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FOREWORD

Wherever people live, wastes, both liquid and solid, are produced.
While the disposal of liquid wastes more often receives priority attention,
the management of solid wastes has generally been a neglected field. The
aim in developing countries must not be to mimic the technology of
industrialized countries, but rather to employ the ‘cchnology appropriate
to their own situations, while still meeting the basic needs of public
health.

This book is intended to provide a reference source for engineers,
municipal officers, administrators and other interested persons, and to fill
a need for a training manual for technicians in a field of universal and
growing importance.

It is hoped that this manual will be used widely and that it will be
recognized as a coniribution to an aspect of environmental health which
has perhaps received inadequate attention in the past.

st

s . .,

V.T.H. Gunaratne, F.R.C.P,, D.P.H.
Regional Director




Author’s Note

This book is designed primarily to guide Indian municipal officers
who are responsible for the collecticn and disposal of solid wastes. Its
orientation has been influenced, hcwever, by experience gained during
about twenty assignments in; various developing countries. Most of these
were undertaken as a sh%rt—term consultant to the World Health
Organization and included the Scuth-Fast Asia, Western Pacific, Pan-
American and Eastern Mediterranean regions.

The writer has drawn freely on his own reports on these assignments,
in particular “Solid Wastes Management in Scuth-East Asia”, which
contains the report and working papers of a regional seminar held at
EBangkok in 1974. "Solid Wastes Management in India”, a report on a
Government of India—WHO workshop, held at Ahmedabad (Gujarat)
in 1975, has also been a valuable source. Other sources of material are

acknowledged in the text.

A woerd of warning may be necessary with regard to costs. Because
the comparative costs of alternative systems reprzsent a most important
criterion, there are frequent references in the {ext to capital and operating
costs. Those are thought to be reasonably accurate averages for India over
the nericd 1975-76, but they conceal significant regional variations. It
m2y be necessary, therefore, for readers to revise some of these figures
in the light of known current unit costs for their arcas. This applie:
poricuiarly to readers from other countries who may also like to kmow
that the average exchange rate during the period of data collection was
cbout 6.5 Indian rupees to the US dollar, (For a f‘apid approximate ccn-
version lo US § during reading. simply move the decimal point one place
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MANAGEMENT OF SOLID WASTES
IN DEVELOPING COUNTRIES

CHAPTER 1
INTRODUCTION

At all levels of development human beings produce
domestic wastes: at the very minimum these comprise
kitchen wastes, ashes from fires, broken utensils and worn-
out clothing. In a small agricultural community nature
readily accepts these wastes into her natural cycle: anir::als
consume food residues and other materials are rapidly in-
corporated into the soil.

The industrial revolution in the temperate countries con-
centrated people in urban areas of very high population
density and added new sources of wastes: shops, institu-
tions and factories. Apart from any question of public
health it was impossible to accommodate these wastes, aris-
ing at a rate of up to one tonne/family/year, within the
urban areas. Thus, in those countries where industrialisa-
tion came early, services for the regular removal of domes-
tic and trade wastes have been in operation for a hundred
years or more, .

Many changes ha"';;'/e taken place during this period: the
character of the wastes has altered in line with rising liv-
ing standards, changes in retail distribution methods and
fuel technology. The volume has greatly increased; storage
methods have evolved from open heaps through portable
containers to expendable containers; transport has changed
from horses to motor vehicles and from open trucks to
compactor vehicles. New problems have arisen-—high-rise
buildings, supermarkets, industrial wastes of many kinds-—
and usually efficient solutions have besn devised.

At this stage in their development, most industrialised
countries exhibit the following common features:

— a high level of national wealth which is still increasing;
— a taxation system which provides a reliable source of funds
for public services such as refuse collection; 1



—a long tradition of regular and efficient removal of refuse
direct from dwellings and other premises, and usually opera-
ted by a municipality;

—a high level of sensitivity to aesthetic standards within pri-
vate premises (which does not always extend to standards in
public places);

— willing acceptance by householders, shopkeepers and others
of statutory duties such as providing and maintaining storage
containers, sometimes of a specified type and size, and assist-
ing in making containers available for emptying by municipal
employees at prescribed times.

During the past twenty years the main thrust of techni-
cal development has been towards mechanisation, because
of rising labour costs, even to the point of installing under-
ground pneumatic transport systems at a few high-rise
developments. Although manual emptying of containers
continues to be employed almost everywhere, the ratio of
vehicles to men is rising and the service is becoming more
capital intensive with investment up to Rs. 409,000 per
collector in some cities.

In the industrialised countries, therefore, basic health
and environmental problems have been solved in the stor-
age and collection of solid wastes, although major problems
remain in the matiers of resource recovery and disposal.
Despite recurring conflicts over the allocation of national
resources as between public and private expenditure, suffi-
cient money is available normally to provide an efficient
public service and the citizens co-operate well with the
system. The technology of wastes handling is now highly
developed; substantial sectors of indusiry are engaged in
the production of equipment; there are established institu-
tions for technical training; there is a wealth of technical
literature much of which is devoted to the efficient deploy-
ment of labour in relation to capital equipment—another
indicator of western pre-occupation with rising labour costs
in the service industries.

By contrast, India and many other developing countries
are suffering all the problems of urbanisation. often with
population densities much higher than any western city,
but without the financial resources needed to provide solu-
tions of the kind used in the West.

The developing countries are not unaware of the impor-
tance of avoiding the environmental pollution which sha-
dowed urbanisation and industrialisation in Europe and
North America, The quality of urban environment is a
matter of growing concern to them and the importance of
efficient solid wastes management is increasingly recognis-
ed. The West has often been able to provide developing
countries with technical guidance in environmental matters,




but solid wastes may prove to be an exception; there are
too many climatic, economic and social differences for sys-
tems to be successfully transplanted. Even the technical
literature of the West may be of little value for either
training or operational guidance. Some of the impediments
to the use of western methods in developing countries are
indicated by constraints listed in the report of a seminar
held att Bangkok in 1974 by a group of South East Asian
countries under the auspices of the South East Asia Region
of the World Health Organisation:

—climate and seasonal variation,

—budget and foreign exchange limitations,

— economy of the region,

— physical characteristics of the cities,

—social and religious customs,

— public health awareness,

— quality of management and technical capacity,

—the environmental standards required.

It was against this background that the Bangkok Semi-
- nar stressed the importance of the following issues:

— protection of health and the environment at a level of cost
that can be sustained locally,

— development of systems based on local clin'(iatic, vhysical,
economic and social factors, :

— production of efficient, indigenous tools and equipment,

— the achievement of high productivity from labour and equip-
ment, especially motor transport,

— education of ihe public,

—vocational or professional training for middle and top
management.

This manual is aimed at both the latter groups. It was
initiated by the Government of India to satisfy a need
which was first voiced as a recommendation of a W.H.O.
expert committee (Solid Wastes Disposal and Control,
W.H.O. Technical Report Series No. 484):

“The function of the techniciun is the day-to-day su-
pervision of refuse collection and disposal, which re-
quires thorough training in applied technology and
administration.”

This recommendation was echoed by the Bangkok Seminar:

“A solid wastes technician’s course should be a five to
ten month course and should include characteristics
and analysis of wastes, equipment, systems, planning
and operation of sireet cleansing, refuse collection, re-
fuse treatment plants and disposal systems, vehicle
maintenance, stores and inventories and manpower
management, An important requirement is the prepa-
ration of a manual or manuals covering the suggested
syllabus in terms of regional or national need.”

3




Sources

and
Characteristics
1.1

“Solid wastes” is the term now used internationally to
describe non-liquid waste materials arising from domestlc
trade, commerecial, industrial, agricultural and mining acti-
vities, and from the public services. *Non-liquid” is a rela-
tive term because sludges of certain kinds fall within the
scope of solid wastes management; these arise primarily
from industrial sources and from sewage treatment plants.

Solid wastes comprise countless different materials : dust,
food wastes, packaging in the form of paper, metals, plas-
tics or glass, discarded clothing and furnishings, garden
wastes, construction wastes, factory offcuts and process
wastes, pathological wastes, hazardous and radioactive
wastes.

Domestic wastes have three main characteristics: weight
generated, density and constituents; these vary not only
from country to country, but from town to town within
a country, according to the level of industrial development
and other factors:

—the range of weight generated/person/day wusually lies
between 250 and 1,000 gms, worldwide,
—density varies from 100 kg/cu metre to 600 kgs/cu metre,
— thus volume may range between 1/2 litre and 10 litres/
person/day,
The main constituents of domestic wastes vary as follows:
— vegetable-putrescible matter, 26% 1o 75%,
— inert matter, 5% to 40%,
— paper, 2% to 60%,
—glass, 0 to 10%,
— metals, 0 to 15%.

No rational decisions on solid wastes systems are possi-
ble until data of this kind are available. The method and
capacity of storage, the correct type of collection vehicle,
the optimum size of crew and the frequency of collection
depend mainly on volume and density; climate also has
some influence. The disposal method may be conditioned
by the proportions of saleable materials that could be re-
cycled, the vegetable content which may be compostable,
or the paper and plastics content which could be a source
of energy.

Just as solid wastes comprise a vast numb-.r of materials,
they arise from a multitude of separate sources: a city of
a million inhabitants may have a quarter of a million
separate sources, as well as many kilometres of streeis
upon which solid westes accumulate. Thus the four main
aspects of solid wastes management are:

—storage at or near the point of generation,
— collection,

— street cleansing,

— disposal.




An apt definition of solid wastes is "‘matter in the wrong
place”, implying that a material becomes waste only when
a specific owner ceases to have a use for it. Yesterday's
newspaper is waste to the man who bought it, but it could
be the raw material for a paper mill. Current waste dispo-
sal philosophy is to endeavour to treat all wastes as re-
source materials: some for re-cycling; some for convers..n:
to fertiliser or as a source of energy; and the balance for
land reclamation.

There are potential risks to health and, to the environment
from improper handling of solid wastes. Direct health risks
concern mainly the workers in this field, who need to be
protected, as far as possible, from skin contact with wastes.
(The National Environmental Engineering Research Insti-
tute, India, has carried out studies that show a higher inci-
dence of intestinal parasites in collectors of domestic
wastes than for the population as a whole.*) There are also
specific risks in handling wastes from hospitals and clinics.

For the general public, the main risks to health are in-
direct, and arise from the breeding of disease vecters, pri-
marily flies and rats. Improper storage and disposal provide
the conditions under which these risks arise.

The most obvious environmental darnage caused by solid
wastes is aesthetic: the ugliness of street litter and the
destruction of the beauty of the countryside by uncon-
trolled dumping of city wastes. More serious, however, and
often unrecognised, is the transfer of pollution to water,
which occurs when the leachate from a refuse dump en-
ters surface water or ground-water. Air pollution can be
caused from the inefficient burning of wastes, either in the
open air, or in plants that lack efective treatment faci-
lities for the gaseous effluents.

Industrialisation introduces dangers of a different kind :
hazardous wastes from industry present risks during trans-
port and disposal. Traffic accidents can result in toxic wast-
es being spilled: they have caused death and injury to
people in the vicinity. Improper disposal of such wastes
has resulted in the death of humans and animals through
contamination of crops or water supplies.

Finally, there is the specific danger of the concentration
of heavy metals in the food chain, a problem that illustrat-
es the relationship between solid and other wastes. It has
sometimes happened that liquid industrial effluents con-
taining heavy metals have been discharged to a drainage
system and have contaminated the sludge leaving the treat-

“ “Short-term study of health status of refuse workers at
Trivandrury”’, NEERI Report, 1970.
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ment plant. These metals can be taken up by the plants
growing on land on which sludge has been deposited. creat-
ing risks to the animals which graze and the humans who
consume the animals.

Labour and transport absorb the major part of the ope-
rating costs of solid wastes management services. It is
usual for a city to employ between two and five workers
for each 1,060 population. Three workers/1,000 population
may represent about 1% of the total national workforce.
Transport is required on a scale of about 1 heavy vehicle/
15,000 population. Thus, solid wastes management services
can absorb up to 1% of the gross national product, and is
one of the most expensive of city services. Efficiency of
systems and high labour productivity, therefore, are of
vital importance,

The level of mechanisation that should be adopted for
solid wastes management systems relates directly to the
cost of labour, as compared to that of plant and energy.
There is not much variation, worldwide, in energy or
mechanical plant costs, but there is an a‘‘*onishing range
of labour costs.

Rs./hour Opiimum mechanisition policy

USA 60 maximum capital intensive.
Europe 30 mainly capital intensive.
Latin America 10 critical evaluation necessary.
S. E. Asia 1.5 maximum labour intensive

Thus there are no universally applicable solid waste
management systems: every country must evolve an in-
digenous technology based on the quantity and character
of the wastes, the level of national wealth, wage rates,
equipment manufacturing capacity, energy costs and the
availability of foreign exchange for the purchase of im-
ported plant.

A critical factor in the evaluation of alternative systems
of solid wastes management and the establishment of
efficient organisation is the quality of managemeni. It is
necessary to deploy a complex set of technical skills which
derive from several professional disciplines. These include
civil and mechanical engineering, chemical engineering,
transport organisation, land-use planring and economics.
Thus, solid wastes management is teamwork, and whatever
the original discipline of the top manager, his prime quali-
fication should be his specialised background in this field.
A second requirement, no less important, is skilled “man-
management”, the purpose of which is to obtain high pro-
ductivity from a contented staff at all levels.




CHAPTER 2.
SAMPLING METHODS

The generation of solid wastes varies in different types
of dwelling as well as in different socio-economic groups.

The following are the methods commonly used to esti-

mate the total quantity of wastes to be collected and
disposed of :

— average loads collected/day multiplied by average volume/

load asceriained by measuring a vehicie body, and converted

to weight by using an average density obtained by sampling,

— sample vehicle weighings, using a weighbridge, the average

being multiplied by the total loads/day.

— weighing of every load on a weighbridge at the disposal

site; this is the only accurate method.

Measurement of the total weight of wastes delivered to

a disposal site, however, is seldom an accurate indicaiion
of wastes generated, as distinct from collected, because of
losses at various stages. The following may be a typical
pattern:

Stage Handling phase Losses

Total Generated
minus salvage sold by householder
salvage by servants
salvage by scavengers
wastes disposed of by un-
authorised means, e.g. on
unused ground or in ditches.

i GO BN

Total Collected
5 minus salvage by collectors
Delivered for Disposal
6 minus salvage by disposal staff
salvage by scavengers
Total Disposed of

For certain purposes, e.g. to determine the volume re-
quired for storage of domestic wastes, or to find the re-
cycling potential of wastes, it is necessary to try to measure
wastes actually generated, This can be done by sampling
at source, i.e. at stages 1 or 2.

Generation
2.1

generation
in relation
to collection
and disposal
2.1.1.
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Because the cycle of domestic activity varies through-
out the week, it is necessary to obtain samples that
precisely cover one week. For India the following initial
assumptions could be made:

350 gms/person/day,

6 persons/family, ' :

= 2.1 kg/dwelling/day = 15 kg/dwelling, week.
(including natural moisture content)

However, there is a very wide range of wastes genera-
tion as between socio-economic groups and dwelling types,
thus it is necessary to obtain samples from every identi-
fiable group. The following is a typical classification:

Code Dwelling type Sociv-economic group
Al Single unit low

A2 ” medium
A3 ” high
B.1 Multiple, low rise low
B.2 v medium
B.3 ” high
Cl1 Multiple, high rise low
C.2 " medium
C.3 " high

D. Shop and office wastes

The classification must reflect the character of the city and
in some cases it would be necessary to include slums,
bustees and semi-rural areas.

The minimum size of a sample for a group of similar
dwellings is about 200 kgs; thus the minimum number of
dwellings required per group for a daily collection would
be about 100, based on the assumed rate of generation
above.

The minimum number of 200 kg samples required for
a city is about 12. Thus, if the number of classified groups
is less than 12, more than one sample should be obtained
from the largest group or groups.

On the above assumptions, a generation test in an Indian
city would involve about 12 samples /day, each from about
100 dwellings, and would cover 1,200 dwellings and a
population of 7,200.

In cities where the storage of domestic wastes is in com-
munal containers, it will be necessary to supply every
dwelling with a container for the period of the tests; plas-
tic bags offer the cheapest solution.

After selection of the sampling areas, each householder
should be interviewed, to explain the purpose of the samp-
ling project. It is desirable that this be done by social



workers who are beiter irained in communication. An
explanatory leaflet should be left at each dwelling.

The sampling programme should extend over eight suc-
cessive days. Wastes collected on the first day should be
discarded as the period they represent may he doubtfuly
wastes collected from the 2nd to the 8th day will repre-
sent ocne week’s production. - i

The collector should carry a supply of p&astic bags, one
of which should be handed in at each dwelling in replace-
ment of the full one collected. Eacl full bag should be
labelled with its appropriate classification before being
taken to the depot where the contents are weighed and
the volume measured.

For calculation of total weight and volume generatedin
the city, a multiplier is used for each coded group based
on the proportion of the population represented by that
group. For example, if the A.1 sample is from 600 persons
and the total population in that classification is 40,000,
then the multiplier would be 66.7.

In most cases, samples collected in this way would also
be used for physical analysis, as described in the succeed-
ing section, supplemented by samples representative of
trade and commercial wastes.

The labour requirement for a programme of this kind is
as foliows:

Total calls/day for 1,200 dwellings 1,200
Calls/collector @ 20 calls/man/hour for

6 hour day 120
Number of collectors required per day 10
Period for which required days 8

(A basic weakness of this method of estimating genera-
tion is that, despite explanations given in advance, the
householder may vary the normal pattern of wastes dis-
posal for personal reasons if he or she knows that the
wastes are going to be examined. Greater accuracy is as-
sured when samples can be obtained without the know-
ledge of the householder; this applies in Britain where the
sampling collectors simply move in a little earlier than
the normal house-to-house collectors. This is not practi-
cable, however, in cities where the main storage methaods
are communal.)

For many purposes, such as deciding the design of refuse
collection vehicles and the method of refuse disposal, col-
lection of samples direct from source is unnecessary, and
samples can be taken from communal containers or trans-
fer stations. This is a much simpler procedure and
requires merely the daily collection of at least 12 samples,

collection

of samples
from communa}l
containers

2.1.4.
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each at least 200 kg or 500 litres, from areas which
properly represent the selected sccio-economic groups and
trade sources.

The density of samples collected in this way will be
higher than for samples collected direct from source be-
cause the density of the wastes increases at each stage of
handling, partly through the removal of light constitu-
ents such as paper, and also by compaction of material at
low level by pressure from the weight of wastes above,
and lastly by the gradual filling of interstices by dust.
(Thus for the calculation of domestic and trade wastes
storage capacity at source, the density of communal wastes
should be reduced by at least one third.)

The physical analysis of wastes, using an accurate
sampling method, enables the following information to be
obtained.

— density of wastes,

— proporticns of salvageable constituents,

— proportions of other constituents,

— prenortion that could be incorporated in compost,
— combustible proportion,

— graded particle size.

Three or four analyses are needed over a period of one

year in order to cover the sessonal variations that occur as
a result of the climatic c¢ycie and the food production

cycle.

At least 12 samples and not more than 20 are required,
each of at least 500 litres and not more than 1,000 litres.
The samples should be selected to represent commercial
and market wastes as well as the domestic wastes sources
referred to in the preceding section. The number of sam-
ples from each group should be proportionate to the popu-
lation represented by that group, or else mathematical
weighting could be used. If the purpose is to obtain infor-
mation on collected wastes, samples can be taken from
vehicles as they arrive at disposal sites, so long as the
source is known with accuracy, or from communal storage
points.

Samples should be analysed within two hours of collec-
tion to minimise errors from moisture loss. The measuring
box of 500 litres is filled by shovel; the contents should not
be compressed but the box should be rocked back and forth
three times during filling. The box is then weighed
to find the density of the wastes. It is now necessary to
sort the wastes by hand into the required constituents



and they are transferred in suitable amounts from the box
to a sorting table. The surface of this table is formed by
a wire mesh grid of 50 mm, so that all material below this
size will fall through it. The oversize vegetable-putrescible
wastes are left on the table but all the other constitu-
ents are picked out and put in a marked container for sub-
sequent weighing. Small hoes are used to turn over the
wastes during the sorting process. When sorting of the
oversize material is finished the table is shaken to ensure
that everything below 50 mm has fallen through. The
matter remaining on the table is vegetable-putrescible over
50 mm,

The matter below 50 mm which has fallen to the ground
is now shovelled up and passed over a hand screen of
10 mm mesh. The wastes remaining on this screen are now
hand-sorted until only vegetable-putrescible matter re-
mains; this is the 10 mm -50 mm size.

By this time the wastes are completely sorted into the
required constituents and sizes except that the fine matter
below 10 mm will be a mixture of inert and organic matter,
such as sand and food grains. The proportions can be
established only in a laboratory by moisture and ignition
tests, but with experience it is possible to make a fairly
accurate estimate by visual examination.

The following example of a summary sheet shows the
kind of information needed:

Constituent Sample No. And %, by Weight
112]31}]4]etc |Max | Min | Average

Vegetable/putrescible

above 50 mm ' 10

10 mm - 50 mm 35

below 10 mm ' 10

Total 55
Paper : 15
Metals 5
Glass 4
Textiles k]
Plastics & rubber 2
Bones —
Misc. combustible - 2
Misc. incombustible 4
Inert matter below [0 mm 10
TOTAL 100
DENSITY kg/cu m 350
SOURCE OF SAMPLE | code letter :

information from analysis

2.2.3.

11
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equipment

1 measuring box, 1 metre high x 1 metre long x 500 mm

required wide, with bottom. Weight should be minimised by using

2.24.

projections
2.2.5.

1. Physical analysis
of refuse

thin resin-bonded plywood for construction. A strong
batten should be bolted along each .ide, projecting at the
ends, to provide four lifting points for placing the box on
a scale.

1 sorting table, about 1.5 metres wide x about 3 metres
long, made from a stout softwood frame with corners
halved and bolted, and entirely covered by wire mesh of
50 mm, carried round every side and securely fastened.
The table can be supported on trestles or fitted with legs,

1 hand-screen of 10 mm mesh,

10 bins or boxes of about 60 litres to contain sorted
materials,

3 large flat shovels,

6 hand-hoes to turn over wastes during sorting,

6 pairs plastic or rubber gloves for sorters,

1 platform weiguing machine, preferably with capacity up
to 500 kg.

Analyses are often made as part of feasibility studies for
refuse treatment such as composing and incineration.
Such plants have lives of twenty years or more, and in

Left foreground: partial view of a 0.5 cubic meire measuring
box. Centre foreground: portable platform weighing machine.
Centre: perforated sorting table below which can be seen the
matter below 50 mm which passes through during the sorting

process.

Right : boxes to contain materials removed from the table.
The only matter remaining on the table after sorting is vege-
table putrescible matter over 50 mm in size.




such cases it is vital that the design parameters shouid be
based on projected and not current analyses if performance
is to be reasonably uniform throughout the working life
of the plant.

Over a long period it is likely that changes occur in the
physical characteristics of wastes, from the following
causes:

—a rising standard of living increases the production of solid
wastes, particularly constiluents other than vegetable-
putrescible,

—changes in packaging technology and retail distribution
methods tend to increase packaging materials and volume per
capita,

—changes in domestic fuels, for example a reduction in the
use of solid fuel, could cause falling ash content and a reduc-
tion in weight per capita.

In cities where annual analyses have been carried out
for 15 years or more, changes of this kind sppear on a
graph as a smooth curve from which it is usually possible
to extrapolate estimated analyses for up to ten years ahead.
Where such information does not exist, it is possible to
make projections based upon national and local forecasts
of economic growth and industrialisation.

13
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CHAPTER 3.
REFUSE STORAGE AND COLLECTION

India is the largest of a group of countries in South East
Asia which have many problems in common. It may be
useful, therefore, to begin with a description of the methods
of refuse storage and collection which were in general use
throughout the South East Asia Region of the World Health
Organisation at the time of the 1974 Bangkok Seminar from
the report of which the following information is derived.

The average wastes production from houses, shops,
markets, offices, “cottage industries” and street litter is of
the order of 350 gms/head/day throughout the region, and
variations do not exceed 3/% either side of this figure
except in Jakarta. This is about the same as the average
for urban areas in India found by the National Environ- -
mental Engineering Research Institute, but less than half
the comparable figure for Europe.

A substantial proportion of the wastes produced are
never collected: uncollected wastes accumulatein court-
yards and on waste ground, are thrown info rivers or
ditches or blown away by the wind.

The normal performance of a worker in the region (total
weight collected divided by total manual employees) is
about 250 kg/day.

Average expenditure on solid Wastes management, in-
cluding street cleansing and refuse disposal is about R. 5/
head/year, but in some cities approaches Rs. 17.

Most domestic and shop wastes are stored in communal
containers to which they have to be delivered by residents.
Communal sites take many forms: portable steel bins of
about 100 litres capacity with lids are used in Rangoon,
The more common size for a communal container is from
one to two cubic metres and these are made from steel,
concrete or wood. In Delhi extremely large concrete struc-
tures have been built, holding several cu m. These are
attractive in design, having curved screen walls to hide
the contents. Spacing of communal containers is deter-
mined mainly by their capacity, thus the closest spacing




occurs in Rangoon and the widest in Delhi. The distance
between containers in Delhi may explain the existence of
private collectors who visit houses for a small fee. It may
also explain the very large number of street sweepers who
are employed.

Almost without exception communal containers cause
problems: they were sometimes overfilled, or refuse thrown
around them; they were disturbed by birds, dogs, cattle,
and pigs as well as scavengers searching for saleable
materials. Official sites were often supplemented by
random heaps on verges,

Trucks used for collection frcm communal sites were
usually open bodies on standard commercial chassis with-
out tipping gear. Loading was a tedious process of filling
baskets, carrying them to the vehicle and handing them
to a man inside it. Hand unloading took a long time and
caused congestion of vehicles at the disposal sites.

House-to-house collection is a comparative rarity and
standardised bins were never seen. In Colombo and parts
of Jakarta the bin s usually improvised from an oil drum
or a similar container. Often the bins are kept permanently
on the verge outside the house, even when there is space
in a garden. In Bangkok baskets and plastic bins are used
and are put outside only during the period when a kerbside
collection is expected.

Vehicles used in Colombo, Rangoon, Central Delhi and
Bangkok are side-loaders with curved sliding shutters and
hydraulic tipping gear. Only in Colombo are low-lvading
- chassis used; these eliminate the need for a man in the
vehicle. A very cheap and useful vehicle used in Colombo
is a low-loading, side-loading, shuttered, two-wheel trailer
towed by a very small farm tractor.

Another system of house-to-house collection, used in
Jakarta, is by handcarts of about 13 cu m capacity. These
- rendezvous with motor trucks to which the contents of the
carts are transferred for transport to disposal.

Compactor vehicles are not in general use anywhere,
but Dacca has a number of rotating body vehicles, Colombo
two compression-plate vehicles, and Jakarta one,

- Industrial wastes in the main cities does not appear to
be significant in amount compared with domestic and shop
wastes. Much of the industty operates on a small scale
and these wastes are caught in the nei of ordinary muni-
cipal services, The larger factories are often outside the
cities: their wastes are usually offcuts, spoilage and packag-
ing materials.

House-to-house
Collection
3.2.

Industrial
Wastes
3.3.
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Throughout the region, labour-intensive re-cycling
operates on a vast scale. Householders keep newspapers,
bottles, etc., separate and selll them to collectors. Commu-
nal bins are searched by scavengers and the process is
continued by refuse collectors and disposal site scavengers.

The large numbers of open communal storage sites and

unofficial dumps encourages the breeding of flies and
rodents.
- Methods of collection often result in workers being
exposed to regular skin contact with wastes which some-
times contain faecal matter. This may be the cause of the
higher incidence of certain diseases found by NEERI to
occur among refuse collectors.

Almost everywhere in the region motor vehicles are too
old and too few in number. This problem is a compound
of poor maintenance and the frequent lack of a vehicle
replacement policy supported by a sinking fund.

The work of refuse collection vehicles other than hand-
carts is impeded in many cities by dense traffic in the city
centre. In most of the liarge cities there are certain areas
where the roads are too narrow to admit motor vehicles.
The solution to this problem, which has been adopted at
Bangkok, is for single collectors to tzke a basket on a trolley
down the lanes and to stack the full baskets in the nearest
main street where they are emptied into motor vehicles.
It is not uncommon, however, for the residents of these
alleys to be ignored, causing rotting accumulations in yards
or on the banks of streams.

In most of the region there was some evidence of public
dissatisfaction with refuse collection services; equally many
officials complained of lack of co-operation from the public.

' L]

Solutions to these problems have to be sought within
the limitations imposed by a number of constraints. The
most important single factor is whether the community
can afford to pay for a good standard of service.

Most of the cost of refuse collection is incurred in the
form of manual labour and motor vehicles. Asia has the
advantage of low wage ~ates and it is reasonable to suggest
that the cost of manual labour can be sustained. Motor
vehicles, however, present a formidable problem. Imported
vehicles may have a relative cost, in terms of GNP/head,
twenty ti:nes that of Europe*. Even when it is desired to

*For examyu, a vehicle costing US $20,000 in a country with a
GNP/head of $ 4,000 requires 5 man-years to pay for it; in a coun-
try with a GNP/head of $200 the man-years absorbed is 100.

Re-cycling
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import vehicles, this may not be possible because limited
foreign exchange is required for more important services.

The climate often predicates certain standards of service,
daily collection of refuse, for example. This is more costly
to operate than the weekly service which is usual in
Europe.

There are social and religious constraints too: many
families live in crowded conditions in one room, where ihey
cannot store refuse; there are religious taboos which forbid

the storage of refuse within a dwelling.

Many cities lack a network of district depots to serve as
mustering points, offices for district supervisors, and
transfer points for wastes collected in small vehicles.
Handcarts are usually emptied on the ground; they
should have portable containers to be emptied into a
transfer vehicle.

Many of the motor vehicles in use are 2 metres high or
more; men have to stand in them to receive baskets passed
up. Refuse collection vehicles should have a loading height
not more than 1.6 metres.

Many vehicles have no tipping gear; this causes loss of
time by manual unloading. Most vehicles are open and
should be covered, at the very least by a tarpaulin sheet.
From this brief review of present standards of refuse
collection in S. E. Asia the following needs emerge :

— more efficient vehicle design, based as far as possible on
local manufacturing capacity,

—enclosure of wastes at all stages of storage and collection
to reduce health risks to residents and workers;

—the use of labour-intensive systems,

—to employ motor vehicles in the manner that achieves highest
productivity, so as to minimise the number required,

— provision of decentralised control through district depots with
offices and enclosed transfer points,

—an efficient management structure supported by trained
personnel.




CHAPTER 4.
ELEMENTS OF REFUSE COLLECTION

The generation of domestic and trade wastes is a re-
morseless and continuing process. Throughout the day a
housewife is performing such tasks as sweeping floors and
trimming vegetables; the shopkeeper is discarding packing
materials and spoiled goods; the shoemaker is paring
leather; almost every member of the population is conti-
nuously creating wastes of one kind or another, In the
case of human body wastes, a sewage system provides
facilities for transfer from the productio: point to the
disposal place by a continuous flow process in pipes con-
taining water. Despite the successful use of pneumatic
transfer in underground pipes at a few residential deve-
lopments in Europe, no such method is generally practi-
cable for solid wastes. Thus refuse collection must be a
batch process, or a series of batech processes, whereby
wastes are tored at the point of origin for a given period,
before being transferred to a vehicle, the contents of which
represent one batch of many arriving each day at the
disposal point.

The main sources of those solid wastes for which a muni-
cipality normally assumes responsibility are domestic pre-
mises, shops, offices, hotels, institutions, and small facto-
ries, together with refuse swept from the streets. Domes-
tic wastes often account for about 75% of the total.

The main constituents of solid wastes are similar
throughout the world, but the proportions vary widely
from country tn country and even within a city, because
the variations are closely related to income levels. The
analyses on the next page, carried out in accordance
with the systems described in 2.2.3, show this relationship
very clearly. The figures relate to two specific cities and
are not national averages. All weights include initial mois-
ture content.

As personal income rises, paper increases, Kkitchen
wastes decline, metals and glass increase, total weight
generated rises and the density of the wastes declines.

There are often local variations in wastes generation

Refuse
Characteristics
and Sources
4.1.
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and constituent proportions over weekly and seasonal
cycles; the former is related to the pattern of work and
leisure and the latter to seasonal food products and some-
times to fuel residues arising from space heating in winter.

Indian city N. European city

Paper 2% 27%
Vegetable-putrescible matter 75% 30%
Dust etc., under 10 min 12% 16%
Metals 0.1% 7%
Glass 0.2% 11%
Textiles 3% 3%
Plastics 1% 3%
Other, stones, ceramics etc. 7% 3%
Weight/person/day 414 gms 845 gms
Weight/dwelling/day 2.5 kg (6 persons) 2.5 kg(3)
Density kg/cum 570 132

Clearly, the amount of work involved in refuse collec-
tion depends upon the weighti and volume of wastes gene-
rated and the number of collection points from which the
wastes have to be removed. The extent to which these
factors may vary is shown in the following table:

Indian city N. European
city
Generation :
Volume/person/day 0.72 litres 6.4 litres
Volurne/dwelling/day (6) 4.32 litres (3) 1€.2 litres
Sources/1,000 population 166 333

Collection points: (per million population)
House-to-house

collection daily 166,000
House-to-house

twice weekly, per day 56,000 111,000
House-to-house

weekly, per day 56,000

Communal storage points (per mil. pop.)
(for average contents 1 cum)
Points to be visited daily 720

The following important issues emerge from these
figures: ‘

i

—the importance of density‘in determining the volume to be
stored and collected: about ‘4 litres from an Indian dwelling
with a daily collection compared with about 130 litres from a
European dwelling (many houses have two 70-litre bins) for
a weekly collection;

— the higher rate of occupancy in India helps to reduce the
number of sources, but this is far outweighed by the need for
more frequent collection,




~the use of communal containers can reduce the total number
of collection points to only 0.5% of the total sources; this
enormously simplifies the organisation of the work, but may
cause serious environmental problems.

A refuse collection service requires vehicles and labour.
For their efficient deployment, it is necessary to have a
clear understanding of the three main components of refuse
collection :

—travel to and from the work area;

—the collection process, which includes: transfer of the
wastes from storage to the vehicle and travel between suc-
cessive collection points;

—the delivery process whereby the contents of the vehicle
are transported to the disposal site.

During non-working hours vehicles will be kept at a
depot with enclosed parking space. The distance between
the depot and the collection area should be kept to a mini-
mum because time spent travelling is unproductive. In
the case of motor vehicles this requirement may have to
be balanced against the need to centralise facilities for
maintenance and stores, particularly fuel supplies, andto
centralise the allocation and control of drivers and vehicles.

The slower speed of animal carts and hand-carts
requires the provision of closely spaced district depots and
these are also much more efficient for the control of the
collectors, who can book on and off within a short distance
of the area where they wilh be working.

The many methods of transferring wastes from storage
to a collection vehicle fall into three main categories:

—the direct emptying of a portable storage container into the
vehicle, normally used when the vehicle can be positioned
close to the containers;

— the emptying of a portable storage contziner into a transfer
container (usually a large basket) which is then emptied into
the vehicle, normally used when the storage container is some
distance from the vehicle, in order to avoid the return walk
with the empty container;

—the transfer of wastes stored at ground level, which usually
requires that the wastes be raked or shovelled into the vehicle.

These three categories have been set out in ascending
order of work content, thus the first is the most efficient
in terms of labour and vehicle productivity; it is also the
method that minimises human contact with the wastes.

Travel between successive collection points depends
first upon the spacing. When these are some distance apart,
as with large communal storage sites, travel by motor
vehicle, although it represents lost tirne, will be at nor-
mal road speed and the collectors will ride on the vehicle.
It is thus an efficient method of transporting the workers

between sites.

Work Components
of Refuse
Collection

4.2,
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When collection is from house-to-house, however, the
collectors will walk the short distances between contain-
ers and the vehicle will move slowly and at intervals. For

this element of travel the motor vehicle is very ineffec-

tively employed, it incurs heavy transmission wear and
high fuel consumption. Handcarts and animal carts are
much more efficient : they operate at their optimum speeds
and no energy is used while they are stationary.

For collectors walking from house-to-house, the dis-
tance to be walked is proportional to the number of men
in a team. One man alone walks frorn one house to the
next; in a three-man team each man collects from every
third house, thus labour productivity declines as team size
increases. Vehicle productivity, however, increases with
team size as it is loaded more quickly.

The delivery process, when a full vehicle travels at
normal road speed from the collection area to the dispo-
sal site represents maximum productivity for the vehicle,
but lost time for the collectors if they accompany it. Hand-
carts and animal carts are very inefficient for this opera-
tion because of their slow speeds and limited capacity.

The following conclusions can now be drawn:

— minimum physical infrastructure requirements are a central
workshop with parking space for motor vehicles, and district
depots for mustering and controlling collectors, handcarts and
animal carts; the locations of depots should minimise travel
time between depot and working area;

— systems which provide for the direct emptying of portable
storage containers into a vehicle offer the highest productivity
and the lowest health risks to workers;

— for the collection of wastes direct from houses, large teams
give low labour productivity and higher vehicle productivity,
—handcarts and animal carts may be more efficient than
motor vehicles for the house-to-house collection phase;

— motor vehicles are the most eflicient for transport of com-
plete loads from the collection area to the disposal site.

Figure 1 is a flow chart of the refuse storage and COH(-'_‘C*
tion process and indicates the main areas of decision which
will be discussed in succeeding chapters.
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CHAPTER 5.
FREQUENCY OF COLLECTION

The main factors which concern frequency of collection
are:

— character of the wastes,

— climate,

—communal or home storage,

— characteristics of the dwelling or shop,
— duties of househclders,

— cost.

The wastes of developing countries are high in vege-
table-putrescible matter which serves as a breeding
medium for flies and is a source of offensive odours. The
eggs of the housefly hatch in as little as one day, but the
larvae feed for about five days before pupation, which
then takes a further three days. A weekly collection, there-
fore, prevents the production of adult flies in the stored
wastes, provided that the larvae are unable to migrate
from the container. Decomposition of the wastes, however,
becomes apparent during the first two days, thus aesthetic
standards may be of greater practical significance than
the life cycle of the fly in this context.

Climate is important, because decomposition proceeds
more rapidly in tropical countries than in the temperate
ones. .

When communal storage is used, there is no problem of
space or hygiene in the home or the shop, because the
resident can deliver his wastes to the communal site as
frequently as he wishes. Potential problems, however, are
transferred to the communal storage place because there
is no control over the age of the wastes deposited there
and, if they have been kept at the house for several, days,
they may be infested with fly larvae. Controlling the
migration of larvae from a communal site may be a much
more difficult problem than in a small, container with a
lid. This factor really determines the frequency of collec-
tion, which should preferably be dailly, otherwise at least

three times weekly.
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The character of a dwelling or shop exerts a strong in-
fluence upon the collection frequency. The house which
stands in a garden, or the shop with an open storage area

~ behind it, rarely has any problems in the storage of wastes

in enclosed containers for periods of up to a week. There
are large areas of the U.S.A. which have a sub-tropical
climate and where weekly collection is quite common, but
this is acceptable only because two conditions are satisfied:
space for storing the container in the open air and the
provision of containers with well-fitting lids which prevent
odour emission as well as access by insects.

At the other extreme is the small apartment where the
only space in which a wastes container can be sited is in the
working area of the kitchen, Aesthetic standards and space
limitation combine here to impose a maximum storage
period of 24 hours. In such conditions it is necessary to
provide a daily collection from each apartment, or to
provide a communal container.

Small lock-up shops and large markets with rented stalls
present a similar problem: a daily collection is necessary
for the former, while market stalls may need to be visited
several times a day.

In developing countries the population density of large
areas r . the major citizs is much higher than in the indus-
trialised countries and i1 these areas external sites for
home storage of wastes will usually be lacking; collection
frequency, therefore, will often have to be daily.

The extent to which statutory duties are imposed upon
residents may affect frequency of collection. Where there
is a duty to place the domestic container at the kerbside,
frequency must be high enough to limit the weight and
size of contaiher to the capacity of an old person. Where
a “block collection” is operated (whereby residents have
to deliver their wastes to the vehicle, which stops for a
short time at each road intersection) the constraint on
weight and volume assumes greater importance because
of the longer distance the wastzs have to be carried. Two
days is often the maximum interval for this system.

For the collection of wastes direct from premises, cost/
tonne rises rapidly as frequency of collection is increased.
This is because the main determinant of work content of
a collection route is the number of containers to be emptied
and the distance to be walked between them. These factors
are almost constant for frequencies between one and seven
days. What does vary is the weight in the container, hence
the greater the frequency the less the weight collected and
the higher the cost/tonne. This is illustrated by the follow-

Collection
Direct from
Premises
5.2,

Cost
5.3.
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ing productivity data for two American cities, one collec-
ting weekly and one twice weeekly, using similar systems*.

Weekly Twice weekly

Collection points/duy number 410 410
Weight/collection point kgs. 21 13
Total cost/tonne US$ 8.29 13.48

While the figures quoted above may have little direct
relevance to developing countries, because of differences in
wastes generation and vehicle and labour costs, the con-
clusion that cost rises with frequency is certainly valid.

When all the factors are taken into consideration, the
following general conclusions emerge :

— communal storage sites should be cleared daily or at least
three times weekly,

— for dwellings with gardens and buildings having outside sto-
rage 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 daily, uniess communal containers
are provided.

— because frequent collection appears to imply high cost, un-
conventional systems and transport methods may have to be
employed to bring expenditure within local capacity.

* Adapted from "Residential Collection Systems” (EPA, 1975); from
much other data the authors conclude: "Increasing the frequency
from once a week to twice a week required approximately 50%
more crews and equipment...”




CHAPTER 6.
REFUSE STORAGE METHODS

The storage volume which it is necessary to provide for Domestic Premises
domestic wastes is a function of generation, family size and and Shops
frequency of collection. Based on six persons/family, the 6.1.
probable range required in S. E. Asia is as follows:

Collection frequency Minimum Maximum
volume volume

Daily 4 litres 10 litres

Twice weekly

(maximum 4 days) 20 ” 50 "

The following types of storage containers are available
in most countries.

Plastic buckets with lids have capacities from 7 to 10
litres, sufficient for the domestic wastes of a family of
six for a daily collection.

Plastic bins with lids, having capacities from 20 to 30
litres, with steel drop-down semicircular carrying
handle, or a rectangular handle which allows the lid
to be lifted, but: prevents its removal, are suitable for
a twice weekly collection for the majority of dwell-
ings in S. E., Asia.

Galvanised steel, or plastic bins with lids, capacity 50
to 70 litres, are necessary when collection is twice week-
ly from a high income group, or for daily collection
from shops. Bins of this size are relatively more ex-
pensive than smaller sizes because, if they are to give
long service, they should be manufactured to a high
specification. Steel bins should be galvanised after
manufacture by hot dipping, not made from pre-gal-
vanised sheet which rapidly corrodes at the rivetted
seams. Plastic bins of this size should be of high-den-
sity polythene or plastics o1 similar characteristics.

Expendable plastic sacks have s number of obvious ad-
vantages but in Asia, where annual expenditure/famliy
on refuse collection may be less than Rs. 50, the supp-
ly of, say 150 sacks/year, even at the very low cost
of Rs. 0.20/sack, would cost thirty rupees/family/year,
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adding 60% to normal expenditure. The annual cost
of providing plastic bins would be very much less.

The problems of providing or enforcing the provision of
standard bins in the densely populated poorer areas should
not be under-estimated. Difficulties include:

—the organisation and recording of distribution and of re-
placements if the bins are supplied by the municipality;
—diversion of bins from their intended use, for example they
could be used for the storage of food or water:;

—loss of containers by theft and when residents move house.

It is likely that in some areas these problems are insuper-
able and that the only solution is in the form of improved
standards of communal storage.
» There should, however, be no difficuliy in enforcing the
use of standard bins of 50 to 60 litres capacity at premi-
ses of the following types, which are often subject to ins-
pection and control for other purposes:

— at most shops and market stalls;

— for multiple dwelling units, as communal containers;

—in appropriate numbers at schools, hotels, offices and small

industrial preinises,

One of the strongest arguments for imposing a standard
bin in these circumstances, where its volume is justified by
the rate of gereration, is that it is & necessary foundation
for the achievement of maximum productivity of labour
and transport in manual collection.

The following general conclusions emerge :

-—in the densely populated areas of the poorer cities, the en-
forced use of standard containers may not be practicable;

— a bucket with a lid may be a suitable wastes container for
most families, but the provision of buckets may have to be
voluntary, encouraged by propaganda;

— when the volume of wastes generated reaches a level which
requires bins exceeding about 25 litres of daily capacity, it is
probable that the financial and organisational capacity exists
to enforce the use of standard bins;

—the use of bins of maximum size, probably from 50 to 60
litres for high density wastes because of a man's limited lifting
capacity, should be enforced for trade, institutional and multi-
dwelling wastes, because they combine hygienic storage with
low collection cost, except where total generation is so great
as to justify mobile storage containers of very large capacity.

‘ .

