The most important aspect that has to be noted by the Cleansing
Department is the location of the generators which should not
disturb the environment with noise, smoke or any other wastes.

- Gas. Although gas is not a basic need, viewed from the aspects
of security, cleanliness, flexibility #nd efficiency and in line
with Jakarta's designation as a metropolitan city, it is esti-
mated that averagc cousuvution will be 101 m3/capita annually in
1985. Considering this increase, the location of the gas plant
should avoid the present experience where the surface of the
Ciliwung River is polluted.

- Public transportation. Public transport in Jakarta consists of:

- A railway system with rapid transit
- Buses and mini buses

- Taxis

Small three wheeler cars.
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It is estimated that 6,250 buses will be needed in 1985 with the
understanding that ricksaws will be replaced by other small forms of
transport. The consequence of the increasing number of cars is the
higher degree of air pollution from exhaust fumes.

POLLUTION PROBLEM

Although pollution is not critical in Jakarta as a whole, the city
does face a pollution problem in certain areas.

First, solid wasted dumped in great quantity in the wrong place
can pollute the soil, water or the atmosphere and is specifically ralated
to the people's health and social welfare. Further, rivers in Jakarta,
which were clear before now appear dirty due to discarded waste and
biological life in the water is diminishing or is non~existant. Moreover,
flow of rivers has been disturbed.

Water pollution is considered the first priority to tackle in Jakarta.

Industrial smoke from chimneys as well as exhaust fumes from cars
have caused air pollution.

In addition there is noise pollution caused by the sound of aircraft,
cars and factory machinery, etc.

Controls should be implemented effectively against these noises
in order to avoid changing the quality of the environment with its nega-~
tive effects on health and community welfare.

Infrastructure, Facilities for Environmental Control

Physical cleanliness in Jakarta can bé divided into 2 groups with
different responsibilities, one group concerned with the problem of
solid wastes, so far handled by the Cleansing Department; the second
group dealing with the problem of air, ground water and sound pollution
etc. Where such management has not yet been co-ordinated Jakarta's
authorities must face up to this in the future.

The Cleansing Department will continue to tackle the problem of
waste as a whole including collection, transportation and treatment.
Co-operation practised so far with the community organisations will be
intensified in line with percentage increase of population that can be
served by the department.

1f at present only about 20 per cent of Jakarta's population
receive the service of the agency, it is expected that. this figure will
increase gradually and more waste will therefore be transported.

A pilot project to serve community in densely-populated areas will
be implemented soon. The service will then not be limited to residen-
tial areas of rich people and other areas will receive the game service
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in accordance with the city's structure .

The city's structure and a collection network will expedite effi-
cient transportation of waste. The plan will determine the number of
trucks, distance covered, routes taken, possible speed and the final
dumping sites. As far as possible, the present trucks will be used to
the maximum and in the meantime the quality of the trucks will be improved.

Ideally the nodernisation of infrastructure and facilities operated
by the Cleansing Department will be according to the transformation of
Jakarta into a metropolitan city. This problem cannot be separated from
the financial situation, however.

It is a fact now that some city residents have made financial contri-~
butions towards the collection and transportation of waste but unfortu-~
nately this has not been not co-ordinated. It is expected therefore that
Jakarta's authorities will arrange for a co-ordinated fee collection for
dumping and transportation of waste.

According to the statistics, Jakarta's communities living in elite
regions have no objection to '"cleaning fees" as long as the area is
totally clean. In fact, this should be considered as community partici-
pation.

In the middle class areas, co-operation among residents can be
organised so that the collection and transportation of waste can be per-
formed better.

The problem of air, water, ground water and noise pollution is not
critical. This does not mean that consideration should not be given to
it, indeed, in view of the experiences of developed countries, the
problems of air, water and other pollution should be considered imme-
diately, especially those caused by industrial growth in Jakarta.

Based on a decision of the Governor of Jakarta in 1973 the Cleansing
Department formed a committee to work out programme for the implementa-
tion of a 1971 regulation dealing particularly with the standardisation
of waste affecting the air, water or coastal areas.

