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SOLID WASTE: SOURCES,CHARACTERISTICS 
AND SAMPLING METHODS 

1. SOURCES 

by 

Dr Adrian Coad
°llc 

Solid waste can be defined as any unwanted material that is not 

discharged to the atmosphere or via a pipe. It comes from a wide 

variety of sources and different types are the responsibilities of 

different agencies. 

Domestic solid waste contains mainly food waste• packaging. paper, 

dust from sweeping. and worn out, broken or torn household effects 

and items of clothing. Where solid fuel is used ash may be present 

in large quantities; if hot it may start fires and damage plastic 

refuse containers. Where sanitation is poor and where disposable 

nappies are used, human faeces may also be included, and present 

a serious health hazard. Wastes from home nursing may also be a 

problem. Some unwanted items may not be accepted by the refuse col­

lector; garden wastes and large items such as broken appliances and 

furniture are examples of bulky refuse which must often be removed 

by other means. Offcuts and scraps from cottage industries are 

often included with domestic waste. 

Institutional solid waste - from hotels. schools, barracks, nurses 

homes and similar establishments - is generally similar in nature 

to domestic solid waste. However, because food waste is generated 

in much higher concentrations, farmers often find it worthwhile to 

Lecturer and M.Sc. Course Tutor, WEDC, 
University of Technology. Loughborough, U.K. 
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contract with the kitchens to remove the waste for use as animal 

feed. Hospital wastes can be divided into two categories: domestic­

type waste that can be handled as for other institutions, and sur­

gical waste, used dressings, used syringes and unwanted medicines 

which should be disposed of with a great deal of caution. 

Shop wastes vary greatly in nature. Large superm�rkets produce 

immense quantities of packaging waste, but small shops in poorer or 

rural regions may discard only a little seriously spoiled food. Garages 

may cause disposal problems by discarding car tyres and oil, but 

both items have recycling potential. 

Office wastes include large quantities of clean, good quality paper 

which generally finds a good price on the salvage market. Other 

wastes of a domestic nature, carbon paper and typewriter ribbons 

should be kept separate. 

Street refuse varies in nature and quantity according to the habits 

of the people and the effectiveness of the refuse collection system. 

It usually includes litter and grit. but food waste, human and animal 

faeces and spilled loads may also be present. 

Construction waste often finds a use as a cover material or road 

huse on refuse tips, subject to the particle size and the presence 

oi reinforcing bars and nails. Soil excavated for foundations should 

be stockpiled for covering refuse. 

Abattoir wastes putrefy rapidly and attract flies. They should be 

quickly and completely removed and buried carefully. 

Industrial wastes are produced in very large quantities and are often 

homogeneous. The industries themselves often arrange the removal of 
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the waste because of the large volumes and the need for special equip­

ment.- However industrial wastes are often mixed with domestic 

wastes at the tip. Supervision of waste contractors is necessary to 

ensure that no wastes are dumped illegally where they might cause 

serious environmental damage. Inert wastes can be used as cover 

material instead of soil. 

Sludges of various moisture contents may be deposited on refuse 

tips. These sludges usually come from industries and wastewater 

treatment plants, though occasionally environmental considerations 

might require water treatment plants to landfill their sludges. To 

save on transport costs the sludges may first be dewatered to reduce 

their volume. Such sludges may be in the fom of a cake, which may 

rapidly revert to a semi-liquid after standing in rain. Other sludges 

may arrive at the tip in a liquid state. Undigested sewage sludges 

have a very strong odour and serious health implications. 

Radio-active wastes should be deposited in special sites. 

Industrial wastes are often uniform and of a high purity, and 

so are suitable for recycling. Secondary materials merchants should 

contract directly with the industry concerned so that offcuts or by­

products are removed from the factory directly before they are mixed 

with contaminating material. 

on disposal costs. 

Such recycling creates jobs and saves 

Mining wastes are rarely mixed with other types of wastes. The 

tonnages involved are often enormous. Unplanned spoil heaps may 

impair the landscape, threaten landslides and pollute water courses. 

Agricultural wastes can be divided into animal wastes and crop 

residues. The natural and beneficial return of organic wastes to 

the soil is increasingly prevented by modern intensive farming 
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techniques. 

pollution. 

Careless handling of these wastes may cause water 

2. OIARACTERISTICS 

It is easy to think of parameters that can be used to charac­

terize the solid waste of a particular town and to find values of 

these parameters that have have been measured elsewhere, but it is 

much more difficult to determine values th·at will provide reliable 

guidelines for a given situation. 

Refuse generation rates are usually quoted in terms of the 

weight discarded per person per day. Whilst the weight is important 

in the design of equipment for manual operation (such as handcarts 

and bins), the volume occupied by the waste is very often the appro­

priate criterion for the design of equipment and facilities. Mecha­

nical equipment (for example, the tipper truck) is usually designed 

to handle materials that are much denser than refuse, and so it is 

the volume of the waste, and not its weight, which determines the 

carrying capacity. Similarly refuse volumes are needed to calculate 

the life of a landfill site. So in addition to the weight, the 

volume or density of the solid waste must be known. 

Other properties of interest are the moisture content, the 

compressibility and the size. The moisture level enables estimation 

of the actual weights of material, and is important in the composting 

process. Knowledge of the compressibility aids in the choice of 

collection and disposal systems. The fraction of the refuse passing 

a given mesh size indicates the possible value of size reduction as 

� disposal process. 
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Laboratory analysis may be required to determine the carbon 

to nitrogen ratio and heavy metal content of the refuse in feasibi­

lity studies for composting and the calorific value of the waste 

must be carefully detennined if incineration is being considered. 

Solid waste generation rates and composition_vary -��reat�y 

with both time and space. Table 1 illustrates some of these differ­

ences and Table 2 presents sooe extreme values. 

Quantities of refuse discarded each day vary through the week 

according to shopping days, weekends an� other factors. And the 

quantities often also diminish during the storage, collection and 

Difference Situation Solid waste generation rates 
per person per day 

Weight Densi3y Volume 
g/cap•d kg/m L/cap•d 

Different coun- Iran, Islamic 
tries Republic of 290 231 1.3 

USA 900 128 :1 

Different towns Calcutta 512 540 0. 9 
(India) Poona 300 300 1.0 

Different socio- 1 Low income 260 257 1.0 
er.anomic levels High income 400 169 2.4 

(Iran) 

Different times UK Pre-1939 - 290 -
Post-1945 -

I 
229 -

Table 1. Examples of Place and Time Variations in Solid Waste 
Characteristics (1) 
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Refuse parameter Range of values 

Fer capita weight kg/d 0. 2 - 3.0 

Density kg/m3 100 - 500 

Putrescible fraction % 5 - 90 

Paper fraction i! 0.25 - 55 

Plastics fraction % 0.1 - 7 

-
Table 2. Ranges of Values of Refuse Parameters (2) 

disposal processes because of: burning of refuse in the home, dump­

ing on vacant land or in flowing water, door-to-door collections of 

glass or paper for salvage, separation of items of value, burning or 

unauthorized dumping by the refuse collector, and scavenging at 

transfer stations or at the final tip. Refuse analysis values there­

fore depend on the point of sampling. Densities also tend to increase 

because of handling and overburden. 

Refuse varies with the season, according to availability of 

fresh fruit and vegetables, holidays and tourism, and requirements 

for home heating. Finally, refuse quantities and compositions 

change over the years with changes in prosperity, diet, packaging, 

fuels, literacy, use of disposable paper products, and type of build­

ing material. 

Refuse characteristics differ from country to country, from town 

to town, and even from street to street. International variations 

are caused by a variety of factors, including wealth, climate, diet, 

literacy and work habits. The differences are often very great. 
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Residents of large towns also seem to thrOY :?Nay more than people in 

small towns. Income level and lifestyle are associated with differ­

ences within a town. The general rule is that as one goes from a 

small, poor, traditional, illiterate community to a large, rich, 

modem, literate one. the refuse weight becomes more, the density 

less (and therefore the volume more), the food preparation waste 

becomes less, the paper and packaging fraction increases and the 

average particle size increases. But these trends to not always 

hold; an exception is cited in the section on socio-economic impli­

cations in a later paper. 

It follows from these observations that results of solid waste 

analyses should be interpreted with care. An annual average figure 

does not reveal seasonal peaks, and a sample taken from one place may 

be significantly different from the city-wide average. (The author 

recalls hearing of a 'survey' performed by a few students sent out 

on one day only into the prosperous area of a city; such results 

have virtually no value at all). 

Refuse parameters vary greatly with time and space. Further­

more the variety within a sample of waste is great. Solid waste is a 

collection of objects having very different properties. Densities, 

sizes, degradabilities and strengths vary enormously. This pronounced 

inhomogeneity leads to many conflicts that require compromises. One 

example is the refuse bin designed to be emptied by lifting: if filled 

with packaging waste the contents would weigh about 7 kg, but if filled 

with construction waste the load could be 100 kg. Another example is 

size reduction: steel cans might be bent by the equipment, glass 

would shatter, some material might adhere and nylon tights might wrap 

themselves around the shaft. It is difficult to design equipment to 
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handle all types efficiently. Incineration affords a third example: 

the temperatures and residence times for satisfactory combustion of 

different materials differ greatly, so that the right conditions for 

plastic and paper may leave a water melon rind only lightly singed. 

The design of refuse handling equipment involves compromise. 

3. SAMPLING METHODS 

·A vital question to answer before embarking upon a programme of 

analysis and measurement of solid waste is: 

"For what purpose will the results be used?" 

The answer to this question will determine the point in the 

lifetime of the waste that will be examined - when an item is first 

regarded as waste, when it is received by the authorized collector, 

or when it reaches the end of its journey. The answer will also 

decide the depth required of the study and the number of man-hours 

to be spent on it. For some purposes a short discussion with some 

supervisors, coupled with some careful observation, might provide 

sufficient information. A tally of refuse collection vehicle loads 

entering a disposal site on a given day might serve another purpose. 