The development pattern of a refuse collection service

Storage Methods is as follows: first all wastes are thrown indiscriminately

in the street, later specific locations at which householders
deposit their wastes evolve or are imposed. These commu-
nal storage sites are a nuisance to the people who live ad-
jacent! to them, but they could be eliminated only by the
universal use of household bins, a solution which may not
be practicable in some areas. In their attempts to alleviate




the problems of communal storage, local authorities
throughout the world have devised many different methods
of partially or wholly enclosing wastes:

— depots, known as “dalaos”,

— enclosures of timber, steel, brick or concrete,

— fixed storage bins,

- concrete pipe sections,

— 200-litre drums,

— portable steel bins.

Depots which consist of a single-storey building about depots

the size of a large garage, or the ground floor of a multi-
purpose building, are commonly used for the storage of
wastes at large markets; they have also been adopted for
the storage of domestic and trade wastes in a number of
Asian cities. Delhi, for example, has about 150 of these
buildings, some of which have rooms above which house
manual or supervisory staff. Many are sited on the peri-
meter of the densely populated walled city, and the wastes
are delivered to them, through a maze of narrow lanes, by
residents, shopkeepers, . sweepers and private collectors.
- The capacity of such a depot, which has a concrete floor
and often tiled walls, may be as great as 25 cu m, but the
average throughput in Delhi is about 12 cum/day, probably
equivalent to a population of 10,000 or more at the pre-
sent local rate of generation. Thus, such large storage plac-
es are suitable only for areas of very high population den-
sity, otherwise the distance between them would be far too
great. Even a density of 40,000 persons/sq km impliss an
average walk of 150 metres if storage places of this size
are perfectly spaced, which is unlikely to be possible.
Such depots do, however, solve some of the problems
normally associated with communal storage:
— the wastes are protected from rain;
— domestic animals and scavengers can be prever'ed from
gaining access to them because the size of the installation is
sufﬁcient to justify placing a labourer to exercise continuous
- control over it.

The most difficult problem, and one that has to be square-
ly faced, is that of acquiring sites for storage depots; the
area occupied by those described is equivalent to a large
shop, and the location must be on a road wide enough for
vehicle access. Such sites are often very costly to acquire.

The major criticism of the depots that have been observed
is the manner in which they are operated: usually all
wastes are dumped on the ground, thus the process of
collection involves filling baskets which are then carried
to a vehicle. This is a dirty and unhealthy procedure for
the collectors, who are brought into close and continuous
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enclosures
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4. A typical refuse
enclosure in Delhi

contact with the wastes, and also for people who are pass-
ing the depot during loading, on whom dust often falls.

The solution to this is to adapt the depots to house trail-
ers or exchangeable containers into which wastes could be
emptied directly.

An enclosure is probably the most common communal
storage method : its essential feature is a wall of timber,
corrugated iron, brick or concrete, which screens and con-
tains the wastes. They have been observed with capacities
from 1 to 10 cu m. One having an average throughput of
2 cu m/day would serve 2,000 people at the minirnum rate
of generation. They are usually sited on a roadside verge,
or at the boundary of an open space.

The screen is usually designed to have one or more open-
ings through which people walk to throw their wastes on
the ground, and through which the wastes are removed, in
baskets, by the collectors, The objections to this type of
storage are :

— wastes tend to be thrown just inside the entrance where a
heap builds up, ultimately blocking access to the main area,
while wastes overflow from the entirance;

—rain, animals, flies and scavengers have free access;

—the collection process is dirty and unhygienic;

— the enclosures are sometimes used for urination and de-
fecation, increasing the risks to the health of workers.

The system in Delhi has been more successful than in most
cities. In some areas these masonry structures are known as
“'vats”,




This type of container is usually built from concrete

blocks. It differs from the screened enclosure by having no
entrance: the walls are of a suitable height for wastes to
be dropped inside over the wall (1.2-1.5 m.). Capacity is
rarely more than about 2 cu m. In one wall an opening,
covered by a flap, is provided through which the wasies are
raked out by the collectors.

Similar structures of steel, rectangular or cylindrical,
have been observed, the smallest ones, of about 300 litres,
having hinged lids on top and an extraction opening at the
botiom. These latter go a long way towards meeting the
main objections to communal storage : animals, insects and
rain are excluded; not scavengers, however.,

The real objection to all these containers is the extrac-
tion by rake through an opening at ground level. If the
material was free-flowing like coal this would work well,
but wastes tangle together and in practice it is often impos-
sible to remove them through a relatively small aperture
in the way the designer intended : the collectors have *o
climb inside and fill their baskets from the top of the heap,
so exposing large areas of their bodies to contact with the

wastes. It has also been observed that flaps covering the -

bottom opening tend to break off and disappear, so that the
contents overflow at that point. This encourages people to
dump their wastes on top of the overflow and the result is
storage by the side of the container, not inside it.

One of the problems of communal storage is that of ba-
lancing storage volume, which is a function of population
density, against an acceptable walking distance for resi-
dents. It is reasonable to assume that unless sites are spaced
at a reasonable distance, say about 250 m apart, people will
be tempted to dispose of their wastes in an unauthorised
location which is nearer to their homes. For areas of low
population density, therefore, there is a need for containers
of comparatively small volume and low cost. Some cities
have adapted short lengths of concrete pipe to this purpose.

The most common size is about one metre diameter, the
length being of similar or shorter dimensions. This pro-
vides a volume of about 300 litres when the pipe is placed
upright on a pavement or a grass verge. Although such a
container is almost indestructible and satisfies the basic
need to provide a specific location for wastes, it fails al-
most every other test:

—the wastes are exposed to view;

—they are accessible to flies, rats, domestic animals and sca-
vengers;

fixed storage bins
6.2.3.

concrete
pipe sections
6.2.4,
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200-litre drums
6.2.5.

— when the pipes are sited on unpaved surfaces, fly larvae can
migrate, pupate and hatch;

—the wastes have to be dug out by means of a short rake,
this is very hard work in an uncomfortable position, and puts
the worker in intimate contact with the wastes. ;

It is probable that the type of wastes container which is
most widely used throughout the world is itselt a waste
product : the 200-litre drum used for the distributicn of
oil, liquid fuels and similar products. There are two strong
arguments in its favour: it is cheap, and, within limits, it
is portable.

The extent to which a drum is portable depends upon
the nature of the contents: for refuse with a density of
500 kg/cu m, not uncommon in poor areas, the total weight
would be about 115 kgs. In the case of light packaging
wastes, gross weight may be under 35 kgs. Even at the
lower of these extremes, handling should always be by
two men, because of the awkward size of the drum and its
lack of lifting handles. At the maximum weight it cannot
be carried, but it can be rolled on the bottom rim and
emptied into a low vehicle. At the minimum weight, it is
easily carried and emptied by two men. 200-litre drums
have been strongly condemned by the E.P.A. of U.5.A.*:

“Their use causes health and safety problems to the
collectors as well as to the general public, and they
contribute to lower collection efficiency and higher
costs. Most of the difficulty stems from their weight
and absence of lids. The drums themselves weigh 33
to 40 pounds (15.9-18.2 kgs.) and so can nearly double
the normal weight lifted by collectors, This increases
the risk of back injury and muscle strain. The size
and shape of the drums also contribute to difficulty in
handling; a drum that slips or is dropped can cause
serious injury. Also, the drums are rarely covered and
so collect rain...adding even more weight. This mois-
ture causes the waste to stick to the drum, requiring
manual handling of the waste itself.

“Coverless drums also cause health, safety, and odor
problems. During the summer months, insects can
breed in the waste. If rain water works its way to the
bottom of the drum, the metal eventually rusts
through, allowing rodents to feed from the containers;
As the rust progresses, sharp edges are formed which
can injure the collectors as well as others.”

These observations are addressed primarily to American

*“Decision Maker’s Guide in Solid Waste Management”, United
States Environmental Protection Agency, 1976,



local authorities; they do not necessarily apply in their en-
tirety to other parts of the world. Injury risks, of course
are common to all countries; but if such containers are
emptied daily most of the health objections disappear or
are reduced. On the issue of collection efficiency and cost,
smaller portable containers would be better in U.S.A. or
Europe, but there are many countries where 200-litre drums
would greatly increase efficiency and may offer the follow-|
ing advantages over present methods:

— labour cost would be less than loading by basket;

— vehicle cost would be reduced as a result of a faster rate of

loading;

— health risks to residents would be reduced by preventing

migration of fly larvae;

— health risks to workers would be reduced by minimising skin

contact with wastes, but at the cost of a greater risk from

injury. .
Where 200-litre drums are used as comrnunal containers
the problems spring mainly from human behaviour.

— wastes are thrown around, not inside;

—drums are deliberately overturned by scavengers who want

to search the contents for saleable materials, or by herdsmen

who want to expose the food wastes to their goats.

A rossible solution to the latter problem is to attach the
drums to a post driven into the ground in such a way that
they can be released only by the authorised collector. This
was usually successful in Britain during World War II
when communal kitchen waste bins were placed in the
streets as a source of feed for pigs and poultry.

A few cities have dernonstrated that it is possible to use
200-litre drums with reasonable success and in all these
cases the standard of management by the local authority
has been very high:

--the drums have been painted inside with bitumin paint to

preserve them and on the outside with high gloss paint in a

bright colour;

— locations have been carefully selected and where necessary

paved and provided with partial fencing;

— excess capacity has been provided to avoid overflow at peak

periods of wastes generation;

—damaged birns are quickly replaced,

— collection is at a daily frequency.
In all these cases the standard of human behaviour was
also above average and this indicates that where local au-
thorities set a high standard of service, not necessarily at
high cost, residents respond by co-operating with the sys-
tem.

The traditional steel (or plastic) bin of 70-100 litres, used
in the industriaiised covatries for domestic storage at home,
can also be applied to communal use where generation is
low and collection frequency high. Galvanised bins of

portable sieel bins
6.2.6.
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wastes containers
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about 100 litres capacity with well fitting lids, have been
observed in the central area of Rangoon, where each serv-
es up to 10 families. This, of course, appears to be the per-
fect solution in terms of hygienic storage, collection effi-
ciency and the health of residents and workers, but it re-
quires a significant initial expenditure by the local autho-
rity and very high standards of human behaviour. The sori
of problem likely to be encountered is:

—loss of bins by theft;

— failure to replace lids and their subsequent disappearance;

— interference by men or animals, including mischievous beha-

viour,;

— traffic accidents caused by bins rolling into the road;

—two men would be required to lift 100 litres of high-density

wastes. i
This cannot be recommended as a universal solution, but
it may have good prospects in enclosed areas, such as the
courtyard of an apartment block—if people can be persua-
ded to replace the lids!

It should be stressed that, lacking control over the age of
wastes deposited in any communal container, a local autho-
rity should operate a daily collection, and that thorough
cleansing of every kind of communal storage (as distinct
from routine collection of the contents) is also a municipal
responsibility.

Systems that do not permit of thorough cleansing, such
as storage in concrete pipes on unmade ground should not
be adopted.

In looking over the methods just described, it is appar-
ent that human ingenuity has failed so far to arrive at a
complete solution to the problem of communal storage. Of
all the methods considered, the only one that is cheap to
install and maintain, offers low collection cost and provid-
es a tolerable level of health protection to residents and
workers (qualified by the risk of injury) is the 200-litre
bin. But in the manner which it is normally used, the in-
discriminate scattering of rusting, dented drums, it is an
ugly solution which is often scorned by the residents.

As a stimulus to others to pursue the tantalising prob-
lem of the perfect communal container, the author has in-
cluded Figure 2 which illustrates an imperfect solution at
which he arrived after studying this problem in India.
This is a fixed bin‘of concrete and steel which satisfies the
following requirernents in some measure :

— capacity about 2 cu m, equivalent to 500-2,000 persons/day;
— contents totally enclcsed from view and rain;

— access denied to insects, animals, rodents and scavengers;
-— apertures closed when not in use by hinged flaps, and at




a height accessible to children;

—top aperture, which could be locked, through which bins
from sweepers’ handcarts could be emptied;

— steel doors at both ends, of the full width and height of the
container, for removal purposes;

— contents removed by means of long rakes, say 2 m, into rec-
tangular trays or baskets, without falling on the ground.

The plinth has a double purpose : it provides access for
children and it provides space for trays into which the
contents are raked.

This design fails to eliminate the need for hand raking
of the contents into portable containers to be emptied into
a vehicle, but it has some advantages over most of the exis-
ting methods and may be acceptable where wage rates are
low and sites are available at appropriate intervals.

For all kinds of wastes containers it is necessary to al-
low a margin of capaciiy over the average rate of wastes
generation because the cycle of production may vary from
day to day. Trade wastes may be much greater on Satur-
days when people have more time for shopping than on

Figure 2 ENCLOSED MASONRY BIN

Caoncrate roof slab

Qpening used by sweespers
cavered by stasl flap

Qpenings used by
residents (both sides)
steel hanging flaps

/ . \
Walils of

caoncrete sisbs

or rendered brick
Steel door
(lockable)

|

Plinth permits baskets to be placed
under door t receiva raked out
wastes

Dimensions 2m long x 1.8m high x 1.5m wide . .
Effective capacity 1.8m x 1m x 1.2m =2cu m approximate

Capacity Margins
6.3.
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other days. Domestic wastes may be more on Sundays
than on weekdays. Holidays and feast days may give rise
to significant surges in wastes generation.

To avoid containers overflowing, it is advisable to allow
up to 50% excess capacity above average generation rate
when collection takes place every day of the week. If the
collection service operates only six days/week at least
100% over-capacity is necessary to contain 2 days’ wastes
production.

In the case of communal containers it may be prudent to
provide a 100% margin even for a 7 days/week service. -
Such a policy is particularly helpful where 200-litre drums
are used, because the average drum will then be only half
full on most of the occasions that it is emptied. This redu-
ces the effort required of the collectors, and it also minimi-
ses exposure of the wastes to view or to interference.



CHAPTER 7.
REFUSE COLLECTION VEHICLES

Refuse collection is the process of transferring solid
wastes from the storage receptacle to the place of dispo-
sal. Essentially this involves emptying the storage contain-
er 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 hand-
carts to 30-tonne vehicles. Refuse collection is a very cost-
ly service and every city should evaluate both vehicles and
methods in order to find the system which is most appro-
priate to local conditions in terms of quality of service and
cost of operation.

Local conditions may vary enormously; for example, a
tonne of Indian wastes may occupy a volume of 2 cubic
metres, a tonne cf British wastes 8 cubic metres. A daily
collection in many developing countries involves a volume/
dwelling of less than 8 litres; the normal weekly collec-
tion in Europe requires the removal of over 100 litres/
dwelling. In USA wages are so high that it costs more to
employ a man than to operate a compactor vehicle, in-
cluding amortisation and excluding driver. In much of
Asia the cost of operating a simple five tonne tipper may
be ten or fifteen times the cost of employing one man. For
these reasons, vehicles, and systems used in the West may
be entirely inapplicable to most developing countries.

This chapter is a kind of catalogue of refuse vehicle
types. Most of the vehicles now being manufactured for
this purpose are designed for conditions in the industria-
lised countries; in particular for low density wastes which
have to be compacted 4:1 to achieve a reasonable pay-
load; for big pick-ups, 100 litres or more; and for high
labour rates where maximum mechanisation is profitable.
But to meet the conditions of developing countries the
catalogue includes many kinds of vehicle nct used in the
West. Some of these vehicles were used in Europe 20 to
40 years ago, but are no longer manufactured. They do,
however, represent a period when some western cities had
wastes of high density, not dissimilar to the wastes of some
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developing countries at present; and when western labour
costs were much lower, and mechanisation of less impor-
tance. Some of these designs may be relevant to the needs
of developing countries.

The following aims are applicable to vehicles of all

types:
—the load should be covered during transport; this is imper-
ative for motor vehicles travelling at 30 kph or more, less
important for very slow moving vehicles;
—the loading height of wvehicles 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 tip-
ping gear, or a power-operated ejection plate;
— the transier of wastes from a primary collection vehicle ‘to
a larger vehicle should never involve dumping the load onthe
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 bear-
ings for wheels, and rubber or pneumatic tyres.

Handcarts are conventionally used in Europe for street
sweepings because they cause minimum obstruction and
their capacity is enough to keep a sweeper busy for upto
two hours. They are also used in parts of Asia for daily
house-to-house collection, especially in very narrow streets
inaccessible to motor vehicles. But Asian handcarts are
often open boxes, and the only means of transferring the
contents to a larger vehicle is io dump them on the ground
and use a shovel or a basket for re-loading. This is waste-
ful of labour and increases vehicle standing-time.

Thus the most important design feature is to 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. This requirement can be met by constructing the
cart in the form of a light framework of tubular steel or
angle with a platform on -which four or six bins of about
70 litres volume can be carried. In Mexico handcarts zre
used that comprise a platform supported by, four small
wheels and carrying two 200-litre (oil) drums, but a prob-
lem with containers of this capacity is that two men are
needed to empty the drums into a vehicle.

For the daily collection of refuse house-to-house, one
6-bin handcart load would be equivalent to about 50
dwellings at 8 litres/dwelling/ day, and one collector would
be able to serve from 200 to 300 dwellings/day. At a den-
sity of 500 kg/cu metre, the weight per load would be




Figure 3

HANDCARTS

Handcart with box body,

& type widely used in Asia

by sweepers and sometimes
for refuse collection. Capacity
from 200-500 litres. Emptied
by dumping contents on

the ground.

Two-bin handcart in general
use throughout Europe by
sweepers, total capacity
120-200 iitres according

10 bin size. The bins are
emptied directly into a
transfer 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
conversion to animal feed.
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about 200 kgs, excluding the cart, and this is well within
the capacity of the average man to push, unless there are
very steep hills, provided that wheels and bearings are ol
good design. The radius of operation of a handcart is only
avvui one km, thus frequent transfer points are needed.
This question is discussed later under the heading of
“Short-range transfer”.

Pedal-tricycles with a box carrier in front, still used
by errand boys iii parts of Europe, and common in Asia,
can be adapted to carry wastes, but their volumetric capa-
city is less than a handcart. They do reduce travelling time
and can, therefore operate over a larger radius than a
handcart. They were used in Saigon by self-employed re-
fuse collectors who served about 200 dwellings/day.

Until World War II, horses were widely used in Europe
for door-to-door collection; horses, mules and bullocks are
still used in many parts of the world. The capacity of
draught animal carts ranges frorn two to four cubic metres
and they often have tipping bodiex, either by pivoting the
body or the use of a manually operated worm and nut.
Animal carts have these advantages:

—no consumption of fossil fuels,
— very low cost compared with motor vehicles,

— almost silent in operation,
—the driver can leave the vehicle and assist in ioading.

Their slow speed limits their effective radius of opera-
tion to about 3 kms, and in busy streets they may inter-
fere with motor traffic. This point is valid while they are
travelling; during collection, however, a stationary motor
vehicle is equally obstructive. Animal carts normally
operate from a two-level transfer station at which they tip
their loads directly into a large motor vehicle at lower
level. Madras successfully operates this system and enjoys
the advantages of both methods of transport: bullocks for
the slow “stop-go” element and motor vehicles for high-
speed transport over the relatively greater distance from
the city to the disposa] site.

There is a need to give much greater attention to the
design of animal carts; they should be low-loading steel
bodies mounted on pneumatic tyres, and fitted with sliding
shutters and manually operated tipping gear.

These electric-powered vehicles, the driver of which walks
in front, are employed in Britain for team-sweeping, but
their capacity of two to three cu metres gives them a
potential for refuse collection as an alternative to animals.
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(Amsterdam 1949)
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The speed is 5-6 k.p.h.,, thus the radius of operation is
only about 2 kms. The battery can be charged overnight
from a 13 amp outlet.

Its silent operation and lack of emission makes it an
ideal vehicle for night collection in narrow streets, but
the capital cost is very high and restricts its adoption to
the wealthier developing countries.

The two-stroke, three-wheel motor cycle is a much
cheaper alternative io the electric vehicle. It can be fitted
with a high-level tipping body of about two cubic metres
capacity while retaining a low loading line. It is in com-
mon use in several cities in Asia and West Asia, particu-
larly in old city centres where the streets are too narrow
to admit larger vehicles. Its relatively high speed gives it
an operating radius of about 10 kms, but it does not
operate well cn the rough roads of a sanitary landfill,
thus, unless a refuse disposal plant is available, it should
discharge at a transfer facility.

One kind of motor vehicle which is almost universally
available in developing countries is the agricultural tractor.
It has a number of attractions:

— maintenance facilities are more readily available than for

most other iypes of vehicle;

—together with a trailer, the capital cost may be only half

that of a 5-tonne truck;

—it is capable of hauling a large load relative to its h.p.;
—it is an ideal vehicle for operating on a sanitary landfill
because of its large tyres and high torque;

—it has a power take-off from which hydraulic tipping gear
on a trailer can be operated.

Despite its slow road speed, about 20 k.p.h., it probably
offers the cheapest method of motor transport for solid
wastes up to a trailer capacity of about 6 cubic metres.

There are a number of variants of tractor-trailer sys-
tems. Mini-agricultural tractors or jeeps can be used with
shuttered side-loading trailers up to 4 cum.; agricultural
tractors up to 6 cum.; articulated semi-trailers are avail-
able with capacities up to 30 tonnes for long distance
transfer. :

The agricultural tractor and trailer is often used as a
continuously coupled unit for the collection of refuse from
houses or communal storage points, but it also has great
potential as a transfer unit because of the ease with which
the prime mover and the “body” can be separated.

The work performed by a refuse vehicle can be divided
into two parts: the period while it is stationary during
loading represents lost time for the prime mover; the




Figure 4

LIGHTWEIGHT MOTOR TRICYCLE

Body capacity
about 2 cubic
metres.

The hydraulic tipping
gear is cleverly designed
to permit discharge at
about 1.5 metras above
ground level-direct into
8 transfer facility. This
couid be the hopper of
a compactor vehicie, or
a skip.




7. The simple tractor
and trailer, used for
secondary collection

in Kathmandu, has
hydraulic tipping gear.

It was manufactured

in India.

5-7 Tonne Truck
7.8.

44

other period which is spent travelling at normal road speed
with a full load represents efficient use of the prime mover.
Thus for maximum productivity in terms of tonne/kms
transported, loading time must be reduced ito a minimum.
If the vehicle can be split into the two parts. the prime
mover and the body, loading time can c¢ven be eliminated
by providing an extra body which can be loaded while
the first one is being taken to disposal. If the tractor, the
prime mover, can be used solely for the transport of full
trailers loaded in its absence, it will be fully employed
in travelling and in suitable conditions it is possible to
transport double or treble the weight/day that could be
achieved by a rigid vehicle. Those conditions can be:

—at large sources, such as markets where a trailer can be

stationed permanently and used as the communai ccntainer,

for the market,

— where the wastes from multiple small sources, such as

dwellings, are collected by other means, such as handcarts,

and brought to the trailer.

This method of using tractor trailer units will be further

considered under short-range-transier.

This is a type of vehicle available throughout the world
and widely used for the collection of wastes from com-
munal sites. It is designed primarily for the transport of
building materials; the body, usually of steel, comprises a
flat platform with hinged side and tail-boards 40-60 cms
high. The volume is usually about 5-6 cu metres, very
suitable for high density materials such as bricks and ag-
gregates. In its standard form this vehicle is rarely able to



Figure 5

AGRICULTURAL TRACTOR

An agricultural mini-tractor
can tow a8 3 cu metre side-
loeding trailer with sliding
shutters Hvdraulic tipping
gear s operated by a powver
take-ctf

A bullock could be used to
tow a trader of this design If
hand-operated worm and nut
tippingG gear was substituted
for hydraulic

Figure 6

PEDESTRIAN OPERATED ELECTRIC VEHICLE

Hand-hydraulic tipping gear
(body partially tipped)

Tiller for stop, start,
brake and steering

4

&)
Sub-frame ‘/)
for tipping gea

Battery Box

Capacity 2 - 3 cu metres



5-7 Tonne
i

Barrier Loader

carry its rated payload of solid wastes; even high density
wastes heaped on the vehicle would be unlikely to exceed
four tonnes. It is a common practice, therefore, to extend
the height of the sideboards in order to increase the cubic
capacity. This makes it necessary to use ladders to load
the vehicle, or to place men inside the body to receive
baskets of wastes handed up to them by the collectors.
The commercial truck, however, has the following

advantages :

— it is cheap, robust and easily obtainable,

—it has good ground clearance and performs well on rough

ground.

It is desirable that a refuse collection vehicle should

have:
—large volume, at least 2 cum/tonne of rated carrying capa-
city, because of the low density of the wastes compared with
most commercial loads ;
— a loading height not exceeding 1.6 metres.

There are four design features that enable these require-
ments to be met without complex mechanisation of the
body : :

—reduction in the height of the chassis by the use of wheels
of smaller than standard diameter*; this does, of course reduce

ground clearance;
—use of full forward control (“cab-over-engine’) to increase

space on the chassis for :the body;

— extension of rear overiang:

—use of a long wheelbase.
By these means it is possible to provide an enclosed
body of about 8 cubic metres without exceeding the desir-
ed loading height of 1.6 metres. The most common type of
body having these features is the side-loader. This has
three or four loading apertures along each side and these
can be closed by means of sliding shutters, usually plain
sheets of metal running in grooves. The load can be trim-
med within the body by the use of long-handled drags
and during the final stages of loading can be heaped
against closed shutters along one side. These vehicles
should be fitted with hydraulic tipping gear.

The barrier-loader has a van type body, loaded from
the rear. Hanging from roof-fixed rails is a movable

* A reduction in the maximum permissible load results from
the use of smaller than standard wheels and tyres. But the con-
ventional 7-tonne truck will rarely accommodate more than 6cu
metres, weighing about 3} tonnes. and is normally under-loaded.
A low-loading vehicle could be designed on the 7-tonne chassisto
have a body of about 8 cu metres for which a tyre rating of 5
tonnes payload would be adequate.
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SPECIALIST DESIGN OF REFUSE COLLECTION VEHICLES TO LOWER
THE LOADIMNG LINE, ENCLOSE THE LOAD, AND INCREASE CAPACITY

STANDARD COMMERCIAL REFUSE COLLECTION VEHICLE
TIPPER ON MODIFIED CHASSIS

Full forward control ('‘cab-over-
engine’’) increases space for
the body

Enclosed body with sliding covers
allows load to be trimmed by drags

above the load line
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Short wheelbase Smaller diameter wheels Long wheelbase and extra
reduce the load line overhang increase body space



Figure 7 (b)
BARRIER LOADER

Hydraulic
tipping

\Fm‘

-\ rails inside body near roof

" & barrier carried on rollers

folding steps

STAGES IN FILLING VEHICLE

Collectors walk inside and empty
bins over barrier. Barrier is moved
manually towards the rear vwhen
available space has been filled

For high density vwastes

the barrier loader achieves

a similar result to the compactor
vehicle without employing
costly hydraulic mechanisms,
but it is more labour-intensive
as the collectors have to walk
inside the vehicle




Figure 7 (C)

FORE AND AFT TIPPER

swinging baffle plate

rear loading space

When rear space
is full, the body

is tipped forwards
to transfer wastes
to the front enc.

The baffle plate
prevents wastes
from falling towards
the rear when

the body 1s returned
to horizontal,

1

?\ The load is discharged
by narmal tipping

to the rear.

For high density wastaes 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
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barrier which extends across the body to a height
of 1.6 metres above the floor. Loading begins with the
barrier close to the front of the body and the collectors
walk inside, using hinged steps at the rear, and deposit
the refuse behind the barrier. When that space has
been filled, the barrier is moved towards the rear of the
vehicle. This is repeated in about six stages until the
vehicle is full.

The contents are discharged by hydraulic tipping gear,
the barrier swinging clear during this operation. Side
loaders and barrier loaders were in common use in Britain
from 1925 onwards, a period when domestic wastes had a
density of 300 kg/cum or over, similar to that of many
developing countries today.

This is a design that appeared in the mid-thirties and
was widely used in Britain until quite recently. Its main
feature is that the body can be tipped two ways: towards
the rear for unloading, and towards the front for the
transfer of wastes loaded at the rear to the front end of
the body. In a simple and rather clumsy way it achieves
the same result as the hydraulic ram at the rear of a com-
pactor vehicle, but the compression effect is much less
positive. The forward tipping operation may be required
about 12 times per load; a suspended barrier prevents the
wastes from falling back after elevation of the body. Body
capacities of about 12 cubic metres were normal with this
type of vehicle.

It represents a halfway stage towards compactor vehicles
and is suitable for densities from 250 kg/cui metre up-
ward. It can be built on a standard chassis with normal
wheel diameter, and presents few maintenance problems.

This vehicle comprises a standard commercial chassis in
the 5-10 tonne range which 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, called a “skip” in
Britain, having a capacity from 3 cubic metres upward.
The skip can be tipped, to discharge its load, while in
position on the parent vehicle.

The container-hoist, is an alternative to tractor-trailer
units and has the following advantages:

— a skip is much cheaper than a tirailer;
— a skip is much less liable to damage by fire, vandalism or
loss by theft than a trailer;

—the speed of a container vehicle is much higher ihan that
of an agricultural tractor,.
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8. Standard commercial
truck with extended
sideboards to increase
capacity. (Saigon)

9. Mini-tractor

with low-loading
trailer and hydraulic
tipping gear. (Colombo)
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The disadvantages are:

—the cost of a container vehicle is double that of an agricul-
tural tractor;

—in many cases it transports a smaller weight than a
tractor-trailer.

The source of this last problem is that the manufactur-
ers of skips appear to aim primarily at the handling of
demolition wastes which may go more than a tonne to the
cubic metre. For example the standard skip made in India
is of 3 cu metres, equivalent to about 1.5 tonnes of Indian
wastes. For a 4-tonne payload the Indian skip needs to be
of 8 cum.

There is no problem in the manufacture of skips of these
sizes : they are available in Europe for waste-handling and
could be made in most countries. Meanwhile it is not re-
commended that developing countries should embark on
skip systems based on capacities as small as three or four
cu metres.

It has been observed that some developing countries
have very mixed vehicle fleets and very low vehicle ser-
viceability, down to 60% in some cases. These two things
may be connected. If many different vehicle models are
operated, it is virtually impossible to carry adequate stocks
of spares, thus vehicles may be off the road for long peri-
ods while spares are purchased, sometimes through a cen-
tralised purchasing organisation which causes additional
delay by requiring competitive tendering for even minor
items.



Stores control can be simplified and spares availability
improved by fleet standardizaticn. Furthermore, major spare
units (engines, transmissions, axles and hydraulics) can
be held. These spare units are used to replace defective
units in a vehicle which can then be put back on the road
within a few hours and the units which have been removed
can be repaired at leisure.

NOTE: Compactor vehicles have not been considered here,
for the following reasons:

(a) Compaction ratios achieved with western wastes of 100-
150 kg/cu m initial density range from 2:1 to 4:1, the final
density in the vehicle being about 400-500 kg/cu m. Most South
Asian wastes have an initial density similar to that of com-
pacted western wastes.

(b) The compaction mechanism imposes a need for additional
maintenance facilities which some cities may find difficult to
provide,

(c) Compactor vehicles would usually have to be imported;
there may be problems of foreign exchange and spare parts.
(d) The compaction mechanism greatly increases fuel consump-
tion.

(e) The capital cost of a compactor vehicle is significantly
greater than that of a conventional tipper.
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- CHAPTER 8.
ACCESS AND POINT OF COLLECTION

Thus far, the two main elements of a refuse collection
service have been considered: storage of the wastes, and
vehicles for collection. These elements are linked at the
collection point, the location of which is condmoned by
several factors:

— the physical characteristics of buildin~s;

— the access to the buildings and the width of roads;

—the proportion of the work of refuse collection which is
carried out by the householder.

The storage system for solid wastes and the provision of
access to the storage point for the refuse collectors should
be given careful consideration at the design stage of any
building. Town planning and building regulations in some
countries deal with this matter and often require that plans
for all new buildings be submitted to the department res-
ponsible for solid wastes services for their approval. Buf
in most countries there has been little, if any, regulation
of this kind, and every city contains numerous structures
for which it is almost impossible to devise a satisfactory
storage and collection method. This chapter reviews the
main problems of access for refuse collection and it will
be found that building construction and dwelling standards
can be the main determinants of :

— frequency of collection,
— vehicle type and size,
— the duties which have to be imposed upon the householder.

The separate dwelling surrounded by a garden or a
walled courtyard is ideal in mos. espects:

—the bin can be kept outside the house, in the open air,

— provided that the bin is impervious and has a lid, collection
frequency is not critical: a twice-weekly collection would cer-
tainly be adequate;

— it is unnecessary (except for financial reasons, such as labour
cost) to impose duties on the houscholder: the collecior can
enter the garden, carry out and empty the bin, and return it
to its normal position.




On the question of collection frequency, it seems to be
generally assumed that the low frequency in Europe and
USA—once or twice weekly—is because of temperate
. climate, and that it is essential for tropical countries to
. have a daily collection because of the more rapid decom-
| position of food wastes. But some parts of Europe and USA
can have very hot climates. It is arguable that low collec-
tion frequency in Europe and USA is acceptable primarily
because of the high standards of domestic storage which
prevent obvious odour emission and access by insects, and
also because a high proportion of dwellings have yards or
gardens. It is possible that a weekly interval would usually
interrupt the life cycle of the housefly. This suggests that
the most important single problem for some of the deve-
loping countries is that of nuisance-free domestic storage.

Separate dwellings can range in size from a small cottage
to a luxury villa; in every case there is almost complete
flexibility of collection method. Cost is likely to be the main
criterion in the selection of vehicles and meihiuds.

This term is used to describe single or two-storey dwel-
lings which are built as a continuous block. If such houses
have a yard at the back which gives on to a secondary
means of access which can be used for refuse collection,
they have all the essential characteristics of .single dwel-
Iings and a full “carry-out” service is practicable.

Many terrace biocks, however, have only from entrances
and it is then necessary to impose on the householder part
of the refuse collection process. At the very least this could
be to place the bin outside his dwelling at a point acces-
sible to the collectors.

At all terraced dwellings in tropical countries a daily
collection may be desirable because of limited external sto-
rage area.

Apartments over shops are the equivalent of terrace
blocks in most respects. If the shops have a secondary ac-
cess via a yard at the rear, domestic as well as shop re-
fuse could be stored and a full “carry-out” service could
be operated.

When access is only from the front, the minimum re-
quirement would be for shop owners and apartment dwel-
lers to place their bins in front of the premises prior to
the arrival of the collectors and to remove them afterwards
(a “kerbside” collection). This applies also to “lock-up”
shops, kiosks, ete.

Collection frequency should be daily because of limited
storage capacity and also because bins may be shared by
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more than one family which reduces the standard of care.

Sometimes apartment blocks of three or four storeys
have balconies at the rear, reached by an external stair-
case, and in these circumstances a full collection service is
possible if the bin is kept on the rear balcony.

When apartments have only one entrance it is possible
to provide a door-to-door service. Collectors in Beirut were
observed to carrv large, strong, plastic sacks for apartment
collections. The man went to the door of each apartment,
knocked, and waited until the housewife brought out her
kitchen bin. This he emptied into his plastic sack, which
was large enough to contain the wastes from several apart-
ments, thus reducing the number of occasions on which he
had to leave the building to deliver wastes to the vehicle.

The aiternatives are either batteries of small bins or a
large container for communal use. In either case, the fre-
quency of collection from apartment blocks should be daily
because of limited storage space in the apartments and the
likelihood that communal storage, if used, may be operated
to a low standard.

In the poorer areas of many large cities a family may
cook, eat and sleep in one room. This may be part of a much
larger dwelling unit, or one of a large group of temporary
or permanent shacks. In either case storage of wastes on
the premises for more than a few hours is very difficult.

In the absence of any private space where a waste bin
can be kept, public space must be made available. Thus in
these conditions there seems no alternative to the provi-
sion of communal containers in the streets These should
be emptied daily.

Small communal containers closely s,,,aced (not more
than 100 m apart) are better than large oiies at greater in-
tervals because they are more likely to be used. Ideally,
communal containers should be on a paved street wide
enough for a motor vehicle, but small containers can be
moved through narrow alleys on hand trolleys 1o the near-
est road.

A common feature of most developing countries is the
large market with stalls jammed closely together, fronting
on narrow passages which are usually thronged with pedes-
trians and littered with wastes. Sweepers are usually em-
ployed to bring the wastes from the passages to a central
storage point which is too often a large heap on the ground.
This is removed from time to time by a motor vehicle and
a collection crew.
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At Doha (Qatar) a market was observed which provides
a model system. Every stall has a steel bin of about 70 lit-
res, and is visited by a sweeper with a trolley who ex-
changes full bins and empties them into a shuttered trail-
er of about 3 cu metres capacity stationed in a yard imme-
diately adjacent to the market. When the trailer is full it
is exchanged for an empty one by a Land-Rover.

There are usually several kinds of premises that produce
wastes in quantities sufficiently great to justify the use of
a trailer or a large container for central wastes storage.
Typical buildings would be hospitals (for domestic, not
pathological wastes), barracks, very large hotels, large fac-
tories and office complexes, in addition to the markets al-
ready referred to.

The layout and the location of these storage points needs




careful planning, to enable the exchange to be effected with
minimum effort and to avoid interfering with local traffic
flow. The following are the main issues:

The site should be located on an internal road of the premises

to avoid complex vehicle manoeuvres on a main road.

One extra space is required on which the empty trailer or con-

tainer can be placed.

For trailer exchange it is a great advantage to be able to drive

right through the area; this avoids the need to reverse trailers

into position.
If only one space is available the following time-consuming
exchange procedure is necessary :

On approaching the site drop off container at a convenient

place.

Pick up full container from site, drop it off at a convenient

place.

Pick up empty container and drop on site.

Return to full container, pick up and proceed to disposal.
The simple procedure of one drop and one pickup (or one
uncouple and one couple), which is possible with a spare
space, is illustrated in the sketches.

There are many ancient city centres where lanes are too
narrow to allow access by motor vehicles, and this has
been one reason for the continuing use of large communal
sites in some Asian and Arab cities.

Narrow alleys, sometimes only a metre wide, are also a
characteristic of slum areas that spring up to house refugees
from war or natural disasters. Their inaccessibility to con-
ventional collection methods has sometimes caused such
areas to be entirely denied collection services, with the
consequence that wastes are disposed of in ditches and ri-
vers.

A daily collection from areas such as these, where popu-
lation density is usually very high, is essential not only for
the protection of the people who dwell there, but out of
concern for the health of the city as a wiwle, because vec-
tors know no boundaries.

The use of handcarts is the obvious solution to the access
problem; they could be used for a door-to-door service, or
for exchanging small communal containers. Sometimes,
however, such communities are established on steep hill-
sides; in Lebanon a pro~blem of this kind was solved by
the use of donkeys with steel panniers in which the col-
lected wastes were carried. Mules would be even more
suitable.

Narrow lanes
8.8.
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CHAPTER 9.
BASIC COLLECTION SYSTEMS

Four basic collection systems have been evolved in rela-
tion to the amount of work imposed upon the householder :

— communal storage which may require delivery of the wastes
by the householder over a considerable distance;

—block collection, where the householder delivers the wastes
to the vehicle at the time of collection;

— kerbside collection, where the householder puts out and later
retrieves the bin;

— door-to-door collection where the collector enters the pre-
mises and the householder is not involved in the collection pro-
cess,

The organisation of refiise cuilection is greatly simplified
by the use of large coinmunal storage sites. The city of
Delhi, for example, is served by about 1,250 sites having
capacities from 0.5 to 10 tonnes for a population which ex- -
ceeds 4 millions. Delhi probably has about 800,000 sepa-
rate sources of wastes (dwellings and shops) and a frequ-
ent collection direct from every source would require a
much more complex organisation and possibly greater ex-
penditure. However, when sites are widely spaced, a great
deal of domestic wastes are deposited in the streets by
householders too lazy to carry it to the depot or masonry
enclosure. It is significant, therefore, that only by employ-
ing about 10,000 sweepers Delhi is kept in a tolerable stan-
dard of cleanliness.

While the use of large communal sites may appear to be
a fairly cheap and simple solution, it may transfer much
of the burden of refuse collection on to the street clean-
sing service and actually increase total costs, because it is
cheaper to collect refuse direct from a house than to sweep
itt up from the streets. In Delhi, in the year 1974
Rs 31,000,000 were spent on sweeping, only Rs 7,330,000 on
refuse collection.

The use of large, widely spaced communal storage sites
is usually a failure because the demand placed on the
householder goes beyond his willingness to co-operate.
Communal storage points should, therefore, be at frequent




intervals. Madras, Bangalore and Manila provide fixed con-
crete receptacles with capacities between 100 and 500 lit-
res on footways or verges at intervals of 50 to 20 metres.
The objections to these have been stressed earlier, but they
are fairly successful because they place a reasonable and
acceptable duty on the residents, thus very little domestic
wastes is thrown in the street.

Both the large masonry enclosure and the smaller con-
crete bin are inefficient in the use of manpower and vehi-
cles. Wastes have to be removed by rake or shovel and
basket; it is a slow process and vehicle waiting time during
the loading process is excessive. Vehicles employed on this
work tend to interfere with other traffic in the street. The
following work performances have been recorded:

Delhi, masonry -

enclosures 1.4 tonnes/man/day 7 tonnes/vehicle/day.
Bangalore, concrete
pipes 1.2 " 6 »

Drums of 200 litre capacity are far from an ideal solu-
tion, but the fact that two men can usually empty them
directly into a vehicle with a low load line greatly in-
creases daily performance: probably to about 5 tonnes/
man/day and 10 tonnes/vehicle/day.

In this system, a collection vehicle travels a regular route
at prescribed intervals, usually every two days or every

A design error was the use of bicycle wheels which broke up
after a few months. Rickshaw wheels which have stronger
spokes and rims would have been more satisfactory.

Block Collection
9.2.

12. 4-Bin handcart
made locally

for a pilot test

of house-to-house
collection

in Kathmandu.
Baskets were chosen
as containers

to avoid importing
galvanised ste2l bins.
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three days, and it stops at every street intersection, where
a bell is rung. At this signal the residents of ali the streets
leading from that intersection bring their wastes contain-
ers to the vehicle and hand them to the crew to be emptied.
A crew of one or two men is adequate in number as they
do not need to leave the vehicle.

Block collection should be operated frequently, otherwise

the weight of wastes to be carried to the vehicle may be
beyond the capacity of some of the residents. It has a signi-
ficant advantage over a kerbside collection in that bins are
not left out on the street for long periods.
This system is operated in Mexico City and during a study
carried out by the Solid Wastes Division of the Sub-Secre-
tariat for Environmental Protection the following data was
collected. It represents the average of four routes:

Collection route, total length 2.74 kms.

Number of stops on route 25
Average distance

between stops 110 metres
Bins emptied per stop 33

Total bins emptied on route 858
Average load, total weight 3,653 kgs

Dwellings on route 841

Average weight/dwelling 4.34 kg.

Total time for load 2 hours 27 mins.
Average travei time point to point 1.15 mins.
Average loading time per point 7.10 mins.

The daily performance achieved by this system is about 3.5
tonnes/man/day and 7.0 tonnes/vehicle/day.

This, like the block collection, requires a regular service
and a fairly precise timetable. Residents must place their
bins on the footway in advance of the collection time and
remove them after they have been emptied. It is very im-
portant that bins of a standard type should be used, other-
wise it is likely that wastes will be put out in improvised
containers, such as cardboard boxes, or even in loose heaps;
when this occurs some of the wastes are inevitably scatter-
ed by animals and wind, thus increasing the work of street
cleansing.

Kerbside collection is never entirely satisfactory. Prob-
lems include:

— bins sorted through by scavengers,

— bine stolen,

— traffic accidents caused by bins rolling on the road,
— bins turned over by goats or cattle,

— failure of the householder to retrieve the bin quickly.

'The worst example of this last problem is when the bins




are kept permanently on the footway; this is not uncommon
in high income residential areas of certain Asian cities.

However, kerbside collection is unavoidable with some
types of house construction, and it is the cheapest method
of house-to-house collection. When the rate of wastes gene-
ration is high and collection infrequent very high labour
productivity can be achieved. For example, in one city in
USA a one-man crew collects up to 10 tonnes/day—400
dwellings at an average of 25 kg/dwelling. In all develop-
ing countries, however, the wage-rate to vehicle-cost ratio
would be much less than in USA and it would be profit-
able to employ a crew of at least four men. Productivity
would also be reduced as the weight collected per dwelling
would be much less.

This is the system in which the householder does no
work : the collector enters the garden or courtyard, car-
ries the bir to the vehicle, empties it, and returns it to its
usual place. It is costly in labour because of the high pro-
portion of working time spent walking in and cut of pre-
mises and from one dwelling to the next, but it is the only
really satisfactory system. A USA study showed that this
system costs about twice that of kerbside collection, but,
this ratio would be greatly reduced in coumntries where la-
bour cost is low.

The problem with door-to-door collection in developing
countries is that vehicle productivity would be very much
less than in Europe or USA if colletcion was at high fre-
quency. High vehicle productivity must be the main aim
of developing countries, thus door-to-door collection by the
conventional western method of heavy motor vehicle and
crew is very unlikely to be a viable system unless the in-
terval between collections was extended to a week. This is
unlikely to be acceptable in tropical countries as a princi-
ple and in any case the majority of dwellings in most cities
need a daily collection (or communal storage).

The broad conclusions that can be reached are as follows:

Communal storage systems based on manually portadle con-
tainers probably offer the lowest coliection cost.

Block collection at two-day intervals appears to offer a low
collection cost and avoids all the problems that arise with com-
munal 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 ifl a daily service is required. It may be at an accept-
able cost level in selected areas if a twice weekly service was
adopted.