Short-Term Plan

Due to a shortage of experts in the field of city cleanliness
problems, the Cleansing Department plans to recruit staff in the fields
of sanitation techniques, biology, chemistry, engineering, sociology,
public health, hydrography and economics.

These experts are prepared to analyse the problems and aspects of
city cleanliness in Jakarta and they are expected to continue working
with the Cleansing Department.
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Further, as the short-term plan progresses, the Cleansing Department
will implement a long-term plan with a service organisation structure
with the experts expected to be capable of handling the problems they
have analysed during the short-term plan. They are expected to be the
core staff of the Cleansing Department.

Waste Treatment

Waste is disposed of by several recognised methods such as burning
out, incineration, open dumping and used by farmers as compost, etc.

The best method is both economical and practical without harming
public health., The present system used is by dumping or landfill.

Sometimes, this is accompanied by burning in order to decrease
volume.

Waste disposal by incineration and other methods is also generally
practised but the quality of waste processed through these methods is
very limited. On the other hand, such methods are not satisfactory
because about 30 per cent of the volume is in the form of dust, hard
matter or metal and other materials.

In the long-term plan, the possibility of incineration must be con-
sidered but there are both advantages and disadvantages.

Benefits include the fact that the treatment area is relatively
small; there is the possibility of centralised placement; the burnt
remains such as dust are free from organic matter; various kinds of
waste can be treated by this method; it is subject to climate changes;
operation time is flexible — 8, 16 or 24 hours a day; and it provides
a source of heat that can be utilised.

Disadvantages are high initial costs — about US$ 3,500 - $ 5,000
per tonne for 24 hours for complete construction;

The operational cost is high and requires personnel for operation
and maintenance. High temperatures, dust and the variety of materials
treated will affect the burners, engines and the working place. There-
fore, much time is required for repairs. The cost of this is estimated
at $ 3 - $ 7.50 per tonne. There can be local pollution from untreated
waste (i1f the capacity of the incinerator is small) while air pollution
from an incinerator with a big capacity can pose at problem.

From the public health point of view, the dumping system is unsuit-
able as it encourages the multiplication of rats, mosquitoes and flies
and also there is also the possibility of polluting the ground water.

If these wastes are burnt, smell and smoke can be a nuisance to the
community. It is not exaggerating to say that the open dumping system
has no place in modern waste treatment.
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Composting, is one method which has received significant attention
but is not acceptable in some places in Jakarta. This method requires
bearing in mind the high cost and difficulty in marketing. For this
reason, many countries have discarded this method in recent years.

Conventional composting performed by farmers is still continued
because it benefits the farmers as well as lessening the waste volume
that must be disposed.

The best waste disposal method, as mentioned above, is sanitary
landfill. However, a shortage of land makes this difficult to implement.

This method is implemented as follows:

- The waste are levelled down or placed on the already prepared
site and spread out, levelled and composted in that layer.

Later, compaction is introduced.

- The waste is covered by non-porous soil taken and the heap is
periodically compacted.

When the area prepared has already been filled in, it can be used
as a place for light activities or contruction such as a golf course,
tennis court or a flower garden as a city lung, etc. Generally, sanitary
landfill can be implemented in 2 ways: area fill or trench fill.

Area fill is implemented in an open place, flat or hollow, while
trench fill uses prepared ditches. The choice of method can be according
to site conditions.

Considerations in the implementation of the above methods are the
selection of technical and economical locations and community acceptance.
No less important is the size of the land desired and the prevention of
the contamination of ground water. The size of the site depends on
several factors such as waste volume, conditions, equipment needed and
financial considerations.

Nevertheless, a study indicates that sanitary landfill is the
cheapest method compared with composting and incineration.

This can be seen from Table 6.