But in other cases it might be advisable for a complete and detailed 

analysis to be performed. Some information can only be obtained 

through careful observation of a pilot scheme. It is therefore best 

to first consider the use to which the data will be put, and the 

accuracy required, before initiating a sampling programme as described 

in the text book. 

Data may be required for many purposes; examples are the sizing 

of containers, determination of manpower requirements, vehicle 
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requirements and scheduling, estimation of tip life and feasibility 

studies for composting, resource recovery or incineration. The 

knowledge of the refuse composition on the "macro" scale allows the 

preparation of a truly representative "micro" sample for laboratory 

analysis. A further use of refuse data is the forecasting of likely 

trends of refuse characteristics for longer-term planning. 

A detailed study of solid waste generation requires the division 

of the area concerned into different groupings, usually on the bases 

of socio-economic status, style of housing and type of source -

domesti c, institutional, office, etc. Sectors of the town or city 

must be chosen so that they are homogeneous, that is all the refuse 

collected in the area must come from the same type of source. Some 

means of quantifying the socio-economic levels of the domestic sources 

is necessary to enable an estimation of the fraction of the town or 

city represented by each group. The timing of the analyses must be 

such that all major seasonal effects are included. 

The next choice is the size of the refuse sample that is re­

quired. Recommendations on this point vary. Stirrup (3) reported 

the use of one ton for Britain and Flintoff (4) has advised 200 kg. 

American research (51 6) has indicated that 90 kg gives satisfactory 

result� provided that obviously untypical objects (such as dead 

horses) are not included. In discussing what is the minimum satis­

factory weight, three points should be borne in mind: 

(i) The ntnnber of sources (households) is more important than the 

total weight because the generation rates will approach the 

true average as more sources are sampled. Ninety kilograms 

on a weekly collection basis in the USA could come from as few 

as four households whereas the same weight collected on a daily 

basis from a developing country might represent fifty households. 
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(ii) The method of collection of the sample is important. If a 

school and a few shops have contributed to a "domestic11 sample 

a larger number of domestic sources will be needed to reduce 

the impact of these outsiders on the final figures. A sample 

that is taken from carefully selected sources will be more 

precise than a "grab" sample taken from a collection vehicle 

after its normal round. 

(iii) If at least three samples are taken from a particular grouping, 

statistical methods can be used tp indicate the reliability of 

the results. 

It follows from these three points and from the author's obser­

vation that under certain circtm1Stances a sample of 50 kg is quite 

sufficient to give a reliable guide to all categories of refuse, 

except perhaps those present in very small quantities. 

The method used to obtain the sample depends on the method of 

collection. If the refuse is normally collected from bins at the 

roadside then sampling involves simply emptying the bins of the 

selected sources into an appropriate vehicle. If the resident 

normally hands his bin to the collector, he may be somewhat suspi­

cious when giving it to a man with a clipboard or notebook. Many 

people feel that the refuse they discard contains information about 

their way of life which they would prefer to keep private. Even if 

the purpose of the sampling exercise is explained to them they may 

feel reluctant to discard their refuse according to their habit. 

So when the householder is aware that his domestic waste is being 

examined, the results of the analysis will be less reliable. For 

this reason measurement of refuse generation rates in areas served 

only by communal receptacles is difficult. The usual approach is 
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to collect refuse from the sample area by a special door-to-door 

collection with plastic bags. Residents may either prefer to con-

tinue to use the communal facility to avoid divulging any secrets, 

or they may make extra use of the special service by spring-cleaning 

when someone else is willing to remove all the rubbish thereby 

cleaned out. This �rass-roots approach may therefore be no more 

accurate than keeping a record of the solid waste removed from the 

communal receptacles in an area, and noting the population of the 

area. 

Though the task of analysing solid waste is neither pleasant 

nor likely to attract public sympathy, it is important that a super­

visor who has a clear understanding of the aims of the survey, a 

feeling for the a ccuracy required and some concept of statistics, 

should be present at every stage. He will be reQuired to make m any 

decisions during both collection and segregation stages. 

Various data must be collected along with the refuse. It is 

essential to know with confidence when the previous collection took 

place so that the number of days' generation is known. The number 

of people contributing must be ascertained. The date, time, weather 

and any other observations can also be valuable. When collection is 

more frequent than weekly it is important to know if the weekend's 

refuse is included. 

The methods used in the analysis have an effect on the results 

obtained. The size and shape of the container used for determining 

the density can influence the result. if it has corners these may 

not be filled, and if one dimension is small, large items of refuse 

may bridge between the walls to produce large voids. A minimum 

dimension of 0.5 m is probably satisfactory. The refuse should not 
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be compacted into the container. The conditions in which the re­

fuse is sorted can also affect the rate of drying of some of the 

component materials. Drying modifies both the weights and the per­

centage composition, because different materials absorb water to 

different extents. The working definitions of the categories also 

aff_ect comparisons between segregation studies done by different 

people; dry cell batteries and old shoes are examples of items that 

could be placed in different categories. Bottles containing liquids 

can also be handled in two ways. Results for plastic content are 

usually overestimated because of food Temains that adhere to film 

and containers. The size of the sieve mesh used to define the 

fines will influence results for that category. The conclusions 

from these points are that refuse analvsis is not a very precise 

science and that comparisons between different studies should not 

be overzealous. Where studies are performed at regular intervals 

to reveal temooral trends the methods and category definitions must 

be cons i st en t • 

The or�anization and conduct of the segregation analysis 

depend on the size of the sample and its location. If the sample 

weight is around 100 kg and samples are to be analysed at various 

locations, a kit consisting of plastic sheets, plastic sacks, a 

sieve and a spring balance will suffice. Density measurements need 

more cumbersome equipment - a 200 L barrel and a weighing device are 

satisfactory. These density detenninations can be made quickly 

and need not be combined with the segregation analysis. 

For larger samples that can be delivered to a convenient depot, 

the method described by Flintoff (4) is suitable. A fr� covered 

bv 50 mm mesh is used as a sorting table and items are separated 
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into bins. A wooden box 0.5 x 1.0 x 1.0 m is used for density mea­

surements. Material falling through the 50 mm mesh is further clas­

sified using a 10 mm sieve. A larger group of labourers is needed 

to sort the refuse, which should be weighed in its categories within 

two hours to minimize drying effects. 

If the exercise has a socio-economic dimension reliable data 

must be o6taine,d for each area sampled. In some cases municipal 

records will furnish enough information, but in others a survey will 

be required. The author was responsible for this type of survey 

in Iran, where residents were asked about income, ownership of property, 

and consumer durables, education, employment, housing and family size. 

More details are given in reference 7.  In framing the questions for such 

a survey it is valuable to build in crosschecks to allow for misinterpre­

tations and unanswered questions. A questionnaire also provides an opportu­

nity for collecting information on habits linked with refuse generation. 

mation on habits linked with refuse generation. 

When comparing analysis figures for different socio-economic 

groups, or for different towns, it is useful to apply a statistical 

test to determine whether the difference between groups is significant 

when compared with the differences between the several values measured 

for each groun senarately. To do this at least three readings must 

be taken within each group, and student's "t0 test should be used. 

Even when this approach is inappropriate the results should not 

be reduced to a single average figure because maxima are often critical. 

Industrial wastes require a rather different approach because 

generation rates are much higher and the wastes are more homogeneous. 

The WHO Rapid Assessment guide (8) is a useful starting point. 
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Projections of quantities and characteristics are important 

when new equipment is being chosen or designed. The best projec­

tions are derived from measurements made in the same way at the same 

time of year over a number of years. If such values are not avail­

able trends observed in other locations of a similar nature can be 

useful, and variations between socio-economic groups can also suggest 

developments, if it is assumed that the overall standard of living 

is rising. Industrial production targets may also be of some help. 

But ·the lurking threat to any project�on is the sudden change of 

packaging of a popular item made in the name of progress or economy 

or because of a change of supplier. Examples are the change from 

the returnable glass bottle to the metal can, the paper carton or 

the PVC semi-rigid bottle. 

Refuse generation rates are an important element in the design 

of an efficient collection system. Refuse densities also must be 

known. In some cases the breakdown of the solid waste into its 

components is necessary. But there are many situations where the 

obstacle to good solid waste management is not the lack of technical 

information about the wastes, but rather a lack in the organizational, 

supervisory or maintenance spheres. In these cases the blame must 

not be attributed to the lack of comprehensive data. 

Careful observation on a day-to-day basis is far better than 

a large and complex table of figures. 
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STORAGE AND COLLECTION 
OF SOLID WASTE 

1. METHODS AND PROBLEMS 

by 

Dr Adrian Coad* 

(a) Introduction. The design and operation of a solid waste callee-

tion. service is much more challenging than most of the work that 

engineers are doing today. The task involves a large workforce and 

requires the cooperation of all of the public. The choice of systems 

available is very wide and the apparatus that is used must be care­

fully selected from a large range and must perform at a very high 

level of reliability and withstand abuse. Solid waste management is 

an expensive undertaking which is always in the public eye. The need 

for clear thinking and good management should not be underrated. 

The most important consideration is reliability. The residents 

must play their part, and so to help them develop the necessary habits 

the service must always be provided as promised. The residents will 

not do their part if they feel that the collection agency 1s not 

doing its part. The service must be dependable in spite of vehicle 

maintenance problems - vehicle failures must be expected and allowed 

for in the plan. The service must be dependable in spite of absen­

teeism - management must aim to minimize absenteeism and have an 

emergency pool of replacements. The service must be dependable in 

spite of the weather - equipment must be provided such that the 

Lecturer and M. Sc. Course Tutor, WEDC, 
University of  Technology, Loughborough, U.K. 
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labourers can continue to work in the rain, and tip managers must 

have contingency arrangements. Dependability should be valued more 

highly than theoretical efficiencies or prestige. Dependability 

requires careful analysis of the local situation so that the methods 

used are appropriate. Dependability comes from flexibility so that 

in a crisis there are alternatives. 

The subject of refuse storage and collection is too large to 

be covered comprehensively in one paper; for further information 

Flintoff's bookl is highly recommended. The reader is also referred 

to the author's paper on street refuse since some of the points made 

there are relevant to the subjects of this paper. 