The conventional western approach may have to be ruled
out. There are other effective possibilities. One of these is
described in the next chapter,

Door-to-door
Collection

9.4.
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Collection Frequency Kg/pickup Crew mno. Tonnes/ Dwellings/
method of coin. point man/day veh/day man/day veh/day
Communal : .
Enclosures daily 3,000 5 1.4 7.0 700 3,500
Concrete bins " 300 5 1.2 6.0 600 3,000
200 1. drums » 50 2 5.0 10.0 2,500 5,000
Block 2 days 4+ 2 3.5 7.0 850 1,700
Kerbside daily 2 4 0.6 2.4 300 1,200
4 days 7 4 1.8 7.0 250 1,000
weekly 14 4 2.8 11.0 200 200
Door-to-door daily 2 6 6.3 2.0 160 960
4 days 7 5 1.0 6.0 140 850
weekly 14 6 1.7 10.0 120 720

Comparative Productivity
of Basic Systems*
9.5

In the following table performance in terms of tonnes/day and dwel-
ling/day by men and vehicles are compared. Weight generated/dwelling/
day is assumed to be 2 kg in every case, equivalent to 333 gms/person/day
for a family of six people. This is about the current average for much of
South East and Central America {bui generation in much of West Asia
and North Africa may be twice this)

The four most productive methods are as follows:

Tonnes/
man/day vehicle/day

Communal 200-litre drums, daily 5.0 10.0
Block collection every 2 days 35 7.0
Kerbside collection every 4 days 1.8 7.0
Communal masonry enclosures, daily 14 7.0

Figures for weekly collection have not been included, having little practical significance for most
developing countries.

* some figures are actual, others are writer’'s estimates.
** per house.
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CHAPTER 10.
PRIMARY AND SECONDARY COLLECTION

Short-range transfer is a system which divides refuse
collection into two phases, primary and secondary collec-
tion. Primary collection, from door-to-door, is performed
by a small non-motorised vehicle, such as a handcart or
animal cart. When full the primary collection vehicle is
emptied directly into a large motor vehicle which is em-
ployed solely on the high speed transport of full loads. The
principles behind this were explained in detail when trac-

tor-trailer systems were discussed in the chapter on vehi-
cles.

The recommended type of handcart is that with up to
six detachable bins described in Chapter 7. Carts of this
design were used in Dagenham, England, in the late “for-
ties” for the door-to-door collection of kitchen waste which
was separately stored and collected so that it could be pro-
cessed into food for pigs and poultry. About 10 rounds were
operated and the average dwellings visited/man/day was
388. The operation comprised entering the front garden,
picking up the kitchen waste bucket, which was normally
placed on the front door-step by the housewife, emptying
it into one of the bins on the handcart, and returning the
bucket. The weight/dwelling/day was less than one kg,
however, whereas a daily collection from most households
in developing countries would yield about 2 kgs.

Handcarts with two and four bins were used during a
pilot project in Kathmandu, during which three rounds
were operated. Although the two-bin cart had very small
capacity, and therefore required frequent trips to the trai-
ler which formed the secondary collection, the average per-
formance of the three collectors was about 250 dwellings/
man/day. The wastes were not put out on the footway, but
each collector had a handbell which he rang at intervals.
Housewives brought their wastes to the front door on hear-
ing the signal, and handed their bin (often an old petrol
tin) to the collector who emptied it and handed it back.
Many of the streets served were very narrow, some little

Short-range
Transfer
10.1.

primary
collection
by handcart
10.1.1.

- —-—
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more than a metre, thus this was the only kind of door-
to-door service possible.

A typical performance calculation for handcart collec-
tion would be as follows:
Assume that the handcart carries six bins of 50 litres capa-
city, the small size being dictated by high density wastes.
When full the handcarts would be pushed to trailers of
6 cu m capacity, spaced about one km apart. Thus the col-
lectors operating from each trailer would be within a ra-
dius of about 700 metres and their average distance from
the trailer would be about 400 metres.

Handcart capacity, 6 bins x 50 litres 300 litres
Therefore, one handcart load

@ density 330 kg/cu m = 100 kgs

If generation of wastes is 2 kg/

dwelling/day,

one handcart load is equivalent to 50 dwellings
Time per load:

collection, 1.5 minutes/dwelling 75 mins

travel, 400 metres x 2 @ 3 k.p.h. 16 ”

unload 5 ”

delay allowance 10 ”

Total time/load 106 minutes
Working time/shift 420 minutes = 4 loads/shift
Production per shift 200 dwellings

or 400 kgs.

Assume that trailers have a capacity of 6 cu m and that
they are exchanged when full by an agricultural tractor
which takes them to the disposal site.

Assume an average round trip to the disposal site of 12 kms
at an average speed of 15 k.p.h.

Time travelling per trip 48 minutes
Exchanging trailers 5 7
Unloading 10 »
Total trip time 63 minutes

If 7 minutes/trip is allowed for delay, then average trip

time would be 70 minutes, equivalent to 6 trips/day in a

working day of 7 hours.

If the average trailer load is 2.4 tonnes (equivalent to a loa-

ded density of 400 kg/cu m), then

Tractor production/shift = 14 tonnes
The number of trailers required depends primarily upon

population density. One trailer exchanged 6 times/day

could support 36 collectors serving a population oi 43,000,



Figure 9

SHORT-RANGE TRANSFER
Flow diagram for handcart and trailer system.

1,200 people live in 200 dwellings.
Each dwelling produces 2kg/day of
domestic wastes which are stored in
a 6-litre bucket. Initial density is

; ; assumed to be 330 kg/cu metre but
density tends to increase at each

\__I stage of collection due to natural
compaction in the container or
vehicle.

/\ /\ / / of 300 litres (6 bins x 5O litres) calls
at 200 dwellings/day, collecting a
1

@LL X O AL ‘ total weight of 400 kg/day.

Bins from the handcarts are emptied
into a trailer of 6,000 litres,

equivalent to one day’'s wastes from

6 handcarts. One trailer load of 2.4
tonnes serves 1,200 dwellings and
7,200 people.

JL Full trailers are towed to the disposal
site by an agricultural tractor. One
tractor can exchange up to six

| trailers/day under average conditions,
14 tonnes/day, from 36 collectors,
| . serving 7,200 dwvellings and a
' population of over 43,000.
J v
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but because of the limited operating range of a handcart,
this 36-man unit must be contained within an area of one
square kilometre. Thus, in this example, if the population
density is less than 43,000/sq km, more than one trailer
transfer point will be required. Two transfer points, each
having a trailer exchanged 3 times/day would enable the
tractor and 36 collectors to cover an area of 2 sq kms with
a population density of 21,500/sq km

In the first instance the theoretical trailer requirement
would be two per tractor, one stationary at the transfer
point, the other being towed. In the second the number
would be three per tractor, one at each of the two trans-
fer points and one being towed. In practice it is usually
necessary to provide surge capacity at a transfer point, be-
cause the rates of handcart collection and trailer exchange
are not continuously in balance. Trailer numbers should,
therefore be on the following scale:

Optimum population

density 3 trailers/tractor, 2 at transfer.
Half optimum 5 trailers/tractor, 2 at each
population density transfer point.

The minimum population density for which handcarts
could be used is 7,200/sq km, when each sq km would re-
quire six collectors and one trailer/transfer point. Surge
capacity would not be necessary, thus the ratio of trailers
to tractors would be 7: 1, 6 trailers at transfer points and
one being towed. P

All these figures are based on the assumed basic data
given at the beginning of this chapter and for any specific
city corrections must be made in accordance with local
data, In general the use of short-range transfer based on
handcarts is relevant to the following conditions:

—low per-capita generation of wastes,
— high density wastes,

— high population density,

—low wage rates.

Where one or more of these conditions is absent, the
principle of transfer may still be valid, but it may be
necessary to employ larger vehicles.

The following assumptions are made:

Vehicle capacity 2,000 litres
or, 700 kg.
one vehicle load = 350 dwellings
Time per load:
2 crew X 40 dwellings/man/hour 4 hours 22 mins,
Travel 2 kms: animal cart (3 k.p.h.) 40

: motor tricycle (20 k.p.h.) 6




Unload : 10

Total time/load: animal cart 5 hours 12 minutes
: motor-tricycle 4 » 38 »
Loads/day :
Animal cart, 1} loads total weight/day 875 kgs.
motor-tricycle, 1} loads " " 1,050 kgs.

Production/man-shift :

animal cart, 2 crew 437 kgs., 219 dwellings
motor-tricycle . 525 kgs., 262 dwellings

The main advantage conferred by animal carts or small
motor vehicles is a wider range of operation. The animal
is just as slow as a handcart, but the volume of the vehicle
is so much greater that only about two journeys to trans-
fer are necessary, instead of four or more with a hand-
cart, thus more of the day is spent collecting. The small
motor vehicle has both greater capacity and higher speed.

This enables transfer stations to be much more widely
spaced, and to serve greater populations or populations of
low density. For animal carts one transfer station per 5
square kilometres would give a round trip distance of
about 2 kms. A much larger area could be served by
motor-tricycles.

The process of transfer, however, is much more complex
than the method described earlier of emptying bins into
trailers. It is necessary to transfer 2 cum batches or
more into much larger vehicles, and ways of doing this
will be described in the next chapter.

For the moment it is assumed that the animal carts or
motor-tricycles are discharged from a higher level directly
into 7-tonne tipping trucks with extended sides to increase
their volume and that each truck carries an average load
of 5 tonnes. This is a well-proven system, and typical
timing could be:-

loading 30 minutes
travel 12 kms return trip @ 25 k.p.h. 30 minutes
unload 10 minutes

total time/trip 70 minutes

Allowing for delays, vehicle productivity could be:
5 loads/day x 5 tonnes 25 tonnes/day

At the end of the preceding chapter the comparative
productivity of the four basic collection methods was tabu-
lated and the four most productive methods selected. It is
now possible to extend this comparison by adding the
figures for short-range transfer.

In order of productivity of heavy vehicles, which will be

secondary

collection

from transfer station
10.1.4.

comparative
labour and vehicle
productivity
10.1.5.
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1! Figure 10

TYPICAL ROUTE LAYQOUT FOR SHORT-RANGE
TRANSFER DISTRICT
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Population 43,000. Dwvellings 7,200, Total 14 tonnes/day.

1 Tractor. 2 Transfer points each having 2 trailers

(3 exchanges/day at each).

36 colliectors each with handcart. Each transfer point serves 18 collectors.
Collection routes are arranged,as far as possible, radial to transfer

points, shown as T.
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the criterion in countries with low wage levels, the revised
table is as follows:
Tonnes
Man/day Vehicle/day
Short-range transfer:

motor-tricycles * 0.53 25
animal carts * 0.44 25
handcarts * 0.40 14
Communal 200 litre drums 5.0 10
Block collection 3.5 i
Kerbside collection 1.8 7
Communal masonry enclosures 1.4 7

It is necessary to warn that, although the figures used
for illustration in this and the preceding chapter are based
on actual experience, the reader is unlikely to find them
valid for his city because of the very wide variations which
occur throughout the world in the determining factors.
The most important factors are:

— wastes generation/capita x average family size,

— density of wastes at source,

— population density,

— wage rates,

-— comparative costs of animal carts and motor vehicles,
— motor fuel! cost,

—cost of land for transfer stations.

Short-range transfer stations fall into two main cate-
gories :
~—level sites, where transfer is usually effected by manually
emptying small containers;

— split-level sites, where small vehicles are unloaded directly
into large vehicles by gravity.

Vehicles used for secondary collection at transfer sta-
tions fall into the following main groups:

— trailers, usually about 4 cu m, towed by an agricultural
tractor, but smaller trailers towed by jeeps may also be used;

— semi trailers of 15 cu m capacity upward;

—rigid open-top vehicles with extended sides to provide capa-
cities from 12 cu m upward;

— skips of 8 cum upward, carried by rigid vehicles of 5 tonnes
capacity or more;

—roll-on containers of 15 cum upward, carried by winch-on
vehicles.

]

* The provision and operating costs of primary collection
vehicles represent additional costs over and above the costs of the
systems with which short-range transfer is being compared. The
addition is negligible for handcarts, small for animal carts, but
substantial for motor tricycles. In some cases this additional cost
would offset any advantage arising from the higher productivity
of the heavy motor vehicles used for secondary collection.

Short-range
Transfer Stations
10.2,
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Where the wastes are of low density, skips, roll-on con-
tainers and semi-trailers can be fed by means of a static-
packer which compresses the wastes inside the body.

In its simplest form, this type of transfer station may
be no more than a parking space on which a trailer or
skip is located, but it is most desirable to enclose such a
space for reasons of tidiness and security.

Site layout could follow the pattern suggested for mar-
kets and illustrated in Chapter 8. If space is very limited,
the layout illustrated here satisfies the essential require-
ments, but it suffers two disadvantages:

— a trailer would have to be reversed into position,

—exchange involves four operations compared with two

when a spare space is available.
When handearts are used for primary collection—or
motor-tricycles the bodies of which can be tipped at a
discharge height of a metre or more—static packers can be
used at level sites. They are considered later in this
chapter.

S

Whenever the direct discharge from the body frj.% one
vehicle into another is necessary, a two-level site mustbe
created unless plant is installed in the form of a below-
ground hopper which feeds an elevating conveyor.

The traditional form of a split-level transfer station is a
loading quay (about 3 metres above ground level) which
is reached by an inclined road having a gradient suitable
for the smaller vehicles: 1:12 is usually acceptable and
this requires an approach road about 40 metres long. If
one-way traffic movement is desired, two ramp roads must
be provided.

Large static packers are widely used in the industria-
lised countries at long-range transfer stations designed to
receive loads from compactor vehicles of about 5 tonnes
for transfer to vehicles with carrying capacities up to 18
tonnes, for transport to disposal sites which may be as
far away as 80 kms. In order to achieve loads of this
weight the wastes must be compressed and the system
employed is to discharge the incoming wastes into a
hopper at lower level from which they are fed into the
receiving vehicle by a hydraulically operated pressure
plate. These are usually two-level sites.

Small static packers which operate on a level site are
commonly used at factories to fill containers of & cumup-
ward with low-density industrial wastes, and these can
readily be adapted to short-range transfer stations when




Figure 11

TRANSFER STATIONS
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their cost can be justified. This is most likely to be in the
wealthier developing countries where packaging materials
form a significant element of domestic wastes so that the
densities of these wastes often approximate to those of
Europe or USA. Static packers have been proposed for a
series of transfer stations, which will be served partly by
handcarts and partly by small motor vehicles, in a system
devised by consultants for Riyadh, Saudi Arabia.

The potential throughput of a static packer is very high.
One serving a container of 15 cum volume, and achieving
a compaction ratio of 2:1, where the containers are ex-
changed five times/day, has a theoretical throughput of 150
cum/day, equivalent to 30 tonnes at a density of 200 kg/cu
m. Such high capacity can be extremely valuable in a
densely populated area, or one where there is a very high
production of wastes from markets, by reducing the num-
ber of transfer stations required, because it is in just such
areas that sites for transfer stations are most difficult to
find. :

Where a transfer station serves a population in the
range 20 NNN 4 50 000

20,000 to 50,000, there are man y advantage
building a combined transfer station and depot.

For a population in this range there would probably be
between 40 and 150 manual workers employed on refuse
collection, street cleansing, and ancilliary services. This
represents a work unit of convenient size for the most
junior level of qualified management, the district inspector.

A district depot should provide the following facilities:

— welfare facilities for workers: lockers, toilets, showers,
—small stores: brooms, shovels, cleaning materials, lubricants

etc,,
— parking facilities for hand trucks for sweepers, and ii apprc-

priate, refuse collectors.
— office and telephone for the district inspector.

A good basic design for a combined district depot/transfer

station would be:
Ground floor
First floor
Second floor

m
418

w

transfer and parking faciliiies.
office and stores.
locker room, toilets, showers.

!




13. A small district depot
in Colombo which provides
a pavking area

for handecarts and

a transfer facility for
sweepings in a yard at

the rear of the builaing.

14, An efficient
locaily-made handeart,
Each container is made
from half a 200-litre

oil drum. After rolling
the cut edges the final
volume of each bin is
about 80 litres. (Colombo)

=1
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CHAPTER 11.
ECONOMICS OF REFUSE COLLECTION

Crews numbering two to eight are used for collection
from communal storage sites, for kerbside and for door-to-
door collection. In this chapter the factors that determine
optimum crew size are considered.

In the case of collection from masonry enclosures each
containing from half a tonne to five tonnes of wastes at
ground level, which are transferred to the vehicle by rakes
and baskets, the limit on crew size is imposed only by the
number of men who can simultaneously. empty a baskef]
into the vehicle. Within that limit every additional incre-
ment of labour adds an equal amount of productivity. It
is customary to employ about 6 men in these teams, but
situations have often been observed in which up to 12
men could be effectively employed with one vehicle: 4
men filling baskets and 8 men carrying baskets to and
from the vehicle. But such sites are usually several hun-
dred metres apart, and it is necessary to transport the
collectors between sites; in practice, therefore, space on
the vehicle for transport of the crew could be the main
constraint on crew size.

Where cylindrical concrete bins are fixed to the foot-
way the number of men who can work simultaneously
transferring wastes from the bins to baskets is limited by
the small diameter of the bin. Usually only one or two
men can work at the same time, thus the largest. number
that can be effectively employed lies between three and
six, according 1o the relative work content of basket filling
and basket carrying.

If 200 litre drums are placed at intervals on the footway
or verge, singly, the maximum useful crew size is two
men, unless the vehicle is an open one of excessive height,
in which case one or two men may be required in the body
of the vehicle, to assist with emptying.

In the case of block collection it is never necessary to
employ more than two men as their only task is to stand
at: the rear of the vehicle and empty bins handed tc them
by residents.




In all these cases there is an cbvious crew size dictated

by the nature of the task or there is a constraint on crew
" size imposed by an external factor, such as transport faci-

lities for the crew.

For these two systems the choice of the most economi-
cal crew size is more complex. For door-to-door collec-
tion in a suburban area of single dwellings, the work ele-
ments for a two-man crew, where both sides of the road
are being worked simultaneously, are as follows:

1st — walk into garden and pick up bin,

2nd — carry full bin to vehicle and empty it,

3rd —walk into garden to return empty bin t{o normal
position,

4th — walk to* faotway,

5th — walk to the next house on the same side of the road.

For a four-man crew, with two men on each side of the
road, the time required for the 5th work element is
doubled as both men must walk the frontage distance of
two houses, instead of one. For an eight-man crew the 5th
element increases to four frontages.

A second 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 dis-
tance, or walking towards the vehicle.

When collection is from one side only, which is necessary
when traffic is heavy or the street very wide, every labour
increment above a single collector causes an increase in
work content, a decline in productivity per labour unit, and
a rise in labour cost/bin emptied. For two-side working,
this applies to every pair of men above two.

In the case of kerbside collection, the frontage walked
forms a much greater proportion of total work content,
thue inoramental deozline in labour productivity is more

.rapid than in the case of door-to-door collection.

Vehicle productivity, however, follows the reverse pat-
tern : the greater the crew size the larger the number of
bins emptied/hour and the heavier the weight of wastes
collected/hour.

Thus for every situation there is an optimum crew size
which achieves the lowest total cost of labour and vehicle.
The factors that determine this are prirmarily :

— physicsl layout of the area; distances fo be walked for the
various elements,

— the system used, door-to-door or kerbside,

— the relative hourly costs of labour and vehicles.

In most cities it is possible to define several different

door-to-door
and kerbside
collection
11.1,1.
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Figure 12
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types of area, the physical construction of which vary suf-
ficiently 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 enormous-
ly. For these reasons it is necessary to carry out time stu-
dies in every city in order to determine optimum crew size
for typical areas.

The piece of route selected for test purposes should be
long enough to provide work for between one and two
hours and during each test the crew should be accompanied
by a supervisor who will record the total number of bins
emptied and the elapsed time between the starting and
finishing points. For single side working, crews of 1, 2, 3
and 4 should be used on successive occasions, and for
double side working crews of 2, 4, 6 and 8. Each test is re-
peated at least four times, varying the members of the
crew to balance out personal characteristics. .

The result of a test of this kind which was carried out
by the writer in an area of detached houses, standing in

gardens, and receiving a fyll door-to-door service was as
follows :

Crew number Bins/manfhour Bins/crew/hour
2 20 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; thab
decline is, however, accompanied by rising vehicle produc-
tivity which is proportionate to the number of bins emp-
tied/team/hour. (It should be noted that for all crew sizes
the labour productivity in this example is very low, be-
cause the area selected for test represents the worst condi~
tions: long frontages, and long walks within private gar-
dens.)

To determine optimum crew size from this kind of test
it is next necessary to apply unit cost for labour and the
vehicle. To demonstrate this, imaginary currency called
*money units” has been used, and the performances above
have been applied to two tables in order to illustrate the
importance of labour: wvehicle cost ratios.

The first table is for low wage rates; the hourly wage is
10 money units, the hourly vehicle cost is 100 money units.
This would be fairly typical for much of Asia. The second
table is for high wage rates; the hourly wage'is 50 money
units and the vehicle cost is again 100 money units/hour.




Low wage rate: 1 manj/hour = 10% cf 1 vehicle/hour

Crew Bins Labour Bins/vehicie Vehicle Total cost
cost cost
no. man/hr per bin hour per bin per bin
2 30 0.33 60 1.60 1.83
4 25 0.40 100 1.00 1.40
8 22 0.45 132 0.75 1.20
8 19 0.53 152 0.06 1.19
High wage rate: 1 man/hour = 509% of 1 vehicle hour
2 30 1.66 60 1.60 3.26
4 25 2,00 100 1.00 3.00
6 22 2.27 132 0.75 3.02
8 19 2.63 152 0.66 3.29

The ultimate effect of a high ratio of wage cost to vehi-
cle cost occurs in USA where one man-day may cost 140%
of one vehicle-day, the consequence being that in some
cities optimum crew size with a 15 cu m compactor vehicle
is a single driver-collector.

The use of more than one vehicle per collection crew
may be economical when the period of absence of the vehi-
cle from the collection round, while it is delivering a full
load to the disposal site, is lengthy. This can occur if the
vehicle is very slow, as in the case of an animal cart, or
when the disposal site is at considerable distance.

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. two
vehicles to one crew, enables the crew to be continuously
employed throughout the working day, whereas with only
one vehicle they would be employed for only half their
time, A 2:1 relay requires staggered starting times for the
drivers of the vehicles.

When transport time is approximately half of the time
required to collect a full load, a 3:2 relay, three vehicles
serving two crews, can be used. In this case it is necessary
to stagger the starting times of the crews, unless half loads
at the beginning and end of the day are acceptable.

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 benefit by rest periods bet-
ween loads and this is reflected in a higher average rate
of working during the smaller number of hours during
which they are effectively employed.

One advantage of relay systems is that in the event of a
sudden breakdown of one vehicle work can proceed using

operation

of collection
vehicles

in relay
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Operating Cosis
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a single vehicle and by working overtime the day's task
can be completed; it helps, therefore, in maintaining reli-
ability of the service.

However, because a relay must be operated to a precise
timetable if it is to achieve its aim of continuous employ-
ment for the collectors, it requires high standards of super-
vision and of discipline.

The following cost estimates are derived from actual
operating cost supplied by several Indian cities and updated
where necessary. The fuel costs used are: diesel Rs. 1.16/
litre, petrol, Rs. 3.50 {1975)

5 tonne diesel truck, 6 cu m, 60 kms/day

Capital cost Rs. 140,000, 10 year life: Rs. annual
Depreciation annual Rs. 14.000
Interest 10% reducing loan 7,000
Amortisation 21,000
Fuel and lubrication 9,500
Repairs and maintenance 14,000
Tyres etc 4,000
Wages 5,300
Total annual cost 53,800
Daily cost, 310 days/year* 174

10 tonnes diesel truck, 10 cu m, 150 kms/day
(used for secondary collection from a transfer station)
Capital cost Rs. 160,000, 10 year life; '

Depreciation annual Bs. 16,000

Interest, 18% reducing loan 8,000
Amortisation . 24,000
Fuel and lubrication . 20,000
Repairs and maintenance ‘ 20,000
Tyres etc 7,000
Wages 6,000
Total annual cost 77,000
Daily cost, 310 days/year 248

(Equivalent to Rs. 10/tonne for 5 loads/day x 5 tonnes)
Diesel tractorftrailers, 6 cu m, 150 kms/day

(used for secondary collection from a transfer station)
Capital cost tractor Rs. 60,000, trailers (5} Rs, 100,000.

Depreciation annual Rs. 16,000
Interest 10% reducing loan 8,000
' Rs. annual
Amortisation 24,000
Repairs and maintenance 12,000
Fuel and lubrication 18,000

*NEERI suggest that 300 days/year is more commonly used in
India for costing purposes,




Tyres etc, | 5,000

Wages 5,300
Total annual cost 64,000
Daily cost, 310 days/year 206

(Equivalent to Rs. 14/tonne for 6 loads x 2} tonnes/day)
. Bullock cart, 3 cu m, 1 tonne
- Capital cost cart Rs. 20,000, 10 year life.

Amortisation 3,000
Repairs and maintenance 500
Tyres 1,000
Hire of bullock @ Rs. 20/day 6,200
Wages 3,000

Total annual cost 13,700
Daily cost, 310 days/year A5

Handcart, 300 litres, 150 kgm.
Capital cost Rs. 800, 10 year life. ;
Amortisation 120

Repairs, maintenance, tyres ‘ 300
‘Total annual cost : 400
Daily cost, 310 days/year 1.35

TRANSFER COST
Capital cost transfer depot Rs. 150,000, amortised 20 years,

15,000

2 attendants 6,000
Electricity and water 4,000
25,000

For a throughput of 20 tonnes/day, cost/tonne would be
Rs. 4.

The attempt is made here to compare cost/tonne for
various systems employing some of the vehicles above. Be-
cause of variations in wage rates and in performance levels

0 arising from city structure these estimates can serve only

to indicate probable differences in the scale of cost for the
varipus collection methods. Calculations are based on a
generation rate of 2 kgs/dwelling/day, crew wage rates of
Rs. 10/day, the vehicle operating costs of the preceding
section, and the performances that appear in Chapter 9.5.

Communal Storage, Daily
Masonry bins.

7 tonnes/day Cost/tonne Rs.
5-tonne motor truck, Rs. 174/day 25
Crew, 5 T

- Total 32

200 litre drums.
10 tonnes/day

Comparative Costs
of Altermative
Systems

11.3.
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5-tonne motor truck, Rs. 174/day 18
Crew, 2 2

Total 20
House-to-House Collection, Twice Weszkly
(Practicable only for dwellings with yards or gardens)
Motor truck, 8 crew.

(20 dwellings/man/hour x 8 men x 5 hours x 8 kg, say 6
tonnes/day.)

5-tonne motor truck, Rs. 174/day 29
Crew, 8 12
Total 4]

£ Bullock carts in relay

(20 dwellings/man/hour x 4 men x 6 hours x 8 kg, say 4
tonnes/day.)

Rs./tonne

2 bullock carts, x Rs. 45 = Rs. 90/day 22
Crew, 4 1G
'f within 3 kms of disposal site, Total 3%
If outside 3 kms radius of disposal site add:
Transfer cost 4
Secondary collection, 10-tonne trucks 10

Total 46

House-to~-House Collection, Daily
Handcarts

Handcart 3
Collector, 0.4 tonnes/man/day 25
Transfer 4
Secondary collection by tractor-trailers 14

Total 46

Single bullock cart
(25 dwellings/man/hour x 6 men x 6 hours x 2 kg, say

1.8 tonnes/day)

Builock cart, Rs. 45/day .( 25
Crew, 6 : 33
Transfer 4
Secondary collection by 10-tonne trick 10
Total _ 72

Motor truck :

(25 dwellings/man/hour x 8 men x 6 hours x 2 kg, say
2.4 tonnes/day)
5-tonne motor truck, Rs. 174/day 73
Crew, 8 32
Total 106
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CHAPTER 12.
STREET CLEANSING.

The sweep.ng of streets is such a simple and humble
occupation that it rarely attracts technical interest. How-
ever, many cities spend between a third and a half of their
solid wastes budgets on street cleansing. It is a service for
which a wide variety of tools, equipment and methods,
both manual and mechanical, are available, and it is one
in which there is often great scope for financial saving by
the introduction of more efficient methods.

This is an area in which public relations are very im-
portant. Much of the work arises directly from short-
comings in public behaviour, such as throwing litter in the
street. In some cities, however, a high proportion of street
wastes arises from deficiencies in the refuse collection ser-
vice as a result of which residents dispose of dormestic and
shop wastes in the streets. The cost of removing wastes
which have been scattered in the streets is very much high-
er than the cost of collecting similar wastes which have
been placed in containers such as domestic wastes bins or
litier containers.

Thus street cleansing policies should have the following
objectives: '

—the provision of services for the collection of wastes from
source, i.e. efficient refuse collection,

—reduction of street litter by public education,

—the use of systems which achieve high labour productivity,
—the design and use of effective tools and equipment.

For purposes of solid wastes management all streetl

wastes fall into three main categories:

These include dust blown from unpaved areas, some-
times from within the city and sometimes from a great dis-
tance, and decaying vegetation such as fallen leaves, blos-
soms and seeds which originate from trees and plants in
the city. Natural wastes cannot be avoided, but may be
controlled by such measures as the careful selection of

the types of tree planted in the city.




Motor vehicles deposit oil, rubber and mud; in addition,
there is sometimes accidental spillage of a vehicle's load.
Animals drawing vehicles deposit excrement on the road
surface. At large construction sites mud is often carried
out by motor vehicles and deposited on adjacent roads; in
wet weather this can cause danger to other traffic by skid-
ding.

Traffic wastes are largely unavoidable but some legisla-
tive control is possible in the cases of load spillage and con-
struction sites.

The main source of wastes is litter thrown down by
pedestrians and house or shop wastes swept or thrown out
of priva\ . premises instead of being placed in the correct
container. Human spittle and the excrement of domestic
pets also fall into this category and together provide the
main health risk which arises from street wastes: the inha-
lation of dust contaminated by dried spittle and excrement.

Behavioural wastes are largely avoidable provided that
an efficient refuse collection service is in operation and
that litter bins are provided for the use of pedestrians, but
- Success requires a continuing programme of public educa-
~tion backed up by legislation and rapidly operating en-
forcement procedures.

A street normally comprises three distinct paved sur-
faces: a highway for motor traffic, and a footway on both
sides for pedestrians. The footways are slightly elevated
and are separaied from the highway by a kerb and chan-
- nel The channel is the lowest part of the road structure
~and serves as a drainage channel during rainfall; at regu-
“lar mtervals it is provided with outlets for ihis surface
~ water to the main drainage system,

. It is 12rely necessary to sweep the surface of the high-
' way because motor traffic creates a turbulence which car-
ries dust and litter away from the crown of the road and
concentrates it in the channels at the sides. Thus, street;
sweeping usually has two components: footways and chan-
nels.

- Footway wastes are mainly light litter and a little dust;
in the channels the proportion of dust and heavy wastes is
‘usually greater. The tasks tend to be differeni, therefore.
- Footways are large areas with a low concentration of wast-
_es; channels are narrow strips with a high concentration
“of wastes which tend to be heavy.

Although these principles apply to most streets of a city,
the amount of wastes generated varies in proportion to
“the level of human activity; thus the necessary frequency

road traffic
wastes
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of sweeping can range from several times a day to once or
twice weekly.

(a) Brooms. Brooms are of iwo main types: these formi-
ed from a bunch of long fibres, and those which are based
on a woonden stock into which are inserted numerous tufts
of short filaments. The methods of using these two types
of broom are fundamentally different. The bunch broom,
whjich is long and flexible, is swept across the body in
long strokes and the fibres exert very little pressure on
the ground, a fact thai makes it an excellent tool for
sweeping litter and leaves from unpaved surfaces where
minimum ground friction is desirable. The stock broom is
pushed ahead of the sweeper with frequent short strokes
to which much of the weight of the body can be applied.
Thus, having shorter and stiffer filaments, it is more effec-
tive in dislodging adhering matter and in collecting dust,
partly because of the probing action of the springy fila-
ments and partly because of the sweeper’s weight applied
to it.

Bunch brooms are in general use in tropical and sub-tro-
pical countries because they are very cheap to manufacture
and use locall fibres. They cover the ground fast, but do not
remove heavy fine wastes effectively. ’

For channel sweeping, stock brooms of about 30 cms
filled with a natural fibre (Bahia or Calabar base) have
been widely used in Europe, but in recent years man-made
fibres such as polypropylene have tended to replace natural
fibres as they have a lcnger life. Split cane would be satis-
factory and economical in many countries.

For tlie sweeping of footways and other large paved areas,
stock brooms of 40 to 50 cms, filled with soft fibres, are
successful in removing both litter ar.d fine dust.

Thus the normal equipment of a sweeper should be a
channel broom and a pavement broom. If unpaved areas
are included in his beat, he will also require a long-fibre
bunch broom for this part of his work.

(b) Shovels. The function of the broom is to gather the
street wastes into small heaps which then have to be pick-
ed up completely and placed in a receptacle. The conven-
tional tool for this purpose is a large straight-blade shovel.
However, when the wastes comprise large quantities of
very light materials such as leaves a shovel is ineffective
because dried leaves fall off or are blown away during
transfer. A good solution to this problem is to use a pair
of flat boards, usually plywood, between which the wastes
are retained by hand-pressure.



(c¢) Handcarts. See section 12.2.3.

In the normal sweeping situation of footway and channel
there is an established work method for a single operator
which has been designed to minimise urnproductive walk-
ing:
1. Park receptacle (normally a handcart) at commence-
ment of section to be swept.
2. Using wide broom, sweep wastes off footway into
channel for a convenient distance, say 20-50 metres.
3. Sweep channel in reverse direction, ending at park-
ed receptacle; make intermediate heaps if quantity so
requires; do not sweep across drainage grids.
4. Move receptacle up to next section to be swept,
picking up heaps on the way.
When sweeping is done by a team of men, the division of
labour follows a similar functional pattern:

1. First man (or 2 men) Sweep footway into channel.

2. Second man Sweep channel wastes into
heaps.

3. Third man (with vehicle) Pick up heaps.

The preferred system is single operators, each responsi-
ble for his own length or beat. The main application of
team sweeping is when a task must be completed within a
limited time or when quantities of wastes are very great,
for example, market areas at the end of the day, or pres-
tige areas at the beginning of the day.

The work of a sweeper falls into two main parts:

— sweeping, and transferring wastes to receptacle,

— transporting full receptacle to a transfer point where it can

be emptied.

In terms of sweeping, the first activity is productive, the
second unproductive because it represents loss of sweeping
time. The aim, therefore, should be to reduce to the mini-
mum the proportion of time spent on transport. This can
be achieved in two ways:

—minimising the distance over which the collected wastes

have to be transported,

— providing the maximum size of receptacle for swept wastes.
 The first of these is discussed in 12.2.6. The second is a
question which has been seriously neglected in many de-
‘veloping countries. Often sweepers are given baskets for
the transport. of street wastes, as a result of which they
spend most of their day walking to empty the basket in-
stead of sweeping. The best solution is a handcart, the
‘gross weight of which may be as much as 250 kg in level
areas, iess in hilly districts.

sweeping methods
12.2,2,

vehicles

and transfer
facilities
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The handcart design should avoid the need to empty the
cart on to the ground at the transfer place, because this
would create the unnecessary task of shovelling wastes into
another vehicle when the time came to deliver them to
the disposal site. A good method is to equip the handcart
with a number of portable receptacles that can be lifted off
and emptied by one man into a transfer facility serving a
number of sweepers. The desirable features of a handcart
for use by a single sweeper are as follows:

— frame of light tubular steel, or angle, supporting a platform
on which are placed two or more portable bins,

— wheels of large diameter, with rubber tyres, preferably
pneumatic, ball or roller bearings,

— the portable bins should have a capacity of 50-80 litres each,
according tc the density of the wastes,

— brackets should be mounted on the frame of the handcart
to carry three brooms and a shovel.

When sweepers are employed in teams of three to five
men a much larger vehicle capacity is necessary. This can
be provided in the form of a horse-drawn cart ¢r a bullock-
cart, or a small motor vehicle. It is important that the
vehicle following a sweeping team should be in close atten-
dance; heaps of sweepings that have been left for several
minutes are likely to have been scattered by the wind or

by traffic.

For the effective planning of manual sweeping it is ne-
cessary to classify streets, or sections of streets, according
to the required frequency of sweeping. The following is a
typical method of classification:

Class Character of street Frequency of sweeping

A City centre shopping 5 x daily

B Market areas 5 x daily

C City centre main streets 2 x daily
Suburban shopping streets 2 x daily

D City centre minor streets 1 x daily
Suburban main streets 1 x daily

E Residential streets, low income 3 x weekly

F Residential, high income 1 x weekly

Each city should determine its own frequency require-
ments and develop an appropriate classification system.
Time studies should then be carried out for each class of
street and the results of these will indicate the length of
street that a man can sweep at the required frequency. For
example time studies may show that for Class A streets one
man can be allocated between 250 and 300 metres, while
for Class F the length may be as great as 10 kms. In mea-
suring work content, sub-classification may be necessary




to take account of variation in wastes generation within x
given class. .

On the basis of this information a city can be divided
info sweepers’ beats which contain fairly unifocrm work-
loads, despite great differences in the lengths 1o be covered.

~

For the effecive management of sweepers, and for the
transfer of their collected wastes, depots are required with

—office for the district supe'visor, where sweeepers book on
and off,

— parking area fcr handcarts,

— tool and equipmgnt store,

— transfar facility for sweepings,

— toilet and welfare facilities.

Each depot should be located, as tar a: possible, at the
centre of a sweeping district, the area of which will ke
determined by the number of sweepers and the lengths of
their beats. In a city centre beats will be short and there
may ke more than 40 sweepers employed per square km;
thus depots may be required on a grid of 1 km. In this
case the average walking distance from beat to depoct
would be less than 500 metres. In a suburban residential
area the number of sweepers per square km may be one
or even less, thus the depots would be more widely spaced.
For example a depot employing 20 sweepers may serve a
districti with an area of 25 sq km equivalent to a grid of
5 kms. In this case the average walking distance between
the depot and a beat could be 2 km, thus the beats should
be planned radially, to permit working on an outward and
return basis each day.

An essential feature of the organisation for street sweep-
ing is the provision of a transfer facility within reasonable
distance of each beat. The ideal arrangement is for this to
be located in the district depot where it is under continuous
supervision. It can take many different forms, but it must
not be a dump on the ground which would be unhygienic
and costly in manpower for re-loading. The following are
systems in common use, and the capacities are based on
40 sweepers each of whom brings in 500 litres/day, a total
for the district of 20 cu m/day:

— a side-loaded trailer of 7 cu m, exchanged three times a
day, ,

_3; steel skip of 4 cum exchanged five times/day by a skip-
hoist vehicle:

An alternative to either of these would be an exchange-
bin system. The depot would hold a supply of bins simila-
to those on the handcarts, so that a sweeper could exchange

organisation of manual
sweepers
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his full bins for empty ones at each visit to the depot. At
suitable intervals throughout the day the depot would be
visited by a vehicle into which the full bins would be
emptied.

The example given earlier of a district with an area of
25 sq km probably represents the maximum area which
could be served by - . epot. For larger districts it would
Ge necessary to esta. . th sub-depots at which exchange-
bins were a-ailable for sweepers. It is often possible to
arrauge for . i bins left at sub-depcts to be emptied daily
vy a refuse cu;iection round.

‘There is an alternative to the provision of transfer faci-
lities for sweepers: this is to arrange for every sweeper to
be visited about four times a day by a vehicle into which
his full bins are emptied. The system requires very careful
routing and the observance of precise timetables by sweep-
ers and vehicles to ensure rendezvous without tedious
searches. It has the advantage that the sweeper is able to
devote the whole of his time to sweeping, but it does not
eliminate the need for the other depot facilities such as
welfare and handcart parking.

The provision -of litter bins is an essential requirement
if behavioural wastes are to be controlled. Bins should be
of practical design, spaced at standard intervals, and should
be emptied frequently.

Materials should be non-inflammable because cigarette
ends are often thrown into litter bins; this rules out certain
plastics.

Litter bins should comprise an outer casing of standard
colour and lettering, and an inner container which is easily
removed by authorised persons for emptying. Size should
relate to spacing and frequency of emptying, but the
normall maximum should be about 100 litres which repre-
sents the upper limit for one man to lift and empty, even
when the wastes are of low density. Large litter bins
must be pavement mounted; this can be expensive and
they also form obstructions. The smaller sizes, from 30-50
litres can be mounted on street lighting columns by means
of steel bands and many cities have found this a good and
cheap system. The top aperture of a litter bin should be
partly shielded to minimise loss of contents in high winds.

‘The siting of litter bins could be based on the streets
classification referred to in 12.2.4. For example: Class A,
1 bin to each lighting column; Class B, one to every second
column; Class C, one to every fourth column. If the bins



were emptied by a sweeper every time he passed, the
frequency would be Class A, 5 times daily; Class B, twice
daily; Class C, once daily.

It is rarely possible for the larger sizes of litter container
to be emptied by a sweeper owing to the limited capacity
of a handcart. Such bins could be included on the routes
cf the refuse collection service unless more frequent empty-
ing was needed, in which case special vehicles would have
to be employed.

Most mechanical sweepers are suction machines, usually
assisted by one or more revolving "scarifying” brushes for
dislodging adhering matter. They range in size from small
pedestrian-controlled pavement sweepers to large channel
sweepers which often have an auxiliary engine to provide
suction. The smallest machines operate at about 3 k.p.h.,
the largest at 8 k.p.h. or faster. Some of the latter can be
fitted with a wander-hose which can be controlled by an
attendant and used to pick up refuse from inaccessible
places; for example dry leaves from a drainage ditch.

Pavement sweepers are not usually practicable for clean-
ing normal footways because of obstructions such as lamp-
columns, and the presence of pedestrians. Their main
application is for very large paved areas such as central
reservations and car parks. When they can be deployed
effectively, they are very efficient for the removal of fine
dust.

Channel sweepers have the same virtue, but they also
have serious limitations, in particular:

—no car parking can be allowed on mechanical sweeper
routes,

— well-engineered roads are esseniial, particularly channel and
kerb alignment,

— the serviceability of mechanical sweepers is low compared
with most other vehicles,

—they are subject to damage by heavy objects lying in the
road, or during travel over rough ground at disposal sites.

One function for which channel sweepers are supreme
is the cleansing of urban clearways on which the employ-
ment of manual sweepers may be dangerous. For this
purpose, and alsc for one-way streets, the machine must
he capable of working in either the left or the right-hand
channel.

The constraints which apply to mechanical sweepers limit
their role to supplementing manual sweeping. The extent
to which they are employed should be determined primari-
ly by the comparative costs of mechanical and manual
sweeping. By this criterion there can be very few cities
in South East Asia where they could be justified. In any

Mechanica! Sweeping
12.4,
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case they should not be acquired until there are good main-
tenance facilities for vehicles of this kind and an efficient
service is available for the re-filling of worn brush-stocks.

Because of the behavioural origins of a large part of
street wastes, legislation can often assist in achieving
higher standaids of cleanliness, and reducing the total work
lcad. The following kinds of legislation have sometimes
been effective:

Road vehicles: penalties can be provided for failure to
secure a load, resulting in partial spiliage.

Construction sites: Contractors should be required to pro-
vide facilities for wheel cleaning of vehicles leaving the
site, to avoid deposit of mud on adjacent roads.

Sweeping out: It can be prohibited to sweep refuse from
a house, shop, or other premises on to the public pavement.
Litter: Penalties can be provided for dropping litter in a
public place.

Misuse of litter bins: residents can be prohibited from using
litter bins for the deposit of domestic or trade wastes.

To be successful legislation must be broadly acceptable
in principle to the majority of the public. To reach this
point there are two essential preceding phases:

—the introduction of good systems and efficient services,

— education of the public in the way these services operate
and the part the public must play to make them effective.
Only then should law enforcement be used, and because
these are mainly minor offences, the procedure should be
as rapid and simple as possible. Some cities have found
that “on-the-spot” fines are effective in controlling sweep-

ing-out, dropping litter and misuse of litter bins.




CHAPTER 13.
TREATMENT AND DISPOSAL

Over 90% of the world’s solid wastes are disposed of in
landfills. Sanitary landfilling is the main method used in
the west : crude dumping is very common in the develop-
ing countries.

There is no form of treatment that can entirely avoid
the need for land for final deposit. Treatment often
enables a proportion of the wastes to be utilised in some
way, but there are residues from all forms of treatment
and the need for land space is rarely reduced by more
than 70%. (See Figure 16). Thus sanitary landfilling is
usually necessary, although on a reduced scale, whatever
form of treatment may be adopted. The most common
forms of treatment are:

— size-reduction of the wastes by shredding or pulverisation,
in order to improve the land-filling qualities of the wastes,
or as a stage in a composting process;

— composting, a system for controlling the natural decompos1-
tion process to produce an organic fertiliser:

— incineration, the primary purpose of which is to render the
wastes inert, but which also reduces volume, and may some-
times provide a source of energy.

All these forms of treatment. provide opportunities for re-

cycling, because facilities for the extraction of saleable
materials can be incorporated in the plants.