Co-ordination of the Service Units

As explained earlier, Jakarta has experienced pollution in limited
areas. Faced with growing industrialisation, however, the handling of
environmental pollution requires attention to see that whatever has
happened in developed countries does not necessarily repeat itself in
Jakarta. The cleaning service in this case has studied the plan on



Table 6. Relative

Cost of Different Waste Disposal Techniques in US

Method Land First cost Operation Disposal
Acreage $/year cost $/year cost/year
Composting 5 2.91 4.01 6.92
Incinerator 3 2.09 2.90 4,98
Sanitary
landfill 40 6.78 0.90 1.68
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This table is from Maricopa County (United States of America).
Existing capacity is 300 tonnes per day.

handling and managing the problem as specified in the short-term and
long-term programmes.

On the other hand, from the experience ih some cases in the field
of industry, it is clear that control on environmental pollution, covered
by Region Regulation No. 12, 1971, is still not effective,

It cannot be denied that the Office of Industries has the primary
role with industrial problems, particularly with regard to production
quantity and quality, type of industry, etc. but it is a fact that indus-
trial wastes cause pollution and this involves other concerned agencies.
For example, one industry, having received a licence to operate, cast
out gas into the air and polluted the environment.

If an industry discharges waste into water which is a source of
drinking water or used for fisheries or agriculture, then, the respon-
sible of agencies are the City Service for Drinking Water, the Office
of Fisheries Service or the Agriculture Service.

In view of the above situation, it is felt necessary to have a
co-ordinated and synchronised programme covering various service agencies
of Jakarta authorities having involvement in the aspects of environmental
pollution.

For implementation, it is expected that the co-ordinated and synchro-
nised activity will reflect the content of the Regional Regulation No. 12,
1971 and No. 3, 1972 by introducting preventive measures without neglec-
ting other social and economical aspects.

During the transitional period it is necessary to start preparing
to identify infrastructures and facilities needed by a staff of experts
as shown in the short-term plan of the Cleaning Service and when the
time has come this staff will manage the problem of pollution in Jakarta.
This will be the beginning of the long-term plan execution as explained
earlier.
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In addition, as guidance special standards or criteria for permis-
sible waste which that can be tolerated by Jakarta will be drawn up.

Nevertheless, the preparation of these criteria should be conducted
after making a thorough study and survey, monitoring areas expected to
experience pollution.

As outlined before, the problem of pollution is not only limited
to the region but also is a national and international concern and
consequently a functional agency should be established between the cen-
tral and authorities.

Several countries facing a serious environment pollution problem
have established a special agency according to their needs and problems.
Likewise, it is feasible for the Urban and Environmental Research Centre
(PPMPL), initiated by Jakarta authorities, be extended in its functional
relation with the central Government.
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SOLID WASTE DISPOSAL IN KOREA

KYONG HO KIM AND KYU EUNG KiM
The Ministry of Heaslth and Social Affairs,
Seoul, Korea

INTRODUCTION

The Korean peninsula is a temperate zone and is located between
northern China and Japan. The total population of South Korea was
36,436,000 in 1977, Sixty per cent live in urban areas where there are
36 major cities and 147 townships. Of the 36 major cities, Seoul is
the political and commercial centre of the country and has a population
of 7,308,000, not including transients. Most industries are located
around the coastal zones of the peninsula where products ranging from
heavy-sized ships, 01l refinery derivatives and electronics to soft
drinks are produced. Exports in 1977 amounted to US $ 10,000,000,000.
The GNP was US $ 860 as of 1977.

Solid Waste Production

As Korea is in a temperate zone, the amount of waste varies greatly
according to the different seasons, the peak month being around November.
However, the waste production per capita per day 1s 0.74 kg to 1.96 kg
and an average is 1 kg.

CHARACTERISTICS OF WASTE

According to a survey of domestic waste from 28 major cities, out
of the total wastes, about 8 per cent (Seoul 14 per cent) is combustible
and the rest was found to consist of noncombustible materials. The compo-
sition of municipal waste by weight was found to be: 78 per cent ashes;
4 per cent mixed paper; 1.8 per cent PVC products; 0.9 per cent glass;
0.6 per cent ceramics; 0.6 per cent wood; 0.4 per cent metal; and 13.7
per cent other materials.

The heat value is about 300 kcal/kg and water content is about 30
per cent. The BOD of the leachate is around 18,000 mg/1.