(b) Point of colle ction. In areas of unplanned housing where access 

to each property is very restricted, communal storage is appropriate; 

residents are responsible for bringing their refuse to the communal 

container. This method is also used in other situations because of 

its cheapness. 

High-rise buildings may employ chutes down which refuse is sent 

to a coIIDnunal bin. Provision must be made for cleaning and unblocking 

the chutes, and residents must be encouraged to wrap their refuse to 

prevent fouling. The arrangements for emptying the central hoppers 

must be flexible so that the failure of one particular vehicle does 

not interfere with the removal of the waste. 

Collection directly from the householder's bin to the refuse 

vehicle can take place in several ways. The cheapest is street­

corner collection, in which residents are advised of the approach 

of the collection vehicle by means of a bell, hooter or loudspeaker. 

The residents must then bring their bins out to the vehic le. However, 
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since in ma'ny cases there may be no one at home during collection 

periods such a method may be unsatisfactory. 

The next cheapest door-to-door method is kerbside collection, 

for which residents must leave their bins by the roadside on the ap­

pointed day. For this method to succeed dependability is essential; 

the waste must be collected on the right day. The presence of the 

bins by the roadside renders the ccontents liable to scattering by 

human or animal scavengers and the bins liable to theft or damage. 

� collection requires nothing of the resident except that he 

does not lock the door giving access to the place where the bin is 

kept, so that a refuse worker can take the bin, which will be returned 

later. Often one man walking ahead of the collection vehicle brings 

the bins out, another man with the vehicle empties them, and a third 

man takes them back. The second entry of the premises can be avoided 

if bins are exchanged - the labourer taking in an empty bin before 

taking the full one out - or if the bin is emptied into the collector ' s  

own bin i n  the yard. Disposable sacks also save the second journey. 

Yard collection is not appropriate where the entry of the refuse 

worker would be regarded as an unacceptable invasion of privacy. 

Door-knocking collection is perhaps the most time-consuming 

because the collector must wait for a resident to answer his knock 

and bring the refuse to him. There is, however, no intrusion of 

privacy. 

Pipeline collection is used on an experimental basis at a few sites 

around the world. The water-carriage system includes a grinder so 

that food preparation wastes can be carried away in normal waste 

pipes, either to a separator in the same building or to the sewage 

treatment works. In the vacuum system a large vacuum pump and 

valves which open in sequence, draw even quite large items of refuse 
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The subject of refuse storage and collection is too large to 

be covered comprehensively in one paper; for further information 

Flintoff's bookl is highly recommended. The reader is also referred 

to the author' s paper on street refuse since some of the points made 

there are relevant to the subjects of this paper. 

(b) Point of collection. In areas of unplanned housing where access 

to each property is very restricted, communal storage is appropriate; 

residents are responsible for bringing their refuse to the communal 

container. This method is also used in other situations because of 

its cheapness. 

High-rise buildings may employ chutes down which refuse is sent 

to a communal bin. Provision must be made for cleaning and unblocking 

the chutes, and residents must be encouraged to wrap their refuse to 

prevent fouling. The arrangements for emptying the central hoppers 

must be flexible so that the failure of one particular vehicle does 

not interfere with the removal of the w aste. 

Collection directly from the householder' s  bin to the refuse 

vehicle can take place in several ways. The cheapest is street­

corner collection, in which residents are advised of the approach 

of the collection vehicle by means of a bell, hooter or loudspeaker. 

The residents must then bring their bins out to the vehicle. However, 
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since "in mahy cases there may be no one at home during collection 

periods such a method may be unsatisfactory. 

The next cheapest door-to-door method is kerbside collection, 

for which residents must leave their bins by the roadside on the ap­

pointed day. For this method to succeed dependability is essential; 

the waste must be collected on the right day. The presence of the 

bins by the roadside renders the ccontents liable to scattering by 

human or animal scavengers and the bins liable to theft or damage . 

� collection requires nothing of the resident except th at he 

does not lock the door giving access to the place where the b in is 

kept, so that a refuse worker can take the bin , which will be returned 

later. Often one man walking ahead of the collection vehicle brings 

the bins out, another man with the vehicle empties them , and a third 

man takes them back . The second entry of the premises can be avoided 

if bins are exch anged - the labourer taking in an empty bin before 

taking the full one out - or if the bin is emptied into the collector ' s  

ow n  bin in the yard. Disposable sacks also save the second journey. 

Yard colle ction is not appropriate where the entry of the refuse 

worker would be regarded as an unacceptable invasion of privacy. 

Door-knocking collection is perhaps the most time-consuming 

because the collector must wait for a resident to answer his knock 

and bring the refuse to him. There is, however, no intrusion of 

privacy. 

Pipeline collection is used on an experimental basis at a few sites 

around the world. The water-carriage system includes a grinder so 

that food preparation wastes can be carried rIMa'J in normal waste 

pipes, either to a separator in the same building or to the sewage 

treatment works . In the vacuum system a large vacuum pump and 

valves which open in sequence, draw even quite large items of refuse 
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along ducts. The capital and operating costs of these systems 

severely limit their application. 

(c) Frequency of collection. The f requency is primarily determined 

by the need to control fly breeding; the refuse must be disposed of 

before the adult fly emerges. Therefore in cooler climates once a 

week is quite satisfactory, but in tropical locations twice a week 

is preferable Communal facilities must be emptied more frequently 

than householders'  bins because the refuse may have been several 

days in a private bin before it was br9ught to the communal one. 

Collection may be required at closer intervals if the volume 

accumulated is great, as in markets where more than one collection 

each day be necessary. The odour or aesthetic unacceptability of the 

wastes may also call for more , frequerit �ollection . 

(d) Storage containers 

(i) Communal storage. A satisfactory communal storage 

system has  yet to be des�gned for developing 
countries. Table 1 lists briefly the requirements for 

such containers, the various types, and their shortcomings. 

The spacing between the storage facilities is very important 

for, although money can theoretically be saved in land 

acquisition, construction and operation by having fewer, 

bigger containers, in fact the total cost will increase if 

people are unwilling to walk further to deposit thei r · rub­

bish, and simply dump it on the road. A maximum walk of 

100 m may be acceptable in most cases. The loading time is 

also important. Often large trucks are loaded by shovel 

or  basket - a practice wasteful in both labour and equipment. 



REQU I REMENTS FOR COM! IUNAL REFUSE CONTAINER 

(Order is  not signi ficant ) 
TYPES OF COl 1HUNJ\L REFUSE CONTAI NERS AND THE IR  DR/\\·/0/\rKS 

a )  
b )  

c )  
d )  
e )  

f )  

g ) 

h ) 

sufficient volume 

accessible to children 

can be emptied quickly nnd without skin contact 

acceptable cost 

satisfactory in rain (but propped or slidin!J 

lids are left open ) 

durability 

reliability  ( should not depend on the availability 

of  one particular tyre of vehicle ) 

refuse not avc1ilable to human or animal scavengers 

which would scatter it  

Masonry enclosures 

Permnnent hoppers with lids 

Skips and removable harpers 

1 - 3m3 bins emptied into 
trucks 

Oil drums or 70 litre bins 

Trailers 

Elevated enclosures 
(FirJure 1 )  

Requirements 
not satisfied 

c ,  e ,  h 

b? c ,  e 

b? d? e ,  g 

d ,  e ,  CJ 
fl? e ,  r, h,  i 
b? d? e ,  i 
d? h? 

i ) not liable ta dRmaqe or theft 

Ta�le 1 .  SUt1MARY OF PERFOm tANCE OF VARIOUS TYPES or COMt 1UNAL STORAGE FACILIT IES 

from column 1 

CJ 
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(Loading can occupy 75% of a vehicle' s  time if done 

inefficiently. If that time were cut to 50% the vehicle 

fleet could be halved) .  

A trailer can provide an efficient means of storage 

where sufficient refuse accumulates in two days to fill 

it. The elevated enclosure (figure 1)  has not been 

widely used . but it has several advantages, notably the 

ease with which it can be emptied into almost any type of 

open truck, so that, in an emergency, a tipper truck hired 

f rom a general haulier could ·be used to maintain the 

service. 

A facility that belongs to everybody is nobody' s  

concern. If no-one is appointed to supervise and maintain 

a communal facility it may be used carelessly. If people 

see that refuse has been dumped on the ground near a communal 

bin they will probably dump theirs on the ground too. There­

fore every effort must be made to keep the surroundings 

clean and to encourage residents to deposit refuse respon­

sibly. Children usually deliver the waste to the storage 

unit, so cooperation with schools, and incentives should 

be considered. 

(ii)  Storage in the home. If the refuse can be stored in a 

bin with a lid, outside, the collection frequency can be 

lower. Unsatisfactory household containers such as buckets 

and boxes expose the wastes to animals and flies, and the 

neighbours to unpleasant odours. Very often householders 

are supplied with, or requi red to purchase . standard bins 

with lids . These bins may , however, be stolen or used to 
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store other mate-rials or water. Their cost is often too 

high for significant proportions of the population. The 

size of the bins must be suffi cient to hold wastes generated 

in periods that include public holidays. 

In Zimbabwe reusable sacks made from recycled plastic 

are issued instead of steel bins. The sacks are emptied 

into the collection vehicle and returned to the householder. 

The life expectancy of the sacks is six months. The mouth 

of the sack can be tied to prevent fly and odour problems. 

Storage area 

SECTION 8 -

n 
A 

Refuse can be pushed 

into truck 
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Disposable sacks take two forms. Kraft paper sacks 

are hung from a frame and are strong enough to support usual 

weights of refuse. Plastic sacks are used as bin liners 

because they are more easily torn, but they are strong enough 

to contain the refuse when it  is loaded into the truck. In 

Britain there are differences of opinion about whether they 

actually save money. One advantage is that only one trip 

into each house is necessary so that  the cost of the bags 

is offset by the saving in manpower. Another is that bins 

remain clean and spillage and · dust are reduced. The draw­

backs are the probable slowing of settlement of landfills 

and the hiding of items of value where recycling is prac­

tised. Where wage cos ts are lower than in the U.K. they 

would no t be economical. Hot ashes in the refuse cause 

fires and rule out the use of plastic or paper for containers. 