The constituents which are commonly extracted from
domestic-trade wastes for industrial use are:

— paper, for re-pulping;

—textiles for paper-making, machinery wipers, etc -
— metals for re-smelting;

— glass for re-melting or abrasives manufacture etc.;
—rubber for a downgraded use;

— plastics for the production of an inferior grade.

Extreme poverty may lead to the extraction of some kinds
of wastes for personal use:
— cinders, fragments of coal, coconut shells etc., for use as fuel;

— metal cans for use as domestic vessels;
— vegetable wastes for animal! feed.

Recycling
13.1.
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The paradox of re-cycling is that in the wealthy naticns,
where saleable constituents may comprise 50% of the
collected wastes, wages are often too high to permit the
recovery, sorting and processing of these materials to be
carried out profitably, whereas in the poorer countries the
proportion of saleable materials may be negligible. This is
partly because of low consumption of paper, metal, glass
and plastic, packaging materials, and also because scaven-
gers and refuse-handling workers extract almost every-
thing which is of use before the wastes reacb the disposal
site.

In most developing countries, therefore, there is very
little scope for re-cycling to be embodied as a planned
stage of wastes disposal, because of intensive private
scavenging. This can be a serious problem at landfill sites,
which are often invaded, and sometimes permanently
inhabited, by families of scavengers who support them-
selves in this way.

Planned re-cycling may, however, be profitable in coun-
tries where the high value of recovered materials and the
low wage cost of recovery and re-cycling ccmpensate for
the relatively smsil proportions present in the wastes. This
appears to be ‘he case in India at present. Ways in which
re-cycling can be operated in association with sanitary
landfilling and composting will be discussed later.

Beciause the wastes of the industrialised countries con-
tain many bulky and hollow articles, even pieces of fur-
niture, pulverisation is sometimes used as a preliminary
treatme:t before landfilling. By shredding cartons, break-
ing bottles and crushing cans in a hammermill, a fairly
hocmogeneous mixture of wastes, of reduced rarticle size,
is produced; this occupies less space at the time of deposit
and ultimately decomposes to form a consolidated fill with-
out voids, which could cause a protracted period of
settlement.

The wastes of most developing countries, however, do
not require this form of treatment for landfill purposes:
they contain few hollow articles and in some countries up
to 80 per cent of the crude wastes, as collected, would pass
a 50 mm screen; this is almost as good as the average pro-
duct of a hammermill in Europe. The most common bulky
article in the wastes of the intermediate countries is the
fibreboard carton; these can usually be extracted and sold.
In tropical countries there may be bulky items of vezetable
wastes, but these will ultimately decompose without pre-
treatment.




Figure 18

THREE COMPONENT DIAGRAM ILLUSTRATING THE
UNSUITABILITY OF INDIAN WASTES FOR INCINERATION

(Adapted from ‘’Solid Wastes Management in india’’, W.H.O.,
SEA/ Env San/167, 1976; p. 34, Mr. A.D. Bhide, NEERI.)
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The wastes of S.E. Asian countries are often ideal for
conversion into organic fertiliser because of their high
vegetable-putrescible content. Economic forces also favour
composting in those countries where high food production
is of greai importance, while fertiliser imports are limited
by foreign exchange constraints. |
There are five pre-conditions for successful composting:

— suitability of the wastes;

— a market for the product within 25 kms of the city;

-—the support of the agricultural authorities, pariicularly the

Ministry of Agriculture;

— a price for the product which is acceptable to most farmers;

—a net dispusal cost (plant costs minus income from saies)

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 supple-
ment.

Modern incineration plants have the following features.

— automatic feeding of the wastes through a vertical chute

which is always full of refuse;

— automatic stoking of the burning wastes by mechanical

grates;

— ash discharge into a water-sealed pit.
The furnace is never opened for feeding, stoking or ashing,
thus smoke emission is avoided by this total control over
combustion air. The gaseous effluent of these plants is
usually treated by an electrostatic precipitator in order
to extract dust and grit.

The weighti of ash is between 25 and 40% that of the
incoming wastes and the volume between 10 and 15%. The
high density of the ash makes it an economical material
to transport and it can sometimes be used for landfilling
at sites where crude wastes would be unacceptable; how-
ever, it does contain soluble inorganic salts which could
cause water pollution.

In many European incinerators boilers are installed and
the steam is used for the generation of electricity, district
heating, sewage pumping, or sold to industry. This is possi-
ble because the wastes are of high calorific value, often
one-third that of coal, and fairly low moisture content. As
an energy source, however, solid wastes are of little signi-
ficance. It has been calculated that if all British wastes
were utilised for this purpose (which is impracticable),
total energy production would be less than two per cent
of current national consumption. Furthermore, it has rarely
been demonstrated that heat recuperation is profitable; in



 Figure 16

PROBABLE LAND SPACE REQUIRED FOR SANITARY LANDFILLING OF UNTREATED
WASTES COMPARED WITH SPACE REQUIRED FOR RESIDUES OF TREATMENT
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many cases the value of the steam is offset by a large in-
crease in the capital cost of the plant and in maintenance
costs.

For most developing countries incineration can be dis-
missed firmly as a rational solution to the problems of
wastes disposal on the following grounds:

— wastes are too low in calorific value;

—they are probably high in moisture content;

— capital and operating costs are likely to be beyond the means

of most cities.
In many countries calorific value is so low that, far from
there being any possibility of recovering energy by burn-
ing wastes, supplementary fuel may be necessary for at
least part of the incineration process. This is demonstrated
in the three-component diagram which shows that most;
Indian wastes are unable to sustain their own combustion.

An argument which is used in Europe to justify the high
cost of incineration is that it reduces land space require-
ments and thus conserves land in the vicinity of the city,
thereby deferring the time when the wastes, or the resi-
dues of treatment, have to be transported to much more
distant landfill sites. It is true that space required for final
deposit is reduced by a factor of about three, compared
with the decomposed volume of crude wastes in sanitary
landfill. However, it is likely that countries having wastes
of high density would not benefit to the same extent and
that this factor may be two or less. This is shown graphi-
cally in the bar chart which tries to compare land space
needs for low and high densities and for the main disposal
methods.

Given satisfactory standards for the protection of health
and the environment, cost will always be the criterion of
choice of a waste disposal method. It is necessary, there-
fore, to consider the probable comparative costs of the
main systems. There are dangers in suggesting comparative
costs except for a specific city because of wide variations
in labour cost and other influences such as site conditions,
economy of scale, and the standards of buildings used to
house treatment plant.

When it is considered that current total expenditure on
solid wastes management, including collection of wastes
and street cleansing, ranges between Rs. 5 and Rs. 15/per-
son/year in many developing countries, incineraticn is ruled
out simply on the ground that it would more than double
annual budget requirements.

Thus the following table cannot pretend to do more than
indicate the likely differences in scale of cost as between




one method and another. It is assumed that all transport
operations take place within a radius of 8 kms.

Sanitary landiill 1 unit of cost
Pulverisation/landfill 5 7
Incineration 15 ~
Composting :
minimum
mechanisation 5 ” minusincome, say 2 net

full mechanisation 10 ” ” " say 7 net

At the time of writing, the cost unit for much of Asia
could be taken to be about Rs. 10. This assumption makes
iti possible to measure the cost impact of a disposal method
in the following way.

At a low rate of wastes generation, 400 gms/person/day,
the weight to be disposed of/person/year would be 150 kgs.
The comparative costs per person/year are, therefore:

Sanitary landfill Rs. 1.5
Manual composting 3.0
Incineration 22.5

(a) Landfill. Every crude dump is an environmental dis-

aster causing health risks from flies and rats, air pollution
from deliberate or accidental burning and water pollution
through leaching by rainfall,
At a sanitary landfill vectors are controlled by the opera-
ting method. Groundwater pollution is avoided by careful
site selection and surface water pollution is avoided by pre-
liminary site engineering. Thus a well-managed site in-
volves no risks of pollution transfer to water or atmos-
phere. Some short-term environmental degradation may be
unavoidable in the form of traffic to and from the site,
a scarred landscape caused by earthmoving operations,
some visible refuse at most times, wind-borne litter during
gales, and the noise of tractors.

If a sanitary landfill site provides restoration of a former
surface mineral excavation, or improves a natural feature
by creating a park on estuarial mud, then it confers long-
term environmental benefits which heavily outweigh the
short-term problems.

(b) Composting. Composting systems, both manual and
mechanised can be designed and operated so as to provide
effective control over disease vectors, but it is rarely pos-
sible entirely to avoid occasional offensive odours. The so-
lution to this lies in careful site selection. The possible
economic importance of composting to certain developing
countries has already been stressed. There may also be sig-
nificant advantages to public health because it is often the

Environmental Aspects
13.6.
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custom for farmers to collect crude wastes and to use them
as fertilisers without any proper treatment or control, thus
causing risks which would be avoided if the wastes were
processed into a hygienic product by the local authority.

(c) Incineration. Incineration has no obvious environmen-
tal advantages and it sometimes presents environmental
problems. A very tall chimney is necessary to ensure that
the effluent gases do not descend over the surrounding area;
water consumption for gas cooling and clinker quenching
may be very high; particle emission can seldom be con-
trolled to better than 99%, and even this is inadequate;
large plants generate a very high level of traffic.

In terms of both cost and environmental protection, sani-
tary landfill and composting emerge as the most suitable
methods of solid wastes disposal for developing countries.
In the case of sanitary landfill, this conclusion is the same
as that reached by the great majority of cities in the indus-
trialised countries. Composting, however, has been rejected
in most of Europe and USA becausse of high production
cost, due to high wages; high cost of application on the
farm, again due to high wages; but primarily because of
the ready availability, at acceptable cost, of artificial ferti-
lisers of guaranteed analysis. None of these factors apply
at present in many of the developing countries. Thus in
most cases both sanitary landfill and composting may be
equally worthy of consideration. In succeeding chapters
these two disposal methods are described in much greater
detail,




CHAPTER 14.
SANITARY LANDFILL

Sanitary landfill can be defined very simply as the use
of solid wastes for land-reclamation, a typical example be-
ing the restoration, by filling to the original level, of man-
made surface dereliction such as a disused surface mineral
excavation. Solid wastes may also be used to impirove natu-
ral features by raising the level of low-lying land to enable
it to be used for cultivation or industrial development.
Described in this way, sanitary landfilling has the virtue
of being a method of refuse disposal which confers envir-
onmental improvement by restoring dereliction or improv-
ing natural contours.

Most solid wastes, however, are very offensive materials
which provide an attractive habitat for such disease vec-
tors as flies and rodents, and which pass through a lengthy
process of decomposition the products of which can cause
serious water pollution. Thus sanitary landfilling has two
essential features which differentiate it from crude dump-
ing:

— only sites that will be improved, not degraded, by a change
of level, are selected;

—simple engineering techniques are used to control the man-
ner in which the wastes are deposited, so that dangers to pub-
lic health and the environment are avoided.

The methods of control include two classical requirements :
— wastes must be deposited and levelled in layers not exceed-
ing about 2 metres in depth;

—the whole of the surface of each layer oft wastes is covered
with soil or other suitable material to a depth of 15-25 cms

on the same day as the wastes are delivered to the site.
Limiting the depth of a layer is required partly because
of the instability of newly deposited wastes over which
vehicles must pass; also to limit the fire risks which arise
from various causes. Covering the wastes serves several
purposes: it is no longer accessible to flies; attempts by
rats to penetrate the covering material are immediately
apparent; odours are avoided; and, most important, the
heat resulting from decomposition of organic matter is re-

14.1.
Introduction
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tained, and assists in the destruction of fly larvae and pa-
thogenic organisms in the wastes.

Sanitary landfill is usually by far the cheapest method
of refuse disposal. Because of this, and its comparative
simplicity of cperation, one would expect that it would
have been adopted the world ¢ver, except for the rare case
of a city having no suitable site vvithin reasonable distance,
but this is not the case.

Unfortunately most of the world’s solid wastes are dis-
posed of by uncontrolled dumping which blights the land
for any future use and causes serious risks of water pollu-
tion and vector breeding. In some cases, wastes are levelled
by a bulidozer so that ultimately the land can be used for
another purpose, but this does not prevent pollution occur-
ring throughout the filling operation and for some time
afterwards. Very few cities operate sanitary landfilling to
standards which totally control health and environmental
dangers; most of those that do are in the industrialised
countries.

The record of the wealthier nations, however, is by no
means a good one. Numerous landfill sites have been so
badly operated as to cause devaluation of property in their
vicinity, and bitter criticism from the public.

“Bad practices of the past have often created a climate
of public opinion that leads property owners to oppose
the location of any kind of treatment plant or disposal
site in their vicinity, and renders the acquisition of
sites extremely difficult, even when high standards
of operation are promised. Even professional urban
planners are often reluctant to allocate land for solid
wastes disposal”’. (Solid Wastes Disposal and Control,
WHO Technical Report Series No. 484).

Paradoxically, many municipalities in the industrialised
countries which avoided paying that extra Rs. 10/tonne
needed to provide good management and operation of a
sanitary landfill site have ultimately found themselves
paying Rs. 150/tonne for incineration, not through any lack
of suitable landfill sites, but because public opinion has
been outraged by poor landfill standards.

The record of the developing countries is even worse;
crude dumping is still the most common method of disposal
and causes the following hazards:

— fly generation,

— encouragement of rodents,

—static water pollution and aerial nuisance,
— surface water pollution,

—river pollution,

—sea polluticn,
— fire and smoke pollution,



Decomposition in a sanitary landfill arises from chemical
changes which are brought about by bacteria which are
present in the organic content of the wastes when they are
collected, and which multiply rapidly, particularly when
the wastes are effectively sealed. There are three main
types of bacteria which are found in a landfill : the sapro-
genic, the agent of decomposition; the zymogenic, which are
agents of fermentation (they are used in commercial pro-
cesses such as brewing); and the pathogenic, which are
associated with human diseases.

Both the saprogenic and the zymogenic bacteria are
found in forms which vary according to the supply of oxy-
gen. There are aerobic types to which oxygen is a necessity.
There are obligate anaerobes for which oxygen is a dis-
advantage, and facultative anaerobes which can adapt
themselves to varying supplies of oxygen.

During the first stage of decompositicn, aerobic bacteria
are dominant, but as the available oxygen declines their
work is taken over by anaerobic bacteria; facultative anae-
robes will be present at all times.

The bacteria have the ability to create certain colloidal
solutions known as enzymes which have the power to break
up stable compounds. The enzymes are used by the bacte-
ria to reduce organic matter to a form of nourishment for
them and it is this piocess of breaking down, and making
soluble, relatively stable compounds that we know as de-
composition. ’

The consequences of all these complex changes include:

— temperature changes within the {andfill;

— the production of gases: hydrogen, oxygen, nitrogen carbon-
dioxide, carbon-monoxide, methane, and sulphuretted hydrogen;
— the production of soluble and particulate, decomposition pro-
ducts which can be carried away from the site as a leachate
when water passes through the landfill,

Irrespective of ambient temperature, the internal tem-
perature of a landfill rises soon after the deposit of the
wastes as a result of heat emitted by the activities of aero-
bic bacteria.

The main significance of this rise in temperature is its
possible significance in the destruction of pathogens. The
conclusions reached by two British investigators, Jones and
Owen (“Some Notes on the Scientific Aspects of Controlled
Tipping”, City of Manchester, 1934) were as foilows:

*....it is highly improbable that pathogenic bacteria
can multiply and continue to live in a tip.

“The factors to be taken into account when considering
the likelihood of danger arising from pathogenic bac-
teria are as follows :

Decomposition in Sanitary

Landfill
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temperature
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“The temperature inside a tip rises during the early
period of decomposition to a point, in most cases, higher
than the thermal death points of pathogenic germs.

“Pathogenic germs are difficult to keep alive even in
the lapboratory.

“The saprogenic organisms will tend to outnumber and
exterminate them.

“Unless the organisms are spore formers they will
perish rapidly under ordinary conditions of earth buri-
al; all the common pathogenic bacteria likely to be
found in a controlled tip are non-spore formers.”

Four gases are of significance: sulphuretted hydrogen,
carbon-monoxide, carbon-dioxide and methane. Sulphuret-
ted hydrogen is toxic, but only small traces have been
found, and any large concentration would give ample war-
ning of its presence by its extremely offensive cdour. Car-
bon-monoxide, which is present in large amounts is diffus-
ed very slowly and offers no risk on the surface; in excava-
tions on sanitary landfills it has keen found that at a level
of one per cent it could cause unconsciousness and death
if a person were to be trapped.

Because methane is diffused very slowly from the site,
in concentrations very much below the level at which igni-
tion would occur, it rarely presents any risk. Conditions
have arisen, however, where methane has seeped through
fissures in the soil into buildings adjoining the landfill site,
in such cases a dangerous concentration could occur.

Organic and inorganic matter present in crude refuse,
and the products of decomposition, can be leached by
water; either rainfall or groundwater, passing through the
wastes. This is a potential cause of serious water pollution.
In a series of experiments it was found that a layer of re-
fuse 1.5 metres deep, compacted and covered with soil,
would absorb rainfall for several weeks and thereafter
produce a leachate equivalent to about one third the annual
rainfall in that area, which was 635 mm. This leachate was
20-30 times as strong as settled sewage, having a BOD of
6,000-7,000 mg/litre, and contained organic carbon, ammo-
niacal and organic nitrogen, ammonia, chloride and sul-
phate. The leachate continued for several years, but with-
in less than three years pollutants had declined to a very
low level except for the sulphate.

It follows that wastes should not be deposited in such a

'way that water can pass through them to a stream, nor to

an underground water supply.




The broad conclusions which emerge from consideration
of the decomposition processes within a sanitary landfill
are:

Wastes of S.E. Asian countries are likely to undergo
a rapid rise in temperature within a few days ot depo-
sit, because they are high in organic matter. This pro-
vides re-assurance as to the destruction of pathogens,
but in any case the environment of a sanitary landfill,
is unlikely to encourage their survival and multiplica-
tio.:

If a deep excavation is made in a sanitary landfill there
may be some risk that persons entering the excavation
could be overcome by gas, and appropriate precautions
should be taken.

At most sanitary landfill sites (the writer would say
99.9%) there is no risk from methane, which slowly
diffuses at a low concentration through the covering
material. In rare cases and unusual site conditions, me-
thane may concentiate in buildings. near the site.

The meost serious risk from sanitary landfilling is that
of surface or groundwater pollution. This must be
avoided by careful site selection, appropriate site en-
gineering, and good operating methods.

There are a number of hazards—such as pathogenic orga-
nisms insects, rodents, birds, airborne litter, fire and water
pollution—which have to be controlled in a sanitary land-
fill.

Control over pathogens is dependent upon a rigorous
policy of covering the wastes, soon after deposit, with a
layer of soil or other suitable material at. least 15 ems in
thickness. This serves both to isolate the wastes and to re-
tain the heat which is quickly generated during aerobic de-
composition.

It is probable, however, that workers at the site will be
exposed to the wastes before they are covered. In develop-
ing countries the risks to workers by skin contact with
wastes may be greater than in the industrialised countries
bcause street sweepings may contain human faecal matter.
Protective clothing is a necessity, therefore, and should
include rubber boots, gloves, and overalls which are ex-
changed and washed regularly. The provision of personal
hygiene facilities at the site is alse important.

'The main source of insects will he the eggs of flies which
have been deposited in the wastes before they arrive at
the site. Most of these will be buried deep in the wastes
and will succumb to the temperature increase. Near the
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surface, however, the rise in temperature will not be so
great and the eggs will hatch into larvae; only the provi-
sion of an adequate layer of suitable covering material,
well compacted, will prevent their emergence and pupa-
tion. It is the importance of providing an effective bar-
rier of this kind which has caused the British Government
to recommend a covering thickness of 25 cms.

Another obvious advantage of covering is that it denies
access to the wastes to flies that are already at the site
and thus avoids a major problem of open dunping : conti-
nuous cycles of breeding in exposed wastes at the site,

One of the recommended precautions in sanitary landfill
is not to permiti cans and motor tyres to lie about on the
surface. They not only spoil the appearance but when filled
with water they encourage the breeding of mosquitos. De-
pressions in the surface of the site which permit ponding
after rain should be avoided for the same reason.

If for any reason these methods of control are not ade-
quate it will be necessary to have recourse to insecticides.
They should be used daily as long as is necessary. The rate
of application recommended in "Sanitary Landfill Design
and Operation” (U.S., E.P.A,, 1972) is as follows:

Insecticide Approximate qms/Ha
Malathion 672

Dichlorvos 336

Naled 111 - 222
Dimethoate 117 - 222
Diazinon 236

Fenthion 450

Ronnel 450

It is the writer’s experience that the need for insecticides
arises only because of some failure of the normal control
measures such as allowing a large surface area of wastes
to remain uncovered, or the use of a very porcus or thin
cover which allows larvae to reach the surface.

Rodents may be attracted from surrounding farms, or
they may be delivered to the site in a load of wastes. A
clean, unbroken and relatively smooth surface of covering
material allows a burrow to be instantly detected and re-
cognised. Regular inspection should be made and if the
beginning of rat infestation is cbserved, a baiting prog-
ramme should be carried out by an experienced extermina-
tor. It is normal practice to use an anti-coagulant poison.

During lone dry periods the surface of a sanitary land-
fill can become very dusty, causing unpleasant working
conditions for the men, and excessive wear of vehicles and
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CONTROL OF AIRBORNE LITTER
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plant. Watering carts are frequently used to reduce this
nuisance; and waste oils are suggested in “Sanitary Land-
fill Design and Operation”:

“Periodic treatment or multiple sprayings at a rate of
1-4 litres per sq metre may be necessary. After several
treatments, a packed, oily, soil crust usually develops
that has good resistance to traffic abrasion and is
moderately resistant to water. Good penetration by
the oil can be expected in more permeable soils. Clayey
soils or tightly knit surfaces may rtesist penetration,
in which case it may be desirable to lightly scarify the
surface, apply...oil...and compact the surface.”

Airborne litter is often a major nuisance in the indus-
triaiised countries, and during gales at desert sites in coun-
tries having a significant paper and plastic content. in the
wastes. In the latter case environmental degradation of this
kind has been observed extending over many square kms.
It is "1elpful to keep the size of the working face to a mini-
mum, but this does not prevent litter being carried away
during the period when the wastes are being discharged
from a vehicle. It is necessary, therefore, to employ a
movable barrier of perforated screens to prevent litter
being blown off the site. Convenient dimensions for a screen
are 2} metres long and about the same in height. The frame
can be made from timber or light steel angle. To enable
the screen to stand unsupported horizontal transverse
members are attached by brackets to each bottom corner;
these should be about 1 metre long. The whole area of the
screen is covered with wire netting (chicken wire) of 20 mm
to 40 mm gauge. Enough screens are necessary to form an
arc sufficiently long to catch everything blown from the
working area. They must be cleaned regularly if they are
to remain ‘effective, and in very high winds they may re-
quire to be temporarily supported by guy ropes secured
to pegs driven into the ground.

Fire at a sanitary landfill can arise from innumerable
causes: hot ashes in a vehicle delivering wastes; a cigarette
thrown down by a worker; the sun’s rays through a frag-
ment of glass on the surface. With some kinds of wastes
the consequence of fire may be very serious and under-
ground fires have been known that ultimately caused the
collapse of the surface into voids caused by the fire. The
high density, high vegetable, wastes of developing coun-
tries are unilkely te give rise to risks of this kind but it
is important to try to avoid fires and to be prepared to
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CONTROL OF SURFACE WATER POLLUTION
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deal with them if they arise. Workers should not be allow-
ed to start fires to dispose of bulky wastes such as tree
loppings, and private scavengers, who may use open fires
for cooking, should be prevented from obtaining access, es-
pecially outside normal working hours.

It is useful to have a supply of water on the site: the
water cart used for laying dust could serve a double pur-
pose. Once a fire takes hold, however, it is usually neces-
sary to dig out the material which is burning ktefore water
can be applied effectively. In the early stages this can be
done by long rakes but once a fire becomes deep-seated
the excavation of a large area by bulldozer may become
necessary.

It is important to add that the writer has never seen a
deep-seated fire outside Europe. The wastes of tropical
and developing countries have often been seen on fire,
but the fires have invariably been on the surface and
have never 1 -esented the problems of control that occur
in Europe where wastes sometimes contain a high propor-
tion of solid fuel such as cinder and coal fragments.

Birds are normally attracted to landfill sites and may
cause risk to aircraft if there is an airport in the vicinity.
This problem is exacerbated if the birds have a routine
flight path between the sanitary landfill site and another
source of attraction, such as a body of water, and their
flight path crosses the approaches to a landing ground.
Many methods of discouraging birds have been tried, from
cannon to falcons, but none has been entirely successful.

This problem is one that does not app~ar to be control-
lable and the solution lies in the selection of sites which
avoid creating the risk of bird-strikes on aircraft.

The pollution of static water, ditches, rivers, or the
sea can occur when a sanitary landfill adjoins a body of
water. The normal source of the leachate causing this
pollution is rain falling on the surface of the fill, percolat-
ing through it, and passing over an impermeable base to
water at a lower level. Only a proportion of total preci-
pitation emerges as leachate; some is lost by evaporation
and transpiration. In the British experiments of 1961 an
annual rainfall of 635 mm produced a leachate equivalent
to 200 mm. In arid areas there may be insufficient rainfall
to create a leachate, but in all other cases the production
of leachate from rainfall is unavoidable during the early
stages of filling. The quantity of leachate can be substan-
tially increased when upland water drains across the site
of the landfill, but the worst case is when a stream crosses




the site. The solutions to these problems lie in appropriate
site engineering, such as:
— diversion or culverting of all walercourses which flow across
the site,
—diversion of upland water by means of drainage ditches
along appropriate contours,
— containment of leachate arising from precipitation by the
construction of an impermeable barrier where necessary, such
as a clay embankment adjoining a river,
— grading the final level of the site so that part of the preci-
pitation is drained across the surface, thereby reducing perco-
lation below the level needed to produce a leachate.

Works of this nature will obviously add to the cost of a
sanitary landfill project, but it is usual to find that when
capital expenditure is spread over the life of the project
the cost/tonne is still very much cheaper than for any
alternative method of disposal. Furthermore, some of these
forms of expenditure, such as culverts or river walls, re-
present capital assets of continuing value when the
reclaimed land is handed over for its final use, perhaps

agriculture or recreation.

Every proposad landfill site should be the subject of
survey and evaluction by a hydro-geologist and where
there is a risk of leachate passing directly to underground
water which is the source of a public supply, or to wells,
the site must be rejected. The following comments are
designed only to indicate the nature of this problem and
do not pre-empt the judgement of the local hydro-
geologist.

Potential sites can be divided into three main groups:

— impermeable sites,
—sites on which subsoils such as sand and gravel, may pro-
vide a measure of filtration,
— fissured sites from which a leachate may be able to travel
many kilometres.
The classic impermeable site is a clay pit from which
there are no pollution risks because the leachate cannot
escape.

On sites which provide filtration the British Technical
Committee reported as follows:

“Experimental filtration at a rate of about 30 cms per
day of the polluted percolates through anaerobic filters
of graded sand and gravel produced remarkable
results. In a distance of about 7.3 metres practically
all bacterial pollution and most of the organic pollu-
tion was removed. This was confirmed in full scale
tipping . ...

“The experiments ... indicated that sub-soils such as
sand and gravel would act as an effective filter for

ground-water
pollution
14.3.9.
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bacterial and organic contaminants. For such contami-
nants as chloride and sulphate, reliance would mainly
have to be placed on dilution but generally it is con-
sidered this will be sufficient in many cases when the
quantity of water abstracted from an underground
source of water supply thought to be at risk is related
to the quantity of percolate...”

On this question the following observations are made in
“Sanitary Landfill Design and Operation” (EPA, 1972):

“It is a basic premise that groundwater and the depo-
sited solid waste not be allowed to interact. It is un-
wise to assume that a leachate will be diluted in
groundwater because very little mixing occurs in an
aquifer since the groundwater flow there is usually
laminar.

“When issuing permits ... many States require that

'groundwater and deposited solid wastes be 0.6 to 10
‘metres apart. Generally a 1.5 metre separation will

remove enough readily decomposed organics and coli-
form bacteria to make the liquid bacteriologically
safe. On the other hand, mineral pollutants can travel
long distances through soil or rock formations. In ad-
dition to other considerations, the sanitary landfill
designer must evaluate the: (1) current and projected
use of the water resources of the area; (2) effect of
the leachate on groundwater quality; (3) direction of
groundwater movement; (4) inter-rvelationship of this
aquifer with other aquifers and surface waters.”

Where there is doubt as to the characteristics of a pro-
posed site the British Technical Committee suggests the
following precautions:

a) Waterproofing the base of a pit prior to tipping, i.e.
with puddled clay (or chalk), collection of the perco-
late and its disposal ...

b) Rapid tipping of successive layers of refuse in order
to utilise its capacity to absorb rainfall and to cover
the final layer with a waterproof earth cover witha
good cross-fall to provide a ready run-off of rainfall.”

Similar advice is given in “Sanitary Landfill Design
and Operation” :

“An impermeable liner may be used to control the
movement of fluids. One of the most commonly used
is a well-compacted matural clay soil, usually cons-
tructed as a membrane 30 to 90 cms thick. It must,

however, be kept moist.



“The use of an impermeable burrier requires that
some method be provided for removal of the contain-
ed fluid.”

The writer would question whether the provision of an
impermeable liner must always involve collection of the
percolate. Many naturally impermeable sites have been
filled without any attempt at percolate collection; after
all, grading of the final surface should avoid, or greatly
reduce, percolation of rainfall after the first two years.

Many developing countries may find the collection and
treatment of leachate a difficult and costly procedure and
one which has no residual value in relation to the ulti-
mate use of the land. To put this matter into perspective :
the writer knows of only three sites in Britain, out of
many thousands of landfills, where measures of this kind
were necessary.

The recommended approach is to reject sites at which
problems are revealed by hydro-geological survey. The
major pollution problem in the developing countries ap-
pears to be the contamination of surface water by run-off
and this can be controlled by relatively simple site engi-
neering.

Crude dumping is a policy of despair; it is the appro-
priation of land on which to dump solid wastes without
any control measures and without any concern for the
ultimate effect on that site and on the environment.

Sanitary landfill is a philosophy of conservation; it isthe
use of solid wastes in a planned and controlled land recla-
mation project which results in environmental improve-
ment.

There are three parties involved in the procedure for
choosing sanitary landfill sites:
— land-use planners, of the Town and Country Planning
Department,

— the water authority,
—the solid wastes management authority.

The first stage should be for the land-use planners, who
are familiar with the detailed physical characteristics of a
wide area, to draw up a list of possible sites all of which
could be improved by raising the level, and which lie
within a few kilometres of the built-up area of the city.
They will give high priority to the restoration of man-
made dereliction, where this exists, thus the list is likely
to include disused surface mineral extraction sites, such as
sand and gravel pits, clay pits, quarries, and brick-earth
excavations.

Planning

a Sanitary
Landfill
14.4.

site selection
and land-use
policy
14.4.1.
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Natural features that can often be improved by land-
filling include : marshland, river or estuarial foreshore and
ravines. Filling, however, would not be recommended on
such sites if it was thought to be ecologically undesirable.

The land-use planners should aiso decide the long-term
use of the landfill site after reclamation, and the level to
which it is to be filled. From this information it is possible
to calculate the approximate volume of the siie, and to
estimate its landfill life, on which depends the amount of
capital expenditure that could reasonably be incurred to
prepare it for use.

The solid wastes management authority can then eva-
luate the sites proposed by the town planners, using the
following criteria :

1. The location should be as close as possible to the
built-up city area in order to reduce transport cost.
(At Rs. 0.60/tonne/km, an extra 3 kms further from
the city would add 6 kms to every journey, equiva-
lent to Rs. 3.60/ tonne of wastes.)

2. The site should be close to a road which is capable
of handling the traffic generated by the landfill site.
3. Sites wiil be preferred at which the nearest dwel-
ling is at least 200 metres distant. However, there are
many examples of nuisance-free filling much closer
to buildings when operating standards are high.

4. Large sites enable capital expenditure to be spread
over a greater tonnage of wastes, thereby reducing
unit cost. '

The sites which have been selected by the solid wastes
management authority must now be submitted to the
water supply authority, and also to the rivers authority if
that is a separate body, for hydro-geological evaluation.
The judgements of the water authority are likely to fall
into three categories: approval, disapproval, or qualified
approval. Qualifications are likely to relate to site = engi-
neering of a protective nature, such as drainage, or to the
operating method, or even the nature of wastes that may

be deposited.

The final choice of a site or sites will probably be based
on cost which will comprise three main elements:
- site engineering to avoid waler pollution,
—capital works for site operation such as a site office,
— operating costs: labour, purchase of covering material and
road material, stores, and plant operation if mechanised.

When comparative costs of alternative sites are being




judged. it is important to take into arcoun: the inter-
relationship with refuse collection transport cost, for ex-
ample, transport savings by using a near site may out-
weigh a higher expenditure on site engineering. For the
same reason, the diseconomy of scale arising from multiple
small sites as against one large one may be more than
offset by transport cost savings.

It is implicit in sanitary landfilling that a site will be
of very limited utility, if any, before reclamation, and wiil
be capable of fulfilling its planned ultimate use afterwards.
Thus the land value of a potential site should be low and
the value should rise after reclamation. For this reason
it is highly desirable that the local authority should buy
the land outright in order to profit directly from the
ultimate increase in value. Many useful sports fields have
been acquired in this way at very low cost, and reclaimed
land has sometimes been sold at a good profit for agricul-
tural use.

When this is not possible, the next move should be to
try to convince the owner of the land that its value would
be improved after filling, in the hope of securing a long
lease at a nominal rent. In some countries local authori-
ties have powers of compulsory purchase in cases where
they are unreasonably denied possession of land required
for a purpose cof this kind.

Before a sanitary landfill site is opened it is necessary
to design the engineering features in detail and to prepare
an outline plan of the method of operation. The following
is a typical checklist:

Protective site as defined by the water
engineering authority.
Operational engineering  main services

entrance

office

welfare

storage of plant and tools
storage of salvage

Plan of operation main site road
layers
strips
~ cells
covering material
phased planting programme

The sophistication of design must be relevant to the scale

site acquisition
14.4.5.

Desig. of Sites
14.5,



Figure 19

OPERATION PLAN FOR DEEP QUARRY
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Figure 20

FORMATION OF LAYER IN DEEP QUARRY
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of operation. A town of 50,000 people, producing 20 tonnes/
day, could not support. and would not need, the same
standards of entrance control and site road construction
as a site receiving 200 *onnes/day from half a million
people. Nevertheless, many of the design factors described
below apply in principle, and on an appropriate scale. to
small, manually operated, sites.

The kind of site engineering required for the prevention
of water pollution have been described earlier, in general
terms, and includes diversion ditches, culverts and river
or sea walls.

Where the services are readily available, it is very use-
ful to bring mains water, main drainage, and electricity
into the site. If this is not possible then water can be
supplied by means of a tanker-trailer, oil or butane can
be used for lighting, heating and, if necessary, cooking,
and pail closets can be provided.

A control area should be provided at the entrance to a
site, the main features being:

— maneouvring and parking space for vehicles,

— cabin or office for site control,

—toilet facilities,

—shed for small stores, tools etc

— garage for earthmowng plant, 1f used,

—shed for salvage, if recovered on site,

— site identification board.
This area, or at least that part of it on which the temporary
buildings will be located, should be formed from inert|
materials if it is at raised level.

At small sites having relatively short lives the erection
of temporary buildings for such purposes as office, toilet
and small stores can be avoided by using a caravan which
can be towed from one site to another.

The most important feature of the plan will be the main
site road which should permit access to the most distant
part of the site in any kind of weather. This couid be a
spine road crossing the centre of the site, or it could follow
one of the boundaries. In the case of a former quarry, a
road to the bottom level is likely to be in existence. On
a level site, the road must be constructed at raised level
In a valley site or a deep natural depression, the road
must be taken to the lowest two metre contour to gain
access to the lowest level where the first layer will be
formed. This road is normally formed from wastes which
are topped, after normal covering, with hardcore (broken
bricks) old road metal, or similar material. When it is



brought into use this road requires to be continuously re-
paired as it settles, and after about a year it can be water-
proofed with a layer of bitumin.

A deep site should be surveyed and a contour plan
prepared; two metre contour lines would indicate each
successive layer of wastes.

To ensure the orderly progress of filling and covering,
each layer should be constrvcted from a number of side-
by-side strips (sometimes called fingers), the width of a
strip depending upon the number of trucks which would
have to unload simultaneously at the working face. The
width of the working face, which is the same as that of a
strip, is calculated in the following way :

At a 250 tonnes/day site it has been estimated that
70 loads will arrive over a period of 8 hours.

This is equivalent to 9 vehicles/hour, or one every
7 minutes.

If unloading time is 10 minutes, 1.5 trucks discharge
simultaneously.

But this is the average rate and allowance has to be
made for peak periods. This can be determined locally
by examining vehicle times.

Assume it is necessary to allow for 4 trucks at peak
periods, then the width of the working face should be
4 X 6 metres = 24 metres.

In practice the necessary width of a strip is likely to range
between the minimum of 6 metres at a site handling a very
small tonnage to about 30 metres for 200-300 tonnes/day.
When the input to a site exceeds this amount multiple

 working faces are recommended to minimise traffic conges-

tion.

This is an appropriate point at which to refer to the
importance of using vehicles with tipping gear, either
hydraulically operated or manually operated by worm and
nut. Vehicles which have to be unloaded by means of rakes
and shovels occupy space at the working face for excessive
periods and prevent orderly operation. Furthermore, the
time saved by mechanical tipping may be equivalent to
~ an extra load collected every day. This could be very
_ important to the economics of refuse collection in a deve-
loping country, where maximum vehicle productivity
should be a major objective.

The classical method of sanitary landfill requires that
~ each strip is formed of a number of cells, each of which
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represents a day’s or a week’s work. The importance of a
daily cell is stressed in "Sanitary Landfill Design and
Operation” (EPA):

“At the end of each working day, or more frequently,
it is covered with a thin, continuous layer of soil
which is then also compacted. The compacted wastes
and soil cover constitute a cell.”

The British Working Party makes a similar recommenda-
tion :

“The tipped material should be covered progressively
so that all surfaces including the tip face and flanks
are covered at the end of each working day with a
layer of suitable sealing material spread so that it is
not less than 22 cms thick.”

In the writer’s view it is important to differentiate between
the obvious necessity of covering the top surface and side
slopes (or flanks) progressively, every day, and the need to
cover the forward slope, or working face, at the end of
every working day, if in any case, it is to be covered
within a few hours by the following day’s wastes.

Thus, while immediate covering of the top surface and
flank or flanks is a matter of absolute priority, cellular
construction may be much less important than is usually
supposed. Daily covering of the forward slope of the work-
ing face is rarely carried out at British sites; this does not
appear to have harmful consequences, and it economises
in covering material. Weekly covering of this part of the
working area was practiced in Britain when sanitary land-
fill was a totally manual operation, and would appear to
be a suitable policy for most developing countries to fcllow
now.

The source of covering material is a vital issue and the
plan of operation for a site should resolve this question
clearly. Because the answers to this question may be very
different as between manual and mechanised operation,
discussion is deferred until these topics are reached.

At large sites, and especially those filled in a single layer,
the plan of operation should previde for phased cultivation,
for if cultivation is not commenced fairly quickly weeds
will soon establish themselves. Cultivation is facilitated
if filling commences at the most distant part of the site as
there will be no traffic over completed sections. However,
if a road adjoins the site, there are public relations
advantages in quickly reclaiming an area which is visible
to the public and bringing it into cultivation; this could
be grass, for recreation, or a marketable crop.




Figure 21

PLAN OF OPERATION FOR A LEVEL SITE
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Criteria

for Manual

or Mechanised
Methods

14.6.

density
of wastes

and compaction
14.6.1,

When the operators of crude dumps are asked why they
do not use sanitary landfill methods the invariable answer
is that they do not possess a bulldozer, or that it is broken
down and awaiting repair. Everywhere one finds the
assumption that sanitary landfill is impossible without
earthmoving plant. Few people seem toc know that sani-
tary landfill was developed many years before bulldozers
were invented.

In essence sanitary landfill is the formation of a number
of contiguous embankments, which were referred to earlier
as strips. The task is virtually the same as the construction
of a railway embankment 2 metres high : the filling mate-
rial is dumped in heaps which are then spread out to form
a level road and the flanks formed to the required slope.
There are two differences: one is the need for a layer of
covering material; the other is in the nature of the filling
material used at the sanitary landfll.

The reasons why sanitary landfill has been mechanised
from the very beginning in USA, and why Britain abandon-
ed manual methods from about 1950 onward. are as
follows :

—the very low density of the filling material, which initially
occupies a very large volume; this can be reduced at the time
of deposit by the use of heavy plant thereby enabiing more
wastes to be disposed of at that site;

— bulky wastes such as furniture and boxes are quickly
broken up by heavy plant;

— at suitable sites it was possibie by using machines to exca-
vate covering material from the site instead of importing it;

—because of high wage rates, the use of mechanical plant
reduced umt cost of operation. VJ

The develo;‘\ment of sanitary landfilling by mechanised
methods relates, therefore, almost entirely to conditions
which apply to the industrialised countries. Because the
source of almo-* all technical literature has been USA and
Europe, there has been greati emphasis placed on compac-
tion. There is also a vast amount of commercial literature
for the purpse of selling mechanical equipment and in much
of this the importance of compaction is exaggerated.
)
The range of initial density of wastes in the industrialised
countries is usually from 50-150 kg/cu m, and in the
developing countries, from 300 - 500 kg/cu m. It is interest-
ing to compare the consequences of these differences after
the wastes have been deposited in landfill.



~ From “Sanitary Landfill Design and Operation” (EPA

The field density of most compacted wastes within the
cell should be at least 472 kg/cu m...

The density of solid wastes in landfill is quite variable.
One that is well constructed can have an in-place
density as great as 885 kg/cu m......generally 472 - 590
can be achieved with moderate compaction effort.

Tt 2
From “Controlled Tipping” (Bevan, Institute of Solid

‘Wastes Management, London):
In density tests, excluding covering material, at
Sunderland in May 1963 Jackson, D.W., recorded the
following :
Density as tipped from vehicle and after

pushing over, but before compression

by traffic: 270 kg/cum
Density after 3 days 628 ,,
- Density after 1 year 760 ,

. From “Garbage Disposal for Calcutta City” (National
- Environmental Engineering Research Institute, India, 1970):

..... a number of scattered sites where dumping was
done six months earlier were chosen....where a one
cu metre itrench was excavated. The material taken
out was then weighed to get the density... The
average is adopted...the table indicates that even
without any compaction equipment it is possible to
get a good density within six months. This is essen-

- tially due to...the typical characteristics of the

- material... .

Density of refuse arriving at various

disposal sites: range, 518 - 573 kg/cum

. Density of dumped refuse

(6 months old) average 1,128 kg/cum

From the figures quoted above it would appear that high
density wastes which are typical of developing countries
do not require deliberate initial compaction. (In the few
- developing countries where wastes are low in density,
- compaction equipment may be desirable but in these coun-
tries the cost of the equipment does not present a problem.)
~In any case compaction takes place in other ways. One
by the repeated passage of wheeled traffic over the strip
g constructed.

The ~process ¢f decomposition is the main agent of com-
paction and stabilisation. Bevan describes this in terms
of wastes which have sbout 40% vegetable-putrescible

other forms
of compaction
14.6.2.
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covering material
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matter and about 40% paper, but his argument is equally
valid for the wastes of developing countries where vege-
table-putrescible matter may range from 50 to 80%.

“The statement has often been made that lighter,
bulkier refuse takes up more tip space. While this is
true in the short term..... this assumption ignores the
natural phenomenon of decomposition — the reduction
of complicated substances to simpie elements and the
reduction in volume achieved....... 80% or so of the
refuse will be in a form which will decompose te gases,
water and humus. Jones and Owen assessed that the
organic content of refuse by chemical and biological
change reached a final irreducibie residue .......... of
about 10% of the original weight......... Decay is a
process of combustion and chemical change which,
although slow, is as certain and definite as fast burn-
MGg.ean.. The conditions within a tip do not create an
ideal - environment for bacteria, mainly because of
pockets, large and small, of dry inert material, but
if there is an increase in vegetable and putrescible
matter the breakdown rate overall is likely to increase
if only because there wili be more physical contact
between dry and wet refuse...”

One further compaction agency is rainfall which, as it
percolates through the landfill, carries fine material from
the upper levels into voids at a lower level.

It is reasonable to conclude, therefore, that in developing
countries the employment of mechanical plant to achieve
initial compaction of wastes is unnecessary and that a high
in-place density will normally be achieved by natural
processes within a comparativeiy short time.

The advent of the bulldozer, front-end-loader and the
scraper opened up the possibility of obtaining covering
material from the site being raised. If the site has a layer
of good topsoil this should be stripped and stockpiled and
used for final cover of the completed fill. If below this
there is a subsoil which is suitable for use as primary cover,
this can be stripped from day to day and applied to the
levelled wastes as they are formed. In these conditions
mechanical plant confers the following advantages:

— conservation of valuable topsoil,

— immediate availability of primary covering material,

—no transport cost for bringing covering materials to  the
site,

—the maximum space is available for disposal of wastes
because no covering material is imported.