Since a large portion of the waste is classified as noncombustible,
it is impractical to incinerate without sorting beforehand. Most of the
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Table 1. Solid Waste Production in Cities

Areas Population Waste (t/year) Kg/cd
Seoul 7,308,000 4,114,175 1.5

Busan 1,830,000 494,283 0.74
Daegu 1,108,000 569,735 1.41
Incheon 582,000 201,947 0.95
Gwangju 465,000 144,000 0.86
Daejeon 382,000 133,430 1.00
Masan 271,000 49,083 0.49
Jeonju 238,000 83,585 0.96
Cheongju 121,000 29,200 0.66
Woolsan 139,000 40,980 0.81

Table 2. Solid Waste Production in Small Townships

Areas Population Waste Gencrated Kg/cd
(t/year)

Yeonju 42,000 15,340 1.0

Seokipho 24,000 10,800 T 1.25

Dogae 12,000 2,920 0.67

Wando 11,000 2,160 0.54

Yeoju 20,000 14,400 2.00

combustible material originates from hard coal which is used as a domes-
tic fuel and hard coal ashes comprise about 65 per cent of the total
noncombustible materials. However, the amount increases during the
winter.

METHOD OF DISPOSAL

About 99 per cent of all solid wastes generated in the country are
disposed of by sanitary landfill or by open dumping on lower land for
land reclamation. For Seoul, there are 4 landfill sites which are
located 26-35 Km from the outskirts of the citv and which will d%soose
of 11,271 tonnes a day (specific gravity of the waste is 0.47t/m”)
Although some studies have been conducted on waste composting, this
method is not yet being used.
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In Seoul, noncombustible materials which consist mainly of ashes
from hard coal are recycled to make concrete blocks. Approximately
360 tonnes of such blocks are produced each day.

ADMINISTRATION AND LEGISLATION

The Government is responsible for the disposal of domestic waste
with the Ministry of Health and Social Affairs arranging for the planning,
supervision and evaluation of the waste management. At the local level,
the provincial government, city government or town council is directly
or indirectly responsible for the field programmes.

The Waste Disposal Law is used in combination with the Environmental
Preservation Law and the Ocean Pollution Control Law to directly and
indirectly regulate waste disposal in general.






SOLID WASTE MANAGEMENT IN
METROPOLITAN MANILA, PHILIPPINES

JOSE H. ESPIRITU POLLYANA J. SENGA, ROLANDO V. VENAL
Bureau of Public Works, National Environmental
Bonifacio, Drive, Port Area, Protection Council,
Manila, Philippines Quezon City, Philippines
INTRODUCTION

Land and/or soil, water and sometimes air pollution is caused by
uncollected and improperly disposed solid waste matters. These condi-
tions have been experienced by Metropolitan Manila residents.

The resulting ill-effects are generally detrimental to the health
of the citizens; an eyesore; and the slow death of the areas within
the dumping sites.

Essentially, through proper solid waste management, land/soil
pollution can be minimised if not eradicated. Solid waste management
is the systematic management of refuse storage, collection and disposal.
The term solid waste refers to garbage, trash, rubbish, litter, junk or
refuse from any source, particularly from residences, commercial esta-
blishments, factories and agricultural areas.

The overall approach adopted in this paper is as follows:

The existing situation is presented, indicating refuse quantity
and quality, methods used in storing, collecting and disposing of solid
waste by major sector and the government undertakings regarding those
aspects; the problems are identified; an analysis of the problems {is
made, indicating the causes and implications of the problems; and the
conclusions/recommendations to minimise if not eradicate the problems
in solid waste management are state and expounded.

THE PRESENT SITUATION

Refuse Quantity

Generally, the quantities of refuse vary widely from city to city,
and, within a city itself, they also vary from season to season, from
day to day and from zone to zone. The quantities of municipal refuse
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produced in the Metro Manila area are expected to increase at a high
rate due mainly to 2 factors: population growth and per capita increase
in refuse production (See Table 1).