Where wastes are genera ted in large volumes , containers 

of one to three cubic metres capaci ty are common. In mos t 

cases these are loaded into compactor trucks by hydraulic 

�chanisms. The number of bins may warrant only one truck, 

but at  leas t one extra truck is necessary as s tandby, making 

a very high total cost. Furthermore it  is quite possible 

for both to be out of a ction a t  the s ame time. Therefore a 

more flexible and simpler system - such as tractors and 

trailers or portable containers - is recommended. 

(e) Collection vehicles 

(i) General 

It is essential tha t the engineer choose the vehicles, since 

he will be able to determine the best choice and • will not 
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be misled by smart salemen or  ready-made financing. In choosing 

the most suitable type of vehicle the engineer should consider 

what type of vehicle is already in widespread use on other bu­

siness in the locality because spare parts and mechanics will 

be easier to find - for this type. The width and condition of the 

roads should also be considered ; some vehicles may be too wide 

or too heavy or not robus t enough for bad surfaces. Traffic con­

gestion and speed may also influence the choice because in some 

condi tions faster vehicles will have little advantage . Standardi­

zation within the fleet is vi tal to keep stocks of spares to a 

reasonable level (and to allow cannibalization in ex treme cases} 

and so that the mechanics are well acquainted with all the vehicles. 

Refuse collection vehicles must not be shared with other departments 

because refuse trucks need larger bodies than general purpose tippers 

and because the need for refuse collection vehicles is constant so that 

they cannot be spared to go elsewhere. 

Maintenance is the key issue in refuse collection. Table 2 

shows some serviceability figures for Nigeria and Zambia to 

illustrate the seriousness of the problem. 

Preventive maintenance procedures (whereby vehicles are 

called in at regular intervals for checking, replacement and 

adjustments) should be practised faithfully because this approach 

improves reliability, saves money and aids planning. Record­

keeping is an important aspect of preventive maintenance; the 

records also indicate how specifications for new vehicles should 

be modified to cope with local conditions, and which drivers 

cause more wear to their vehicles. A chart of the number of 
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Tab le 2.  Availability of Refuse Vehicles for Service 

-

Total number Number % serviceable 

Location of vehicles avail able 
owned for use on 

day of 
visit  

Ib adan, Nigeria ( 2 ) 56 16 29 

Warri  " I I  5 1 20 

Onitsha II " 26 2 8 

Uyo I I  n 4 0 0 

Kaduna I I  I I  25 4 16 

* 

Kano , ,  " 40 10 25 

Lusaka,  Zambia ( 3 )  55 16* 29 

S ome of  these vehicles are being operated with defective hydrauli cs. 

vehi cle-days worked each week would provide encouraging feedback 

to  the mechanics , and the en couragement would be even greater 

if the weekly vehicle availability were linked with a bonus. 

Vehicle operations should be studied to pinpoint unnecessary 

holdups or excessive unproductive trave lling in the daily sche­

dule. Examples of these are queues for fuelling , queues for 

unloading refuse , or long journeys to the collection area. Often 

relat ively simple remedies can boost productivi ty. Tachographs 

have been used to monitor vehicle speeds and waiting (or leisure) 

time , but such instruments may not withst and rough conditions 

for long. 
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It is often necessary to transfer refuse from a small, 

short-range vehicle (such as a handcart) to a larger, faster 

vehicle. Such facilities should be designed to minimize refuse 

handling , health and environmental hazards and obstruction to 

traffic. The refuse should not be dumped on the ground, but 

transferred in bins or by means of a split-level layout. (The 

designer should remember that loaded handcarts cannot easily be 

pushed up steep slopes). The cost of a transfer station will 

have at most a very small foreign exchange component, and the 

investment will give a good return for many years. This faci­

lity can also serve as a parking area for local collection 

vehicles. 

(ii) Types · of · vehicle 

Handcarts are useful where roads are flat and surfaces 

good. A well-designed handcart is stable yet manoeuvrab le, 

it is comfortable to push and its wheels have good bearings and 

rubber tyres. If well maintained it can project a favourable 

image of the solid waste agency. The range is limited to about 

two kilometres and the payload to about 200 kg. At least 200 

dwellings can be served in one day under suitable conditions. 

Tricycles with a hopper, or a tray for carrying bins, are 

appropriate in low density areas because of their higher speed. 

Animal-drawn carts have a range of at least 3 km and a 

large carrying capacity. They should be considered wherever 

such carts are used for other purposes. 

can be used in steeply-sloping areas . 

Panniers on animals 

Small two-stroke motor tricycles , fitted with tipping bodies, 

are sometimes used, but they have several disadvantages, 
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including their cost . the need for a driving licence . the need 

for a workshop to repair a large number of vehicles which are 

constantly stopping and starting, the noise and fumes which are 

particularly unpleasant in narrow alleys, and their instability 

on rough ground. Their advantage is speed to and from the col­

lecting area. 

Electric vehicles are quiet and well-suited to stopping 

and starting, but their first cost is high and repair know-how 

and spares are likely to be rare . With some types the driver 

rides, with others he walks. 

The tractor and trailer combination h as many advantages . 

Compared with trucks, tractors are cheap . They are simple, 

robust and widely used, so maintenance is less of a problem . 

Tipping trailers can be fabricated locally, and one tractor 

can be responsible fur several trailers. The low speed of the 

tractor is a disadvantage in certain traffic conditions and 

where haul distances are long. 

The conventional tipper truck is not designed for low 

density materials like solid waste and so its capacity is small 

unless the sides are built up - in which case loading from ground 

level is impossible. Tarpaulins or nets can be used to cover 

the refuse to prevent it being blown a.ray in transit , but good 

discipline is needed to ensure that they are properly used. 

Unloading is simple and the trucks are generally strong enou�h 

for rough tip conditions. 

Side-loader trucks are specially designed for refuse col­

lection. They have a low loading height ( 1 . 6  m or less) and 

a large body to carry their full payload. They have sliding 
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shutters to prevent waste blowing as,,ay in transit (but such shut­

ters have been known to j am). The body tips to unload. 

Skips can be left at transfer stations and communal storage 

sites. 

The most common size is too small to carry an efficient load 

of domestic refuse because it is designed for construction waste, 

but larger types are available. "Roll  on - roll off" skips of 

20 m3 capacity are a lso used. Most types need a tarpaulin cover. 

Tip · loaders aim to fill an enc losed body by tipping it at 

intervals - the front loader tips backwards only, against c losed 

doors to load, and with doors open to unload. The "fore and 

aft" tipper tips forwards to load and backwards to unload. Load­

ing heights tend to be high. 

Many people think of compactor · trucks as the only modern 

means of collection but in fact they are only appropriate under 

certain conditions. This type of vehicle is designed for wastes 

of low density and high compressibility, and where wage levels 

are high compared to equipment costs. Most models are heavy and 

wide, and all are much more expensive than simpler types . both 

to purchase and to run. But the main problem is maintenance; 

most types have sophisticated hydraulically-operated loading 

mechanisms which need a good supply of spare parts and well­

trained mechanics. In many situations a compactor truck is an 

tmnecessary extravagance which changes , almost overnight, into 

an embarrassment. 
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(iii) Further suggestions 

(a} All applications for planning pennission for new 

buildings should be subject to reconnnendations from the 

solid waste management agency concerning access and pro­

visions for removal of refuse . 

(b) Refuse vehicles should be serviced and repaired in a 

workshop specifically devoted to them, or should be gua­

ranteed priority in the municipality' s  central workshop. 

(c) Central government should assist in the development 

of refuse vehicle mainten ance centres by providing a train­

ing and troubleshooting team to advise on maintenance. 

(d) Engineering students at universities should be invited 

to assist in planning, designing or monitoring of storage 

and collection systems as their project work ; the solid 

waste management service would benefit from their fresh 

approach and the students would  develop an interest in this 

subject. 

(e) Participants in the workshop should contribute to an 

annual newsletter ,  sharing their experiences with different 

types and makes of equipment and with new approaches to 

management issues. 

2. COMPARATIVE COSTS AND ECONOMIC ASPECTS 

Solid waste man agement absorbs 20% to 407. of many municipal 

budgets4 and usually about 80% of this share is spent on storage, col­

lection and transport , so it is most important that the money is 
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wisely spent and that the methods used are the most economical. 

However, the economic analyses and the equipment choices must not 

be made without regard to realistic estimates of reliability and 

down-time. If a machine is supposed to work continuously for the 

purposes of costing, and it is -actually serviceable for only 30% of ­

the time, the costing is very inaccurate. 

Cost comparisons must be made for a wide variety of decisions. 

For example, the choice of type of communal container would depend 

on cost, amongst other factors. Similarly , cost information would 

be considered in the choice of collection system - whether it should 

be communal or house-to-house, and if the latter, which method should 

be used, and whether disposable bags would produce a saving, etc. 

Other choices that require costing include the method of loading 

from communal enclosures or transfer areas, whether refuse should 

be taken directly to the tip or transferred to another vehicle, what 

type of vehicle should be purchased, and what size of crew is most 

efficient. 

Cost comparisons are not universal. For each situation the 

local data must be collected and analysed to provide a conclusion 

specific to that situation. It should also be remembered that the 
results of a cost comparison, no matter how complex . will never be 

more accurate than the data fed into it; unrealistic costs and rates 

will produce unreliable conclusions. The appendix shows examples 

of cost comparisons which the reader might use as examples. Some of 

the factors that cause differences in input data for different times 

and locations are discussed below: 

(a) Costs of equipment and materials are affected by supply and 

demand (for example 200 litre oil drums are becoming much more 
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expensive in some places ); they are affected by marketing strategies 

(for examt)le a manufacturer may wish to gain entry into a new market 

and therefore lower his price) ; costs of imported goods are influenced 

by transport costs, exc ise duties and exchange rates. 

(b) Interest rates vary significantly, and d ifferent interest rates 

can lead to markedly different conclusions when capital-intensive 

methods to be amortized over long periods are compared with labour­

intensive methods . Calculations should be performed for a range of 

interest rates to examine the sensi tivity of the conclusions to the 

interest rate used. 