Theoretically it would be possible to perform all the above
operations manually, but the writer has never seen this
- attempted, and for this kind of work mechanical methods
- would almost certainly be cheaper than manual ones even
in areas of very low wages.

There are, however, many sites at which it is impossible
to win covering material, such as ravines, rocky ground
and marshland. In these situations covering material must
be imported to the site in trucks, tipped on the formed
wastes and spread. Manual labour is very efficient. for
this last task; the manually operated sites in Britain in
the “thirties” were always more carefully covered and
much better in appearance than most mechanised sites are
taday.

Thus, the character of the site will usually determine
whether mechanisation is necessary for soil stripping pur-
poses. There will be many intermediate cases where earth-
moving plant is required onlly before and after filling: first
to strip the topsoil and later to replace it at higher level:
because few subsoils are entirely suitable for primary
‘covering over which vehicles have to be driven.

Manual operation—that is, without the use of earth-
‘moving equipment—could be fairly effective if proper care
is taken in the selection of the site and in the formation
of strips. :

As with all other methods of operation an all-weather
~access road must be provided first, from the nearest point
on a main road to the point at which filling by wastes is
to commence. This road is usually built from waste
materials such as construction wastes, broken and rejected
_bricks or old road metal on a bed of ash or clinker to pro-
vide drainage, After the road has been made, a small stock
of these materials must be kept available for day-to-day
repairs such as filling depression caused by traffic.

- The position of the first strip to be raised should be

defined by two rows of pegs driven into the ground, and

the final Ievel of the first’ layer should be indicated by

occasional posts with cross pieces which can be used for

sighting Unless guidance of this kind is provided it will

be found that operators allow the depth of the fill to
crease as the strip extends.

The most effective tool for forming an embankment from
wastes is a three-tine “drag”, or rake, with a handle up to
_metres in length. The size and form of the tines is

Manual Operation
14.7.

access
14.7.1.

pegs
14.7.2,

formation of strips
14.7.3.
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Figure 22

SMALL MANUALLY OPERATED SANITARY LANDFILL

main
oad

completed strips

\\ access across new
fill over steel sheets
4 or railway sleepers

flanks covered

working face

Strip width 6 metres;
only one vehicle at a time
on working face; capacity
30-40 tonnes/day.

heavy bumper bar

COVERING MATERIAL, top and flanks

//,/”1011”111145”’””"'//)'

"

First strips : cross-section of fill 12 sq. m
cross-section of cover 12mx20cms 2 4 sq. m.

Ratio by volume. about 1:6

e
o

6m

A

1

2m
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Subsequent strips : cross-section of fill 16 sq M
cross-saction of cover, 9Imx20cms 1.8 sq. M

45°

Retio by volume, about 1.6



similar to those of a fork used for digging, but the tines
are at right-angles to the socket for the handle. These
tools are easily forged by a blacksmith and the handles,
which should be light, yet, strong, can be made from a
wide wvariety of natural materials; ash is preferred in
Britain, but cane may be suitable too.

The vehicle delivering the wastes should be reversed to
a point as close as possible to the working face, to minimise
the distance over which the wastes have to be moved by
hand. (The importance of vehicles being equipped with
tipping gear has been stressed earlier). To reduce the risk
of the vehicle reversing too far, a strong, heavy, bumper
bar should be placed at the point where the rear wheels
are intended to stop. This is usually a baulk of timber
such as two railway sleepers bolted together.

To avoid the rear wheels of vehicles sinking into the
newly deposited wastes near the working face, it will
probably be necessary to cover a small area with steel
sheets or old railway sleepers.

If the wastes are well placed, they will form a heap
above the filling level, but immediately adjacent to the
working face. Very little lateral movement will be
necessary, and most. of the heap can be dragged down by
the men on the face, a comparatively easy task assisted
by gravity. To accomplish this, however, they need to
stand in the wastes and protective clothing should be
provided.

If there are hollow containers such as old oil drums in
the wastes, these should be placed at the toe of the face
in an upright position and filled with wastes; otherwise
they would cause voids and the risk of uneven settlement.

As the face advances, the flanks are formed by dragging
the wastes to an angle of about 45°. The only occasion on
which it is necessary to form the working face to a specific
angle is when it is about to be covered, which could be ati
the end of each working day or at less frequent intervals.
The angle of the face at the time of covering should be as
steep as possible in order to minimise the amount of cover-
ing material used. ‘

From time to time during the day covering material
should be delivered to the site, the volurme required being
between one fifth and one seventh of the volume of the
wastes after formation in the fill. The density of the
wastes at this stage will be at least 50 per cent higher than
when delivered to the site even if the initial density is
high.

If the new wastes have been covered by steel sheets,
these are temporarily removed while covering material is

12%



Figure 23

MANUAL LANDFILL, FORMATION OF FIRST STRIP

1. Section through original site which is about two metres
below the level of the surrcunding area.

T

2. A hardcore road is built from the nearest main road to
the point where filling is to commence. Drive in pegs 10
indicate width of strip to be formed and the levelling of filling

3. Commence tipping wastes at this point,

The drags (or rakes) used for manual
levelling should be from 1.8 to 2
metres long.



Figure 23 continued

<), ¥

4. The heaps of wastes are levelled by a three- tine drag
(or rake) with a handle about 2 metres long, and the flanks
are formed to an angie of about 45°. Levels and strip
width are guided by pegs driven earlier.

RN

5. Every day the levelled wastes and the flanks are covered
by between 15 cms and 25 cms of soil, sand, ash or
composted wastes etc. Daily, or weekly, the working
face is covered to form an enclosed cell of wastes.

6. Always take the vehicle right up to the working face to
avoid dumping vwastes on covered areas. If vehicles sink
in, extend the hardcore road as far as possible, then use
railway sleepers laid transversely, or steel sheets, to form
a track over the newly deposited wastes. Always provide
8 heavy bumper bar at the point where vehicles unioad.
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all-weather
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14.7.4.

labour required
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being spread to a thickness of at least 15 cms and prefer-
ably up to 25 cms. The best tools for this work are shovels
and wide garden rakes with short tines. The flanks are
also covered to a similar thickness, and this covering should
be beaten down by the backs of shovels or by specially
fabricated wooden beaters with long handles.

Prolonged heavy rain is the only real obstacle to the
smooth operation of the procedure that has been described;
if the surface of the embankment becomes waterlogged
then there is a risk that vehicles will sink in. When periods
of heavy rainfall are a feature of the climate, it is advisable
to provide a portable roadway across the strip in the form
of old railway sleepers or steel sheets, Alternatively, and
provided that this does not inhibii the ultimate use of the
reclaimed site for its planned purpose, a hardcore road can
be laid to within about 50 metres of the working face.
Portable road surfacing can then be used only for the final
approach., !

It is the custom at many sites to reserve an area close
to the original access road for emergency use during periods
when, despite all the other precautions, it is temporarily
difficult to cross the site. This can happen if a vehicle
breaks down on a single track roadway.

It is necessary to be prepared to recover vehicles one
or more wheels of which have sunk up to the axles. Heavy
jacks and timbers are necessary. The vehicle is jacked up,
using the timbers to spread the load; the cavities caused
by sinking of the wheels are then filled with hardcore. It
is then usually possible to drive the vehicle out, with tow-
ing assistance from another vehicle if necessary.

The writer hes clear recollections of three sites which
were operated in the above manner and the staffing ratios
were as follows:

Site 1 30 tonnes/day 2 men 15 tonnes/man/day
Site 2 50 ” 6 men . "
Site 3 100 ” 10 men 10 " 1

The density of the wastes delivered to these sites fell in
the range 250-400 kg/cu m, thus for a given tonnage
received the volume to be handled would be similar or
greater than in the developing countries.

The table on the opposite page indicates the probable
scale of requirement for labour and covering material at.
typical rate of generation and density :




Population Tonnes/day Cum/day In-place Covering Men
@ 500 gms/ @ 330kg/ wvolume material,

person/duy cu m cu m cum/day
20,000 10 30 20 4 2
50,000 25 79 50 i0 3
100,000 50 150 100 20 6

Accurate cost estimates are possible only for a specific
case, but it is useful to try to indicate the probable scale
of cost.

The two main cost elements are labour and the trans-
portation of covering materials. The former is assumed to
be Rs. 15/day including oncosts, and the latter Rs. 15/cu m.

Rs.
Population 20,000
2 men 30
cover, 4 cu m 60
total, for 10 t. 90
Cost/tonne 9
Cost/tonne if cover delivered
free of charge 3
Rs.
Population 100,000
6 men 90
cover, 20 cu m 300
total, for 50 tonnes 390
Cost/tonne 7.8
Cost/tonne if cover delivered
without cost 1.8

Perhaps the most important thing demonstrated by these
tentative estimates is the significance of transportation cost)
when covering material is imported to the site. This can
account for up to two-thirds of total cost where wage rates
are very low and one-third of the cost in intermediate
countries. Hence the importance of seeking sources of
covering material that can be obtained without cost, such
as ash from power stations, soil from excavation, and cther
kinds of inert industrial wastes. In Britain it has often
been found that if free disposal facilities are offered to the
producers of these useful kinds of wastes, the level of
expenditure on the importation of covering material can
be greatly reduced.

Also of significance is that a disposal cost at the higher
figure of Rs. 7.8/tonne represents only Rs. 1.17/inhabitant/
year at the given rate of wastes generation. This is about
15% of current average expenditure on solid wastes

estimated costs
14.7.6.
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management services in the South East Asia Region of the
World Health Organisation: it is a level of expenditure
that could be sustained in the poorest countries.

Earth-moving machines are tractors (i.e. motor vehicles
which are designed to operate aver unmade ground by
means of low ground-loading and high torque) which are
equipped with devices for excavating, pushing, lifting and
carrying rolid materials. They can be classified in two
ways: the distance over which they can operate economi-
cally and whether they are wheeled or tracked vehicles.

The blade of a bulldozer is designed for pushing: it is
concave so that the lower edge of the blade will excavate
when depressed below ground level. The blade can be
raised above ground for levelling a thin layer of covering
material. Because of its very slow speed it is economical
only when operated over very short distances, never more
than 100 metres.

The front-end-loader is a machine with a hydraulically
operated bucket, having a capacity between 0.5 and 3 cum,
which is used for excavating, lifting and carrying; it can
also be used for pushing, although it is less efficient than
the bulldozer. The economical transport range of a tracked
front-end-loader is less than 100 metres, but a wheeled
loader may be economical up to twice this distance because
of its higher speed. At greater distances the front-end-
loader is used to load vehicles which shuttle between the
point of excavation and the working face.

The scraper, which may be self-propelled or towed by
a tractor, is a form of bowl mounted on wheels; the cutting
edge of the bowl can be adjusted to operate below the level
of the ground over which it is travelling. The material
sliced off gradually fills the bowl; the contents can be
discharged as a thin layer for covering purposes, or built
up into a large heap for storage. Scraper capacities range
from 2 to 30 cum and the economical range of operation
is up to 300 metres.

The dragline is a cable-operated bucket carried on a
boom. The basic machine is tracked but operates from a
stationary position. It is often used for excavating wet
material; for example, in the reclamation of marshland
the machine would be sited on the raised area and would
excavate from the low level, lifting and depositing the
excavated material behind it at the upper level. The
operating distance of this machine is a function of its boom
length.



15. Manualty operated
sanitary landfiil
(Britain, 1935).

Note the strip Jormation
and the bumper

bay at the face.

16. This landfill site
shows the steel plates
laid on the strip

in use.
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tracks or wheels
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- ground area than a wheeled machine. The latter usually

machines for
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A track-laying machine has better flotation and traction
capacity because its weight is spread over a much greater

performs well on a landfill site, however, provided it has
been fitted with tyres having a protective steel device to
reduce the risk of puncture, A wheeled machir > has a
higher speed than a tracked vehicle and is able to perform
more work cycles in a given period.

For bulldozing, tracked machines are preferred; they
are more efficient than wheeled bulldozers in excavating
and in accurate grading, because of the better flotation.

Wheeled front-end-loaders are very ropular because
they can transport material in the bucket up to 200 metres;
they are also fast and efficient for loading trucks when
materials have to be transported over greater distances.

The following table _hows the probable scale of werk
to be performed by machines at a sanitary landfill :

For 100 tonnes/day at initial density 330 kg/cum

Essential tasks at all sites:
Formation of delivered wastes* 300 cu m.
Spreading primary cover on wastes 40 cu n.
Additional tasks when cover obtained within site :
Excavating and transporting primary cover 40cum.
Excavating and storing topsoil, say 30 cum.
Total volume to be handled 410 cum.
Out of a total of 410 cu m to be handled, 340 cu m is short-
distance pushing and grading. Thus for 80% or more of
the total work a bulldozer is the most suitable machine.

When all covering material, including topsoil, is to be
delivered to the site from an external source, then only a
bulldozer will be needed. The capacity of a bulldozer for
the essential tasks is of the following order:

40 h.p. 100 tonnes/day wastes input
80 h.p. 200 " »
180 h.p. 400 ”» ”»

When covering material is to be excavated from the site,
it is usually necessary to employ a second type of machine.
For heavy duty excavation a tracked front-end-loader is
preferred but if vehicles have to be loaded a wheeled load-
er is better. The performances of these machines vary
widely, but the following is an indication of the rate at
which vehicles can be loaded:

* The only significant difference compared with manua! methods
is that flanks are formed to a slope of : : 3 to permit the machine
to drive up «nd down them in spreading cover.



Equivalent wastes

input
0.5 cu m bucket 100 cu nyday 150 t./day
2.0 cu m bucket 360 ,, 500 ,,

If a front-end-loader is used to transport excavated mate-
rial in the bucket, direct to the working face, then output
declines in proportion to the distance travelled.

The chart on page 139 has been adapted from a guide
to sanitary landfilling prepared by New York State. It is
interesting for two reasons: the first is that rising economy
of scale appears to cease after about 250 tonnes/day; the
second is that until cost rockets below about 50 tonnes/day.

The costs shown on the chart cannot be applied to other
countries because of wide differences in labour cost. But
the main conclusions are valid for all countries because the
. capital and operating costs of earth-moving machines, ex-

 cluding the operator’s wages, vary little from one country

to another. Thus, for developing countries it w.uld be
reasonable to regard 250 tonnes/day as a normal maximum
for a sanitary landfill site and, when the wastes production
of a city exceeds this level, multiple sites, which are likely
to reduce refuse collection cost, could be operated without
raising unit cost of disposal. It could also be inferred from
the chart that where labour costs are low mechanisation
is unlikely to be profitable for intakes under 50 tonnes/day.

At the smaller sites, where the advantages of mechanisa-
tion may be marginal, it may be quite practicable to employ
a small (0.5 cu m bucket) wheeled front-end-loader as a
mult:-purpose machine. It is capable of pushing, excavat-

~ing in light soil, transporting and spreading. It does none

: f of these things as efficiently as specialised machines, but a
 number of European sites in the 50-100 tonnes/day range

~ have been operated in thls way to a tolerable, if not perfect

standard.

The tracked front-end-loader would be a more ef’icmr't
S urpose machine, but at a somewhat greater capital and
_ope ting cost. The main performance limitation of this
~ .machine is in the distance over which bucket loads ‘can

S be transported. because of 1ts slow rate of travel,

g There are too many natlonal and local variations in
- wages wastes, energy costs and site conditions to be able
5 gest firm costs, but it will be useful to indicate

,54;,,,'poss1ble cost scale in given situations. The plant, operating
~ costs used below are typical for India in 1976 and include

mechanisation

in relation to
scale of operation
14.8.4.

possible
operating costs
14.8.5.
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i7. This British site

is of interest because

the vehicle has

very small

solid-tyred wheels (1935)
but has successfully
negotiated the track
formed from stee! plates.

18. Tractors and Trailers
in the dry season
have no difficulty
in travelling over

level uncovered
wastes. (Colombo)
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amortisation, repairs, fuel and operator. Labour costs are
taken as Rs. 15/day inclusive of oncosts.

250 tonnes/day site (all cover obtained from within site at
a distance not exceeding 600 metres from working face:

Rs./day
1 — 180 h.p. bulldozer (2.85 lakh/yr.) 950
1 —2 cu m wheeled f.e. loader (2 lakh) 660
2 —transport vehicles (2 x 50,000) 330
Labourers 10 150
Total cost/day 2,090
Cost/tonne Rs. 8.36

50 tonnes/day site (Ideal conditions such as deep sandy soil
which can be excavated for cover immediately in front of
face.)

Rs./day
1-0.5 cu m wheeled f.e. loader (80,000/year) 266
Labourers, 3 45
Total cost/day 311
Cost/tonne 6.22
" ,, if only 20 t./day (1 labourer) 14.05

It is now possible to make a rough comparison between
the cost of manual operation given in the preceding chap-
ter and these estimates of mechanised costs.

Comparative costs summary Cost/tonne
(plant and labour only)

Rs.

250 tonnes day :

Full mechanisation, typical site 8.36
50 tonnes/day:

Simple mechanisation, easy site 6.22

Manual, cover imported at full cost 7.80

Manual, cover supplied free of charge 1.80
20 tonnes/day :

Simple mechanisation, easy site 14.05

Manual, cover imported at full cost 9.00

Manual, cover supplied without charge 3.00

What emerges most strongly from these figures is the
very high cost increment which has to be added to manual
operation when the full cost of importing cover is included.
This emphasises the importance of seeking sources of free
cover in the form of inert industrial wastes.

The figures also suggest that mechanisation, in good site
conditions, may be attractive at 50 tonnes/day or less,
under low or high wage rates, provided that a light, cheap,
multipurpose machine is employed.
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In general it appears that the breakeven point for mecha-
nisation may range between 40 and 100 tonnes/day, accord-
ing to wage rates and the availability of free cover. In a

weannminal ads al Arawad S s e

marginai situation manual upcxduuu is recommended on
account of its greater operational reliability and higher
standard of finish.

Short of an epidemic, manual operation is totally reliable;
mechanised sanitary landfills are very unreliable unless
spare machines are immediately available to replace those
undergoing repair. For large cities operating multiple
landfill sites this is no problem because spare machines
can be held in a ratio of about 1: 5. Where only one land-
fill is operated it may be possible to buy a secondhand
machine to hold in reserve, or to retain a machine that has
been replaced by a new one. It is often possible to hire
machines from a contractor or another public authority.
Nevertheless, the most common cause of a sanitary landfill
which has gone cut of ccntrol, in Europe or elsewhere, is
a broken-down bulldozer that has not been replaced.
Tracked machines being moved from site to site or to
repair shops must not be allowed to traverse surfaced roads
as the cleats do irreparable damage. Therefore a low-load-
ing trailer is required.

The costs which have been used abcve are not all-
embracing. According to the scale of operation and the
characteristics of the site, there will be charges for pro-
tective engineering measures, site deveolpment costs such
as access road, control area and buildings, materials such
as hardcore, paper screens and tools, and overheads.

For a site having a long life, engineering ccst can have
a surprisingly small impact. For example a site receiving
100 tonnes/day over a period of 10 years would dispose of
300,000 tonnes of wastes. If an initial capital expenditure
of Rs. 500,000 was necessary, this would be equivalent to
only Rs. 1.60/tonne of wastes disposed of. In most cases a
substantial proportion of expenditure of this kind is of con-
tinuing value in the ultimate use of the reclaimed site.

In this section some particular aspects of sanitary land-
fill—such as problems of water-filled sites, trenching me-
thods in desert soil and organization of salvaging—are dis-
cussed.

It is quite common to find that a low-lying site which
is hydro-geologically safe because of impermeability con-
tains & body of static water caused by precipitation and
surface drainage. It has been accepted that only inert
wastes should be deposited in water because of aerial pollu-

Particular Aspects
of Landfills
14.9.

water-filled
sites
14.9.1.
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tion from hydrogen sulphide which would be caused by
the deposit of water of organic wastes.

Experiments to control aerial pollution caused by de-
composition of wastes deposited in water have shown that
the problem increases in relation to ambient temperature;
the risks are probably much greater, therefore, in tropical
than in temperate countries.

Impermeable water-filled depressions can be pumped dry
after which filling can proceed as for a normal site. When
the water area is very large, lagooning is recommended.
The water-filled area is divided by bunds formed from
inert wastes into areas of 0.5 Ha or less. Each lagoon in
turn is pumped dry and filled.

Someiimes it is desired to fill narrow, deep ravines
Conventionally a road should be cut to within 2 m. of the
lowest level, but the cost may be excessive in solid rock.
One site was seen where a ravine 30 m wide by 20 m deep
was filled in a single layer. The top surface of the wastes
was covered with 20 cms of soil at the end of each day,
but it was impossible to cover the working face. The rate
of input, however, was high enough to advance the face
several metres/day so that all wastes were covered daily
by new wastes. The prevailing temperature was about
22°C, but there was no evidence of fly breeding on the site,
presumably because the sides of the fill were enclosed by
rock and the top by earth, and the period of exposure of
wastes on the face was too short for larvae to emerge.
This appears to be a situation in which some of the rules
can safely be broken. Care should be taken to ensure that
water supplies are not endangered by fissures in the rock.
More than the usual amount of long-term settlement
should be expected in such deep fills.

Deserts where the soil is very deep and is free of rock
out-crops lend themselves to sanitary landfill by trenching.
The writer has no practical experience of this method,
which was developed and widely used in USA, and the
following description is taken from “Sanitary Landfill”
(American Society of Civil Engineers, Manual No. 39,
1959).

“The trench method is most often used when flat or
gently sloping land areas are available. It is adapted
for use on terrain which can be trenched by normal
earth-moving equipment, preferably without inter-
secting groundwater. ...

“Construction of a trench fill is begun by digging a
trench along one side of the area to be used for the




Figure 25

/ Refuse being deposited

Trench
being
excavated

Covered refuse

Trench \/ \
being filled ; - T ot
7 R e

TRENCH METHOD OF CONSTRUCTING A SANITARY LANDFILL
Adapted from ‘’Sanitary Landfill”’, ASCE Manual on. 39
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sanitary landfill, and placing the excavated earth as
a berm adjacent to the trench on its limited side. It
is desirable that the trenches should be dug so as to
be self-draining. Refuse is deposited and compacted
in sufficient quantity to fill the trench and to extend
somewhat like an area fill to :he elevation of the top
of the berm. The exposed, or -umping face, stands at
the angle of repose of the ref -e.

“The fill begins at one end of e trench and develops
progressively along its length. it is covered daily with
earth dug from an immediately udjacent parallel trench
in which the next fill is to be made. The top is given
a heavy cover, while the working face is merely closed
for the night with a light covering of soil approximate-
ly 15 cms thick. When completed, a sanitary landfill
construcied by the trench method consists of a series
of long, narrow, refuse ceils. Beiow the original ground
level the cells are separated longitudinally by ridges
or ribs of undisiurbed soil, whkile above the original
ground surface sloped or wedge-shaped diaphragms of
cover material serve as separators. The top of the
finished fill appears as a plane surface of earth at an
elevation somewhat higher than the original or sur-
rounding terrain.....

“In cases where trenches and fills are bath shallow
and the volume of refuse is not large, all operations
involved in constructing a sanitary landfill by the
trench method may be performed by use of ¢ crawler-

type tractor equipped with a front-end shovel attach-

ment. In Columbus, Ga., such equipment is used in
digging trenches 1 metre deep and in placing and
covering a 1.3 metre refuse fill....

“There is no uniformity of practice regarding the depth
and the width of the trench used..... In some literaiure
it is suggested that trenches be 1 metre or more in
depth and from 2 metres to 5 metres wide. However,
some cities use much deeper and somewhat wider
trenches....cities in Califcinia use trenches from 2 m
to 4 m deep and from 4 m to 7 m wide. Separating
ridges vary from 1 m to 4 m......

“It is general practice to use all of the soil excavated
from a trench to cover the refuse deposited in the
previous adjacent trench..... available cover material
is usually sufficient to provide a final cover of from
1 m to 1.3 m of compacted soil on the top of the refuse
cell, and from 0.6 m to 1 m on the slope which forms
the transverse wall of the cell.. .. excess cover material




may be used...to cover an area fill of rubbish at a
separate site.”

The manual method of operating sanitary landtfill as
described earlier is usually appropriate to the needs of
villages and small towns. For example one man could
operate the system on a scale of 3-5 tonnes day, digging
all necessary covering material frcm the toe of the flanks;
this would be equivalent {0 a population of 5,000 to 10,000,

It has sometimes heen suggested that a regicnal authority
could serve the needs of scattered communities by operat-
ing a trench digging service if the terrain was suitabie,
An excavator would be taken from site to site on a low-
loader, it would excavate a trench at each site with a
capacity sufficient to contain the wastes of the community
until 1t returned, perhaps several weeks later, At each site
a man would be employed full-time or part-time, accord-
ing to need, and he would use the excavated material at
the side of the trench for covering wastes tipped into it

Scavengers are usually attracted in large numbers to
uncontrolled dumps where the wastes are exposed and
easily picked over. At sanitary landfill sites, however,
only the wastes on the working face are accessible, and
it is much easier to prevent scavengers from operating.

Salvaging by employees, however, is still practicable,

and if they are permitted to sell the recovered materials

on their own behalf salvaging may take precedence over
other aspects of work and the situation may get out of
hand. The following extracts from a report on a sanitary
landfill site illustrate this problem:
“..the project has been excellently conceived and
planned ....the first section has been filled in two
layers ....the surface was level and totally covered
vev...(but) the site was heavily littered with wind-
burne litier ....Enormous exposed heaps of sulvaged
materials were stored on the raised section : tins, card-
board, botties, dirty mixed puper, and mattresses,
These materials were heavily infested with houseflies,
and the tins and dirty paper contained large amounts
of putrescing matter which would encourage cviposi-
tion. Fly breeding was occurring on a large scale.....
“Incoming refuse was being deposiied in a series of
heaps on the covered surface extending backward 50 m
or more from the face. This was apparentiy done deli-
berately in order to spreud the refuse over a large
area {o expose it to the maximum extent for hand -
picking of salvage. The disadvantages of this are:

small communities
14.9.4.

salvage
at landfill sites
14.9.5.
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— work of the bulldozer is increased as refuse has
to be moved over a greater distance,

— fine organic matter containing fly larvae are
left behind on the covered surface, and pupate,
— litter such as plastic sheet is left behind and
spoils the appearance of the covered surface.”

This situation is not at all uncommon and the best way
to avoid it is to organise the salvaging as part of the opera-
tion. A system which worked well in Britain with manual
landfill operation was as follows:

All recovered materials were sold by the city and
25% of the income was distributed between the men
employed at the site as a bonus to encourage their
co-operation.

All salvaging took place on the sloping working face
during the process of levelling the wastes by drag.
All the materials picked out were immediately placed
in boxes at the toe of the face, and full boxes were
taken to a salvage store.

In this store, paper was immediately baled in a hand
baling press. making bales of 60-100 kg.

A trailer was provided for the storage of cans and this
was towed to a merchant every 3 days, before flies
could breed.

If necessary the salvaged materials were sprayed with
insecticide.

Salvage was sold only to approved outlets, for example
rag merchants or bottle merchants having satisfactory
cleansing facilities.

Model Code With a master plan for disposal sites, a plan of operation
of Practice and a detailed schedule of operating practice, a fairly effec-
14.10. tive model code of practice could be laid down.

A. MASTER PLAN FOR WASTES DISPOSAL SITES

1. The solid wastes management agency should identify:
—sources of solid wastes within its area, '
—rates of wastes generation,
— constituent analyses and densities of wastes,
— projections for at least 10 years for population
growth, wastes generation and characteristics,
and should make outline plans and comparative cost esti-
mates for viable alternative disposal methods.
2. The land-use planning agency should review the
146 area within the city boundary, and up to 10 kms outside




the boundary where necessary, and identify sites, man-
made or natural, which would be improved by landfilling.
The planning agency will evaulate potential sites in
terms of:

—ultimate use after filling; parks, playgrounds,
sports grounds, agriculture, industry,

—the quality of environmental improvement which
would result from filling,

—risks of pollution transfer during filling,
—ecology of the area,

—social and economic factlors,

and will submit selected sites to the water and river
authorities.

3. The water supply and river authorities will evaluate
potential sites in relation to the hydro-geology and drain-
age of the area, and will reject sites where underground
sources of water would be at risk. Where appropriate the
water and rivers authority will define the measures that
must be taken to avoid pollution of surface water and to
control the production of leachate

4. The solid wastes management, land-use planning, and
water and river authorities should maintain a continuing
relationship with the aim of ensuring a 10-year rolling
programme of iandfill sites.

B. PLAN OF OPERATION

1. Site survey. Each selected site should be surveyed
and a plan prepared on a scale of about 1:2,500 showing:
— water courses,
—2 m contour lines,
— boundaries,
— buildings within 200 m of the area to be filled,
—-approach routes,
— prevailing wind direction
2. Site protection plan. Detailed plans will be prepared
for the execution of (inter alia) the following engineering
works :
—diversion of surface drainage,
— culverts,
— formation of bunds,
— pumping out of static water.
3. Site operation plan. The site operating plan will
designate:
—area to be filled,
—depth of fill and total volume,
—grading of final levels,
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—depth and quality of final covering material, in
relation to the ultimate use of the site,

— any necessary improvement of external roads,
-—location and specifications for internal roads,

— where appropriate, a specification for fencing and
gates,

— the design of the ccntrol area and facilities which
may include:

— office,

— welfare,

— garage,

— stores,

— site designation and information board,
—soil stripping programme and stockpile areas,
—-sources of covering materials, internal and
imported,

— filling programme in precise terms such as number-
ed strips and direction of filling for each layer,
—fire control measures,

—rodent control measures,

—use of insecticides,

— designation of reserved area near entrance for
deposit of wastes during emergencies.

C. OPERATING PRACTICE.

1. Unloading wastes. Wastes should be delivered in tip-
ping vehicles and they should unload only at a defined
“working face”. For manual operation the unloading
point should be immediaicly over the working face or
within 2 metres; during mechanis2d operation an unload-
ing area up to 15 metres back from the face is necessary
to permit a bulldozer to operate.

2. Approach to the working face. The approach to the
working face should be made safe for vehicles by cover-
ing the necessary area with steel sheets, old railway sleep-
ers, or a sufficient thickness of “hardcore”, unless the
character of the wastes is such that they can support a
vehicle without these measures. The width of a prepared
approach should be single or multiple track according to
the frequency of traffic movements.

3. Formation of wastes. Wastes unloaded at the working
face should be formed into a continuous embtankment
2 metres high, and having a width of approximately
6 metres per vehicle when more than one vehicle has to
unload at the same time. The side slopes (or flanks) of the
strip being filled should be 45" for manual cperation or
30°, or less, for mechanised operation.



4. Covering of formed wastes. The top surface and the
flank(s) of the strip being formed should be covered prog-
ressively with a layer of soil or other suitable sealing
material not less than 20 cms thick. This should be beaten
flat and smooth if applied manually, or consolidated by
repeated traverses if a machine is used. At the end of
every working day, covering should be completed on the
top and flank(s) of the fill. At intervals, which may be
daily, or not less frequent than weekly, the forward slope
of the working face is to be formed and covered in the
same manner as described for the flanks, in order to
achieve a cellular construction.

5. Deep sites. If the required total depth of fill exceeds
2 metres, then the site will be filled in multiple layers,
and to facilitate natural settlement and the dispersal of
gases, a long interval, never less than three months, should
be allowed to elapse before one layer of wastes is covered
by another.

6. Hollow articles. Articles such as large hollow con-
tainers should be crushed by being placed in the path of
a tracked machine, or should be put at the toe of the
working face, in an upright position, and filled with other
wastes. This is to minimise the creation of voids within
the fill, which would lead to uneven settlement,

7. Offensive wastes. Any load which consists mainly of
fish wastes, abattoir wastes, carcasses of animals or medi-
cal wastes *, should be deposited at the lower level, imme-
diately in centre front of the advancing face, and should
he covered with other wastes so that no part of the of-
fensive wastes is within one metre of the top surface of
the fill and is not less than 2 metres from a flank.

8. Litter control. Portable wire mesh screens should
be erected in an arc of sufficient length to trap airborne
litter blown from the working face.

9. Manning levels. Adequate staff should be provided
tc ensure compliance with all requirements of this Code.
For manual formation of the fill, and the spreading of
covering material delivered to the working area, not less
than 2 labourers for the first 10 tonnes/day and one labour-

* Hospitals and clinics should be equipped with properly designed
incinerators for the treatment of pathological wastes and sani-
tary landfill should not be regarded as a normally acceptable
disposal method for such wastes. In the absence of proper facili-
ties the above method may be used provided that the wastes are
delivered to the site in impermeable disposable packages which
are not opened. Hypodermic springes should always be broken
before being discarded.
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er for each further increment of 10 tonnes/day are neces-
sary. Additional staff must be provided to keep the whole
of the site clean, including the removal of litter from
screens and the daily removal from the surface of all
hollow articles such as cans and motor tyres which may
have been dropped accidentally. Further staff are needed
for traffic control, inspection for rodents etc.

10. Welfare facilities. Staff required to stand in wastes
should be supplied with protective clothing: boots, gloves
and overalls, for which suitable laundry arrangements
should be made. Washing and toilet facilities should be
maintained in clean condition.

11. Salvage. Only organised and controlled salvaging
should be permitted and must be confined to the sloping
forward surface of the working face. Portable containers
are to be provided to contain salvage which has been
picked out of the wastes, and full contairers should be
immediately transferred to an enclosed store or to a
vehicle.

12. Fire. No fires are to be started deliberately. An
emergency supply of water should be available and staff
must be trained in fire control.

13. Dust control. When necessary, dusty roads will be
sprayed with water or an alternative treatment, such as
the application of used engine oil, will be adopted.

14. Vector control. A daily inspection will be made
and the location of rodent burrows or insect infestations
will be recorded and appropriate contrcl measures taken.
Salvage stored on a site for periods exceeding two days
will be sprayed with insecticide daily.

15. Progressive cultivation. As soon as a convenient
area has been raised to the final level and covered with
topsoil, it will be brought into cultivation by sowing grass
or another suitable crop, in order to prevent the estab-
lishment of weeds, and also to preserve the visual ame-
nities of the area.




CHAPTER 15.
URBAN WASTES AS A SOURCE OF COMPOST

In nature, dead vegetable and animal matter is de-
composed, where it happens to fall, by bacteria; the pro-
ducts of decomposition add to the fertility of the soil by
improving its physical properties for the support of plants,
and by the provision of plant nutrients. A similar process
takes place with animal excrement, and throughout history,
until the invention of artificial fertilisers, farmers have
been dependent upor: organic manures, derived from
animal excrement and decayed vegetation, for the main-
tenance of soil fertility. There are many parts of the world,
particularly villages in tropical and sub-tropical regions,
where farmers still rely almost entirely on organic
manures.

A major constituent of domestic solid wastes is dead
animal and vegetable matter, mainly in the form of kitchen
wastes and garden wastes. Urban areas generate domestic
and shop wastes on a large scale, between 300 and 800
gms/person/day. At the mean of this range, a city with a
population of one million would generate over 500 tonnes/
day. At least 25% and up to 75% of this weight comprises
vegetable and putrescible matter.

- Over the past 50 years the disposal of such urban wastes
has become an increasingly difficult problem: landfill has
always been the most common disposal method and is
- likely to remain so, but when sites close to a city have
- been filled up additional expenditure is necessary to trans-
- port the wastes to maore distant sites. Thus it has become
more and more important to discover treatment methods
which reduce the volume of wastes to be accommodated
on scarce landfill sites. Incineration is an effective solu-
tion, but it is expensive for any kind of waste and it is
most expensive for wastes having a high proportion of
vegetable and putrescible matter, because this implies a
high moisture content and a low calorific value.
It is natural, therefore, that the possibility of convert-
ing urban wastes, or a substantial proportion of them,
into organic manures, should have attracted interest over

Introduction
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Character and Use
of Compost
15.2,

qualities
15.2.1.

method of use
15.2.2,

many years. Such a process is known as composting and
has two essential features:
—the use of methods and equipment which facilitate decom-
position of the organic content under controlled conditions, so
as to avoid risks to health or the environment, and
—the extraction of constituents of the wastes which would be
undesirable in the compost: some of these may be saleable.

Thus a composting process usually has three products:

—compost for use as an organic fertiliser,

— salvaged materials which can be sold for re-cycling,

— "contraries”, which are of no value and must be disposed
of by landfill, but which rarely exceed 20% of tne original
weight.

If composting can be operated successfully. and this
requires a number of pre-conditions which will be dis-
cussed later, it achieves the following highly desirable
results:

— conservation of resources by re-cycling,

—support for nature’s cycle by relurning to the earth dead
animal! and vegetable products,

—reduction of landfill space requirement.

The aim of composting is to convert a major proportion
of solid wastes into a marketable product. It is necessary
to begin, therefore, with some understanding of the pro-
perties, and the limitations, of compost.

Compost is a brown, peaty material the main constituent
of which is humus. It has the following physical properties
when applied to the soil :

—the lightening of heavy soil,

— improvement of the texture of light sandy soil,
— increased water retention,

— enlarging root systems of piants.

Compost also makes available additional plant nutrients
in three ways:

—it contains N, P and K, typical percentages being N, 1.2%;
P, 0.7%; K, 1.2%; but with fairly wide variations,

— when used in conjunction with artificial fertilisers it makes
the phosphorus more readily available and prolongs the period
over which the nitrogen is available, thus improving nutrient

take-up by plants;
—all trace elements (micro-nutrients) required by plants are

available in compost.

Compost is applied to land at a rate of between 20 and
100 tonnes/Ha./year. It is commonly used at 40 tonnes/Ha.
and for most composts this is equivalent to between 400
and 500 kg N/Ha. Usually it is applied between harvesting
one crop and sowing the next and ploughed in; it can also



be used as a much to assist moisture retention and inhi-
bit weeds, in which case it is not ploughed in until the
harvest.

Forty tonnes of compost may occupy a volume of 60 cu
metres, thus its application to farmland involves substan-
tial labour cost. Where mechanised farming is practiced.
manure-spreading machines have been found to operate
effectively with compost.

Because the time of applying compost is determined by
the cropping cycle, demand is usually seasonal, thus a
compost plant may require storage capacity for its product
for several months.

There are two situations in which the production and
use of compost may be of great importance to the agricul-
ture of an area:

— for bringing into cultivation marginal land suffering from
organic deficiency; such areas are most common in tropical
climates where hot sunshine tends to destrcy organic raatter:
— in areas where artificial fertilisers are in short supply or
are very expensive.

In relation to agriculture as a whole, these situations are
exceptional. (Examples of the former can be {ound in
West Asia where composted urban wastes, usually in com-
bination with irrigation schemes, have been used as a source
of humus to aid cultivation of former desert areas; India
and China provide examples of countries which terd to
use composts primarily, but not exclusively, as a source

of nutrients.)

In most agricultural situations, however, organic soil de-
ficiency is not apparent, and farmers are conditioned to
the use of artificial fertilisers, the nutrient content of which

is known with certainty, unlike composts which may vary
widely from batch to batch. Thus, although compost has
different properties from artificial fertilisers and is, in fact,
complementary to them, it usually has to be marketed in

competition with them, for farmers have a limited budget
for fertilisers.

It is necessary, therefore, to satisfy two requirements
before compost will be accepted into regular use by a far-
ming community :

— it must be demonstrated beyond question that the use of
compost produces larger crops of better quality than is possible
by the use of artificials alone;

— the price of the compost must be low enough to compensate
for its higher transport cost and the greater iabour cost of apply-
ing it to the land, but the price can also reflect at least part
of the value of the nutrients in terms of equivalent artificials.

place of compost
in agriculture
15.2.3.
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It will now be apparent that there are two parties in-

volved in a policy of composting urban wastes :

-—the agricultural authorities who should determine the extent
to which compost may be required for organically deficient
areas, or as & primary source of nutrients, or for agricultural
use in general;

—the solid wastes management authority whose function is to
collect the wastes and produce from them the necessary quan-
tity of compost.

It follows, therefore, that composting should never be
undertaken by a city without detailed consultation with,
and strong support from, the appropriate agricultural
authorities, who may be federal or state ministries, or a
farming co-operative. It is they whe should carry out mar-
ket research, judge the compost in relation to soil charac-
teristics and agricultural methods, run demonstration pro-
jects, and give practical assistance with distribution and
sales. ‘

Success or otherwise is dependent upon agricultural sup-
port. For example, in Britain composting is of negligible
significance in the disposal of solid wastes because the
Ministry of Agriculture has stated that urban composts are
not required: adequate amounts of organic manures are
produced within the farming industry itself. In contrast,
the Indian Ministry of Agriculture is subsidising city com-
post plants and assisting a strenuous marketing policy pri-
marily because it wishes to reduce expenditure of scarce
foreign exchange on imported artificials, although it also
recognises the valu- of the organic preperties of compost.

The objective of the solid wastes management authority
is to dispose of the collected wastes; it will seek to mini-
mise the cost of treatment and to limit the extraction of
“contrary” materials to those which are actually harmful
(as distinct from those, such as sand, which are merely
adulterants). The agricultural authorities seek the best pro-
duct for soil conditioning and plant nutrition; they would
prefer to exclude inert matter, and perhaps to supplement
N, P and K proportions to a guaranteed level, all of which
would increase the cost of treatment. Thus, although it is
essential that both parties co-operate closely if composting
is to succeed there is a potential area of conflict between
their individual objectives.

It is not| possible to lay down any rules on this issue,
but experience tends to show that the most consistently
successful plants are those that produce a low-cost pro-
duct by simple methods, always provided that harmful ele-
ments are eliminated and that the compost is attractive in

appearance. .




The character of the constituents of solid wastes have to
be analysed to determine how suitable they are for com-
posting.

Before considering a composting project it is necessary
to carry out a physical analysis of the wastes, using reli-
able sampling methods. Although similar constituents oc-
our in solid wastes throughout the world, there are wide
variations in relative proportions, not only as between
countries, but even between regions within a country. The
following table, which compares Indian wastes with those
of Europe and Central America illustrates the importance
of adapting composting systems to match wastes charac-
teristics :

Constituents % by weight

Indian Mexican British
Essential to compost:

vegetable-putrescible 75 55 28
Acceptable for composting :

paper 2 15 37

inert below 10 mm 12 0
Compostable total 89 70 74

Salvageable constituents:

paper (also included above) 2 15 37
metals 0 6 9
glass 0 4 9
textiles 3 6 3
plastics 1 4 3
Total of potential salvage 6 35 61
Contraries :
misc. combustible 0 2 1
misc. incombustible 7 6 1

Total of contraries 7 8 2

In this table paper has been included in both the compos-
table and salvageable categories; it is likely that some pro-
portion of it would be salvaged. The practical recovery
rate for saleable constituents ranges between 20% and 60%
of the potential figures above. When a correction is made
for these factors, the following realistic summa.y emer-
ges:

Final destination of constituents Indian Mexican British

Compostable* , 88 65 64
Salvageable 2orless15 22 .
Contraries, including salvage

not recovered 10 18 14

* in terms of essential and acceptable constituents

Wastes Compost
15.3.

physical
constituents
15.3.1.
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From the physical analysis described in the preceding
section it is possible to arrive at an estimate of the weight
of composti which could be produced from each tonne of
wastes. For the Indiarr wastes the estimate would be as
follows:

Each tonne of wastes received

contains 880 kgs compostable matter,
@ 50% moisture content = 440 kgs dry matter

Loss of volatiles during

decomposition 45 kgs

= 395 kgs dry matter in compost
Assume an extraction effici-
ency of 90% for the 120 kgs
of other wastes = 12 kgs contraries and salvage

in compost

= 407 kgs dry compost.
Assume 25% moisture content
of compost at time of sale 136 kgs water

Compost produced/tonne waste = 543 kgs.
say 950% of intake.

On the analysis depends the initial carbon/nitrogen ratio.
Bacteria use carbon as an energy source and nitrogen for
cell building, thus the process of decomposition involves
the reduction of the relative proportions of these elements,
known as the C/N ratio, from an original level which may
range from 20:1 to 70:1, to a point where the available
carbon has been consumed and activity ceases. The final
C/N ratio usually lies between 15:1 and 20: 1. but may
be higher if the initial ratio was near the top of the range.

The initial C/N ratio is a deciding factor in the speed ati
which decomposition takes place. The ideal initial ratio
is between 30: 1 and 35: 1; if it exceeds 40 the time re-
quired increases considerably. Ratios below 30:1 are un-
desirable for a different reason: there may be excessive
nitrogen losses.

In the sclid wastes analyses above, the main source of nit-
rogen is the vegetable/putrescible matter which has a C/N
ratic of about 24: 1, and paper is the main source of car-
bon. Thus the higher the ratio of paper to vegetable/put-
rescible matter the higher the C/N ratio. For composting
purposes the Indian wastes are probably below optimum
C/N ratio and would be improved by the addition of carbo-
naceous material. The British wastes are considerably
above the optimum level and their composting time will
be excessive unless nitrogenous matter can be added (se-
wage sludge has been used for this purpose).



CHAPTER 16.

PRINCIPLES AND ECONOMICS OF
COMPOSTING

A composting . -ocess seeks to harness the natural forces
of decomposition to secure the conversion of organic wastes
into organic manure. The purposes of controlling the pro-

NEeC. are -
waind TAL L o

—to make it aesthetically acceptable;

— to minimise the production of offensive odours;

—to avoid the propagation of insecls or odours;

— to destroy pathogenic organisms present in the original
wastes;

—to destroy weed seeds;

—to retain the maximum nutrient content, N, P and K;

— to minimise the time required to complete the process;

— to minimise the land area required for the process.