Table 1. Present Refuse Quantity in Metro Manila

%
areas | polTotion | i bay | Cotlectea 1S pay| ReFuSE
Manila 2,459,409 2,300 2,000 87.34
Quezon City | 1,450,155 2,000 1,884 94.20
Caloocan 499,428 657 480 73.05
Pasay 316,348 410 205 50.00
Navotas 101,772 164 99 60.40
Malabon 183,647 297 200 67.30
San Juan 157,845 213 156 73.20
Mandaluyong 217,085 330 250 75.80
Makati 447,678 640 520 90.60
Pasig 274,091 320 198 62.00
Valenzuela 196,289 260 162 62.30
Marikina 206,583 272 216 80.00
Pateros 34,403 35 10 19.00
Taguig 77,332 130 18 14.00
Parafiaque 209,733 265 198 75.00
Las Pifias 100,291 122 80 66.60
Muntinglupa 110,291 175 52 30.00
Note: Data as of April, 1977

Source: RESC - MMC

Refuse Characteristics

An analysis of refuse in Metro Manila conducted by Pacific Con-
sultants International showed that moisture contents of samples were
53 per cent to 58.5 per cent for residential areas, 63 to 70 per cent
for market areas and 51 to 53 per cent for commercial areas with street
sweeping. These moisture contents appear to be relatively high compared
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with the average moisture of 28 per cent and maximum of about 40 per
cent in the United States.

The significance of such a high moisture content suggests that the
refuse is not suitable for incineration without the addition of auxiliary
fuel or pre-treatment by sorting or screening to remove most of the
combustible content. This was probably one of the many difficulties
encountered by the Quezon City Government when it operated its inci-
nerator. The refuse density was found to be about 0.3 tonnes/m” for
the Metro Manila Area.

Storage

These solid waste matters are stored using various methods. The
most popular is the use of cans. The sizes of the containers are not
uniform despite the ordinances promulgated. The containers generally
used are too small to contain all the refuse produced by a household.

An average Filipino family of 6 would produce approximately
5 kg. If this was zomposed of litter and.rubbish, the volume would
be more than that which can be contained in one kerosene can. This
is the typical container used by a household.

Separation of the different types of solid waste prior to storage
is not practised among the households and commercial establishments in
Metro Manila. Scavengers therefore find it useful to get saleable
materials from the refuse receptacles prior to their final disposal.
Sometimes the better receptacles are lost in the process.

In advanced countries, grinders are used to reduce the volume of
refuse prior to storage or ground refuse is disposed of through sewers.
None of the major hotels and markets in Metro Manila use this method
of garbage storage-disposal.

Collection

Kerbside service, alley service and set—out/set-back services are
provided in Metro Manila.

Kerb service is the most popular type of collection service pro-
vided by the cities and municipalities to the residential, business
and agricultural areas. By special request, set-out service is provided.

Solid waste collection in Metropolitan Manila is performed both
by local government and by private contractors. Some municipalities
and cities make use of contractual services to augment their inadequate
collection equipment. All of the localities in Metro Manila need
additional equipment in order to improve the efficiency of the service
they render. This means an increase in the number and capacity of
dump trucks used for refuse collection; the provision of compaction
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equipment within each truck and the provision of special refuse collec-
tion equipment like fork-1lift and towing apparatus.

However, a major development of collecting solid waste matters
has been effected by the creation and of the Refuse and Environmental
Sanitation Centre of the Metro Manila Commission. A more detailed
discussion on this is made later.

Disposal

The volume reduction and disposal methods normally used in Metro
Manila are sanitary landfill, composting, open dumping and open burning.

Solid waste in Metro Manila is dumped in several places. In spite
of ordinances prohibiting it, vacant lots within the city proper are
being used as dumping grounds for refuse. Esteros and other open bodies
of water are not spared from this. Thus the Pasig River became a heavily
polluted river in the last 10 years until measures to control the problem
were implemented.

There are no readily available records to enable measurement of the
efficiency of operation and cost of maintaining a dump site. Apparently,
this is already included in the evaluation of the efficiency and cost of
collecting a tonne or cubic metre of solid waste.