(c) Unskilled labour costs differ very greatly from place to place, 

having a profound effect on cost comparisons for refuse collection 

especially, since it can be a highly labour-intensive activity. Man­

power costs should always include superannuation, leave and s ickness 

allowances, and overheads. The costs of maintenance and adminis tra­

tion a lso depend on location. 

(d) Comparisons of different working methods require info rmation on 

rates of working - such as the number of dwellings that a handcart 

can collect from 1n one dav, the time taken to load a specific type 

of vehicle, or the average speed of a tractor and trailer on their 

way to the disposal site . These, and other rates , are influenced 

by factors such as: type and density of housing, access to dwellings, 

topography, climate, refuse characteristics and generation rates , 

working hours per day, road surface conditiom , traffic density and 

distance to the disposal s i te. Many of these rates can be determined 

by work study , which roust be c arefully executed, with everyone involved 

understanding the purpose. The mos t  difficult information to gather 

concerns the response of the public and the service ability of equipment. 
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The influence of public response can be illustrated by a com­

parison of communal storage and house-to-house collection: the 

former would be cheaper if it did not result in widespread indis­

criminate dumping, but if it did the extra cost of street sweeping 

might .tilt the balance . the other way . 

General statements on equipment costs can be made (for example 

tractors are cheaper than side-loading trucks , and side-loaders are 

cheaper than compactors) , but the costs of the total system must be 

evaluated for each specific case. 

A few comments on finance are appropriate here. Financial 

planning is essential to solid waste management so that regular repla­

cement of vehicles and expansion of the fleet are allowed for. If 

the agency is not able to plan, but goes from crisis to crisis, 

reliability and morale will be low, and standardization of the fleet 

will be a remote dream as loan arrangements made by equipment manufac­

turers are hastily seized upon. Failure to pay wages promptly 

rapidly lowers morale and increases absenteeism. 

It is not generally satisfactory to collect revenue for refuse 

management separately from other truces because of the extra clerical 

work involved and because of a lack of sanction against defaulters. 

(If a householder refuses to pay for the collection service and 

therefore the service is withdrawn, he can easily dump his refuse 

outside a neighbour' s  house so that he himself suffers very little 

inconvenience , whereas �f  hi s:water were cut off he would pay) . 

The size of the foreign exchange component of a cost can have a 

pronounced effect on the choice of method or equipment. 

An issue which has caused considerable debate in some quarters 

is whether collection should always be done by a public body or whether 
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it should be offered on tender to private contractors. Private con­

tractors are probably more motivated towards efficiency and a fixed­

sum contract simplifies financial planning. In situations where it 

is almost impossible for a public body to dismiss employees for 

incompetence or inactivity, the freedom not to renew a contract leaves 

the officer-in-charge with some influence over perfonnance. But if 

a contractual arrangement is made it must stipulate performance 

standards so that, for example, the failure to empty all the appointed 

bins on a particular day would attract a financial penalty. A con­

tractor is more interested in personal profit than environmental 

and health factors, and if the duration of the contract is short he 

may be unwilling to purchase appropriate equipment, fearing that 

the con tract wil l not be renewed . (Some contracts include leasing 

of vehicles from the municipality or an agreement to purchase 

vehicles from the contractor if the contract is not renewed) .  Com­

petitive tendering m ay  force the price down so low that the contrac­

tor is unable to perfo rm satisfacto rily. In some cases contractors 

may be interested in only the prosperous areas where the salvageable 

content is higher and the access easier. If the work is contracted 

out, the public body should maintain close supervision and should 

retain disposal as its own responsibility because of the long-term 

implications. 

To conclude, three points should be reiterated. The first is 

that cost comparisons a re not universal, but must be calculated for 

each situation. Secondly, because of the importance of rel iability 

and difficulties in obtaining foreign exchange, the cheapest alter­

native will not always be preferable .  Thirdly, data on reliabil ity 

and actual performance should be used wherever possible when alter­

natives a re being costed . 
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Source Section Description Location Date I nterest 
or raqe rate 

Flintoff1 Ch . 10 Productivities for different 
collection vehicles - - -

Flintoff1 Ch . 1 1 Optimum crew size at  two 
Fig.12 , lJ waae levels - - -

Flintoff1 s . ll . 2  Vehicle operating costs India 1975 10?� 

Flintoff1 s . 11 . J  Comparative costs o f  systems India 1975 10?� 

Cointreau 4 p . 55 Manual loading vs front-end India 1980 Not 
loader used 

Cointreau4 p . 59 Direct haul or transfer Nigeria 1980 Not 
used 

Cointreau 4 pp . 66-7 5 collection vehicle Sri Lanka 1982 16�� 

alternatives 
Cointreau4 

Annex Guide for preparing costings - - -
D , E .  

APPENDIX - EXAMPLES OF COST COMPAR ISONS AND COST ING PROCEDURES 

Conclusion 

-
Optimum crew size depends 
on ratio wage costs : 
vehicle cost 
Comparisons not made 
Costs per tonne e . g .  
portable communal bins Rs2 
house-to-house with truck 
Rsl06 

I gnoring interest , 
mechanised is cheaper 
In that case tr.ms fer is 
cheaper 
TrRctor and trailers 
cheapest 

-

O ;  

CA en 



1 .  INTRODUCTION 

3 7  

STREET REFUSE 

by 

Dr Adr ian Coad* 

The problems and challenges of the task of keeping the streets 

clean are mostly in the realm of man management; only in a few cases 

are the difficulties of a technological nature. The successful 

manager considers how to give responsibility to all who work under 

him ,  he considers how to encourage high standards by giving incentives, 

he aims to keep the morale of his workforce high and give them a 

pride in their work, he ensures that supervision is effective and that 

lines of communication are kept open, and he is concerned for the 
I. 

health and welfare of his employees. A good manaeer will also pro-

vidP. the most appropriate tools for the job and endeavour to plan all 

operations in an effective way. All these points may seem obvious 

and too general for an article of  this nature , but where the city 

streets are not clean the reason will usually  be shortcomings in the 

areas listed above. 

An organizational problem that occurs too frequently is the 

failure to centralize responsibility for refuse collection, street 

sweeping and clearance of open drains. These functions are linked 

physically and managerially and so should be under the s ame adminis­

tration . In one city where these responsibilities are not linked, 

the person who clears the drains does not take a,ay the material he 

has cleaned out, but must request someone else to cart  it 85,lay. The 

Lecturer and M.Sc. Course Tutor, WEDC, 
University of Technology, Loughborough , U.K. 
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resulting delay means that the material is knocked or washed back 

into the drain before it is removed. In another case one man clears 

the drains and leaves piles of debris at the roadside, 'Which the road­

sweeper later sweeps back into the drain. It is difficult to know 

which detriment is worse - the effect on the environment or the effect 

on the morale of the cleansing wotkers - when such lack of co­

ordination occurs. The author observed a very satisfactory arrange­

�nt in Iran, where one man was responsible for all the functions : 

refus·e collection, sweeping, drain clearance and irrigation of road­

side trees. This system gave responsibility and the possibility of 

pride in one ' s  work. 

There are other relationships between refuse collection and 

street sweeping. If the refuse collection service is inadequate, 

more refuse will be left to litter the streets. It is more efficient 

to load wastes from a container than to first sweep them up from a 

wide area and then load them, and therefore it is important to have 

an effective refuse collection system. Overzealous attempts to 

trim the collection workforce will result in the need to add a larger 

number of men to the street sweeping side, unless the refuse is left 

to pile up in the streets. A very rough guide to the effectiveness 

pf the collection system may be obtained from the ratio of the number 

of men involved in collection to the number involved in sweeping. 

If the ratio is less than unity there is probably scope for making 

considerable savings by improving the collection system. 

In certain situations there are other possible links between the 

two functions. Where street sweeping and refuse collection are 

performed by different people, some of the sweepers should be trained 

in collection procedures so that in the event of illness the sweeper 
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can deputize on the collection crew to maintain the regularity of 

service. Where communal refuse storage is used and a supervising 

labourer is required at the storage sites, the same man should be 

responsible for sweeping in the area. Refuse transfer depots can 

also be used as street sweeping depots. So street sweeping and 

refuse collection should be in the same organization. 

Types and sources of street refuse 

Natural wastes in clude dust, tree debris (blossoms, seeds, 

leaves and branches) and animal excreta. 

Litter can be defined as wastes caused by carelessness of people 

on the street as they spit, or drop paper and food waste. 

Domestic and shop wastes may be swept onto or left on the streets 

and may be the result of inadequate storage and collection. They may 

alternatively be caused by a refuse collector in a hurry. In many 

situations it is not possible for a sweeper to follow a collection 

crew around because collection is a f aster process. 

Markets and roadside stalls produce large quantities of waste 

in a short time and in a confined space. The refuse is often 

rapidly putrescible and must be removed quickly. Special attention 

must be given to such areas. 

Human excreta is particularly offensive, both aesthetically and 

from a health standpoint, and may pose a particular problem where 

many dwellings do not have satisfactory toilets. The necessity of 

removing such material will downgrade the job of sweeper severely in 

most people's eyes. 

Traffic wastes include oil, rubber, mud and broken glass from 

motor vehicles, and animal droppings. Spilled loads may also 
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seriously contribute. Animals killed by accidents pose a particular 

problem . Mud on the road causes vehicles to skid in wet weather. 

Bulky wastes include old tyres, discarded furniture and unrepair­

able domestic appliances. A special team with an open truck or cart 

is needed to remove such wastes. 

Abandoned cars , often with all removable par ts removed , are a 

nuisance in some locations. I t  is occasionally possible to trace the 

owner, but usually all identification marks are removed. In some 

countries such wrecks pose a serious problem , and their handling re­

quires special equipment; perhaps a team able to handle car hulks 

could be shared between a number of towns , and visit each in rotation. 

Locations. Public open spaces attract litter. Vacant land often 

becomes a dumping ground and so poses a problem. The owner may be 

obliged to build a high wall around i t  to screen it  from view or be 

responsible for keeping it  clean. A periodic clean-up campaign 

involving schoolchildren is a third alte rnative. 