There are two main groups of organisms which decom-
pose organic matter:
— anaerobic bacteria which perform their work in the absence

of oxygen,
— aerobic bacteria which require oxygen.

(There are also soine facultative organisms than can adapt
to either environment.)

Thus two alternative natural processes are available as
‘bases for composting plants. The main characteristics of
anaerobic composting are:

—the process is a lengthy one extending over a period of 4-12
months.

—it is a low temperature process and the destruction of pa-
thogens is accomplished by their exrosure to an unfavourable
environment over a long period.

—the gaseous products of reduction are methane, hydrogen
sulphide and other gases with offensive odours.

The main use of anaerobic composting has been in India
where for many years it has provided, usually on a small
scale, a cheap solution to the combined disposal of solid
wastes and nightsoil. These materials are placed in alter-
nate layers in small trenches which are sealed and left
undisturbed for many months; the contents are then dug

Principles
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out and used as compost. This, the Bangalore system, is
now being abandoned in favour of aerobic methods because
of the very large land area required owing to the long
retention period. In other respects, however, it is a low
cost system as the amount of materials handling required
is much less than for aerobic methods.
Aerobic composting is characterised by :
—rapid decomposition, normally completed within two to four

weeks,
—during this period high temperaiures are attained which

achieve speedy destruction of pathogens, insect eggs, and weed

seeds,
—s0 long as aerobic conditions are maintained, no c«ffensive

odours are produced.

All current composting systems aim to maintain aerobic
conditions throughout the process. Many types of organism
assist: bacteria, which predominate at all stages; fungi,
which often appear after the first week; and actinomycetes,
which assist during the final scages.

The process begins at ambient temperature by the activity
of mesophilic bacteria which oxidise carbon to C0: thus
liberating large amounts of heat. Usually the temperature
of the wastes reaches 45°C within two days, and this repre-
sents the limit of temperature tolerance of the mesophilic
organisms. At this point the process is taken over by ther-
mophilic bacteria and the temperature continues to rise.
Most of the thermophilic phase, which lasts about two
weeks, takes place in the temperature range 55°C to 70°C;
should the temperature increase beyond 70° activity tempo-
rarily declines. This process is dependent, of course, on the
provision of a suitable environment for the bacteria; in add-
ition to the nutrients provided by the wastes the main re-
quirements are adequate supplies of air and moisture.

It is important to stress that urban solid wastes, of the
character described above, already contain at the time of
collection all the organisms required for every phase of
aerobic composting. Innoculants, whether of selected bac-
teria or nutrients, are totally unnecessary; numerous com-
parative tests by universities have revealed no differences
in either the speed of composting, or the quality of the
product as between innoculated and untreated wastes.

'
1
4 .

Moisture conteni is a critical facior in a&rooic compost-
ing: for the type of wastes now being considered the fol-
lowing are the main requirements:

—if water content falls below 40% ihe speed of the process

declines,
— ifl it falls below about 209 decomposition ceases, '
—if it exceeds 55% water begins to fiil the interstices bet-




ween the particles of wastes, reducing intersticial oxygen and
causing anaerobic conditions; this resilts in a rapid fall in
temperature and the production of offensive odours.

Indian wastes of the analysis given earlier probably fall
within the optimum range of initial moisture content and
are unlikely to require the addition of moisture during the
first few days. During the thermophilic stage, however, the
high temperature causes rapid loss of water and this :nust
be replaced from time to time until the final fall in tempe-
rature, At this point it is desirable to allow the moisture
content to decline to 25% in order to minimise the weight
of material to be transported to the farm.

Should the moisture content accidentally exceed the
maximum required level, for example, as a result of con-
tinuous heavy rain on exposed wastes, it is necessary to
provide conditions under which the excess moisture will
evaporate rapidly, and to aerate the wastes more frequent-
ly. This can be achieved by more frequent turning.

The initial moisture content of European wastes may be
as low as 30% because of the high proportion of paper in
relation to vegetable/putrescible wastes, thus the addition
of moisture is necessary before composting can commence
at full speed. For many years it has been a common prac-
tice to employ sewage sludge instead of water for the fol-
lowing reasons:

—the sludge is a source of additional nutrients, particularly

nitrogen,

—the low C/N ratio of sludge, 6:1, helps to reduce the very

high initial C/N ratio of European wastes, thus speeding up

the process,

— this was an attractive solution to an otherwise difiicult prob-
~ lem of disposing of sewage sludge.

The use of sewage sludge for this purpose is now being
seriously questioned because of the possibility of tramns-
ferring heavy metal toxicity to the compo-t, the scurce of
these heavy metals being industrial cifluents.

Even if it is certain that there is no risk of toxicity from
sewage sludge, its use has disadvantages under the follow-
ing conditions:

— when the initial C/N ratio is within the optimum range, be-

cause if the ratio is unduly depressed, there will be increased
nitrogen loss during composting,

— when composting is carried out in the open air, because the
sludge will give rise to offensive odours, and if raw, may

cause health risks to workers.

In general it would appear that the use of sludge in Indian
composting is unlikely to confer any measurable advantage,
and may give rise to some undesirable consequences.

sewage sludge
as a sourcs
of mioisture
16.1.3.
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Compost Control
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uncontrolled
decomposition
16.2.1.

Although a vast amount of research has been carried

out to determine the quantity of air required by decom-
posing solid wastes, little of practica. value has emerged.
It has been demonstrated that oxygen demand is greatest
at the beginning and declines as the process nears comple-
tion, and that an increase in moisture content imposes a
need for more oxygen. But attempts to quantify o:ygen
requirements have provided such diverse results as to sug-
gest that there is a wide range of oxygen need depending
upon such factors as the detailed composition of the wastes
and the average particle size,
Thus in most composting plants it is necessary to rely upon
the experience of the operator, rather than any form of
scientific monitoring, to determine the adequacy of aera-
tion. Perhaps it is fortunate that the onset of anaerobic
conditions is immediately signalled by offensive odours;
should they appear, remedial action is seldom difficult.

Although there is some evidence to suggest that meso-
philic composting, below 45°C, is more rapid and efficient
than the thermophilic stage, which may reach 70°C, there
are practical difficulties in trying to limit the process to
the former type of organism. Of greater importance, how-
ever, is the fact that the high temperatures of the thermo-
philic phase are necessary to achieve the destruction of
pathogens, insect eggs and larvae, and weed seeds. This is
accomplished, with an adequate margin of safety, provided
that every particle of the wastes is exposed to a tempera-
ture of 60°C for a few hours.

To attain such a temperature in the centre of the mass
present no difficulty; but to ensure that it applies to every
particle does present: problems except when the wastes are
being treated within a totally enclosed vessel. Thus an im-
portant aspect of the management of a composting process
is to ensure that such problems are overcome; this will be
discussed in some detail later.

There are a number of physical requirements for the
control of the compousting process.

The need for close control of the process of deccmposi-
tion is best illustrated by the sequence of events in an
uncontrolled heap of urban solid wastes:

(1) For several days it undergoes a mesophilic stage based on
the original supply of intersticial air, and as the temperature
rises insect eggs hatch.

(2) For a short period it may enter the thermophilic stage and
the internal heat causes insect larvae to migrate to the cooler
outer layer. : :




(3) The intersticial air is soon exhausted, however, and aerob-
ic bacteria give way to anaerobic ones; the temperature of the
heap declines to ambient.

(4) Meanwhile the larvae in the outer layer hatch into insects
and begin to lay more eggs in the exposed wastes.

(5) Rodents enter the heap in search of food and nesting con-
ditions.
Figure 26

TYPICAL TEMPERATURE CURVE FOR A LARGE MASS OF
AEROBICALLY COMPOSTING URBAN SOLID WASTES"
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(6) Decomposition is now very slow in the anaerobic centre
and may cease in the outer layer because of dehydration. If
the heap is disturbed the odour will be offensive; if it is a large
heap odour will be apparent at all times.

(7) After many months the centre of the heap will have been
reduced to a form of compost. It will be of very low value to
a farmer, however, because it is adulterated by bottles, plastics,
metals, stones and coarse fibrous materials, some of which may
be large enough to interfere with cultivation; others will be
dangerous to animals. The outer layers are likely to contain 161




viable weed seeds and there is no certainty that pathogenic
organisms have been eliminated.

(It is worth noting that this is precisely the process that
cccurs when a city disposes of its wastes by uncontrolled
dumping !)

minimum From this it follows that the essential features of control
requirements are:
for control
16.2.2. — to maintain aerobic conditions; this reduces the period need-
ed for complete decomposition, and provides the high tempe-
ratures required to eliminate pathogens etc., and to discourage
rodents,
—the removal of all contrary materials.

Thus the following are the minimum requirements for
controlled composting :

(1) Form the wastes into a heap of manageable size; such
heaps are called “windrows”,.
(2) Break down and reform the windrows at intervals {usually
3 to 7 days) to introduce a new supply of oxygen.
(3) In the process of rebuilding the windrows place the former
outer layer, the temperature of which will be low, in the centre
of the new windrow, so that every particle is exposed to high
temperature at some stage in the operation.
(4) Replace lost moisture by sprinkling the wastes with water
during the turning process.
() Continue this procedure, usually for 15 to 20 days, until a
steady fall in temperature signals the end of the process.
(6) Should the moisture content accidentally rise above the
required level, increase the frequency of turning.
{(7) When the process is compiete, separate the contraries from
the compost by hand-picking, hand-screening, or mechanical
screening, according to the scale of the operation.

composting systems The minimum requirements which have been listed form
16.2.3. the basis for all composting systems, although additional
processes may be added and the order of some of the acti-
vities may be changed. Whatever the level of mechanisa-
tion and sophistication, almost ail current composting sys-
tems rely on windrowing for al! or part of the decomposi-
tion process. They fall into four main categories, set out
in order of rising cost:
— windrowing of untreated wastes, followed by separation of
contraries;
— windrowing of size-reduced wasles, preceded by separation
processes;
— windrowing of size-reduced, separated wastes, which have
been partially decomposed within an enclosed vessel;
—total, or almost total, decomposition of pre-treated wastes
withir: a digestor.
(a) Windrowing of crude wastes: This comprises only
162 the minimum requirements already described. The wastes




 are delivered in the collection vehicle direct to the windrow
area, which should be paved. The windrows are turned by
hand or machine, and watered by a hose. The decomposed
wastes are passed through a post-treatment process for re-
moval of contraries before being stacked in a storage area
to await sale. The system is practicable only when the ini-
tial particle =ize is relatively small, say 60% under 50 mm,
_ but it has the following advantages:
- —the incorporation of coarse materials in the windrows in-

creases the amount of intersticial air;

—both capital cost and energy consumption are greatly reduced

by avoiding the size reduction process,

—the removal of contraries after decomposition is cheaper be-

cause decomposition reduces the volume of material to be

handled by about one third, and the size of plant required is

proportionately smaller,

— separation of contraries when the compost has a low mois-

ture content after decomposition is much more efficient than

with raw wastes with a high moisture content,

— the contraries, and any salvage that may be recovered at this

stage are free of pathogens and present no problems in dis-

posal.

(b) Windrowing of size-reduced wastes : This is the most:

common type of plant in use today and has the following
‘main features:

(1) Reception and storage; this can take the form of a deep
bunker with a grab crane, or a hopper with slat conveyor.
(2) Elevation to attain sufficient height to enable subsequent
processes to be fed by gravity; this usually takes the form
of an inclined elevator belt, but sometimes the hopper slat con-
veyor is inclined and extended outiside the hopper.

(3) Picking belt for the removal of salvage and contraries.
(5) Overband magnet, for the extraction of ferrous metal.
(5) Size reduction, normally a hammermill.

- (8) Transport of the shredded wastes to the windrows; this
can be by overhead conveyor belts or tractors and trailers.
(7) Windrow turning system; usually front-end loaders are
-used, but other machines are available.

(8) Storage area.

The heart. of this type of plant, and the main justifica-

~tion for its added cost, is the hammermill, which reduces

. the size of the wastes to ahout 80% below 50 mm. This in-
creases the surface area exposed to bacterial attack and
may assist in speeding up the process of decomposition. It
~ also mixes the wastes, destioys most cf the fly larvae, re-
duces the attraction of the wastes to insects, and grinds
glass to the equivalent of sand.

. Shredding 1is certainly an essential treatment for the
; wasbes of temperate, industrialised countries, for such
_ wastes contain many objects which would be highly resis-
_tant to decomposition, but it may be a questionable re-
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quirement in countries where the proportion of vegetable/

putrescible matter is very high, and where lower living

standards and intensive private salvaging tend to minimise
the proportions of salvageable materials and contraries in
the wastes.

(c) Windrowing of partly fermented wastes : This type
of system has all the features of the preceding type, except
that instead of a hammermill a very large rotating drum
is employed; this has a capacity of several hundred tonnes
and the wastes are retained within it for up to 7 days
during which the following functions are performed:

' — size reduction of most of the constituents is achieved by
slow attirition as materials of differing hardness rub together
in the rotating drum,

—the wastes are mixed and achieve homogeneity,

— the initial moisture content is adjusted and subsequently
the drum is supplied with air under pressure to maintain aero-
bic conditions,

—the gaseous products of decomposition are withdrawn from
the drum and passed through a filter to minimise odours,

— provided that the retention time is adequate, the wastes en-
ter the thermophilic stage so that pathogens are eliminated
before the contents of the drum are discharged and delivered to
windrows.

Size reduction in the drum is less efficient than in a
hammermil]l ind most plants of this type now incorporate
screening and pulverisation after the wastes leave the
drum, but screening efficiency is low owing to the high
moisture content, resulting in some loss of compostible
material in the screen rejects.

It is the custom to windrow drum-treated wastes for at
least two weeks during which it is turned at intervals.

(d) Digesters: The aim of this type of system is to com-
plete the decomposition process within a totally enclosed
vessel after passing the wastes through all the separation
and size reduction treatments described in (b) above. The
vessel can take the form of a vertical silo with multiple
floors, the wastes being fed in at the top and being
kept in motion by revolving arms. Apertures in the
floors allow the wastes to descend through the silo
over a retention period of about a week, during
which period they are supplied with forced air and
the required moisture level is maintained. It is usual
to provide post-treatment in order to break up clumps
and to remove dense particles. Finally the product
is partially dried to prevent further decomposition and it
may be supplemerited by artificial fertilisers to provide a
guaranteed nutrient content before being bagged by

machine,



For most cities the capital and operating cost of plants
of this kind would be prohibitive. If operated on a comm-
ercial basis the selling price of the compost would be so
high as to exclude its use for agriculture and the market
would therefore be restricted to domestic horticulture.
There is an impressive list of failures of such enterprises.

The financial implications of composting is a determining Economics
factor in municipal decisions on disposal systems, No city of Composting
likes to provide a a service which might prove compara- 16.3.

tively expensive.

Composting, which combines the recycling of raw mate- alternative

rials with the production of organic manure, has a strong disposal methods
ecological appeal. But it is a municipal service, paid for 18.3.1.

from taxes, and a city will naturally seek to employ the

disposal method which offers the lowest cost. Every com-

posting proposal must, therefore, be able to stand compari-

son on financial grounds with alternative methods of equi-

valent hygienic standard. The following is a convenient

way of setting out a summary of the cost of composting.

(The figures used are for example only and have no speci-

fic significance.)
Expenditurefincome Rs./tonne of wastes
received
Compost plant operating costs
including amortisation 50
Disposal of contraries (20% of
input x Rs. 10.00/tonne) 2
Transport of compost (50% of input
x 20 kms x Rs. 0.7/tonne km.) 7
Tota] cost of operation 59
Income:
Sale of salvage (2% of input x
average value of Rs. 250/tonne) 5.00
Sale of compost (50 % of input x
Rs. 50/t 25.00
Total income 30
Net disposal cost of wastes Rs. 29/tonne

In this hypothetical situation, if the only alternative to
composting was incineration at a net cost of Rs. 150/tonne,
then composting would be the obvious choice,  given
adequate assurances on marketing. If, however, sites were
available at which sanitary landfill to high standards eould
be operated at Rs. 10/tonne, composting would impose an
unnecessary financial burden upon the city, however great
its attractions may be from the agricultural standpoint. 165
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size of a city
16.3.2.

wage levels
16.3.3.

In an earlier section, the importance of securing a
market for all compost was stressed. At the farm, compost
must be applied in very large quantities, thus transport
between the compost plant and the farm is an important
cost element; in most situations this cost limits the market-
ing range to about 25 kms. If the potential marketing area
for compost is a circle of 25 kms diameter and if the plant
is in a very large city, much of that circle will be occupied
by urban areas; therefore, the larger the city the smaller
the potential market for compost. The larger the city,
however, the greater the quantity of wastes. Thus compost-
ing as a policy suffers the paradox that the potential
market is in inverse ratio to potential wastes production.

The consequence is that no major city has ever been able
to base its waste disposal policy entirely on composting.
The most succo tlll Cimipuniiug fmanis Lave Decu LIUSC
which serve small towns in agricultural areas and the
widest application of composting in the past has been in
the form of simple manual methods in villages.

Wage rates have a profound effect on two aspects of

compost plants :
—the viability of salvage extraction,
—the selection of mechanical or manual handling methods.

The history of the industralised countries shows that
wage rates steadily increase, mainly because of rising pro-
ductivity and partly by inflation; the market values of
salvaged materials, however, rise at a much slower rate
and sometimes do not rise at all. For example, in Britain
before World War II many municipalities operated salvage
plants for the recovery of paper, metals, botlles, textiles.
rubber and cinder, and the income from the sale of these
materials exceeded the cost of providing conveyor belts,
electro-magnets, and baling presses, as well as the labour
cost of extracting, sorting and packing the salvage. Thus
at that time salvaging on a partly mechanised scale helped
to reduce total disposal costs. This is no longer the case,
however, because wage levels have risen much faster than
salvage values: 1976 wages are probably 15 times pre-war
levels, but the selling price of paper has increased only
5 times and the price of glass is unchanged: for most
British cities, salvage is no longer profitable,

For every community the viability of salvage extraction
at eny given time is a function of wage rates and salvage
values; these may change significantly over the life of a
plant which is normally about 20 years.

On the question of mechanical v. manual methods of
operation, the choice is limited to certain specific work




areas. Some level of capital investment is unavoidable:
land, paving, and drainage, for example. Some processes
~ are practicable only by mechanical means: pulverisation
and ballistic separation in particular. On the other hand
there are certain processes for which manual methods may
be superior or even essential, for example the sorting of
non-ferrous metals. But there are some work areas in
which the amount of mechanisation has to be decidad in
~ the light of current and forecast wage levels, plant and

energy costs, and comparative performances. Wincdrows
can be turned manually or by front-end loaders. If.it is
known that; one man can turn 5 tonnes/day and a front-
end loader of a certain size 120 tonnes/day, the co:nparative
costs of 24 men against 1 loader provide the information
on which the decision can be made. In making such com-
parisons allowance is always necessary for the cost of
standby equipment required during plant maintenance as
well as for labour oncosts arising from welfare facilities
and fringe benefits.

It is important to recognise that there may be constraints
on energy consumption of two kinds:

—rising energy costs,

— uncertainty of continuous supply.

In a high energy cost area it may be possible to modify
plant design to minimise energy consumption. Hammer-
mills of 10 tonnes/hour capacity require at least 150 hp,
and up to 350 hp for 20 tonnes/hour capacity, when used
for the treatment of raw wastes. However, if hammermills
or rasps are used only as a final treatment after decomposi-
tion, power requirement is greatly reduced as a result of
the structural changes which occur in the wastes during
- decomposition. Rasping after decomposition was a feature
of the VLA M. process which was used in Holland for many
years. If the decomposed wastes are first screened, and
only the oversize material passed through a hammermill,
the energy requirement may be reduced to 20% or less of
that needed for fresh unscreened wastes.

When a large capital investment is made in a compost-
ing plant it is vital to ensure that the public power supply
is 99% reliable. Cases have been known where seasonal
power cuts occur for long periods and this can be intoler-
able if the compost plant provides the only means of refuse
disposal for a city. In some circumstances diesel engines

. may offer a more reliable energy source.

-+ Mechanised refuse disposal methods were first developed

. in the industrialised countries and these are still the main
 suppliers of equipment, particularly items of patented

energy
16.34.

indigenous equipment
16.3.5.
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design. Composting plants erected in developing or partly
industrialised countries are usually of foreign manufacture
and this can involve risks to long-term reliable operation
through dependence upon imported spare parts, and may
add to maintendnce costs if heavy items have to be trans-
ported to great distances.

It is recommended, therefore, that a plant should be
designed in the country in which it is to be erected and
that the design should be based as far as possible on indige-
nous equipment. Where patents are involved, the possibility
should be explored of local manufacture under licance.
This applies with special force to items which are rapidly
consumed, such as hammers for hammermills, or are
subject to sudden damage and require immediate replace-
ment, such as conveyor belts.




CHAPTER 17.
ELEMENTS OF COMPOST PLANTS

Storage of wastes has to be related to pre-treatment and
collection to provide a continuous flow required for the
efficient of operation of a compost piant.

Whenever wastes are subjected to pre-treatment before
entering the decompositior process it is necessary to provide
a storage facility to convert batch deliveries of wastes into
the continuous flow required for efficient operation of the
plant. The stcrage capacity needed depends primarily upon
the relationship betwesn the hours of operation of the
collection service and ihose of the compost plant.

The simplest pattern is when both services operate dur-
ing a single daily shift and when working hours coincide;
in this case storage capacity is decided by the working
cycle of the collection vehicles. Unless staggered starting
times are used, the whole collection fleet tends to arrive
over a short period which occurs two, three or more times
a day according to the average number of loads collected
per vehicle/day. If the time interval between the arrival
of successive waves of vehicles is say two hours, this
represents the minimum storage capacity required to con-
tain the wastes delivered by one wave of vehicles; alter-
natively it represents the minimum store of wastes which
will keep the plant in continuous operation. Some allowance
is necessary, however, for other factors such as higher
delivery rates after public holidays, and temporary plant
stoppages. In practice no plant should have less than 4
hours storage capacity; for a plant of 20 tonnes/hour the
storage volume should be equivalent to 80 tonnes. For
wastes of a density of 330 kg/cu m this would be about
240 cu m.

At the other extreme is the plant which coperates conti-
nuously, three shifts per day for seven days a week, while
the collection service works only a single shift for five or
six days a week, In this situation, if allowance is made
for public holidays, storage capacity may have to be
equivalent to three or even four day’s throughput: for a

Storage
and Elevation
17.1.

storage
capacity
17.1.1,
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plant of 20 tonnes/hour capacity this could be as much as
2,000 tonnes. The attraction of such highly intensive plant
operation is the reduction of unit operating cost by spread-
ing the capital cost over the maximum throughput. For
this reason continuous operation is now normal practice for
large incinerators, especially when heat recuperation is
practiced. Compost plants, however, rarely operate over
more than two shifts for six days a week, and it is seldom
necessary to provide inore than 10 hours storage capacity.

The vehicles in which the wastes are delivered discharge
their loads from ground level by gravity, sc unless an
elevated road is provided, or a split-level site is available,
the storage method must be combined with an elevating
facility; this permits the use of gravity transfer between
subsequent elements of the treatment process. Storage-
elevation systems are of three main kinds, the choice

depending on required capacity and cost:
— a deep concrete bunker with overhead grab-crane,
— a large steel hopper containing a stcel slat conveyor feeding
an elevator belt,
—direct dumping on a concrete floor fram which the wastes
are pushed by a bulldozer into an elevator.

One factor common to all these methods is the need to
provide adequate reception space for vehicles at the dis-
charge point.

Figure 27
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This can be defined as the necessary provision for the
simultaneous discharge of a number of vehicles. First it
is necessary to ascertain the average pattern of vehicle
arrivals from time records. This will reveal the peak
delivery period. If, for example, this is 20 vehicles over a
period of 30 minutes, and if the average time required for
a vehicle to enter the reception area, manoeuvre, discharge
its load, and leave, is five minutes, then 100 veihcle-minutes
must be accommodated within that 30 minutes period,
equivalent to four vehicles discharging simultaneously.

Thus one dimension of the storage capacity is determined
by the required reception capacity and in the case quoted
above the minimum length of the bunker or the steel
hopper would need to be sufficient to allow four vehicles
to stand side-by-side with reasonable space beiween them.

The width of the apron fronting the bunker or hopper is
determined by the turning circles of the vehicles in use,
or likely to be used in future, and shculd permit them to
drive in and reverse for discharge without complex and
time-wasting manoeuvring.

It will be apparent that the time during which a vehicle
cccupies a discharging space is critical to this aspect of
plant design, and that all vehicles should be equipped with
hydraulic tipping gear; no hand-unloading of wvehicles
should be permitted normally.

Deep concrete bunkers are usually used only when the
required storage capacity exceeds four hours of operation.
The walls are vertical in order to allow the grab to work
clecse to the sides, and sometimes incorporate steel protec-
tive strips to minimise damage from a swinging grab. The

side along which the vehicles discharge has a strong kerb
or "bumper bar” to serve as a stop for the rear wheels.
The width of the bunker must be great enough to accorn-
mcdate that part of the vehicle which overhangs the bunker
curing unloading, plus the width required for operation
cf the grab. The total usable width, however, is limited by
the fact that solid wastes have no natural angle of repose
and tend to heap on the vehicle discharge side.

The capacity of the grab crane is determined by the
volume of the grab and the average time cycle. The opera-
tor of the grab can be located in a cabin cn the crane or
in a contrel :.om which gives a tctal view cf the bunker
from abcove as well as a good view of the grab discharge
point. Working conditions for the operator are hetier in
a control room. Grabs may bhe of either cla:.<thell o: tulip
pattern. A spare grab should he iocated in a position which

reception
capacity
17.1.2.

deep bunkers
17.1.3.
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hoppers

and slat

conveyors
17.1.4.

enables a quick exchange to be made when repairs are
needed.

Handling by grab is a batch process which cannot be
used for direct transfer to a conveyor belt. A grab usually
discharges into a surge hopper which can take the form of
a plate conveyor or a vibrating feeder; these can provide
a smooth feed to a conveyor belt.

The bunker and its equipment are enclosed by a build-
ing and the side at which vehicles unload is divided into
apertures of convenient size which can be closed by swing
doors when not in use. An alternative method of closure,
or partial closure, and one which is less subject to acciden-
tal damage, is a suspended rubber curtain, formed from
strips about 30 cms wide, whith is merely pushed aside as
the vehicle reverses into position.

The provision of dust extraction is possible by placing
vents in the wall of the bunker opposite the vehicle un-
loading points, withdrawing the dust-laden air by means
of a fan, and passing it through an air-cleaning plant, but
the energy requirement is very high. A solution that
satisfies most situations is the provision of atomised water
sprays in the upper part of the building; water consump-
tion is very small, but the water supply must be well
filtered.

A disadvantage of this storage method is that the grab
is unable to remove the wastes in the order in which they
arrive; it takes the newest wastes from the top of the mass
and old wastes tend to remain at the kottom where they
putrify. It is usually necessary to empty the bunker com-
pletely at least once weekly and this involves lowering
men to the bottom to clean out corners, loosen adhering
matter, sweep up and hose down. It is useful to provide
a sump in the base of the bunker into which washing
water can drain, and a portable pump for emptying the
sump.

‘When the required storage capacity is equivalent. to four
hours or less, it is usually possible to provide it in the
form of one or more rectangular steel hoppers, two metres
or more in depth, mounted over steel slat conveyors. Such
conveyors, which are usually between two and three metres
wide, are of simple and robust construction comprising a
heavy continuous chain cn each side, driven by sprockets,
Each chain link carried a steel slat interlocked with its
neighbours. The aon-driven sprockets are adjustable for
chain wear.

The range of capacity normally provided in this way is
from 50 cu metres to 200 cubic metres, The required speed




of such a conveyor is very slow: for example, a cross sec-
tional area of two square metres discharged at a conveyor
speed of 1 metre/minute equals a volume of 120 cubic
metres/hour, or 40 tonnes/hour at a density of 330 kgs/
cubic metre. It is usually necessary to provide an adjust-
able choke beam to control the rate of discharge; these
sometimes cause blockages.

Horizontal slat conveyors normally feed a rubber/canvas
elevator belt the inclination of which should not exceed
25°, and which usually runs at a speed of 20 - 30 metres/
minute. The belt should be mounted on trough-idlers with
sealed bearings. The volume to be handled per minute,
divided by the belt speed, gives the average cross sectional
area of the load to be carried, e.g. 2 cu metres divided by
a speed of 20 metres=0.10 square metres. This could be
carried on a belt one metre wide at an average depth of
100 mm.

Conveyor belts for solid wastes should be to a high speci-
fication, preferably neoprene/nylon. For troughed belts the
nylon canvas should be of stepped ply construction to aid
flexibility. Driving drums should be crowned 5 mm/metre
of width to assist the true running of the belt.

When conveyor belts leave buildings and travel in the
open air, they should be covered to prevent loss of wastes
in but the covers should be accessible from a walkway and
readily detachable.

This method of storage requires a concrete tloor of ground
adequate size. preferably within a building, on which storage
vehicles dump their loads. Adjacent to this storage area 17.1.5.
there is a small hopper from the base of which an inclined
slat conveyor operates. This type of slat conveyor is usually
less than 1 metre wide, has cleated slats to minimise slip,
and travels between high, tapered, steel sides, at some-
what higher speeds than slat conveyors used in storage
hoppers. Inclined slat conveyors have very little storage
capacity and are continuously fed by a bulldozer, usually
on a rubber-tired tractor.

Although aesthetically less attractive, this method 1is
often the least costly in capital expenditure, and provides
a very flexible storage arrangement. The operating cost of
a bulldozer, however, may c< greater than that of the
electric motors. about 10 h.p., required to run a storage
slat conveyor and rubber elevator.

Sclid wastes contain considerable amounts of material $
which could be sold after cleaning or treatment and some 1
like paper, textiles, glass and plastics can be re-cycled. 173
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picking belts
17.2.1.

magnetic
extraction
17.2.2.

The saleable materials in urban solid we ites are usually
paper, textiles, glass, non-ferrous metals, and ferrous
metal. All except the last have to be extracted by hand.
Hand-sorting also permits the extraction of some contrary
materials; it is a good thing to remove heavy pieces of
masonry or metal which could cause damage during some
later treatment process. Plastics can be hand-picked if
there is a sale for them; otherwise it is easier to remove
them by screening at a later stage.

The work of hand sorting is not a pleasant occupation
and the best possible conditions should be provided for the
workers. Usually the picking belt will be the first process
after elevation and will be placed in the upper part of the
building; it should be shut off from other prccesses by
partitions to minimise dust and noise, and it should be
well lit and ventilated. For dry wastes with a high dust-
content it will be necessary to provide dust extraction
hcods over the picking belt.

The speed of the belt should not exceed 15 metres/minute
and its width should be not more than one metre unless it
is to be worked from both sides. It should be tlat, not
troughed, and spillage should be prevented by retaining
boards of wood or metal along both sides. Its height above
ficor level should be the average elbow height of the
workers.

Chutes should be provided for the main categeries of
materials to be extracted. They should be adjacent to the
belt, and must be on the same side as the workers. These
chutes should lead to a room on the ground floor where the
salvaged materials can be prepared for sale. Chutes are
not suitable for bottles that will be sold intact, and it will
be necessary to provide boxes for these, Boxes can also be
used for materials which arise in very small quantities,
such as non-ferrous metals.

Salvage pickers should be supplied with gloves to pro-
tect their hands from cuts and infection, and with face-
masks if dust cannot be controlled by other means.

Electro-magnets are used for the extraction of ferrous
metals when the quantity present in the wastes justifies
such an installation. They req:iire direct current, usually
supplied by means of a rectifie.. There are two common
methods of magnetic extraction:

— magnetic head pulley,
—overband magnet.

The top (driving) pulley of an elevator belt can be fitted
witii interzal! magnets which cause light ferrous objects
to cling to the belt during the period when other wastes are
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falling into the short chute wh’zch links the elevator to the
next stage, usually the picking belt. As the ferrous metal
i carried away, clinging to tie underside of the belt, it
passes outside the influence of the magnetic field and falls
from the belt. A chute located at this point transfers the
metal to a baling press on the ground floor. Magr.etic head
pulleys are not recommended for the following reasons:

— extraction efficiency is low, usually under 60%,

— small objects such as nails are pulied over the edge of the
belt and cling to the drum itself, ultimately causing serious
damage to the conveyor belt.

An overband magnet is a separate unit, usually located

about 500 mm above a picking belt and at right-angles to
it. It is a very short rubber conveyor belt. Magnets are
installed between the top and the return sides of the belt
and attract light ferrous obects from the wastes passing
beneath. Most of this metal is in the form of tin cans; they
cling to the underside of the rubber belt and are carried
away, across the direction of travel of the picking belt,
until they are outside the magnetic field, when they fall
into a chute. There is a tendency for round objects to be
retained within the magnetic field by rolling backwards
while clinging to the belt; this problem is largely overcome
by fitting rubber cleats to the belt.
The effective extraction rate is about 809 at best; it
depends on the thickness of the wastes on the picking belt,
and the height of the overband magnet over the picking
belt; this is adjustable. If maximum extraction rate is
sought, there will be a sigrificant proportion of other
wastes carried over with the metal and this will have to
be removed by hand before sale. If clean metal is required
this can be achieved by reducing field strength, but the
extraction rate will fall to 60% or less. To achieve a high
extraction rate of clean metal it is usually necessary to
employ two overband magnets in series.

The chutes from the salvage extraction room will deliver
the salvaged materials to the ground floor where they will
be subjected to some further sorting and packaged for sale.
The extent of this work will deperd upon local conditions,
particularly whether the materials are sold to a scrap
merchant who will perform the final sorting, or direct to
a factory for which they are the raw material. The follow-
ing are ine kinds of treatment that may be necessary :

(a) Paper : Paper which is to go to a paper mill for re-
pulping usually has to be sorted into several grades, e.g:
newspaper, fibreboard cartons, books and magazines, and
zmacU papei, each grade being used for a different product.

salvage
treatment
17.2.3.
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Paper can be sold packed in sacks, but where large quan-
tities are produced baling will be necessary. Baling
machines range from simple hand-operated ratchet balers,
which produce bales weighing about 100 kgs to large con-

finnnne raminrnanting mnascnc cemd o

WiiuuusS 1eCiprocduliig presses suitable to ﬂlgu rates of Ieed
and which produce bales of 500 kgs or more.

(b) Ferrous metals: There are many grades of ferrous
metal, the main categories being thin sheet steel, heavy
machinery scrap and cast iron. The main ferrous consti-
tuent of solid wastes is tin cans and other hollow articles;
these need to be baled if they are to be transported to a
steel works. The chute from an overband magnet can be
arranged to provide direct feed to a hydraulic two-way
metal press. The press operator should have access for the

nundan mames mmam e o o

extraction of any conirary matter which contaminates the
metal.

Complete recovery of the constituents of tin cans is
practicable : the solder can be recovered by heat treatment
and the tin by electrolytic baths, leaving the pure steel for
re-melting. Factories which operate this kind of process
usually prefer to receive the tin cans loose, not. baled.

(c) Non-ferrous metals : The sorting and cleaning of non-
ferrous metals is a skilled manual operation. The common
metals are rolled aluminium, cast aluminium, copper, brass,
zine, and lead, but in many cases they are in the form of
household articles which contain more than one metal and
often some non-metallic constituents. For example a kettle
may be made from rolled aluminium and have a cast
aluminium handle, which must be separated, and the kettle
may contain mineral adhesions which need to be removed
by beating it. A brass lampholder contains porcelain insu-
lators which have to be removed; copper cable must be
separated from rubber or plastic insulation, usually by
burning off.

Cleaned non-ferrous metals are extremely valuable and
good security is essential while they are being stored await-
ing sale.

(d) Textiles: There are numerous potential uses for
salvaged textiles. Woollen garments can be recycled into
a lower grale of usage; they make excellent, blankets. At
the other end of the scale, carpet and gunny have been
used to make bituminous roofing felt. Other uses include
paper making and machinery wipers. It is usually possible
to sell textiles mixed to a rag; merchant who will carry cut
the sorting. They should be disposed of quickly; if left in
heaps, or in bags or bales, they tend to heat up and de-
compose and their value is lost or reduced.

Salvaged textiles now contain a high proportion of man-




made textiles and this has reduced their value in compari-
son with the time when they comprised mainly wool and
cotton.

(e) Bottles: For bottles of a standard type there is often
~ a wide market for re-use. For proprietary bottles, the only

 potential purchaser is the original producer, but he may

be prepared to buy them back if they have been carefully
sorted and washed. Bottles extracted from solid wastes are
usually sold to bottle merchants who perform this function.

(f) Broken glass : Unsaleable bottles can be added to the
broken glass which must be carefully sorted into grades:
clear, amber and green, and must be free of contraries such
as metal tops. A proportion of broken glass is used in the
manufacture of all new bottles; some broken glass is used
by the abrasives industry in the manufacture of glass-
paper.

(g) Plastics: In some areas there is a market for salvaged
. plastics, usually plastics film is the easiest to dispose of.
Processes are now being developed for the manufacture of
various products, such as building boards, in which re-
cycled mixed plasties are used as a bonding material. Thus
the market for plastics of most kinds may expand in future.

Where salvage has been carried out under controlled
conditions in plants designed for the purpose there has
been no evidence of adverse effects on the health of the
sorters. There could, however, be risks to public health
if the subsequent use of the salvaged materials is not

.. carefully controlled. The main areas of risk concern paper,

‘textiles, bottles and plastics film.
— Paper must always be sold for re-pulping, in which it
undergoes heat treatment. It must never be sold for direct re-
use, as sometimes happens in the case of cartons and
newspaper which can be used for wrapping food.
— Salvaged textiles must never be used as fillings for mat-
tresses and furnitiure.
—During the salvage process any bottles that appear to have
been used for a secondary purpose, such as containers for
kerosene, should be broken. At the bottle factory the cleans-
ing process must provide effective sterilisation.
—Plastics film should be sold only for melting and re-
cycling never for re-use as wrappers.

This is a complex area of control which requires legis-
lation on manufacturing standards for certain products
~_and enforcement by health inspectors, together with vigi-
‘lance and control by the solid waste management authority
~in the disposal of such materials. The best policy would be
to sell paper only to re-pulping mills, plastics only to
plastics manufacturers or extruders, and bottles and tex-

health aspects
of salvaging
17.2.4.
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Size Reduction
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hammermills
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tiles to reputable merchants whose methods are open to
inspection.

Size reduction is an advantage when a high proportion
of the compostable wastes exceeds about 50 mm in size.
It is particularly necessary when the paper content, after
salvage, still includes cartons and thick publications, and
when much of the vegetable content is in the form of
large fibrous leaves and rinds. All size reduction proces-
ses confer a secondary benefit by mixing the wastes into
a more homogeneous material. Five methods of size reduc-
tion will be considered:

— hammaermiils,

— rasps,

— short-term drums,
— long-term drums,
— shears and cutters.

A hammermill is a strong steel casing in which is
mounted a rotating shaft, with a speed of several hundred
revolutions/minute, which carries one or more rows of
swing hammers. Wastes are fed into the top opening of
the machine and are reduced in size by being struck
repeatedly by the hammers. Some mills have a grid at
the base for the retention of resistant matter until it has
been sufficiently reduced in size.

There are two main types of hammermill, vertical shaft
and horizontal shaft, and both are widely used. Vertical
shaft machines tend to be lower in cost because they are
of simpler design; they are effective because the wastes
pass through successive rows of hammers with reducing
clearances, thus avoiding the need for a grid. The hori-
zontal shaft machines tend to employ heavier hammers
and because of their large rectangular feed openings are
favoured for "consumer society” wastes containing large
items such as furniture.

The capacity range for hammermills used for solid
wastes is from about 10 to 40 tonnes/hour and motor sizes
range from 120 to over 400 hp. All hammermills are pro-
vided with an arrangement which permits them to reject
an intractable object. This may take the form of a spring-
loaded section of the casing which would yield and trap a
heavy object. A more common arrangement is to provide
an opening through which dense or resilient objects are
projected by centrifugal force. The path of projection is
vertical for a horizontal machine and horizontal for a
vertical shaft mill.

The majin. cause of blockage in a hammermill is tex-
tiles, usually a bundle of sacks or a piece of carpet, but



this problem is unlikely to arise if the mill is preceded by
a picking belt. Explosions have occurred in hammermills
and one known cause is butane containers; this, too, isan
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unlikely contingency and can be guarded against in
ways:
— vigilance by the pickers, and
— a casing design that permits the controlled absorption of
explosive energy, for example by arranging for a heavy upper
segment of the casing to be only lightly attached, but iitted
with chain restraints.

It is not possible to avoid a hammermill becoming over-
loaded i{rom time to time and it is usual to fit an electrical
overload device which will halt in proper sequence the
train of handling elements which supply it.

For the reduction of urban wastes a hammermill has
Iimited efficiency; a common level of performance would
be 85% below about 50 mm, and efficiency declines
as the hammers become worn. For complete size reduction
it would be necessary to provide two-stage milling and
screening, but it is rare to find this type of installation te-
day. Thus it is usually necessary to accept that shredded
wastes will contain oversize matter; this is often in the
form of plastics, rubber and textiles and implies a need
for screening at some later stage of treatment.

The main operating costs of a hammermill are energy
and hammer wear. (Paper is thought to be the main cause
of hammer wear.) Hammers are of two main kinds: shap-
ed steel castings the working faces of which are rebuilt
daily or less frequently, by welding; and rectangular ham-
mers cut from standard sizes of steel bar. The second type
costs less and is expendable after having been reversed
end-to-end and top-to-bottom, so utilising four cutting
edges. The life of this kind of hammer can be extended if
it is originally tipped with hard weld-metal. A local source
of replacement hammers is important if expenditure is to
be kept to the minimum.

Size reduction in a hammermill is achieved by heavy
blows from a high-speed hammer; a rasp opserates on a
similar principle to a perforaied vegetable grater used in
the kitchen. The wastes are shredded by being pushed
under pressure across hard protrusions between which
are perforations which allow size-reduced particles to pass.

The Dorr-Oliver rasp comgrises a cylinder more than
five metres in diameter which is divided into an upper and
lower chamber. Wastes are delivered by conveyor to the
upper section which is the rasping chamber and the floor
6i which is formed by segmented perforated plates bet-

rasps
17.3.2.
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ween which are fitted unperforated sections on which cast
manganese pins are mounted for abrasive purposes. A
central shaft carries 8 rotating rasping arms which force
the wastes across the manganese pins. The arms are pivo-
ted to permit them to ride over an intractable object.

Wastes which have been sufficiently reduced to size
fall through the perforations (which can be from 25 mm
upward in diameter according to requirements) to the low-
er collecting chamber. Here the central shaft carries four
sweeping arms which push the wastes to a discharge open-
ing below which is a conveyor.

Wastes which resist size reduction accumulate in the
rasping chamber from which they are removed from time
to time through an opening and chute.

A machine of this type has a capacity of 10-12 tonnes/
hour of raw refuse and the installed power is 2x40 h.p.
motors. When used for the treatment of wastes that have
already been decomposed in windrows, capacity may be
much greater than this because a high proportion of the
crude compost will be small enough to pass straight
through the machine while the strength of the oversize
fibrous matter will have been reduced by partial decom-
position.

The rasp was used for the V.A.M. process in Holland
and has the following advantages:

— positive size reduction, thus screening is not necessary
excent for grading purposes,

—energy consumption and maintenance frequency are less
than for a hammermill.

An alternative to the hammermill or rasp is to tumble
the wastes in a revolving drum for between one and two
hours. For this to be effective in achieving size reduction
the initial moisture content must exceed about 50% in
order to reduce the strength of the paper in the wastes;
if necessary, water is added to the wastes as they enter
the drum. Excessive moisture content, however, may
result in the formation of large balls of wastes. One type
of drum consists of two concentric cylinders. The inner
one, into which the wastes are fed, is perforated, so that
as the wastes are reduced in size they pass into the space
between the two cvlinders. The inner cvlinder is fitted with
baffies to assist agitation of the contents.

The wastes are discharged in two streams: size-reduced
screenings and oversize rejects However, size reduction is
less effective than a hammermill, thus the proportion of
rejects may be quite high and may contain a proportinn of
desirable compostable material. The appearance of the



- screened material is good; despite the short retention time
" it loses most of the visible characteristics of fresh wastes.
- Although such drums have a much lower energy require-
ment than a hammermill, they have not achieved popula-
rity, probably because their low throughput, usually about
5 tonnes/hour, limits their application to small-scale
 projects.

. Judged by the number of plants built and operated suc-
cessfully, this has been one of the most notable compost-
ing systems of the post-war period. After a salvaging stage
‘the wastes enter a long steel cylinder, resembling a
‘cement kiln, which has a capacity of up to 300 tonnes and
is rotated at speeds from two to seven revolutions/minute.
At the point of entry the wastes are brought up to the
~ required moisture level, if necessary, by the addition of

water or sewage sludge. Air is suppiied to the interior and
" the CO: and other gaseous products are vented. At some
cf the earlier plants these gases were found to cause oi-
fensive odours in the vicinity and it is now customary to
exhaust them through trunking to an underground riter
of sand, gravel, and sometimes charcoal.
~ The drum is slightly inclined to the horizontal and the
wastes slowly pass along its length. Initially the retention
period was about 5 days and most drums had a daily capa-
~city of about 50 tonnes. Tests under these conditions al-
ways confirmed the destruction of pathogens.