Among households with large gardens or yards, the open pit system
is a popular method of disposing of solid waste. Ordinances passed by
the local government units in Metro Manila prohibit this practice
without prior permission from the Municipal Health Officer. The burning
of refuse and litter in open pits contributes to air pollution. Also
because most of the area in Metro Manila is below sea level, the burial
of refuse contributes to ground and water pollution.

Disposal of solid waste would not be a problem if the ordinances
regulating it were properly enforced by government agencies and followed
by the citizens. Separation of wet and dry solid wastes would also
help in solving the problem. Wet refuse may be sold as feed to piggeries
or poultry farms. And the litter, rubbish, junk and refuse may be sold
for profit. Those that cannot either be fed to animals or sold as junk
may be stored properly for collection.

THE REFUSE AND ENVIRONMENTAL SANITATION CENTRE

The study of the Refuse Management System (REMAS) of the land/soil
pollution control was made a pilot study by the Department of Public
Works, Transportation and Communications and began on July 1, 1975.

The findings relating to environmental sanitation were extracted
and combined with the approved Refuse Management System to form a
programme of a wider-ranging Environmental Sanitation and Protection
System Study.
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This new grouping of activities meant an integration of the refuse
and environmental sanitation activities in the local and sectoral levels
of Metro Manila thus the new name of the control office is REFUSE AND
ENVIRONMENTAL SANITATION CENTRE (RESC).

Factors considered in this study are the cost (operation, mainte-
nance and capital), environmental factors, resource comservation (energy,
materials and pad) and institution of factors (political feasibility, as
well as legislative constraints and administrative simplicity).

A master plan for refuse collection and disposal for Manila and
suburbs was formulated. The methods, procedures, advantages and
financing methods were enumerated in the said master plan.

INDUSTRIAL WASTE ESTIMATE

Industrial solid wastes are collected and disposed of by the indus-
tries themselves or by the use of the refuse disposal service of the
Refuse Environmental Sanitation Centre. Accordingly, a substantial
amount of industrial solid waste is mixed with domestic solid waste.
Larger factories have their own refuse trucks and haul refuse to the
dumping site where they are charged a dumping fee.

Table 2. Waste Disposal by Sector in Manila and Suburbs

No. of Dumptrucks Dump Site
AREA
Gov't |Private No. Location Area (ha)

Quezon City 19 47 2 Tiangco Prop. 18

(near La Mesa
Dam)

Caloocan 11 - 1 Dolor Prop. 10

(Constitution-
al Hill)
Malabon - 11 1 1 Julian Felip 2
St.
Navotas - 12 1 Gov. Pascual 2
Ave.

Valenzuela 9 - - Canumay -

San Juan 3 10 - Quezon City -
Manila Gravel
Pit Land near
boundary of
Q.C. Montalban

Makati - - - - ' -
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Table 2. (Continued)

No. of Dumptrucks Dump Site
AREA
Gov't | Private No. Location Area (ha)
Pasay - 7 2 - -
Mandaluyong - 13 - - -
Paranaque 3 - - - -
Las Pifias 3 2 1 Pulong Lupa 25
Las Pirfas
Muntinglupa - - - - -
Pasig 6 - 1 Taytay, Rizal -
Marikina - 12 1 Concepcio,
Marikina
Taguig - - - - -
Pateros - - - - -
Manila 85 - 1 Rodriquez, 30
Balut, Tondo

Source: MMC (April, 1977)

Table 3. Number of Factories in Metro Manila (1974)

AREa NO. OF INDUSTRIES TYPE OF INDUSTRY

Manila 983 Lumber yards, saw

mills, garment,

printing press,

motor works, machine,
. furniture shop, etc.

Quezon 4,161 Manufacturing, repack-

ers, tanneries
Makati 396 No data
Pasig 189 No data
Malabon 167 Various types
Marikina 20 Various types
San Juan 380 Shoe manufacturers
Navotas ' 201 Various types
Valenzuela 407 Textile, socks,- plastic,

etc.




Source: Pacific Consultants

International, in association

with Basic Technology and Management Corporation
(1974), Master Plan for Refuse Collection and
Disposal for Manila and Suburbs.