Road carriageways are often free of low-density refuse because 

of air turbulence caused by passing cars , but animal refuse and mud 

are not easily removed because of the danger from traffic accidents. 

The pedestrian areas require sweeping. If the drainage system consists 

of buried sewers and shallow gutters the walkway refuse can be swept 

into piles in the gutters. If open drains are used every effort 

should be made to keep refuse out of them; their dep th makes cleaning 

difficult and if they contain water they will make the refuse both 

heavier and more unpleasant. 
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In choosing the equipment both the user's  preference and effi­

ciency should be taken into account. For this reason all equipment 

should be subject to a trial in n ormal conditions and evaluated by all 

concerned. If  mechanical equipment is being considered , great atten-

tion should be given to the availability of spare parts and the skill 

and available time of the mechanics , because reliability is vital. 

The me chanized approach may appear much more efficient on paper, but 

the efficiency of a broken machine is zero. 

Sweepers need brooms, shovels and boards. The bunch broom, 

made by tying a bundle of fibres together, is suitable for loose 

surfaces and l ight refuse, and some people can sweep wi th it comfor-

tably for long periods. But generally the stock broom is more appro-

priate; a narrow, very stiff one might be used for channels, with a 

wider (500 mm), softer one for pedestrian areas. As they are worn 

down they must be repaired or replaced. Records of replacement rates 

for different types would indicate which type of bristle gives the 

best value. 'l'\.lo shovels may be necessary - a flat one for picking up 

pi les of refuse and a curved one for deep drains. 

is useful for picking up leaves . 

A pair of boards 

Removal of  street refuse involves two operations: sweeping or 

collecting, and transport. If the area cleaned is to be maximized the 

time spent on transport should be minimized � and this can be done by 

reducing the distance that the wastes must travel before bein g unloaded 

or by reducing the number of trips. Usually the refuse is carried in 

a handcart to a transfer depot from where it is carried in bulk by 

another vehicle. Transport time is therefore minimized by siting 

transfer stations close together and by using handcarts which can 
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carry as much waste as possible, so that fewer trips each day are 

required. A well-designed handcart on smooth, level roads can be 

used to carry up to about 200 kg; if the refuse density is known 

the required volume can be calculated. The handcart must have brackets 

for carrying all the tools that the sweeper requires. 

A refuse management authority that is concerned wi th i ts public 

image can be attracted to sophisticated machinery by the glossy 

pictu res of powerful mechanical monsters that are distributed by manu­

facturers. Such equipment makes a good impression - until it breaks 

down and lies useless , waiting for spare parts. A cheaper and longer­

lasting means of making a good impression is to keep simpler equipment 

well painted and in good working condition. If each labourer has 

equipment assigned to him as his responsibility and incentives are 

given for maintaining i t  well (for example spot-checks leading to 

cash benefits for the best-kept cart), the public image of the 

agency will rise.  The introduction of a bright uniform and o ther 

measures promote good morale and j ob satisfaction amongst the work­

force. 

The transfer stations , which enable unloading of the sweepers ' 

carts and the loading of the wastes into another vehicle, also can 

serve as a parking area and store for carts and as an administrative 

office. The provision of toilet and washing facilities and a covered 

are a  vould be appreciated if a meal-break is taken after a load is 

brought in . The actual loading of refuse should not be done with 

shovels or baskets from a pile beside the truck, but rather by means 

of bins which can be emptied into the vehicle or by bulk loading from 

a high level platform in a split-level arrangement. If bins are used 
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they should be s ized so that they can be lifted without causing 

injury and the handcarts should be able to carry enough of them to 

give an efficient load. They should be locked in place on the hand­

carts to discourage theft. The bin system requires that there is 

always a container - a skip or a trailer - at the depot to receive 

the wastes, or else that there is a sufficient supply of empty bins 

for which full ones can be exchanged. 

In most city centres there is very little space for transfer 

stations, so there is a tendency to try · to do with out a permanent 

site with the result that refuse is piled up at the side of the street 

for laborious and wasteful shovelling into trucks, or the street 

sweepers waste time making rendezvous with the trucks. Alte'rnatively 

the pressure on land may cause the transfer stations to be spread out 

with large distances between them, so that sweepers must walk a long 

way to their beats. If the unproductive walking distance is over one 

kilometre consideration should be given to the use of tricycles. (If 

tri cycles are to be ridden with a full load their capa city must be less 

than a handcart's). 

The efficiency of the operation depends not only on the choice 

of tools and motivation but also on the planning of the sweepers' 

routes or beats to minimi ze unproductive travelling. Generally men 

should work individually , but teams should be used where a large volume 

of �aste must be cleared in a short time, as in markets. Animal carts 

or electri c or motorized veh icles may be needed for team operation. 

The supervisor (or foreman or gange r) is of great importance . He 

should spend his time in the streets, not in an o ffice. He must have 

a bicycle or o ther means of transport to enable him to visit every part 
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of the area he is responsibl e  for. It may often be necessary to re­

locate a man when he is promoted from sweeper to supervisor because 

it will be difficult  for him to establish his authority amongst his 

former equals. An observant foreman is often in the best position 

to see how improvements can be made so his suggestions should be 

welcomed by his superior, who should consider them carefully and dis­

cuss his cone lus ions with the man who made the suggestions. A bonus 

for a good suggestion can save money. 

The ' finish and go ' system may not be as successful 1n this 

area as in refuse collection (when the number of bins to be  emptied 

is defined) , but it  still  has some advantages. The supervisors must 

be very alert so that a slipshod sweeper does not "go" before he has 

properly "finished" the day's allotted work. 

Mechanical sweepers seem attractive because they appear impres­

sive , they promise efficiency and they suggest an escape from the 

problems of supervision of a large workforce. There are two basic 

types - smaller pavement sweepers for large , paved pedestrian areas , 

and larger road sweepers - but they operate on simi lar principles. 

Road sweepers are generally designed to sweep into gutters and not 

for deep drains. The sweeping equipment may be mounted on a standard 

truck chassis or the whole  unit may be purpose-built. The main 

features are :  

(i) a system of two to four revolving brushes which sweep the 

road surface and against the kerbstones ; 

(ii) a water spray system to control dust around the brushes; 

(iii) a vacuum pump to draw solids into a hopper ; 

(iv) a "wander hose" which can be used for c leaning leaves etc . 

out of recesses ; 
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(v) a hydraulic tipping mechanism to unload the hopper. 

Whi lst these facilities seem to be very advantageous, there are 

several reasons why any proposal to purchase this type of vehicle in 

many developing countries should be rejected : 

{i ) These machines require highly skilled maintenance and a 

ready supply of spare parts. They are very complex and 

specialized ; most of the spare parts needed would not be 

held elsewhere for other purposes. Some types have two 

different motors, their control gear is complex and the 

brushes need regular replacement. It follows that they 

may operate for only a short period before a fault renders 

them unserviceable. The author heard of one case where 

they lasted only one month. The efficiency of a broken 

machine is zero. 

(ii )  These machines are designed for uniform and firm road­

surfaces. Where the surface material is weak it may be 

dislodged so that the road sweeper becomes a road remover. 

(iii) Purchase of these vehicles requires considerable foreign 

exchange. 

(iv) While operative, these machines take the jobs of men and 

women and wherever unemployment is a problem, this will be 

socially unacceptable. 

(v) These machines are not suitable where cars are parked ;  a 

prohibition on parking on certain days is difficult to 

enforce. 
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There is an attitude amongst some senior officials who authorize 

purchases that the acquisition of a piece of equipment or the building 

of a facility solves the problem in question. What they fail to 

rea lize is that it is  not the acquisition but the day-to-day operation 

at full efficiency, that achieves the goal. 

If mechanical sweepers are to be used anywhere, they should be 

kept for busy urban roads where p arking is not permitted , largely from 

road s afety cons iderations. However in this situation a team of men 

would be safe if an animal-drawn cart with a large, reflective warning 

sign were used and kept between them and _ the oncoming traffic . 

Litter bins should be located in busy areas, especially where 

wastes are likely to be generated. They should have a neat appearance 

and be easily vis ible. A good litter bin is easy to empty , is not 

destroyed by fires which might accidentally start inside, does not 

allow the wind to scatter the contents and does not fill up with rain­

water. The maximum size is  set by the requirements for emptying and 

the need to avoid causing an obstruction. Litter bins are normally 

emptied by street sweepers. 

3. ENFORCEMENT 

There are three important steps that should be taken before legal 

s anctions are used to prevent littering and indiscriminate dumping of 

refuse. 

The first step is to ask why the wastes are dumped. It may be 

that there is no satisfactory alternative in many cases . If the col­

lection of domestic solid waste 1s irregular or at too low a frequency , 

residents may dump their refuse on the street because their containers 
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are ful l  or the smel l  and condition of the wastes are too bad to keep 

on the premises. Def aecation on the streets may be a result of the 

lack of latrines and a programme of latrine building may be the first 

step to cleaning up the streets. Bulky wastes may be the problem 

if the refuse collector is unable to take them; if so a collection 

service must be instituted that will take away garden refuse, old 

furniture and other large items . If a charge must be levied it must 

be modest, because the alternative of removing such items from a 

canai or waste ground would not be pai� for, and would be a more 

expensive operation . It is also important that the existence of such 

a service be well publicized. Litter may be thrown onto the streets 

because there are no litter bins or  because the bins are full; reme­

dial action should  be taken. So the first step to enforcement is to 

ensure that the citizen who wishes to cooperate .£!!! do so. 