The drum is a costly feature, however, and at many
- plants the conterts are retained for only three days in
der to achieve a greater throughput for a given level of
_capital expenditure. At one recently erected rlant the
‘retention period is only two days and a further reduction
_ of this period is being contemplated in the hope of attain-
‘ing a throughput approaching 200 tonnes/day. Under such
*condltions it is important to recognise that :
‘—there is no certainty of the destructicn of pathogens, in-
sects and weed seeds during this phase,

— physical reduction is less and the proportion oi oversize con-
trary matter is greater,
— decomposition has only just begun when the wastes are
discharged, thus the retention pericd in windrows and the
number of turns for aeration will be similar to the require-
ment for shredded or crude wastes.
-The interior of the drum is fitted with wear pTateq
' Maintenance is not a frequent need as with a hammermill,
and occurs only at long intervals during which the plant
must be shut down while re-lining is carried out.
- Whatever the retention period in the drum, the material
rerging contains contrary materials such as broken glass,

long-term
drums
17.34.
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plastics, textiles and stones. Thus further ‘reatment is
required before or after windrowing. This normally in-
cludes screening and ballistic separation, and treatment by
hammermill is sometimes provided.

The methods of size reduction which have been consi-
dered so far are normally applied to 100% of wastes
input, less salvage extracted, the justification for this
being the physical character of the wastes, in terms
of constituents and size, as established by analysis. There
are some situations, however, in which size reduction is
necessary only for certain specific wastes which form a
small percentage of the total. For example:

—if it is desired to add straw, or similar material in order to
increase the C:N ratig,

—if it is desired to return to the windrows the undecomposed
fibrous vegetable matter which is usually screened out of
wastes which have been composted in their crude state.

It may be necessary to chop such wastes to facilitate
mixing and decomposition, and a simple machine may be
adequate for such a purpose. The chaff-cutter, with
rotary blades turned by hand or a small motor is an effec-
tive tool of low cost. A rapid reciprocating shear operat-
ing 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.

The windrowing stage is the most important part of
every composting system except for those rare plants in
which a digestor is employed. The area occupied by the
windrows should be paved, drained, and provided with a
water supply. The capital cost of this is proportionate to
its area, which should, therefore, be kept to a minimum by
careful design of layout and operation. The other main
cost element is that of turning the windrows to aerate
them, and the choice of method to perform this work
requires equal care.

For all systems except that of static aeration, described
later, it has been found that the optimum height for a
windrow is between 1.6 and 2.0 metres. The reasons for
this are:

— at lower heights the temperatures achieved are less,
—at greater heights anaerobic pockets are more likely and
manual trimming is difficult.

Width is less critical: 1.5 to 2.0 metres has worked well
in small operations; 3.0 to 4.0 metres is normal and it is
possible that greater width would be acceptable if condi-
tions so required. The length of a windrow has no effect on




its biological operation, but the most convenient length is
usually that which contains one day’s production, in order
to simplify the turning rota.

The main aspects of plant design for the windrowing

phase are:
—transfer of wastes to windrows,
— aeration of windrows,
—layout of windrows.

The use of a conveyor system to carry the wastes from
the treatment plant and distribute them in windrows is
low in operating cost and fairly reliable. It is necessary for
the conveyor to be able to discharge continuously at any
point along its length. This is achieved by passing the
conveyor belt through a movable tripper carriage. The
tripper is fitted with a short transverse belt on to which
the main conveyor discharges. The transverse belt dis-
charges at the side of the main belt, and, if necessary, is
reversible, so that continuous windrows can be formed on
both sides.

Tripping conveyors employed are of two types: fixed
and radial. A fixed conveyor is not very practicai; it
can form only two windrows, one on each side. As the
space between the windrows is occupied by the support-
ing structure of the conveyor system, the windrows ars
accessible only from the outside and turning is extremely
difficult. This method is used normally only with static
aeration systems which avoid turning.

The supporting structure of a radial conveyor is mount-
ed on rails. The tripper is fixed at a given point while the
conveyor system travels slowly round its axis and in this
way windrows are formed in concentric arcs. Each arc can
be a continuous windrow provided that markers are in-
-serted to indicate the date of deposit. Such windrows tend
- to be triangular in section, and thus occupy more ground
for a given volume than those formed by some other
methods. It may be that this is why designers of such
systems usually make the error of creating windrows of
excessive height; this reduces the capital cost of the sys-
tem but can lead to anaerobic problems.

In both fixed and radial systems the height of the win-
drow' can. be controlled by a probe suspended near the
discharge point. When the wastes reach a sufficient height
to move the probe, either the tripper carriage or the radial
carriage is moved forward by electrical contact.

In both systems the retention tiine of the windrows is
~ fixed and at the end of that time the compost is removed
to a storage area, or a post-treatment plant, so that new
wastes can enter the cycle,

transfer
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The most common method of transfer is by tractor and
trailer. It is the more flexible system, and very reliable,
for while the f:ilure of a conveyor system would stop the
plant completely, a plant is unlikely to employ only one
tractor. It is more costly in operation, however, bzcause
there are three handling elements involved :

--loading a trailer,

— transport and unloading trailer,
— stacking unloaded wasties in windrow.

The first of these can be avoided if the treated wastes are
discharged by gravity directly into a trailer. However, if
discharge is at ground level, as has frequent!, been ob-
served, a front-end loader is required to fill the trailer.

Stacking wastes in the windrow incurs the cost of a front-
end loader or manual labour, but the shape of the windrow
can be made to economise ground space by forming it with
a gently rounded top instead c¢f the conical shape which
results from conveyor discharge.

Where the character of wastes makes it possible to win-
drow them without prior treatment a significant cost ad-
vantage is achieved because delivery to the windrow is made
in the collection vehicle. But these vehicles arrive in waves
and it is necessary to make provision for peak periods.
Layout should permit, therefore, of delivery io both ends
of a windrow which is under formation, and in this way it
may be possible to discharge four vehicles simultaneously.
These peak periods will tend to interfere with the work
of the front-end loader which is engaged on windrow
building.

There is a positive relationship between the frequency
of turning and the speed of decomposition. Under the most
perfect conditions, in a digestor, the period may be as short
as 7 days, but it is unlikely to exceed 20 days in a windrow
which is turned about 4 times and is unlikely to be less
than 14 days in a windrow turned daily. Turning is a costly
process and should not be employed unnecessarily. For
wastes of optimum C: N ratio/in warm or temperate climat-
es, it has been found that three turns over a 20 day period
{the fourth turn being removal to a post-treatment plant,
cr to a storage area) are sufficient.

The method of turning however, is of very great impor-
tance for the elimination of pathogens, insect larvae and
weed seeds. This requires that the original outer layer
should always form the centre of the new windrow after
turning.

The area inhabited by fly larvae is shown in Figure 28.




The required turning procedure to transfer the infested
portion of the wastes is shown in Figure 26.

Turning and re-forming a windrow requires adjacent
space:

— for a front-end loader, or men, t¢ work,
— for formation of the new windrow.

This space can be provided in two ways:

—as an extension of windrow length, to provide for longi-
tudinal turning, or

— vacant space at the side of the windrow, for transverse
turning.

Longitudinal turning requires less ground space and for
manual operation the transfer distance is minimised. It is
not practicable for a front-end loader, however, and if
mecthaiised turning is required it is necessary to employ
a shovel in which the bucket is loaded at the front after
which tho loaded bucket passes over the machine from
front to back and discharges at the rear. Accurate placing
of the material, as is required for insect control, is difficult
with such a machine. There is also the problem that during
most of the turning procedure the machine is locked het-
ween the old and the new parts of the windrow, and in the
event of breakdown it would be difficult to move it.

Figure 28

WINDROW AREA INHABITED BY FLY LARVAZ

Daik area is that inhabited by fly larvae on the fifth day
(adapted from WHO Monograph No. 31, *“Compaosting’’. Gotaas)

Transverse turning manually is possible if the space bet-
ween the old and the new windrow site is kept to a mini-
mum, say one metre, but transfer of the far side of the
old windrow to the centre of the new one may require
double handling owing to the distance. Procedure with a
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front-end loader is straightforward, but requires that the
whole windrow is turned end-to-end (see Figure 3C). Thus
it is desirable to keep the length of a windrow to the mini-
mum and this is one case when the width of the windrows
should be allowed to exceed the customary four metres,

Tools used for manual turning include a drag (a kind
of fork with four tines at right-angles to a long, two metre
handle); a pitchfork; shovel and brocm for tidying up.

The best shape for a windrow is probably an approxi-
mate semi-circular cioss-section. This makes the best use
of ground space, is easy to form, and sheds the rain.

windrow The number of windrow spaces required will be based
layout upon the retention period; if each windrow is to contain

174.5. one day’s wastes and the retention period is 15 days, at
least 15 spaces, usually more, will be needed.

Figure 29

WINDROW TURNING PROCEDURE

Section througn old windrow Section through new windrow
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The size of a windrow space is determined by daily vo-
lume and the cross-sectional area of the windrow. For ex-

ample :
For an input of 100 tonnes/day at a density of 400 kg/cu metre,
the total daily volume would be 250 cu metres

For a windrow width of 4 metres and an ave-
rage cross section of 6 square metres, the length
of a windrow would be 42 metres
+ safety margin of 20% = 50 metres

The total space required will comprise:
-—basic windrow spaces,
— spaces between windrows,
—road access along all sides of windrow site,
— additional windrow length if turning is longitudinal,
— additional windrow spaces if turning is transverse.

For the above example the required windrow area would
be as follows:

(a) Longitudinal turning:

Basic windrow length 50 metres
Allow for turning 5
10 metre road at each end 20

= 75
Windrow width 4 metres
Space between 1

= 5
X 15 windrows 75
-+ 5 metre road at each end 16

= 85

Site required: 8 m x 75 m = 6,375 square metres
- ‘equivalent to 84 square metres/tonne/day
(b) Transverse turning:

Basic windrow length 50 metres
10 metre road at each end 20
; = 70
Windrow width 4
Space between . 1
= §
x 19 (15 windrows -} 4 spare for
turning in rotation) a5
+ S metre road at each end 10
‘ = 105

Site required: 70 m X 105 m = 7,350 square metres
_equivalent to 74 square metres/tonne/day.
To these areas it would be necessary to add space for the
~other treatment phases: reception, plant. storage; as well
as for administration and maintenance facilities.
Rectangular sites usually occupy the minimum space, 187
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but two circular layouts are also possible. One is the sys-
tem of concentric windrows formed by a radical conveyor,
which has already been described.

The seccnd is the use of radial windrov's round a central
treatment plant. The most likely application of this arrange-
ment would be when crude, not treated, wastes are wind-
rowed, after which they must pass through a plant for the
removal of contraries. The radial arrangement permits the
use of portable conveyors which can be rlaced by the side
of a windrow, and loaded manually, for transfer of the com-
post to the plant. The portable conveyors would feed a por-
table elevator pivoted at the point where it discharges into
the plant. The whole conveyor and elevator systeny would
be moved each day from one windrow to the next. In areas
of low labour cost this method of transfer is likely to be
cheaper to operate than the usual system of trailers lo-cled
by front-end-loader and towed by tractors.

During the turning of windrows by hand or machine,
the addition of water is usually necessary. For this purpose
ar: underground water mair should be laid through the
windrow area and hose connection points provided at con-
venient intervals. These points should be below ground
level and covered by metal flaps when not in use, to avoid
damage by vehicles or plant.

The whole of the windrow area should be drained so that
surplus water, or leachate from windrows after heavy rain,
can be collected. This liquid which may be rich in nutrients,
should not be discharged to the main drainage system. but
collected in tanks so that it can be pumped back to the
windrows as an alternative to the use of fresh water.

Because of the high cost of turning, whether manual or
mechanised, systems have been devisea which seek to eli-
minate the need for turning by forcing air through a win-
drow. A typical arrangement is to provide large air jets at
ground level, at intervals of a few metres, along the length
of each windrow space. The jets are supplied with air
under pressure, by a system of underground pipes. Shred-
ded wastes are deposited on these windrow spaces, by either
a fixed or radial conveyor system, to a height of about
four metres, about double the normal windrow height. Ad-
vocates of the system claim that the increased height is
made possible because of the large volume of air which
passes through the windrow from the jets at the base. The
retention period is usually 18-21 days,

Some problems have been encountered with this system.



The most obvious ones are:

— tracking of the air supply through the less dense areas of the

wastes,

— anaerobic pockets,

—rapid loss of moisture and the drying-out of some areas,

—no decomposition of wastes at the outer surface.
Attempts to replace lost moisture by overhead sprinkling
have not generally been successful as most of the water
runs down the sides of the triangular windrow and fails
to penetrate the mass.

Some plants have been built in which the air is drawn
through the windrow from ou’side and exhausted through
the jets in the base, through a ground filter, by means of
an exhaust pump. Theoretically this should assist in
moisture control, if atomised sprinklers are in use, by
drawing moisture-laden air through the windrow. In
practice, however, a black liquid of high BOD collected in
the suction system, causes corrosion and damage to most
of the components,

Figure 30
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compost
turning machines
17.4.8.

Screening
17.5.

The front-end loader, which is normally employed for
the mechanised turning of windrows, is not ideal for this
purpose. Much of its operating time is spent in manoeuvring
in a limited space: positioning for attack at the correct point
in the old windrow, reversing away, then travelling for-
ward {o the correct place to empty the bucket in forming
the new windrow. Some final manual trimming is usually
necessary. The ideal would be a machine which could
travel continuously through a windrow, reforming it in a
manner which would displace the original contents so as to
achieve insect control, and perhaps add water at the same
time.

A machine of this kind is being developed in India. It
comprises a bridge at a height of 2.5 metres, supported by
vertical colurnns, carried on four pneumatic tyres, at each
end. Suspended from the bridge are four augers, contra-
rotating in pairs, which penetrate the windrows to within
50 mm of ground level. The machine spans a windrow and
travels very slowly throughout its length; the rotating aug-
ers transfer matter from the base to the outside of the
windrow at all levels, and with overhead sprinklers for
adding moisture. It is driven by electric motors through a
variable speed gearbox, and is connected to the supply by
means of a wander-lead. This machine is mobile, requires
no fixed overhead structure or rails, and can be steered by
the operator. It is possible that the operating cost for wind-
row turning could be less than that for front-end loaders.
The latter would still be required, in reduced numkters for
windrow formation and removal. As this type of machine
turns the wastes in situ, the need for spare windrow spaces
for sideways turning would be avoided.

There are only two processes which are absolutely essen-
tial for the successful composting of wastes of every kind;
decomposition is the first and screening the second. To be
readily saleable the compost must have a maximum par-
ticle size; it cannot command a good price if it contains
sheet plastics, old boots and coconut shells. For general
agricultural use the screened size is likely to be in the range
25mm to 40mm. Fragments of inert matter such as stones.
plastics and man-made textiles which are below this size
are unlikely to interfere with cultivation, or to mar the
other qualities of the compost. Screening provides a total
solution to the removal of contrary materials, within com~
mercially practicable limits, except for fragments of glass;
this problem will be considered later.

The size reduction processes described earlier, such as
hammermills and long-term drums, do not avoid the need



for screening because both these methods pass & propor-
tion of oversize materals, but rasps and short-term drums,
which incorporate perforated plates, eliminate the need for
screening other than for grading purposes.

Screening can be applied at one or more stages of treat-
ment:
— before size reduction,
-— after size reduction and before windrowing,
— after windrowing.

The usual purpose of screening before siz¢ reduction is
to previde some measure of protection against oversize ma-
terial to a hammermill. The type of screen used for this
purpose could be vibrating bars spaced at about 100 mms.
It is now customary to install hammermills of sufficient,
volume and power to avoid the need for this kind of pro-
tection.

At most compost plants screening is performed after the
size reduction process and immediately before windrowing.
The cost| of installation is reduced when processes can be
linked togeiher, each feeding by gravity the one that succ-
eeds it. However, the effectiveness of screening is inversely
proportional to the moisture content and at this stage the
wastes are likely to be high in moisture; either because
they are fresh or are emerging from a drum. Thus screen-
ing at this stage usually results in a higher proportion of
rejects which include some oversize compostable material
‘and compostable matter which is carried over as they
are attached to contraries. Screened rejects produced at
this stage present disposal problems as they contain insect
eggs and larvae (unless they have been retained in a drum
for an adequate pericd).

Athough it requires the provision of a separate feeding
and handling process, the screening of compost after win-
drowing has several advantages:

— efficient screening because of low moisture content,
— minimum proportion of rejects (or maximum compost prod-
uction)

—the rejects are free of pathogens and insects, and can be
disposed of withoui problems.

Rotary screens are the most efficient in extraction, and
reliable in operation, for solid wastes. Their efficiency stems
from a relatively long retention period during which the
wastes are tumbled and separated from each other. There
are two methods of transporting the material through a
screen: by inclining the screen from the horizontal or by
fitting it with an internal spiral.

when to screen
17.5.1.

rotary screens
17.5.2.
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vibrating
screens
17.5.3.

Ballistic
Separation
17.6.

The wastes occupy a cross-sectional area enclosed by a
chord and part of the circumference; the capacity of the
screen is a function of this area and the speed at which
the wastes pass through the screen. A rotary screen is
usually carried on rubber idlers and driven through a gear
ring at one end. Small rotary screens may be mounted
on a central shaft driven by a belt and pulley, but internal
supports must be kept to a minimum as they soon collect
rags and wire.

When installed in a building, the whole screen assemhly
should be contained within a steel casing to prevent dust
dissemination.

Screen plates are detachable and renewahble A screen
may be fitted with more than one size of mesh if it is
required to produce two or more sizes of product, provided
that separate chutes are fitted below each stage.

A vibrating screen is in the form of a slightly inclined,
perforated, table across which the wastes are propelled by
rapid vibration. Grading of the product can be achieved
by placing tables in series. Because of lower capital cost
and smaller space required, compared with rotary screens,
it is now customary to use vibrating screens in compost
plants. They have the following disadvantages, however,
for the treatment of both wastes and compost:

— blockage of apertures occurs much more rapidly than with
a rotary screen,
— there is insufficient agitation to break up clumps of materials,
— constant attendance is needed by one or more men to clear
blocked perforations and assist the passage of the materials
across the screen.
By contrast the rotary screen needs no manual assistance,
thus the higher capital cost may be more than offset by

much lower operating cost.

Screening does not achieve the total removal of glass
fragments; there are two ways of solving this problem:
— final grinding in a hammermill which reduces glass to the

equivalent of sand, . )
— ballistic separation, which also removes other dense particles

such as small stones.
The principle of ballistic separation of dense particles is
the projection of the compost at high speed; the trajectories
of the particles will vary according to their densities, the
path of the high density particles being much longer tha\.n
that of those with low density, and this provides a basis

for separating them mechanically. .
There are at least two methods of applying the



principle of ballistic separation :
—to arrange for the compost to fall on to & rotating drum
to which fins are attached; as the fins strike the particles differ-
ing velocities are imparted to them,
-—t0 discharge the compost over the end of a very high speed
conveyor belt.

The need to provide either of these facilities is dependent
upon :

—the irnitial propertion of glass in the wastes,

— the efficiency of preceding extraction processes,

— the extent to which the glass may have been already ground

by a preceding hammermill treatment,

—the relative importance to the farmer of the presence of

glass fragments in the compost.
Ballistic separation is not of very high efficiercy and, as
with magnetic extraction of ferrous metals, it is necessary
to compromise between maximum extraction with some
loss of compost, and maximum compost production with
some adulteration.

The demand for compost is almost certain to be seasonal,
and the storage area required is likely to be in the range
- of three months to six months’ production. (This fact makes
nonsense of the argument often put forward by manufac-
turers of expensive and sophisticated plant that their
system reduces the area of land required by shortening
~ the decomposition process by several days.) The storage
area also serves a secondary purpose as a maturing stage.
 After transfer from the windrows or post-treatment plant,
the compost is likely to have a final and limited rise in
temperature before the slow decline tc ambient commences.
The process of transfer and stacking will entrain sufficient
air for this phase.

It would not be economical to store such large quantities
under cover, and in any case there is little risk of the loss
. of nutrients by leaching. During periods when heavy rain
occurs the compost should be stored in triangular windrows
so that the rain is shed; compost has some self-thatching
characteristics which help it to resist water penetration.
In dry areas there is no special requirement for stacking,
‘and continuous flat heaps provide the best use of ground

space.

Except in the case of very small plants the provision of
a weighbridge is recommended for the following reasons :
— the input of wastes can be measured,

~—the weight of all plant products: salvage, rejects and com-
post, will be known,

— plant efficiency can, therefore, be monitored with accuracy,

Storage Area
17.7.

Weighbridge
17.8.
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—it is seldom practicable to sell salvaged materials other than
by weight,

—it is desirable to sell cempost by weight owing to the diffi-
culty in calculating volume in vehicles of varying types.

The size of a weighbridge, in terms of platform length
and weight capacity should allow for possible future
increases in the sizes of vehicles in use.

When a weighbridge is to be used for sales, there is a
risk of fraud by employees; various recording devices are
available which help to reduce such risks.

For large plants, say 300 tonnes;day upward, the weigh-
bridge office should be located on an island site with a
platform on each side, to enable ingoing and outgoing
vehicles to be weighed without causing traffic problems.



19. Pilot projcct

jor manual composting
at Bangalore.

Input is about

three tonnes/day

and Lhe process.ng
time up to 20 days.

20. Each windrow holds
about three tcnnes

and is turned by hand
at least twice.
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CHAPTER 18.
OUTLINE DESIGNS OF TYPICAL SYSTEMS

Manua] Windrow Manual windrow composting with post-fermentation

Compost Plant treatment has three possible applications:
18.1

— as the wastes disposal method for a town of about 10,000
population, having a production of 300 gms/person/day at a
density of about 330 kg/cu m,

—as a pilot project for a larger city which is planning the
construction of a compost plant,

-——as a source of covering material for a landfiil site serving
a population of 20,000 or more.

capacity The capacity is based on three tonnes wastes/day incom-
18.1.1. ing and a daily compost production rate of 1} tonnes.

method  Refuse would be delivered direct to one of 20 windrow
18.1.2. spaces on unpaved but level and well-drained land. Each
day’s wastes would be formed into a windrow about 3 m
long x 2 m wide x 1.5 m high; the total volume in a
windrow would be about 9 cu m.
¥lach windrow would be turned on the 6th and the 11th
days, the outside to the centre, to destroy insect larvae
and to provide aeration. On the 16th day the windrow
would be broken down and passed through a manually
operated rotary screen of about 25 mm square mesh to
remove oversize contrary materials. The screened compost
would be stored for about 30 days in a maturing heap about
2 m wide x 1.5 m high, and up to 20 m long. to ensure that
it was stabilised before sale.
area required For such a plant which produces compost at the rate of
218.1.3. 1.5 tonnes a day the area required would be:
20 windrow spaces, 3mx 2 m, -+ 0.5 m

space between 150 sq m
Central roadway for delivery of wastes,
20mx4m 100 sq m
Maturing (storage area), 25 m x 2 m 50 sq m
Entrance area 15 m x 4 m 60 sq m
total 360 sq m
196 say, 400 sq m



The staff required for manual windrows compost plant staff required

of the type described here wouid be:
Daily tasks: 1 windrow to be stacked from
new wastes 9cum
2 windrows to be turned (volume
declines during decomposition) 15
1 windrow to be broken down
and screened 6
total 30 cu m

i man can turn 5 tonnes (up to 15 cu mj a day, therefore
2 men would be required; plus 1-13 men for screening etc.

The rotary screen could be a simple, inclined, perforated
drum, hand operated through a geared drive. The height
at which it is mounted should be low enough to permit
direct loading by hand (from a small platform if necessary).
Discharge of the screened material could be to ground level,
but it is preferable to provide a low hand-cart to receive
the screened comnpost.

Costing of the plant could be calculated under the three
heads—capital' costs, operating costs and production costs:
Rs.
(a) Capital costs:

Hand operated screen 3,000

Fencing and gates, say 80 m., 5 strands

barbed wire, Rs. 400, + Rs. 400 posts
and erection ’ 300
say 4,000

(b) Annual operating cost:

Amortisation, say 20% of capital 800
3} men @ Rs. 5/day = Rs. 18/day 5,400
Tools and equipment 200
Boots and gloves 350
Disinfectant ete. 50
== 6,800
(c) Compost production cost: Rs.
if 300 tonnes produced/year, cost/tonne = 23
add for supervision and administration 10

Total production cost Rs 33/tonne

The probable selling price is Rs. 50/tonne, thus at this scale
of operation and assuming no cost for rental of land, income
may exceed expenditure and refuse disposal cost would be

18.1.4.

rotary screen
18.1.5.

cost
18.1.6.
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nil. The unit costs and performance figures used here are
based on the Hebbal Pilot Plant at Bangalore.

bangalore The Hebbal Pilot Plant was commenced in 1975 by the
piloi plant Karnataka Agro-Industries Corporation as a pilot operation
18.1.7. for a proposed major plant. There are 20 windrows, each
of about 5 cu metres, formed at the rate of one per day,
and turned on the 5th, 10th and 15th days. On the 20th day
the windrow is broken down and fed by means of an
elevator belt to an inclined rotary screen of 25 mm mesh
for the removal of oversize contrary matter. All the work
is performed by three men; an electric powered elevator
and screen were fabricated in Agro-industries’ workshops
at a cost of Rs. 9,000. The project has been well managed
and the results carefully documented. The main tindings
are:

(1) Normal house refuse or a mixture of house and
market refuse attains a maximum temperature of
about 70°C, usually maintained for several days.
Market refuse alone, however, is sometimes too high
in moisture content and slow to ferment. It is impor-
tant, therefore, to mix refuse from the various sources.
(2) A significant fall in temperature by about the 15th
to 20th day suggests that the thermophillic stage,
which accomplishes the destruction of pathogens, has
been completed.

(3) On or about the third day, fly larvae sometimes
emerge at the base of the windrow and can be
collected.

(4) The site is virtually free from flies.

(5) There are no offensive odours, except during the
unloading of newly delivered refuse.

(6) Less than the theoretical water requirement has
been used.

(7) The screening system works efficiently. Rejects
comprise two main elements: large stones and fibrous
materials.

(8) The temperature of the screened compost stored
in maturing heaps sometimes rises to 60°C, but shows
little sign of anaerobic activity.

(9) Tests of the compost show a very low survival
rate for seeds contained in the original wastes; those
that do survive are mainly tomatoes.

The pilot project has effectively demonstrated that wastes
of these kinds can be decomposed in 15-20 days by windrow
198 composting without any prior treatment. Provided that



21. Crude compost
being transferred

io tne elevator belt
which feeds the rotary
screen. At this stage
some salvage

is recovered.

22. After screening

the compost is ready for
transfer to the stockpile
where it matures.

The rejects

must be disposed of

in a landfill.
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Radia] Windrow
Compost Plant
18.2.1.

windrows
18.2.

volume

to be handled
in windrows
daily

18.2.2.

turning is carried out at the correct frequency and moisture
added when necessary the method is hygienic and aesthetic.

The importance of screening when decomposition is
complete is shown by the vast improvement in content and
appearance after screening.

By January 1977 this pilot project had been expanded to
about 30 tonnes/day wastes input and two mobile screens
were in use. Compost was being graded 10 mm and 25 mm
and the prices charged were Rs. 55 and Rs. 50/tonne res-
pectively. All compost production had been sold.

This design is based on the following characteristics:
— capacity 50 tonnes wastes/day at a density of 330 kg/cu m.
—product 25 tonnes compost/day, density 600 kz/cu m,

— operation 8 hours/day, 300 days/year,

— windrow retention period 15 days,

— windrow layout radial to centirai post-treatment plant.
No plant precisely of this design has been built, but all the
elements of which it is composed have been tested in

practice.

Nineteen windrows are needed, each of 150 cu m (50
tonnes) capacity, arranged radially to the central plant. At
any one time 16 would be in use; the remaining three are
needed to permit turning in rotation. Crude wastes would
be delivered in tipping vehicles direct to the windrows
which would be formed manually, with some assistance
from a mechanical shovel. Each windrow would be turned
on the 6th and the 11th days and removed to the treatment
plant on the 16th day. A planned turning sequence is very
important, see Figures 5 and 6.

The average dimensions of a windrow would be 25 m
long x 3 m wide on the inner radius and 5 m wide on the
outer radius; average height 1.5 m. A space of about 1.5 m
should be provided between windrows.

The volume to be handled in windrows every day:

1 windrow to be stacked 150 cum.
2 windrows to be turned (volume declines) 250 cu m
daily total 400 cu m

With a manual performance of 15 cu m/man/day, up to 30
men would be required if no mechanical assistance was
available.

A mechanical shovel with a 0.7 cu m bucket, operating at
60 cycles/hour for 6 hours/day would have a daily capacity
of 250 cu m.

For estimating purposes it is proposed to allow for 30 men
as well as about 4 hours/day attendance by the mechanical

shovel.
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transfer

to treatment
plant

18.2.3,

treatment plant
18.2.4.

transport
of products
18.2.5.

The daily task of feeding the treatment plant is the break-
ing down and transfer of one windrow, the volume of
‘which will have been reduced to about 100 cu m during
decomposition. It is proposed to effect this transfer by
means of one or more portable conveyor belts. About
eight men would be required for loading the belts.

The capacity needed for the conveyor system is about
20 cu m/hour. A belt width of 300 mm at a speed of 20 m/
minute would have a theoretical capacity of about 30 cu m/
hour, thus providing a 50% margin for uneven loading.
The total length required is 25 m.

This conveyor would discharge to a radial elevator,
pivoted at the feed chute of the treatment plant. The length,
width and speed would be similar to the preceding hori-
zontal conveyor, but the height of discharge would be
determined by the treatment plant, probably about 4 m.

This would comprise a rotary screen and a ballistic
separator. The screen could be horizontal, about 4 m
long x 1.2 m diameter with an internal spiral having a
pitch of 1.5 m. At a speed of 10 r.p.m. the capacity would
be about 20 cu m/hour.

The screen drum could be attached to, and enclosed
within, an unperforated drum about 3.5 m long and 1.8 m
diameter; this would contain screenings and facilitate their
discharge to a ballistic separator.

The ballistic separator could take the form of a belt of
300 mm width travelling at high speed; a variable speed
renge of 200-400 m/minute is suggested.

The ballistic separator would discharge refined compost
direct to a trailer at a rate of 25 tonnes/day, say 5 tonnes/
hour, or 8 cu m. This would be about 3 trailer-loads/hour
and it would be necessary to exchange the trailer once
every 20 minutes.

Screen rejects would also discharge directly to a second
trailer at the rate of about 1 tonne/hour; trailer exchange
would not be necessary more frequently than once an hour.

Ballistic rejects would be discharged almost horizontally
across the compost trailer and would fall at the foot of a
safety screen. The daily quantity would be quite small,
perhaps 2 cu m, and they could be removed from time to
time in a wheelbarrow.

One tractor and three trailers would, therefore, have
adequate capacity for internal transport of the treatment
plant products.



WINDROW TURNING SEQUENCE

Figure- 32

This table should be read in conjunction with the preceding diagram which shows

19 spaces, A to S, of which 15 contain stacked windrows and 4 are spare for turning

purposes. The first day’'s delivery of wastes is stacked in Windrow C, where it remains
for five days, being transferred to Windrow B on Day 6. The second day’s delivery
is stacked in Windrow D, remains for five days and, on Day 7, is transferred to Windrow
C. vacated the day before. By Day 17 the last Windrow, S, is stacked, and the third.
day’'s delivery has been restacked twice, has been five days in windrow C, and is ready

for removal, making room for the 18th day’s delivery, again into Windrow C. and

so the process continues.
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area
18.2.6.

summary

of labour

and mobile plant
required

18.2.7.

Post-Treatment
by Rasp and Screen
18.3.

If storage of the compost is needed only for the minimum
maturing period of 30 days, the total site area would be
about 0.7 Ha. A site area of one Ha. would allow sufficient:
storage space for at least 4,000 cu m of comrost, ie. 100
days’ production.

A surnmary of labour and mobile plant required is givzn
below :

Labour:
stacking and turning windrows 30 men
removing windrows 8 men
plant operation 5
cleaners 5
mechanics 1
drivers 2
total 60 including 9
spare men.

Mbobile plant:

mechanical shovels; windrows,
4 hours/day, storage and loading
for sale, 2 hours/day

tractors

trailers, 4 cu m tippers

[URPR Y

(V]

The operating cost! of this system is estimated to be about
Rs. 70/tonne of compost produced. Details are provided in
Chapter 19.

This windrow compost plant with post-treatment by rasp
and screen, built at Bangalore by the Karnataka Com-
post Development Corporation, 1976/77, has the following
characteristics :

— input capacity 200 tonnes/day mixed wastes from markets
and communal containers,

— density as delivered 400 kg/cu m = 500 cu m/day,

— density after windrowing estimated to be 600 kg/cu m,

— daily volume after windrowing and moisture loss, 250 cu m.,
— daily operating period, minimum 7 hours, maximum i0 hours.

The plant provides for incoming wastes to be weighed
after which they are delivered direct to the windrow site,
thus the vehicles which deliver the wastes must have
tipping gear. The crude wastes are formed into windrows
by a front-end-loader and will be turned three times dur-
ing a retention period of 20 days. Turning may be done by
a front-end loader or by an auger machine. On the 20th day
the wastes are removed from the windrow by a front-end
loader and transported by tractor-trailer to a treatment
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plant. This comprises a reception hopper with a slat con-
veyor which has an elevating section which delivers the
crude compost to a salvage rcom. Here salvage and con-
trary materials are removed from a picking belt over which
is mounted an overband magnet. The picking belt delivers
to a rasp which shreds oversize matter and rejects intract-
able objects. The product of the rasp is delivered by a
troughed elevating conveyor belt to the screen house where
the compost is graded for size according to market require-
ments. If screening is not required, the compost can be
bypassed direct to a trailer at ground level. Screened pro-
ducts are also delivered direct to trailers which are ex-
changed at suitable intervals by tractors which deliver to
the compost stockpile which also serves as a maturing area.

Design parameters are listed below:

Fermentation period 20 days in windrows.

Windrow arrangement If turning by auger, 20 windrows,
if by front-end-loader, 23 wind-
rows, to allow for rotation; each
of 200 tonnes.

Windrow cross section 4 m. wide, each separated from
the next one by 3 m. Wastes
would be stacked to an average
height of 2 m to provide an initial
cross section of 8 sq. m. which
would reduce during the fermen-
tation process.

Windrow length About 60m providing an initial
total windrow volume of about
500 cu. m.

Total area for
windrowing 20 (or 23) windrows.
60m x4m = 2,400 sq. m,
20 (or 23) spaces
60mx3m=1800 ,,
Space for vehicles to
manouevre at each end
of windrows:
150 mx 10 m wide x
2 no. 3,000 ,,

7,200 ,,




Turning programme

Treatment plant

1st day Stacking

Sth day Turn

10th day Turn

15th day Turn

20th day Remove to treatment
plant.

Weight/day 150 tonnes
Volume,/day 250 cu m.

Hopper capacity 50 cu m having
a discharge side (for vehicles) at
least 12 m long to permit two
vehicles to discharge simulta-
neously.

Slat conveyor to run full length
of hopper and elevate to feed
picking belt in salvage room. Slat
conveyor 1 m wide with speed
variation 2-4 m/minute.

Picking belt speed 10 m/minute;
chutes fer transfer of salvage to
ground level containers; overband
magnet,

Rasp fed by picking belt, perfo-
rated plates available in 25 mm
and 35 mm sizes.

Rasp discharges to troughed con-
veyor belt which delivers to a
separate screen building. The
open air section of the conveyor
will have a walkway and the belt
will be protected by detachable
covers.

The screen will comprise three
sections capable of grading from
10 mm upward; it will be totally
enclosed to minimise dust but
easy access will be provided for
cleaning and maintenance. At the
entrance to the screen will be a
bi-furcated chute to permit the
screen to be by-passed. Trailers
will be provided to receive mate-
rials from by-pass chute and
sereen sections.
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Plant products Compost, maximum 120 tonnes/
day. Rejects, by hand-sorting and
rasp, up to 30 tonnes/day.

Storage area Daily volume, say 200 cu m.
Storage up to 150 days = 30,000
cu m. Storage pattern: continuous
flat heap about 2m high=15,000
sq m area.

Minimum land required Entrance, weighbridge,
administration and other
buildings 0.20 Ha.
Windrow area 0.72
Treatment plant, work-
shops. plant park etc. 0.30

Roads 0.50
Storage 1.50
3.22 Ha.

(Actual site area at Bangalore is 6 Ha.)

The logistics and cost estimates for this plant are dealt
with in Chapter 19, in comparison with alternative
methods.

NOTE: An interesting design aspect of this plant con-
cerns the relationship between rasping and screening. The
pilot tests showed that, after windrowing, the proportion
of oversize compostable matter was not more than 10% by
weight and about 20% by volume. It would have been
possible , therefore, to eliminate the rasping process and
to have used screening alone. In this case it would have
been necessary to return compostable screen rejects to
the windrows for a second composting cycle. The capital
cost would have been reduced by about Rs. 1,000,060. The
argument in favour of the rasping stage is that it increases
the weight of plant output for direct delivery to the matur-
ing area and it separates intractable rejects such as bricks.

The decision to include the rasping process having been
made, the question then arises as to whether screening is
necessary. This is an issue which depends upon rasping
performance. Known rasp performance with crude refuse
is 10-12 tonnes/hour, only half what is required at Banga-
lore. It is certain to be much higher with composted
wastes, but the multiplying factor is unknown, and the
problem will be solved by trial and error; 25 mm segments
will be fitted initially and if these pass the wastes at the
required rate the product could go straight to the matur-
ing area unless it is necessary to screen out a 10 mm hor-
ticultural grade of compost. If, however, it proves neces-
sary to increase perforation size to achieve the necessary




" Figure 34

POST-FERMENTATION PLANT 200 Tonnes/Day
KARNATAKA COMPOST DEVELOPMENT CORPORATION, BANGALORE
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Pre-treatment Plant
400 Tonnes/Day
18.4.

plant elements
18.4.1.

throughput 25 mm screening will be necessary, and for
this plant, the first of its type, the inclusion of the screen
is prudent.

A final question is whether screening should take place
before or after rasping. If the crude compost was screened
first, the rasp would receive only oversize matter, the
volume of which would be unlikely to exceed 25% of
plant intake. In these circumstances the required capacity
of the rasp would be greatly reduced and a smaller
machine would suffice with a consequent reduction in
capital cost and energy consumption.

The plant, has a capacity of 24 tonnes/hour divided be-
tween two independent lines and is representative of the
type of compost plant which has been most popular since
about 1960. It comprises bunker storage to facilitate mul-
tiple—shift operation, salvage recovery, size reduction by
hammermills, screening, magnetic extraction, windrowing
in the open and post-fermentation treatment. Each num-
bered element is described below :

(1) Wastes are delivered in vehicles with hydraulic
ejector plates.

(2) & (3) A weighbridge is provided at which all mate-
rials entering or leaving the plant are weighed and
recorded.

(4) Because of the nature of the site, deep excavation
for the storage bunker was not practicable and its baseis
at ground level, The necessary height for storage capacity
has been achieved by building an inclined road up which
the vehicles are driven to an unloading apron at the top.

(9) The tulip pattern grab has a clearance of 6.8 metres
and a capacity of 1.5 cubic metres. It is controlled from
a fixed cabin.

(6) The capacity of the bunker is 1,700 cu metres gross,
Part of this capacity is not usable normally because the
wastes form a heap on the open side of the bunker. If
necessary the grab could be used to move the wastes to the
Tear of the bunker which would then hold (at the current
density of 280 kg/cu metre) about 450 tonnes, but as nor-
mally operated the capacity is about 300 tonnes, say 15
hours of operation.

(7) Wastes are transferred from the bunker to one of
two elevators. These are steel plate conveyors (slat con-
veyors), inclined at an angle of 25°, and driven by variable
speed motors in order that the rate of feed to the hammer-
mills can be regulated.




Figure 35

KARNATAKA POST-TREATMENT PLANT 200 tonnes/day

Raquired throughput up to 150 t./day
of crude compost with a volume of
250 cubic metres.
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estimated

costs
18.4.2.

(8) Each elevator discharges directly to a picking belt
with stations for 18 men, 8 of whom pick paper; 2, metal;
2, glass; 2, plastics; and the remainder deal with rejectsor
are mobile.

(9) Chutes are provided on both sides of the belts for
products of the picking belt.

(10) The chutes discharge to conveyor belts which
transport each product to a container or trailer at ground
level. Full trailers are taken to the appropriate area for
further sorting, as in the case of textiles, or t¢c a baling
press as in the case of paper.

(11) The wastes which remain after hand-sorting are
discharged to a feed chute leading to a hammermill.

(12) Each hammermill has a capacity of 12 tonnes/hour
and is of the horizontal shaft type with expendable ham-
mers. These can be turned and changed side to side to
prolong their lives. Initially hammer life was 48 hours,
equivalent to about 600 tonnes of wastes, but by the use
of improved steel and heat treatment this has been ex-
tended considerably.

(13) As the pulverised wastes leave the hammermill
they are transferred to a separate building by means of
an enclosed chain conveyor.

(14) Ferrous metals are extracted first by a magnetic
head pulley and later by an overband magnet.

(15) The vibrating screen is fitted with plates having
circular perforations of 100 mm diameter. Other sizes could
be used if necessary.

(16) Screen rejects are carried away by a conveyor belt.

(17) The treated wastes are conveyed by an elevator belt
to the distribution system in the windrow area.

(18) Formation of the windrows, 25 metres long x 6 m.
wide x 3.5 m. high, is performed automatically by a sys-
tem of overhead conveyors on travelling carriages.

(19) After several days these windrows are removed by
front-end loader (20) to an adjacent area. This operation
provides the first turn. _

(20) When fermentation in the windrows is completed,
the coarse compost, which still contains much oversize and
contrary matter, receives post-fermentation treatment in a
separate building; this comprises a hammermill and a
vibrating screen the mesh of which is normaily 20 mm.

In the following estimate, capital costs and labour and
administrative staff numbers are factual. All other figures
are the writer’s estimates, based on the actual perform-
ance that may be expected over the total life of the pro-
ject, expressed in average unit costs for India, 1975.
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This plant is of particular interest in that it is operated
over three shifts, effectively about 20 operating hours;day.
This has the advantage of spreading fixed costs over a
much greater tonnage, but to make it possible some extra
capital cost had to be incurred in the form of bunker sto-
rage and increased windrow area. Labour cosis and main-
tenance costs are, of course, proportional to the number of
shifts worked, and mobile plant must be depreciated over
a much shorter period compared with single shift working.

The annual throughput is calculated on a three-shift
basis for 5 days a week, less four hours/day for main-
tenance and shift changing :

2 lines x 10 tonnes/hour x 20 hours/day x 250 days/
year = 100,000 tonnes of wastes entering the plant;
compost production 50,000 tonnes/year.

Rupees
Annual cost Cost/tonne
compost
FIXED PLANT
Capital cost actual at 1972 prices:
Mechanical Rs 10,000,000
Civil Rs 16,000,000
= Rs 26,000,000
Depreciation, 15 years 1,730,000
Interest 10% on outstanding loan,
= average 5% 1,300,000 .
= 3,030,000 60.6
Mechanical repairs 3% x 3 shifts 900.000
Civil repairs, 1% 160,000
1,060,000 21.2
Energy, Rs. 2/tonne wastes received 200,000 4.0
MOBILE PLANT
Capital cost 2,000,000, life 3 years, 660,000
Interest average 5% 100,000
Maintenance, 33% (3 shifts) 560,000
Fuel 60,000
- 1,480,000 29.6
LABOUR & ADNMINISTRATION, 3 shifts
205 men x Rs. 3,000/year 615,000
85 skilled or admin. workers x Rs. 7,000 595,000
= 1,210,009 24.2
Total Annual Expenditure 6,980,000 139.6
INCOME
Salvage 1% of intake = 1,000 t. x Rs. 250 250,000 5.0
NET COST 6,730,000 134.6

If total compost production of 50,000 tonnes/year was
sold at Rs. 50 a tonne, income would be Rs. 2,500,000, and
the net cost of refuse disposal Rs. 4,230,000, equivalent to
Rs. 42/tonne of wastes received. For most Indian cities this
would be an unacceptable level of expenditure.




CHAFPTER 19.

FINANCIAL EVALUATION OF COMPOSTING
METHODS

The four examples of composting plants described in
the preceding chapter range in capacity from 3 to 400
tonnes/day, in capital intensiveness from Rs. i,300 to Rs.
65,000/tonne of capacity/day, and in method from simple
post-treatment to full pre-treatment.

It is probable that compost produced by any of these
methods would be similar in essential characteristics, but
the cost/tonne of compost produced appears to range frem
Rs. 33 to Rs. 135/tonne based on Indian unit costs. It is
not easy to produce accurate comparative costs of the many
alternatives and variations which are possible in plant
size and extent of mechanisation which occur throughout
the world. Thus it is necessary to design a standard method
based on the unit costs of a city or region, by which sys-
tems could be compared in cost,

This requires that all variables other than those arising
from the system itself should be excluded by applying
standard costs for land and equipment, rates of interest,
depreciation etc. Analysis of the composting processreveals
that there are seven easily defined elements, most of which
are common to all systems, and for which standard costs
could be calculated.