Table 4. Type of Industrial Waste in Metro Manila Area (1974)
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Method of
T £
ype of Industry Industrial Waste Disposal
Guns and Bullets Small pieces of Private
bronze, cartons, contractor
papers
Cigarettes Cigar waste and Private
reject bobbins trucks
Tyres Pieces of rubber Burning
Plastic Small pieces of Burning and

Aluminum and
cartons

Textile and
Printing

Candies and other
allied products

Foodstuff

plastic cartons

Pieces of aluminum
cartons

Wrapping papers
plastic and cartons

Cartons, cans
peelings of fruits

Cartons

thrown into
pit

Private
contractor

Burning

Private
contractor

Burning

Source: Pacific Consultants

International, in association

with Basic Technology and Management Corporation
(1974), Master Plan for Refuse Collection and
Disposal for Manila and Suburbs.
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Table 5. Amount of Refuse per Dump Site per Day

with Basic Technology and Management Corporation
(1974) Master Plan for Refuse Collection and
Disposal for Manila and Suburbs.

AREA DUMP SITE AREA (ha) REFUSE (M3/day)
Quezon City Tiongco Prop. 18 1,884
(Manila Gravel
Pit) Road, near
boundary of Q.C.
and Montalban
Caloocan Dolor Property 10 480
City (Constitutional Hill)
Malabon Julian Felipe St. 2 200
Navotas Gov. Pascual Ave. 2 99
Valenzuela Canumay Valenzuela - 162
Tiongco Property
San Juon Manila Gravel Pit - 156
Road (near boundary
of A.C. and Montalban)
Makati Tiangco Property - 520
(Same as Q.C.)
Pasay Tiangco Property - 205
(Same as Q.C.)
Mandaluyong Tiangco Property 250
(Same as Q.C.) -
Paranaque Pulong Lupa, Las Pifas 25 1,980
Las Pifias Pulong Lupa, Las Piilas - 80
Muntinglupa Taytay, Rizal - 52
Pasig Taytay, Rizal - 198
Marikina Concepcion, Marikina 4 216
Taguig Concepcion, Marikina - 18
Pateros Concepcion, Marikina - 10
Manila Rodriquez, Balut, Tondo 30 2,000
Source: Pacific Consultants International, in association
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SOLID WASTE MANAGEMENT PROBLEMS
Table 6 was designed to illustrate the solid waste management
problems by sector (private and government), using the following as
areas of references: storage, collection and disposal aspects.
The major and minor problems presented in the said matrix were
clearly stated and the analysis of each and every problem shall be

discussed.

Analysis of the Problems

Solid waste management problems can be viewed from 2 points, that
of the private sector and that from the government. From the viewpoint
of the private sector the basic problems encountered in storage are the
loss of receptacles from home owners and the ordinance requirement of
separating the different types of solid waste matters to dry and wet.

Receptacles, especially plastic containers and kerosene cans, are
lost because they have other uses and can be sold for possible recycling.
The separation of the different types of solid waste matters into dry
and wet as required by some municipalities and cities in Metro Manila
is considered by many individuals as waste of time and an irritation.

With regards to the collection of solid waste, some home owners
and industrial plants complain about the frequency of collection and
the efficiency of collection. Solid waste is collected from households,
commercial establishments and industries at varying frequencies: daily,
every other day or weekly. However, it has been experienced by most
residents that solid waste collection at households 1is often infrequent.

Sometimes, collections are at such long intervals that they have
to dispose these wastes in their gardens or in vacant lots. Moreover,
refuse collectors are careless in transferring the contents of the
receptacles into the dump trucks, thereby doubling the handling of the
waste matters and scattering.the left-overs.

In the disposal of solid waste many home owners have the practice
of dumping their refuse and the like in their gardens or prepare an
open pit for them to burn the refuse. This practice is tolerable
provided a permit was previously secured. But home owners find securing
a permit an additional burden on their part. Nevertheless, it should be
noted that securing a permit is a precautionary measure to avoid fire
within the neighbourhood.

A more serious practice is the dumping of solid waste on vacant lots.
Aside from t