The second step is to consider the p owe r  of example. On the 

negative side ,  solid  waste management agencies are often amongst the 

worst offenders with regard to street refuse. Collectors may be 

careless in their hurry to load refuse and so spill some on the 

street. Some "transfer stations" are simply piles of solid waste 

dumped on o r  beside a road, and some of the waste may even be left 

at the end of the day. Refuse vehicles carelessly loaded spill their 

load on their way to the tip, and on the way back spread mud on the 

road because no wheel cleaning bars have been installed on the site 

road. Actions speak louder than words . The agency must first set a 

good example. On a more positive note, people are less likely to 

discard waste in a clean street , where they are the first to do so, 

than in a littered street. We often accept the standards of those 

around us. As people see a higher standard set in the surroundings, 

there will be a tendency to follow. 
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When facilities are provided such that there is an alternative 

to littering, and when the refuse agency has put its own house in 

order, it is the time to educate the public. A coordinated campaign 

involving schools and television should be launche d. Health hazards, 

the benefits of a clean environment , each person's responsibility ,  and 

refuse collection procedures should be simply explained. · A competi­

tion amongst schoolchildren for the best posters, and the enlistment 

of help from sociology students , would both increase the impact. It 

could also be stressed that , contrary to the opinion of many , open 

drains are the worst place for refuse , and that citizen s '  cooperation 

could reduce costs to the local taxpayer. 

Enforcement by legislation can only be effective when the public 

knows of the laws and generally respects them. Unrealistic requirements 

and excessive penalties devalue the law. When the three above­

mentioned steps have been taken , laws relating to the following aspects 

should be introduced or reactivated:  dumping of wastes in public 

places (with stiffer penalties for using open drains), interfering 

with refuse bins (scavenging), misuse of litter bins (e . g .  for domes­

tic or trade waste), she dding of  vehicle loads , and spitting. Legis ­

lation requiring market stall-holders to have a bin and maintain the 

vicin ity of their  stall in a clean condition might also be of benefit. 

Small, on-the-spot fines are more appropriate than cumbersome court 

procedures . 

Legislation rarely lives up to its promise. Cooperation is 

better than coercion , and wherever possible, by liaison with community 

leaders and by campaigns in the media, the support of the public 

should be courted. 
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The main challenge for the e conomist is to suggest the level of 

resources that should be devoted to solid waste collection from houses 

etc .  directly so that the total expenditure on both refuse collection 

and street sweeping is at its minimum. In most cases the concentration 

of more effort on collection would take the total cost downwards. 

However, because (to the author 's  knowledge) there are no mathematical 

models to allow computation of the ideal, the only means left is the 

pilot study, in which the effects of different levels of service are 

studied. 

In most industriali zing countries there is no need for e conomic 

analysis to compare capital intensive and labour-intensive methods 

because of the d ifficulties in maintaining the sophisticated equipment 

concerned. Where compacting refuse vehicles have been in operation 

for 5 years or more, and no more than 15% of them have been off the 

road at any time, the availability of spares and the level of mainte­

nance may be sufficient for mechanical sweepers to be considered. 

In estimating the operational costs, full account must be taken of 

maintenance costs and downtime. Financial packages, in which the 

supplier arranges a loan, seem attractive but are often regretted when 

the shiny new machine becomes solid waste itself. 

There is no simple formula o r  rule of thumb for estimating manpower 

requirements and planni.ng beats and schedules. Observation of current 

practice or pilot schemes indicates required frequencies, which may vary 

from once a week in quiet areas to three t imes a day in market o r  

tourist sectors. The r ate at which streets are swept depends o n  the 

tools used, the amount and type of refuse and the wid th  and surface of 



5 0  

the walkways. Careful observation and the flexibility to make adjust­

ments are both important if a satisfactory and economical service is 

to be offered. 
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SOLID WASTE MANAGEMENT: SOCIO-ECONOMIC , 
ENVIRONMENTAL AND HEALTH IMPLICATIONS 

by 
* Dr Adrian Coad 

1. SOCIO-ECONOMIC IMPLICATIONS 

In general solid waste management is of greater concern to 

the poor than to the rich ;  the poorer neighbourhood is more 

like ly to  have unpleasant piles of refuse dotted around it . 

together with the attendant health ha�ards, and the livelihood of 

this neighbourhood is more likely to be related to solid waste. 

Unplanned, squatter communities are often not served by a 

regular refuse c ollection service. Overstretched col lection 

authorit ies are glad of any excuse to avoid expanding their res-

ponsibilities . But if the unplanned areas are ever to develop 

they must have a regular refuse removal service, in combination 

with other improvements. Removal of solid waste is an obvious 

need , and can be an obvious improvement by which to encourage 

other environmental improvements . A failure to deal with piles 

of refuse can detract from progress in less obvious ways. Waste 

management c an be used a s  a starting point for organization and 

self-help in a c ommunity, so that other improvements , such as 

drainage and pit latrines ,  can be implemented and maintained. 

Furthermore, if these arguments do not impress, ' it may be observed 

that insanitary c onditions in one part of a city may not respect 

Lecturer and M . Sc . Course Tutor, WEDC , 
Universi ty of Technology , Loughborough, 
UNITED KINGDOM 
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planners' boundar ies, and flies from the squatter areas may visit 

the town hall , or the business sector. 

Residents of trad itional areas may also have only a sub­

standard service if access to the ir houses is too narrow or hilly 

for refuse collection vehic les , so that communal storage points 

are provided. Unre liable removal or poor public participation 

can make this system unsatisfactory. Stora�e 0f refuse within 

the premises may be unsatisfactory in - congested housing. 

Residents of expen�ive , low-density housing are likely to have 

the best service . Paved roads provide easy access to their boundaries. 

Collection is regular and c.areful because of anticipated bonuses , and 

the many salvageable items discarded . ( Items such a s  old clothes , 

shoes and utensils can be reused . and materials like glass can be 

sold ) . Storage between the regular collections presents no problem 

because a bin with a well-fitting lid can be n;forded , and there 

is plenty of  yard space to keep the container out of sight . 

The effects of these inequalities can be minimized by firm 

policy and by education . The responsible agency can determine 

that every part of the town or city sha ll have a collection service 

at least at a set minimum frequency, and not accept a lower stan -· 

dard. The privilege of collecting from richer areas co�ld be 

used as an incentive for good service by regarding it as promotion . 

Alternatively , responsibilities could be rotated annually so that 

each laboure� has an opportunity to work in the more popular areas. 

Close supervision is important . 
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Education can motivate people to improve their environment 

and reduce health hazards, and can give them confidence to 

organize collective action. 

The nature and daily quantity of solid waste generated has 

been shown to vary with socio-economic level. The author studied 

the differences in the waste produced in different parts of 

Shiraz, Iran, in 1973, and obtained the results shown in Table 1 

and Figure 1. 

Domestic solid waste in industrialized countries has a lower 

proportion of putrescible organic waste and a higher proportion 

of paper and packaging than refuse in developing countries. One 

would expect that the trends shown within a city would be similar, 

with the inhabitants of the more prosperous areas producing refuse 

more like that of the USA or northern Europe. This assumption 

was supported by the paper, plastic and glass categories, but not 

by the food waste - more was discarded by the wealthier areas. 

Therefore equipment that is appropriate for industrialized coun­

tries cannot be assumed to be appropriate for the more luxurious 

sectors of cities in developing countries. There was a lso much 

more small-sized material coming from the more traditional areas, 

probably resulting from sweeping unpaved surfaces near walls 

largely made of mud. 

Such studies can assist in the preparation of forecasts of 

refuse quantities and nature ; a growing literacy rate will produce 

a growing consuoption of printed paper, and as more money is 

available for spending on food � quantities of discarded packaging 

will rise. However, the extent of reuse and recycling in the 

future is not easy to determine. 
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Table 1 

Refuse generation of different socio-economic groupings -
per capita weights g/d 

Socio-economic Groupings 
Categories of refuse 

AB C D E 
Food waste 92 197 273 

92 217 273 

Inert and mineral matter 114 14 20 

Paper 21 31 68 
28 68 

Glass 0. 6 5 
0. 6 6 

Plastic 2 . 8  9 

Total refuse 257 399 
288 399 

Fines-passing 97 40 
20 mm mesh 97 59 

Notes 

1. Groups A and B were in a high-density traditional housing area 
near the bazaar. Group E was in a low-density, recently­
constructed residential area. Groups C and D were in the 
midd le-income range. 

2. Results shown on one line were all significantly different 
from each other at a confidence level of over 97i. (Taking 
the category of glass as an example : the first line shows that 
the results for areas A and B were significantly different from 
those of area D and the second line shows that the results 
for A and B were significantly different from those of area E .  
However, there was no statistically significant difference 
between results for area D and results for area E. ) 

3 .  Taken from reference 1. 
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been shown to vary with socio-economic level. The author studied 

the d ifferences in the waste produced in different parts of 

Shiraz, Iran, in 1973 , and obtained the results shown in Table 1 

and Figure 1.  

Domestic solid waste in industrialized countr ies has a lower 

proportion of putrescible organic waste and a higher proportion 

of paper and packaging than refuse in ·developing countries. One 

wou ld expect that the trends shown within a city would be similar, 

with the inhabitants of the more prosperous areas producing refuse 

more like that of the USA or northern Europe . This assumption 

was supported by the paper, p lastic and glass categorie s ,  but not 

by the food waste - more was discarded by the wea lthier areas. 

Therefore equipment that is appropriate for industr ialized coun­

tries cannot be assumed to be appropriate for the more luxurious 

sectors of cities in deve loping countries. There was also much 

more small-sized material  coming from the more traditional areas, 

probably resulting from sweep ing unpaved surfaces near walls 

largely made of mud . 

Such studies can assist in the preparation of forecasts of 

refuse quantities and nature ; a growing literacy rate will  produce 

a growing consunption of printed paper , and as more money is 

available for spending on food, quantit ies of discarded packaging 

will  r ise . However, the extent of reuse and recycling in the 

future is not easy to determine . 