The separation of these elements for costing purposes
facilitates their application to a wide variety of plant
sizes and composting systems.

Section 19.1 defines these elements and suggests per-
formances and costs. In sections 19.2 and 19.3 these stan-
dard costs are applied to plants of 3, 50 and 200 tonnes/
day capacity, and for the largest plants pre- and post treat-
ment are compared.

The parameters and costs in the fcllowing pages have

been derived from many sources: projects prepared by
Indian cities, discussions with Indian engineers, and the
writer’'s general experience in India and other countries.

Standard Ceosts
19.1.
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Readers should substitute current costs for their own areas
when applying the system to a proposed project.

land, paving, This is a cost which is common to all types of plant and
adn.nin. is roughly proportional to capacity, as most of the space is
buildings occupied by windrows and stored compost.

19.1.1.
(1) Land: 200 square metres/tonne of refuse intake,

cost Rs. 100,000/Ha.

(2) Site preparation: all sites to be levelled and
fenced, and 37.5% of total area paved and drained;
inclusive cost Rs. 50/square metre of paved area.

(3) Electricity supply to site: for 200 tonnes/day is
based on 100 outlets and 20 exterior lighting columns,
it does not include a supply to a treatment plant which
is included in plant costs.

(4) Administrative buildings: construction cost of of-
fices and an amenity block, Rs. 540/square metre, pro-
vision of 25 tonne weighbridge with office, Rs. 250,000.
(5) Water supply: assumes the provision of a storage
tank and 25 mm distribution system (400 metres of
pipe for the 200 tonnes/day plant).

(6) Miscellaneous: includes office furniture, labora-
tory equipment, hand tools etc., at the rate of
Rs. 100,000 for 100 tonnes/day.

Depreciation of all these items is at 5%/year, except
light fitting and miscellaneous which are 10%.

Annual maintenance cost of all items is 14%.

pre-treatment These costs are not universally applicable; they are
plant ysually an alternative to post-treatment.
19.1.2. The traditional pre-treatment plant would be composed
of the fcllowing stages:

— storage hopper with slat conveyor, or bunker with grab-
crane,

—elevator and picking belt with overband magnet,

— pulverisation by drum  hammermill or rasp,

— screen, and

— ballistic separator.

The general characteristics of such a plant would be:

— each flowline would have a capacity of about 10 tonnes/hour,
which, if operated for 10 hours/day, would give a capacity of
100 tonnes/day,

—large plants would have multiple flowlines,

— capital cost per flowline would be about Rs. 4,000,000 for
mechanical and electrical plant and associated civil works
(foundations etc.) equivalent to Rs. 40,000/tonne of capacity/

day.
— installed n.p. would be about 200 per flowline.




Depreciation would be at an annual rate of 10%, and
maintenance cost 3%.

Where windrowing is performed manually, performance
is estimatedi to be 5 tonnes (up to 15 cubic metres accord-
ing to density) per man/day.

When windrowing is carried out by mechanical shovels
(front-end loaders), it is necessary to use different perfor-
mances in the case of crude refuse than for pre-treated
refuse, the volume of which is reduced by the pulverisation
process.

(1) Shovel performance with crude refuse:
Bucket capacity 1.0 cu metres* = 0.4 tonnes x 320 cycles/day
= 128 tonnes/shoveljday.
Jobs for 200 tonnes/day intake:

stacking 200 tonnes

turning, 3 x 550 ” (allowing for losses)
removal to plant 150 " (after decomposition)
selling from stack 100 " compost

Total task 1,000 tonnes/day to be handled

For this task 8 machines would be required and a spare would
-have to be available, a total of 9 front-end loaders.
(2) Shovel performance with pre-treated wastes:

Bucket capacity 0.7 cu metres = 0.4 tonnes x 320 cycles/day

=128 tonnes/shovel/day.
Jobs for 200 tonnes/day inta.« :
stacking 150 tonnes
turning, 3 x 400
removal to stockpile 100 »
selling from stock 100 ”
Total task 750 tonnes/day to be handled.

For this task 6 machines are needed, plus 1 spare, total 7.
(3) Mechanical shovel operating costs:

Depreciation 1/7th of Rs. 170,000 24,300
Interest 64% (see note later) 11,050
Maintenance, 20% of cost 34,000
Fuel, 20 litres/day = 6,000/year x Rs. 1.16 7,000
Driver 5,000
Annual cost Rs. 81,350

The type of plant assumed here would be an alternative
to the pre-treatment process and would be required where
the wastes were windrowed in their crude state. The
characteristics of a post-treatment plant are likely to vary
with its capacity.

* Based upon a standard “"Escort” 0.7 cum bucket fitted with
extended tines (say 300 mm) which facilitate penetration of crude
wastes and increase bucket capacity without exceeding permitted
maximum weight. Long tines sre not suitable, however, for pre-
treated wastes or finished compost.

windrowing plant
performance and cost
19.1.3.

post-treatment
plant
19.1.4.
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internal
transport
19.1.5.

manual workers
19.1.6.

(1) Plants of 200 tonnes/day (based on Bangalore design, 18.3.):

— storage hopper with slat conveyor,
— elevator and picking belt,

——rasp,

— screen.

Required capacity would be about 60% of that "or pre-treatment
plants because of weight reduction and density increase arising
from decomposition. Thus a single flowline at an estimated cost
of Rs. 4,000,000 would handle 120 tonnes/day; this is equivalent to
Rs. 20,000/tonne of capacity/day. Installed h.p. would be about 100,

(2) Plants of 50 tonnes/day:

— portable conveyors feeding elevator with picking section,
—screen and ballistic separator.
Cost is estimated to be about Rs. 7,000/tonne of capacity/day.

(3) Manual plants of 3 tonnes/day:
— manually operated rotary screen; cost about Rs. 1,000/
tonne of capacity/day.
For all this equipment depreciation is taken at 10¢% and
maintenance 3% a year.

Internal transport is required for the movement of
wastes between windrows, treatment plant and storage.
For example at a 200 tonnes/day post-treatment plant
trailers would be required on the following scale :

4 stationary trailers to be placed under the following outlet
points of the plant: hand-picked coniraries, screened con-

traries, two grades of compost,
-~ 4 trailers to be exchanged with these when full, total 10

including spares.
4 tractors for towing trailers, total 5 including spares.

Internal transport requirements for pre-treatment would
be similar, although the functions would be in a different
order.

Tractor trailer costs are as follows:

Tractor Trailer

Depreciation, 10%, Rs. 50,000 & 15,000 5,000 1,500
Interest 6}%, see note below 3,250 1,000
Maintenance, 109% of cost 5,000 1,500
Fuel, 15 litres/day x 309 days x Rs. 1.16 litre 5,250
Driver 5.000
Annual cost Rs. 23,500 4,000

Drivers are included in vehicle costs. The annual cost
of other manual labour is assumed to be:

skilled worker Rs. 7,000/year
unskilled worker 3,000

This is an approximate average of a very wide range of
labour cost as betweern rural areas and large cities.



From an examination of several project reports it would
appear that the probable cost of managerial, technical,
marketing and ancilliary services is equivalent to Rs. 7/
tonne of compost produced. This figure would be equally
applicable to a chain of small rural compost sites organised
and supervised on a regional basis.

Water : Rs. 5/1,000 gallons. If 200 gallons were used/tonne
of compost the unit cost is Rs. 1/tonne of compost.
Electricity: Rs. 0.20 kwh.

The hours of operation are assumed to be 300 days/
year, 7 hours a day for manual operation and up to 10
hours/day at mechanised plants.

Depreciation rates vary and have been indicated earlier.
They are treated as the equivalent of annual loan repay-
ments. Interest is assured to be 12% bul is calculated on
a basis of equal annual loan repayments so that the average
interest payment over the total loan period is about 64%.
Amortisation is, therefore, as follows:

— for a depreciation rate of 5%: 5%-+6i% = 113%
S g w o 10%: 10%+681% = 16:%

In the following pages comparative figures are given for
the evaluation of post and pre-treatment plants of 200 tons/
day and post-treatment plants of 3 and 50 tonnes/day.

administration
19.1.7.

other unit costs
19.1.8.

hours of operation
19.1.9.

amortisation
19.1.10.
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Post and Pre-treatment
Plants of 200 Tonnes/Day
19.2.

This section provides an example of how the performances and costs which have

been given above may be applied to the problem of comparing two plants of different

types.
estimated capital costs
19.2.1.

Land

Site fencing, paving, drainage

Administrative buildings:
Offices etc.
Amenities
Weighbridge

Electricity supply
lighting

‘Water supply

Pre-treatment plant, 2 lines x 4 millions
Post-treatment plant, 1 line x 4 millions
Windrowing plant, shevels 8 or 5
Internal transport: tractors 5

trailers 10

Total capital cost

estimated operating costs

19.2.2.

(1) Land, paving buildings amortisation
Land, 11}%
Paving,
Buildings,
Electricity supply, 113%
Lighting, 16}%

Water supply, 11&%‘
Miscellaneous, 161%

Repairs, 13% *
) Total
(2) Pre-treatment plant:
Amortisation, 16}%
Repairs, 3%
Electricity, 300 kw x LF 80%

= 240 kwh x 10 hours x 300 days

Total

Post-treaiment

400,000
750,000

250,000
500,000
250,000
50,000
50,000
70,000

2,520,000

4,000,000
1,360,000
250,000
150,000

8,280,000

Annual cost

46,000
86,300
115,000
5,700
8,300
8,000
33,000

302,300
37,860

340,100

1,320,000
240,000

144,600
1,704,000

* NEERI prefer to allow at least 2% for civil and buildings maintenance.
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Pre-treatment

400,000
756,000

258,000
500,000
250,000
50,060
50,000
70,650

2,920,000
8,060,000

850,000
250,000
150,000

11,770,000

Rs./tonne rompost

1.530
2.875
3.830
0.190
0.275
0.270
1.100

10.070
1.260

11.330

44.000
8.000

4.800
56.800



(3) Windrowing after pre-treatment:

Shovels, 7 x Rs, 81,350
Water

(4) Post-treatment plant:

Armortisation, 16§%

Repairs, 3%

Electricity, 100 kwh x LF 80% = 8¢ kwh
x 10 hours x 300 days

(5) Windrowing before post-treatment:

Shovels, 9
Water

(6) Internal transport:
Tractors, 5 x 23,500 a year
Trailers, 10 x 4,000 a year
(7) Manual workers :

Skilled, 4
Unskilled, 50

oo (8) Administration

summary of comparative costs
19.23.

Post-treatment

Rs./year Rs./tonne

Land etc. 340,100 11.337
Pre-treatment —_ —_—

Windrowing 762,200 25.405
~ Post-treatment 838,000 27.930
-+ Internal transport 157,500 5.250
Manual workers 178,000 5.933
- Administration 210,000 7.060
2,485,500 82.855

Rupees

Annual cost

569,500
30,000

599,500

660,000
120,000

58,000
838,000
732,200

30,000

762,200

117,500
40,000

157,500

28,000
150,000
178,000

210,000

Rs./tonne

Rs./tonne compost

18.950
1.000

19.950

22.000
4.600

1.930
27.930
24.405

1.000

25.405

3.917
1.333

5.250
0.933
5.000
9.933

7.000

Pre-treatment

340,100

1,704,600

589,500
157,500
178,000
210,000

3.189,100

Rs./tonne

11.337
56.800
19.850

5.250
5.983
7.000

106.270



Post-treatment Plants
of 3 and 50 Tonnes/Day
19.3.

This section provides a comparison between a mainly manual plant of 50 tonnes/
day and an entirely manual plant of 2-3 tonnes/day, similar to those described in
Chapter 7. The use of standard costs prodices different results from those given in
Chapter 7 which were based on actual lscal costs and which exciuded land cost.

estimated capital costs

19.3.1.
Rupees
50 t./day 3 t./day
Land 1 Ha. or 350 sq metres 100,000 3,500
Site fencing, paving, etc., or paving only 187,500 800
Buildings : cffice 20,000 —_—
amenities 50,000 —
Electricity supply 10,000 —
lighting 20,000 _—
Water supply 20,000 —
Miscellaneous 60,000 600
“467,500 . 4,900
Post -treatment plant:
Conveyor belts 200,000 -
Screen 100,000 3,000
Ancilliary structures 40,000 —
340,000 3,000
Windrowing plant:
Mechanical shovel ' ’ 170,000 —
Imternal transport:
Tractor, 1 , 50,000 —_
Trailers, 3 45,000 _
95,000 —_
Total . 1,072,590 7,900
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"f'ostimated operating costs

19.3.2.

(1) Land etc: amortisation
~ Land 114%
 Paving 114%

 Office 114%

Amenities 113%
Electricity supply 113%
- Lighting 16}%

Water supply 114%
Miscellaneous 164%

Repairs 11%

(2) Windrowing, shovel
~ water

' (3) Post-treatment plant:
~Amortisation 16}%
‘Repairs, 3%

Electricity, 20 kw, LF 80%

(4) Internal transport:
-~ Tractor, 1
~ Trailers, 3

() Manual workers
~ Skilled
~ Unskilled, 65 or 3

~:(6) Administration
Total costs

50 tomnes/day

Rs./year Rs./ftonne
11,500 1.533
21,562 2.875

2,300 0.307
5,750 0.767
1,150 0.153
3,300 0.440
2,300 0.307
6,900 0.920
54,762 7.302
7,003 0.933
61,765 8.235
81,350 10.847
7,500 1.000
38,850 11.847
56,100 7.480
10,200 1.360
6,720 0.896
73,020 9.736
23,500 3.133
12,000 1.600
35,500 4.733
7,000 0.933

195,000 26.000

202,000 26.933
52,500 7.000

513,635 68.484

3 tonmnes/day

Rs./year Rs./tonne
403 1.343
92 0.307
99 0.330
594 1.980
74 0.247
668 2.227
300 1.000
300 1.000
495 1.650
90 0.300
585 1.950
9,000 30.000
9,000 30.000
2,100 7.000
12,653 42.177
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Summary
of Comparative Costs
19.4.

The following table summarises the result of using this method of evaluation for
the four plants:

———Cost in Rupees/Tonne of Compost Produced———

, Post-treatment Pre-treatment
3 t./day 50 t./day 200 t./day 200 t./day
manual manual mech mech
(1) Land, paving etc,, 2.227 8.235 11.330 11.330
(2) Pre-treatment - — — 56.800
(3) Windrowing, loading, etc. —_ 11.847 25.405 19.950
(4) Post-treatment plant 1.950 9.736 27.930 -—
(5) Manual workers 30.000 26.933 5.933 5.933
(6) Internal transport — 4733 5.250 5.250
(7) Administration 7.000 7.000 7.000 7.000
Total expenditure/tonne 41.177 68.484 82.855 106.270
Income/tonne, say 50.000 60.000 60.000 60.000
LOSS/tonne compost nil 8.484 22.855 46.270
LOSS expressed as disposal
cost/tonne wastes received nil 4,242 11.428 23.135
CAPITAL INVESTMENT/tonne of
capacity/day, 2,600 21,450 41,400 58,850
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The first conclusion is that in present Indian conditions
diseconomy of scale applies to composting and that unit
ccsts of compost production increase as plant capacity rises
and mechanisation is increased. Thus, to achieve the low-
. est production cost, a policy of encouraging multiple small
manually operated plants should be followed.

That would not solve thé problems of the large urban
areas, however, and some mechanisation is almost un-
avoidable for plants receiving 100 tonnes/day or more of
wastes. The most important cost element cf the larger
plants is for pre-treatment of wastes as received, or for
treatment of crude compost after windrowing without prior
treatment. If the figures above are reasonably correct (and
they must be revised where local conditions are different
from the assumptions made by the writer) pre-treatment
costs about Rs. 57/tonne while post-treatment costs much
less: about Rs. 28/tonne. The explanation is very simple :
although the plant processes are similar in most respects, a
post-treatment plant requires little more than half the
volumetric capacity of a pre-treatment plant.

Next in importance is the cost of mechanical handling,
stacking, turning and removing windrows and loading
compost. Here the cost at pre-treatment plants is less, Rs.
20 instead of Rs. 26 at post-treatment plants, becausc pre-
treaiment reduces the volume to be handled in windrows.
More than half of this sum is expended on turning it
front-end-loaders are employed, but there may be a pos-
sibility of reducing this expenditure if in situ turning
machines are successfully developed.

FPerhaps the most important conclusion for India is that
the mechanised 200 tonnes/day rost-treatment system
disposes of wastes at a cost of about Rs. 11/tonne. This is
roughly the cost that would be incurred in the operation
of sanitary landfilling to a good standard. It represents an
annual expenditure on wastes disposal (excluding collection)
of about Rs. 1.5/inhabitant of a city, compared with an
annual expenditure of Rs. 15/person or more in Eurore. It
is a viable method of disposal even when the financial
constraints of most Indian cities are taken into account.

ccnclusicns
19.4.1.
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CHAPTER 20.
PLANNING A COMPOST PLANT

Agriculture In sections 2.3 to 2.5 the total dependence of a composting
20.1. plant on support from *.»e agricultural authorities and the
surrounding farming community was stressed. Thus the
first stage in planning a compost plant is the enlistment of
this support in the following tasks:
— the evaluation of the p(;tential compost in relation to local
soil conditiuns and agricultural methods,
—to put a financial value on the compost on the basis of its
estimated nutrient content and in terins of equivalent cost of
artificial fertilizers,
—to estimate the potential market for compost within its eco-
nomic transport range.
With co-operation of this kind, the concept can be based on
a rezlistic estimate of the size of the market and the price
that could be obtained for the product.

Analyses and Projections The next requirement is to carry out physical analysis of
20.2. the wastes, using an accurate sampling method, to obtain
the following information:
—density of wastes,
— proportions of salvageable constituents,
— proportions of contrary constituents,
— proportion of constituents that could be incorporated in the
compost,
— graded particle size of the compostable wastes.

A compost plant would normally have a life of 15 to 25
years and over such a long period it is likely that changes
would occur in the character of the wastes; this could arise
from three main causes:

— a rising standard of living increases the production of solid
wastes, particularly constituents other than vegetable/putre-
scible,

—changes in retail distribution and packaging technology may
increase the proportion of packaging wastes,

— changes in domestic fuels, for example a reduction in the
use of solid fuel, could change physical and chemical character-
istics of domestic wastes.

In cities where annual analyses have been carried out
226 . for many years, changes of this kind appear on a graph as




-~

a fairly smooth curve from which it is usually possible to
extrapolate for up to 10 years ahead. Where this informat-
ion is not available, it is prudent to attempt projections
based upon national and local estimates of economic growth
and industrialisation.

For composting the two vital constituents are vegetable-
putrescible matter and paper products; most of the others
would be removed as salvage or as contraries. In respect of
the relative proportions of these two materials, countries
fall into three main categories:

Ratio, paper : vegetable-putrescible matter

Low GNP/head Medium GNP/head High GNP/head
1:20 1:4 2:1
C:N below optimum C:N about optimum C:N to high

As GNP/head increases, so does the proportion of paper
to vegetable-putrescible matter. thus it is possible to make
the following broad generalisations on future wastes
characteristics:

—in countries with low GNP/head the character of the wastes
will tend to improve for composting purposes,

—--in countries with a medium GNP/head the wastes may re-
main in the optimum range for many years, but the tendency
will be towards an ultimate decline in quality,

— where GNP/head is already high, a continuing decline in
the composting properties of urban wastes seems to he in-
evitable.

The total period required for the planning, site acquisi-
tion, design and tender stage, and erection of a compost
plant is at least two, and often four years. For a compara-
tively small investment this period can be used to carry
out composting on a small scale, with minimum treatment
for the following purposes:

— familiarisation of senior personnel with problems of wind-
row management,

—the training of at least one junior engineer or chemist in
the biochemistry of aerobic composting,

— the training of two or three manual workers in the practical
handling of wastes, particularly moisture control, during
composting,

—to determine optimum windrowing period by daily temper-
ature records for each windrow,

— testing of the compost for pathogens, insects and weed seeds
to re-assure local people as to its hygienic standards.

—to obtain the average N, P and K content of the compost
as a partial basis for pricing,

— to produce compost for testing by local agricultural interests
and for use in demonstration plots to aid future marketing.

Pilot Tests
20.3.

22
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operation of
pilot programme
20.3.1.

use of data
20.3.2.

The most convenient scale of operation is one load/day
of wastes, of not less than 8 cubic metres. These loads
should be drawn in rotation from different areas of the city
so as to represent the average wastes produced.

Each load can be formed into one small windrow and
space should be provided for about 20 of them. It may be
found possible to reduce the retention period below 20 days
after experience has been gained. If the loads are too small
to form separate windrows, two may be combined, and the
total number will then be only 10.

Each windrow would be built manually and during this
process salvage and large contraries would be extracted by
hand. Windrows would be turned on the 6th, 11th and !6th
days, but there is scope for useful experiment on these in-
tervals. When decomposition was complete the contents of
the windrow would be screened; for this purpose a small
rotary screen should be provided, operated manually, or
by an electric or petrol motor of about one h.p

The screened compost should then be stored for a few
weeks; the minimum period between arrival of the wastes
and sale of the compost should be about 40 days. For a
daily input of 3 tonnes, three men would be able to per-
form all the necessary manual operations.

The physical characteristics of this compos: may be in-
ferior to that produced in a more sophisticated plant in
one respect: it will contain glass fragments. In other ways,
however, it would be fairly representative of the ultimate
product.

In addition to satisfying the objectives listed earlier, such
as training, laboratory sampling and field tests, a pilot pro-
ject could provide valuable data for the final design of the
main project.

A useful guide would be obtained on the qualities und
quantities of salvage which could be recovered and the
prices obtainable.

The proportions of compost and contraries produced
would assist in the accurate detail design of mechanical
handling elements.

The proportion of oversize compostzble matter in the
final screen rejects, such as pieces of paper and cardboard,
vegetable stalks ete., which had resisted composition, would
provide a measure of the importance of initial size reduct-
ion. If such losses were small, the cost of size reduction may
noti be justifiable in terms of a slightly increased produc-
tion of compost.

Differences in the composting qualitics of wastes, from
various parts of the city would quickl-- become apparent.




If the compost plant was to handle only a proporticn of tho
city’s wastes, it would then be possible to select the most
suitable wastes for delivery to the plant, leaving the wastes
of lower composting value to be disposed of by landfill.

However well it may be designed and operated, a com-
post plant will never be a good neighbour for the following
reasons:

— it generates traffic in the form of vehicles delivering wastes
and collecting the products of the plant,
— it generates noise from traffic and mechanical plant,
— odour can never be avoided completely; when odours do
occur, usually during periods of no wind and high humidity,
they are unlikely to be putrid, but they may have a musty
character that some people dislike,
— a well operated plant will not produce flies; on the contrary
it will destroy them by the million, but, it may attract flies
from the immediate neighbourhood of the plant to those areas
where fresh wastes are handled,
—the handling of finished compost may give rise to airborne
dust. ' .
The location of a site should be on the outskirts of a city
in either an industrial or a rural zone; if the former, care
should be taken not to put the plant adjacent to factories
which may be sensitive to any of the above potential nui-
sances. L

Location of the site in relation to the road network of
the area has three requirements:
— a satisfactory route between the catchment area of the
wastes and the plant site,
—good routes from the plant to the main agricultural areas
where the compost will be distributed,

—if the site lies off a main road, local access road must be
provided.

- In most: cases it will be necessary to accept a compromise
between the first two needs. Where a choice exists, the
lowest total transport cost will be attained by locating the
plant as close to the city as possible.

The main requirement is that the major part of the site
should be level, dry and possess load-bearing qualities ap-
propriate to the civil and mechanical installations contem-
plated. If part of the site has two levels, or a steep grad-
ient which could be formed into two levels, it is sometimes
possible to use this to advantage by putting the reception
area at the upper level, thus avoiding or reducing the
’amo'unt of excavation required for the storage facility.

The total area of the site is determined by the various

treatment and handling phases which may include some or’

Site Selection
20.4.

road access
20.4.1,

site
characteristics
20.4.2.
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Design and Tender
Stage
20.5.

all of the following:
—reception, storage and pre-treatment plant,
_..vuinrh‘nun'hg area
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— post-treatment plant,
— compost storage area,
— roads system and weighbridge,
-—mechanical maintenance facilities,
— administration, laboratory and weltare facilities.
The minimum areas required for the simpler systems
are about: '

40 tonnes/day 0.75 Ha.
o , 1.50 ,,
200 , 3.00 ,,

The following are desirable features of a compost plant
site :
—as far as possible from dwellings,
—space for future expansion,
—a nearby landfill site for disposal of rejects,
—the availability of a water supply from a well, a water-
course, or a main supply.

Throughout the world there are numerous manufactur-
ers of compost plants, each of whom claims special merits
for his system. A city which is contemplating the erection
of a plant often comes under heavy commercial pressure
to adopt a proprietary system on the basis of a “"turnkey”
project.; If open tenders are invited on no more than a
capacity basis the tenders are likely to include such a wide
range of systems, of very different capital costs, that
evaluation on a truly comparable basis becomes almost
impossible. In such a case it is common for the lowest
tender to be accepted regardless of operating costs or other
factors.

There is no single composting process which is univer-
sally viable because of the very wide differences which
exist between countries at different stages of industrial
development and in different climates. The vital factors
are:

— composition of the wastes,

— initial particle size of the compostable wastes,
— labour costs,

— energy costs,

— indigenous manufacturing capacity,

— the required compost quality.

If the wastes are low in packaging materials and of
small average particle size, it may be possible to halve the
cost of composting by eliminating pre-treatment. In some
countries the turning of windrows mechanically may be
much cheaper than manually, but there are many places
where the reverse is true. In some situations it may be
preferable to employ manual labour, even when it is



slightly more expensive than mechanisation, in order to
avoid the expenditure of scarce foreign exchange on ma-
chines and fuel. There are also areas where the over-rid-
ing need is to supply the farmer with compost at mini-
mram cost regardless of the contrary content.

For these and other reasons every compost plant should
be designed to match local requirements in terms of
wastes characteristics, compost quality, and the right
balance between capital and labour.

The purpose of the design stage is to produce an outline
design which can serve as the basis for comprehensive ten-
ders all employing the same series of processes. The tenders
then are limited to the kind of system required, and evalua-
tion is mainly a matter of careful checking, and comparing

costs. The main features of the outline design would be:
— definition of the required processes,
— capacities of the mechanical elements,
—design constraints (e.2. the maximum speed for a certain
conveyor belt),
— specification for roads, building construction and mechani-
cal equipment,
— general layout of the plant.

The work of the design team would be based upon all
the preceding phases of the project which have been dis-
cussed: consultation with agricultural experts, refuse ana-
lyses and projections, the results of a pilot project, all in
relation to existing economic constraints.

The design team could be drawn from permanent staff
in large cities; for smaller towns the state environmental
agency may be able to provide a team. If adequately
trained permanent staff were not available from such
sources, it would be necessary to employ consultants.

The tender documents will be framed in accordance with
local usage. Here it is necessary to stress only the impor-
tance of incorporating guarantees of performance of the
following kind:

—the plant must perform continuously throughout one work-
ing day at (say) 10% in excess of rated performance,

—the plant must operate at rated throughput for five suc-
cessive days,

—the performance of specific elements should be separately
guaranteed, for example in the case of hammermills: the life
of a set of hammers in terms of weight of wastes treated,
and the average particle sizes of the hammermill product.

The tender price should include the supply of sufficient
spare parts for one year’s operation after final commission-
ing, a complete parts list and recommended stock-holding,
maintenance manuals for all mechanical elements, and the
provision of in-house training for plant operators.

design stage
20.5.1.

tenders
20.5.2.
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ANNEX I

PLANNING AND ORGANIZATION OF SOLID WASTES
MANAGEMENT SERVICES

The solid wastes management of a city would normally include:
— refuse collection,
-— street cleansing and probably gully emptying,
— refuse disposal,
— workshops for vehicles and plant,
— administration: budgetary control, wages, stores, statistics.

In developing countries it has been found that the operation of all
these services absorbs from 2 to 5 manual workers/1,000 population and
one heavy motor vehicle for about 20,000 population. In certain countries
the high ratio of manual workers to population arises throuch the emeloy-
ment of a large proportion of the workforce on street cleansing; this is
sometimes because of irefficient sweeping methods but often because of
inadequate refuse collection services, a consequence of which is that a
significant proportion of domestic and shop wastes are collected in the
form of street refuse.

It is probable that in most cities, given good methods and sound ma-
nagement, efficient services could be provided with a ratio of 25 to 3
manual workers/1,000 population. Even on this scale, however, the labour
force to be controlled is very large, about 1,000 men for a city of 400,000
"population. The effective deployment of so many workers demands that
day-to-day control should be decentralised into partially autonomous
groups, each headed by a leader of suitable quality and training.

Thus the basic organisation for refuse collection and sireet cleansing
should be a group of about 50 workers controlled by an Inspector. The
size of this group can be greater—100 or more in densely populated areas,
but for these larger groups the inspector requires an assistant. The area
controlled by an inspector can be called a district in a city of medium
size, a sub-district, in a big city.

It is a sound management principle that middle and senior management
should control no more than five junior management units. In large cities,
therefore, five sub-districts would form one district, headed by a District
Supervisor; five districts would form a division headed by a Divisional
Superintendent. At the head of this hierarchy will be the officer responsi-
ble for the operation of refuse collection and street cleansing within the
solid wastes management department.




Such an organisation cannot operate efficiently without a physical in-
frastructure of the following kind:

— sub-district depots (described earlier in connection with transfer
stations),

— district offices,

— divisonal offices (in large cities),

— central offices for senior management of the various branches of
solid wastes services.

Qualifications for Management

In a large city the director of the department and the assistant direct-
ors should be engineers of a discipline appropriate to their main responsi-
bilities, for example:

Operation Public bealth engineer
Mechanical services Mechanical/electrical engineer
Sanitary landfill Civil Engineer

Administration Commerce graduate or economist

For the operational control of refuse collection and street cleansing, solid
wastes managemeni technicians are necessary, having a basic education
to high school standard and a diploma in solid wastes management. The
subjects which should be embraced by such a dipioma are suggested in
Annex II on training.

Labour Relations

A major problem of man-management is that of maintaining the inter-
est. of the average worker in his dull and repetitive job. High productivity
can’ be achieved only when motivation is good and some measure of

~ creative satisfaction is provided.

The best approach is that of regular consultation with the workers in
order o elicit complaints and suggestions, and also to inform them on
‘management problems and policies, particularly proposals for changes in
methods.

‘The ‘extent to which these consultations are formalised will depend

to a large extent on industrial organisation. Where most of the men are

members of a trades union, cousultation will be structured and some of
the initiative will come from the workers’ representatives.

Even in the absence of unions, consultation and interchange of views
should be strongly encouraged at all levels. They are particularly
productive at district or sub-district level, because here every man is
known personally by the inspector. Senior managers should also consult

 directly with workers, informally during day-to-day contacts and more

formally, perhaps through divisional meetings, when major policy issues
‘need to be:discussed.
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Health and Safety

protection of workers against risks of accidents and ill-health. The
following are important issues:

— the regular use of protective clothing,

— avoiding dangero»s methods of riding on vehicles,

— hydraulically tipped vehicle bodies sometimes descend suddenly without
warnir.g; men should not stand underneath them.

—all cuts and animal bites shouid be reported without delay in order that
first-aid or medical treatment can be provided,

— personal hygiene should be encouraged by ihe provision of showers for use
before leaving work.

— A __

W . cm AN_21 s
rianning 4 neCiuse Loleciion service

The planning and introduction of a re-organised refuse collection
service is a complex procedure that may extend over several years and
contains four stages:

— a preliminary study to provide gu.delines for the testing of what appear
to be suitable methaods;

—one or more pilot prejects to test proposed systems and establish work
performances and costs,

— production of a Master Plan hased on systems that are successful at pilot
scale,

— a phased programme of implementation of the Master Plan.

Preliminary Study

The study should have clearly ¢~fined objectives which may include:

Health and aesthetic aspects: For example wastes must not be exposed to vectors,
animals or scavengers during storage; collectors must not sustain skin contact
with wastes during collection.

Systems: A system must satisfy the specific needs of that area of the city where
it is be applied; thus multiple systems will probably be necessary.

Mechanisation: Labour-intensive methods should be used unless mechanisation
preduces a positive reduction in total expenditure, or is necessary for health
protection. -

Indigenous equipment: Indigenous vehicles and plant are to be used for at least
90% of all investment.

Productivity: High productivity will be sought by method and time studies and
priority given to ensuring high vehicle productivity.

Traffic: Methods should avoid interfering with traffic as far as possible; this
implies that animal carts should not be used in the city centre and that motor
vehicles chould not be parked on the highway for protracted loading periods.




The first step in the preliminary study will be to obtain estimates of
wastes generation from the main sources: domestic premises, shops and
markets, offices and institutions. Street refuse should also be estimated
because it may be handled through refuse collection transfer points. It
is also necessary to know the density of the wastes at source, and useful
to know the physical constituents. Sampling methods for generation and
analysis are described in Chapter 2.

A broad physical survey of the city is then undertaken, to divide it
into areas of similar characteristics on which tentative storage and
collection proposals could be based in the light of existing knowledge and
available equipment. For each type of area the following issues are
considered :

Storage

Communal storage systems of small capacity and short spacing, enclosed,
with detachable liners capable of being handled by not more than two men,

Storage in the home, bin capacities for dwellings of various types, and for
various collection frequency.

Bin capacities required at shops.
Storage at markets, schools, hotels and other large wastes producers.

Potential use of chutes, and the types of containers to be used in chute
chambers.

Responsibility for the provision of containers: owner, occupier or munici-
pality ?

Collection :

Frequency of collection for various areas.

Primary collection vehicles: design of handcarts, animal carts, vehicle
_capacities in relation to density of wastes from various sources,

Short-range transfer systems: trailers, skips, spacing of transfer
stations in areas of various population density, design of transfer stations,
list of potential sites.

Potential use of crew collection in shopping areas and single dwelling areas:
selection of potentially suitable vehicle types.

. Potential for mechanised small containers of 1-2 cubic metres at schools
hotels and large stores.

Relationship between collection systems and location of disposal site: vehicle
capacity in relation to length of haul; relay systems.

At the conclusion of the preliminary study it should be possible to
define the main types of area for which different solutions will be
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necessary, probably ranging from city centre prestige shopping to shack
communities, and for each situation one or more tentative proposals
together with possible scales of cost.

Pilot Projects

The next stage is to test on a limited scale the most promising of the
possible solutions that have emerged from the preliminary study. The
purpose of the pilot tests would be to obtain the following information :

— accurate work performances for manual labour and vehicles, as a basis for
route planning at the implementation siage,

— accurate costs, for comparing rival systems, and for accurate estimating of
investment programme and annual budget,

—1to try to judge the impact on health and environmental standard: of the
systems under test,

—to measure public acceptability of the new systems, without which it would
be useless to adopt them.

—to judge the acceptability of the new methods to the workers, because their
support is also a vital ingredient.

—to find what modifications are needed to equipment and vehicles.

A pilot project normally requiras at least 1} years, because it should
run for a complete year in order to cover seasonal changes which occur
in wastes generation, and it must be preceded by a period of detailed
planning. There may also be delays in acquiring the eguipment needed
to operate it.

The size of a pilot project is usually determined by the minimum size
of an operating unit. For example the minimum for primary collection
by handcart would be one transfer unit, say a trailer, thus about six
collectors should be employed, and they would serve about 1,200 dwell-
ings. For communal containers, however, a mere dozen would be sufficient,
to judge their efficacy, and to obtain standard times for empiying them.
Thus the population range for pilot projects may be between 2,000 and
10,000. '

It is of the utmost importance that a pilot project. should be continuous-
ly supervised and detailed results recorded throughout the whole of the
test period. Each project may require staffing on the following scale in
addition to the workers operating it:

project manager,

supervisors,

recorders, 6 for double shift operation,
social workers.

DN WY

The social workers have the important; task of maintaining a continuous
dialogue with residents, to guide them in making best use of the service
being vrovided, to gain a high level of co-operation and to measure the
acceptability of the method being employed.




Master Plan

The results of the pilot projects, judged in the light of cost, public
ace=ptability, and the extent to which primary objectives can be met, can
for .. the basis for .a Master Plan which would be implemented by a
phased programme over several years.

The Master Plan would define the system to be adopted in every given
situation, and would estimate the proprrtion of wastes from all sources
to be handled through each system. On the basis of these estimates,
equipment requirements for the whole city can be defined and estimates
prepared for capital and operating costs.

The Plan would also establish the geography ¢f cperation and control;
the locations of transfer points, depots, and offices, and wculd include
standard designs for depots and transier stations.

Implementation

Implementation of the Master Plan may involve a complete re-organi-
sation of the refuse collection services. It would impose a very heavy
managerial load and it would probably be necessary to place the re-
organisation process in the hands of a special project team whose leader
ranked as a Deputy Director, in order to allow normal standards of
control of current operation to continue.

Training in the new methods wou d be necessary for manual workers
and technicians; a convenient way of achieving this is to maintain the
pilot projects in operation as training grounds during the early pericd
of implementation.

It is probable that a large building programme may be necestary to
provide the physical infrastructure for the new methods and it is certain
that a large amount of equipment would have to be acquired. The capital
expenditure involved is a further reason for phasing implementation over
several years,

It is likely that implementation would also involve some changes in
the management structure, at the very least sume ¢f the boundaries
between sub-districts and districts may have to be rationalised. The sub-
district or district, having a population in the range 10,000 to 50,000 is
the recommended basis for re-organisation. In the first year it may be
prudent to undertake only one or two districts. In a city with 40 districts
phasing could be on the following scuale:

1st year 3 districts
2nd ,, 5 '
3rd ,, 9 v
4th ,, 10
5th ,, 14

’?

s

The speeding up of implementation in the later years is possible hecause
detailed route planning can be undertaken continuously by the Project
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Team and also because after the first two years a large number of trained
personnel will be available for temporary transfer to districts under
re-organisation.

It should be stressed that implementation requires the same care in
planning ard supervision as the pilot projects, but for a shorter period.
Every collection route must be precisely defined in writing with every
single source listed, and during the first few days of operation a supervisor
must continuously accompany the collector or the crew, to advise and
train them, and to monitor their working rate.

The success of the implementation programme will depend to a large
extent on public relations. Every medium should be used to inform the
public of the objectives and to advise them on the duties they must
perform as part of the service. The best method is always personal
contact. Elected representatives should pay visits from house to house
in a district under re-organisation. Social workers should be involved
in areas where there are particular difficulties of communication with
the people. The press and radio are obvious methods of instruction and
publicity. School teachers should be fully informed about the Master

Plan so that it can be discussed in classes.
i



ANNEX II

TRAINING FOR SOLID WASTES MANAGEMENT

(A memorandum which was approved by the Solid Wastes Management.
Workshop held at Ahmedabad in October, 1975, by GOI and WHO.)

The following list endeavours to define the required areas of knowledge
for officials employed by cities on the management of solid wastes. From
such a list it is possible to compile a syllabus for training and examination
at different levels of responsibility, e.g:

Technician (engineering diploma) only subjects marked
T and to limited depth.

Professional (graduate engineer) all subjects.

Post-graduate (having already covered all subjects) selected

specialisations to greater depth.
Introductory
T Man in the environment
The closed cycle

Inter-relationship of pollution from all sources
T Solid wastes in relation to public health

Federal and State Law
T  Public health legislation as affecting solid wastes

Road transport legislation
Relevant labour laws

Administration

Administrative structure of a department and physical infra-

structure (depots, workshops)

Man-management

Work study (method and time study)

Cybernetics of relevant manual activities ‘

Office organisation and machines 239
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T  Statistics and graphs

Cost accounting

Preparation of estimates

Reports

Specifications for materials and equipment
Storekeeping systems and records

=+

Solid Wastes Characteristics

T  Sources and types of solid wastes: domestic, trade, industrial

T Physical analysis of mixed domestic and trade wastes

T  Determination of density and per-capita production
Determination of moisture content and calorific value
Projections of wastes production
Hazardous wastes

Storage and Collection of Solid Wastes

T = Determination of coliection frequency; the effects of frequency on
storage and collection ‘
T Manually handled storage containers for dwellings and shops
T  Mechanically handled containers for large premises
Refuse chutes
T Communal containers
Exper.dable containers
T Influence of length of carry, and duties imposed on householders
T  Vehicles: man-drawn, animai-drawn, and motor:
design,
optimum radii of operation
T  Coliection by team:

optimum team size,
vehicle capacity,
work norms,
relay systems,
planning rounds

T Collection by single operators:
work norms,
vehicle capacity,
transfer points,
planning rounds

T Collection of contents of mechanically handied containers

T Exchange systems for hoist or roll-on containers

Street Cleansing

T Origin and character of street refuse
T Road strueture in relation to cleansing




Classification of streets for cleansing purposes
Manual sweeping:
brooms, shovels and other tools
hand-trucks,
organisation
T Gang sweeping, organisation
Mechanical sweepers:

H

highway sweepers
special applications of suction sweepers
T Litter containers, design and siting

il
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Designs and application of tanker vehicles with reversible

vacuum pumps
Organisation of routes

Transfer Stations

Inter-relation of collection and disposal systems
Alternative long-distance transport methods
Transfer stations, design and operation

Refuse Disposal

Re-cycling; pre-separation and recovery
Land-use planning in relation to solid wastes
Principles of refuse treatment:
pulverisation,
incineration,
composting, and others
Mechanical elements of treatment plants
Control of pollution transfer
T Disposal on land:
site selection, relations with other public
agencies
water pollution control at disposal sites
codes of practice
preparation and planning of site
operation of site: manual methods,
mechanical methods
vector control
biochemistry of deposited wastes
deposit of hazardous wastes
Comparative costs of alternative treatment and disposal
methods
Comparative environmental impact of alternative methods
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Mechanical and Electrical

An adequate basis of theory is assumed by the entry standard. It
is necessary to consider, perhaps at a later stage, provision for
training in industrial applications such as treatment plants, and the
maintenance of motor vehicles and earth-moving plant. (In Britain
training includes several months’ experience in workshops.)

To Be Determined

Should an academic body or a professional body determine syllabus
and standards ?

Duration of courses ?

Location of training centres?

Sources of lecturers ?

Selection of trainees ?

Provision of posts on completion of training ?
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TYPICAL ORGANISATION FOR 2,000,000 PFOPULATION

DIRECTOR OF CLEANSING

DEPUTY DIRECTOR

COLLECTION AND TRANSPORT DISPOSAL CHIEF
STREET CLEANSING SUPERINTENDENT SUPRERINTENDENT ADMN. OFFICER
SUPERINTENDENT (PHE) (MECH ENG,) (PHE) (ECONOMIS )
I |
|
| |
DIVISIONAL WORKSHOP LANDFILL COMPOST i
SUPERINTENDENTS SUPERVISOR SUPERVISOR PLANT
(@) (AUTO ENG.) (CIVIL ENG.) MANAGER |
(MEC!H ENG) I
|
|
|
|
DISTRICT TRAFFIC !
SUPERVISORS SUPERVISOR clerical
(TECHN.) (TECHN ) support at all
ievels.

SUB-DISTRICT

INSPECTORS FOREMEN
(TECHN.) |

| DRIVERS MECHANICS DRIVERS DRIVERS
FOREMEN

COLLECTORS LABOURERS LABOURERS LABOURERS




STAFFING RATIOS FOR SOLID WASTES MANAGEMENT

Ratio ' Staff numbers for population of
100.000 2,000,000
Manual workers 2.5/1,000 population 250 5,000
Foremen 1/10 manual workers 25 500
inspectors. 1/50 manual workers 5 100
District supervisors, 1/5 Inspectors _— 20
Divisional superintendents, 1/5 District supvrs.- _— 4

TYPICAL ORGANISATION FOR 100,000 POPULATION

DIRECTOR OF CLEANSING

CLEANSING WORKSHOPS ADMINISTRATION
SUPERINTENDENT SUPERINTENDENT OFFICER
INSFECTORS LANDFILL TRAFFIC
'5) SUPERVISOR SUPERVISOR
FOREMEN
FCREMEN clerical support
at all levels.
MECHANICS

DRIVERS

COLLECTORS,
SWEEPERS LABOURERS



ERRATA

Page 55 Section 8.2, para 2, first line, read “from” as ‘“‘front”
Page 64 Line 5, for "South East” read “South-East Asia”
Page 75 Photo 14 is discussed in detail in Section 12.2

Page 88 Section 12.2.1, para 3, read “base” as “bass”

Page 106 Section 14.2.2, line 8, delete “‘that”, line 9, for “it”
read “which”

Page 135 Photo 15 caption, read "bumper bay” as “bumper bar”
Page 137 Section 14.8.4, line 5, for “until” read "unit”

Page 142 Line 2 should read: “the deposit in water of organic wastes.”
Page 153 Line 1, read "much” as “mulch”

Page 173 Full para 3, line 3, add "high winds” before “but”

Page 190 Para 2, line 9, for “with” read “have”

Page 191 Section 17.5.1, para 3, lines 11-12, for “as they are” read
“through being”

Page 200 Section 18.2, para 1, last line, for "Figures 5 and 6"
read “Figures 31 and 32"

Page 222 Section 19.3.1, line 2, for “or paving only” read
“or fencing only”

Page xvi Credits in footnote, for “photos 4 and 9” read “photos 4 and 10,
reproduced on pages 30 and 52"