5 5  

Figure 1 

Domestic solid waste compositions from 
different socio-economic groups 

(Shiraz, Iran . 1973) 

p u t re s c i b l e  o r g a n i c 

m a t t e r  

f i n e s  
pl asti c ,  gl ass 

& metal 

mi sce l l aneous 

burnab l e  

(a) Refuse from a low income traditional area . 
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(b)  Refuse from a high income modern area . 
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Whil st it is true that a man' s socio-economic level affects 

the nature and the quantity of the refuse he generates , it is also 

true that the nature of refuse and the way in which it is handled 

affects the socio-economic level of many. In many cities around 

the wor ld a considerable number of people spend their days as 

scavengers, looking through piles of solid waste for material or 

items which the_y can sell , and so the nature of the refuse de­

termines t heir livelihood. Their salvage work also provides j obs 

for those who handle . and process the waste "downstream". The 

other people affected are the labourers who collect and dispose 

of the solid waste. Solid waste collection and street sweeping 

can be very labour-intensive activities employing perhaps one 

percent of the workforce. High wage levels in industrialized 

countries have forced the introduction of sophisticated machinery, 

but where wages are much lower in comparison to the cost of equip­

ment, and where there are restrictions on foreign exchange, it is 

preferable to adopt procedures that will involve more men and 

fewer machines. 

Scavengers are rarely welcome. They may scatter refuse 

that was neatly stored, they may obstruct operations on disposa l  

sites and they may spread contamination from a tip site (as,  for 

example, when fertilizer bags are washed out in a stream) . But 

they do fulfil a useful role. Modern techniques of automatic 

separation are not as precise as the manual sorter , and material 

recovered can provide jobs in reprocessing (e.g . making shoes 

from tyres or metal goods from tin cans) or be recycled with a 

lower energy input than the virgin materia l, or save the use of 

virg in non-renewable resources, or save foreign exchange. 
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Volumes of waste a re reduced by the extraction of some components ,  

and, more important ly, the waste becomes more un ifom in composi­

tion so that the settlement of landfill i s  more  unifonn or the 

compost produced has fewer "contrar ies" such as  glass. 

This " informal sector" recycling needs both control and en­

couragement . In Harare, Zimbabwe (2) , the disposal  s ite was moved 

away from the city to discourage scavenging , but a contractor was 

engaged to col lect material of value �such as  paper, plastic, metal 

and bottles) . The contractor pays a fee to the council and his 

employees wear easily recongizable uniforms. Police are present 

to enforce regulations . By these controls operations are not 

impeded. Govermnent assistance is  often required to encourage 

resource recovery because market prices for secondary materials 

are very unstable, and most scavengers have no starting capital ,  

Loans, provision of facilities and guaranteed prices would provide 

both social  and economic benefits. 

Refuse collection and street sweeping are often regarded as  

degrading and unpopular occupations. In many cases this concept 

may be reinforced because of poor m anagement and a lack of rep­

resentation in the higher levels of municipal organization , so 

that equipment is a llowed to remain in a shoddy state , and working 

condition s are much worse than they need to be. Yet there are 

examples in Asia, Africa and Europe where positive approaches to 

building morale by enthusiastic management have done much to 

improve the image of the refuse collector. 

Another socio-economic implication is the property blight 

(or reduction in market value of houses) which affects real estate 

in the vicinity of a refuse tip . Little can be done about the 
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increas e  of heavy traffic to and from the tip, but the disposal 

area lts elf can have much less impact if it is well organized 

and visually and acoustical ly screened . The reclaimed land , 

when operations cease ,  can be a valuable amenity . 

2 .  ENVIRONMENTAL IMPLICATIONS 

In many cases the degree of nuisance that a person regards 

a s  acceptable is a matter of taste ,  and is conditioned by 

experience and habit. People who have long been accustomed to 

a certain level of pollution may not be as  readily motivated to 

do what is necessary to r educe it as an outsider (coming from a 

cleaner environment) might expect. Where the pol lution leads 

to damage to hea lth the definition of unacceptable pollution is 

easier to draw. 

Section 3 .  

(a) Land 

Direct health hazards will be discus sed in 

Urban areas are marred visually by refus e  lying in piles, or 

scattered . In some cas es street s  have been almost choked by 

solid waste.  Piles of refuse  resulting from citizens '  careless­

ness or inadequate collection produce unpleasant odours, block 

drains a nd attract scavengers of all kinds who scatter the refuse 

yet more.  Blocked drains cause flooding . 

Refus e  t ips, if uncontrolled . can rapidly develop into large 

tracts of useless land , producing only ugliness , smell and health 

hazards. If the land is to be reclaimed the deposition of waste 

must be organized to promote even settlement . Generally , erst­

while tips are unsuitable for bu ilding on because of the large 
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sett lements, the evolution of methane during de composition of the 

refuse such that explosions may result, and t he acid condi tions 

below ground which at tack p iles .  

An intelligent use of compos t  i s  of great benefit to s oil , 

but harm can result from careless  use . Some  composts contain 

small quant ities of heavy metals (originating , for example, from 

p rinters ' inks) which can poison the soil  over long periods. 

Non-degradable material like glass may detract from the value of 

the compos t, and if high temperatures are not attained during the 

composting p rocess,  pathogens may survive to infect crops o r  farm 

worker s. 

Despite thPse poss ible problems , controlled t ipping (or 

sani tary landfill} or compos ting are very satisfactory methods 

of di sposal if we l l  managed, because bo th can improve the land . 

( b} Water 

tips . 

Water i s  pollu ted by contact with refuse, mainly in large 

Soluble salts such as nitrates and sulphates, complex 

organic subs tances , bacteria and toxic chem icals from industrial 

was tes m ay be leached out of landfi lled refuse. The movement of 

t his  polluted water is often very s low, and i t  can take years to 

appear. However , s imple civil eng ineering measures can reduce 

this polluti on risk to an acceptable level by careful s ite selec-

tion and by reduct ion of leachate volumes . Leachate from a refuse 

tip is not as easy t o  treat biologically as domestic sewage ; it is  

s omet im es recirculated through the refuse or  used to  contro l dust . 

Sol id was te tipped int o  standing water can quickly  turn the 

water anaerobic and produce fou l-smel ling gases , if the level of 
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the refuse is not above the water surface. The unpleas�ntness of 

f loating debris should discourage dumping in rivers and streams. 

(c) Air 

When refuse is burned in the open the resulting heavy smoke 

reduces visibility , threatens lungs and is unpleasant . Fires in 

refuse tips can burn quietly for months _and pose a threat to sur­

rounding properties. Such fires may be started deliberately in 

an attempt to reduce the volume of the waste, or accidentally by 

scavengers, spontaneously by chemica l  reaction or a focusing of 

the sun' s  rays, or maliciously. 

The gases and dust produced by large incinerators can be 

controlled by sophisticated equipment , but maintenance of this 

equipment requires great skill. 

The characteristic smell of refuse has closed some urban 

facilities.  Aerobic composting is theoretically an odour-free 

process , but attempts to save on transportation by building 

mechanical compost plants in _urban areas have not been successful 

because of complaints by residents of the smell. 

Refuse tips often have large bird populations. The birds 

feed on the refuse and scatter it , and can be a hazard to air­

craft if the landfill  is near an a irport . They are difficult 

to scare away because they are accustomed to the noise and 

activity of the site. Their natura l  enemies (owls) and broad­

cast distress calls. have been successful in controlling them , but 

it is possible for the "cure" to be worse than the "disease" . 

Dust can be a problem in both collection and disposal opera­

tions ; transfer stations and open vehicles can cause a nuisance 
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as can temporary roads on tip sites . The latter problem can be 

controlled by spraying water or leachate on the roads in dry 

weather by means of bowsers. 

(d) Noise 

Refuse collection vehicles can be very noisy - a handcar t 

with steel tyres or a small two-stroke tricycle vehicle can be 

as bad as a compactor truck. Par ticular attention should be paid 

to the noise of equipment that is used in the early morning or at 

night. Tip operations can also cause a nuisance. 

3. HEALTH IMPLICATIONS 

The desire to minimize the threat  to public health posed by 

refuse should be the main motivation in solid waste management. 

Refuse is hazardous because of hannful constituents , because  it 

is a popular breeding place for disease vectors and because of the 

activities involved in collecting it and disposing of i t. It 

follows tha t  certain of the potential dangers can affect only 

those handling refuse , whilst others threa ten the public at  large. 

(a) Hazards to the general public 

F lies are the most  dangerous enemy. They breed in solid 

waste. They pick up bacteria on t�e hairs of their legs and 

bodies , and by feeding, and deposit them on food and utensils. 

In this way they carry the micro-or ganisms of dysentery, diarrhoea , 

gastro-enteritis, typhoid and tr achoma. The main source of most 

of the pathogens is faecal mater ial, so the need for contro l of 

f lies is much greater where excreta disposal is unsatisfactory. 
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Indiscriminate defaecation and faeces in solid wa ste (including 

dirty nappies or diapers) put the community at risk . Flies 

are not the only means of faecal-oral transmission. Hands and 

water are other ways. But Watt and Lindsay (3) have shown that 

intensive fly control measures will bring about a substantial 

reduction in the incidence of infection in areas in which disposal 

of human faeces is still inadequately safeguarded . If the fly 

population is to be controlled , those in charge of solid waste 

collection and disposal must be aware of the fly ' s habits and life 

cyc_le. 

The c ommon housefly lays its eggs in faeces or moist refuse. 

The eggs look like tiny gra ins of rice - 1 mm long, pearly white 

and in bunches of about 120. The eggs hatch into white larvae 

(or maggots) within about one day, and these larvae feed on the 

surrounding material, just below the surface. The mature larva 

then finds a drier place in which it pupates, travelling up to 

several metres and burrowing as much as 600 mm in loose soil. 

When the adult fly emerges it makes its way to the surfa ce. 

Adult flies have been shown to travel over 30 km (4) but they 

probably stay closer to their native ground if the food and 

breeding sites are plentiful. The time span of the life cycle 

depends on the ambient temperature, taking about eight days at  

35°C, 14 days a t  25°c and 30-50 days at  16°c (4). 

Good solid wa ste management controls flies by preventing 

their access _ to breeding sites and killing the maggots or pupae 

by high temperatures, or preventing the emergence of the adult. 

Access for egg laying can be denied by keeping the refuse in a 

container with a well-fitting lid or in a closed plastic or paper 
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bag. Once eggs are laid the life cycle can be interrupted by 

removing the refuse and raising its temperature. To ensure that 

all of the maggots or pupae are removed, refuse should be stored 

on an impervious surface which the maggots cannot penetrate , and 

all of the refuse should be moved ; none of it should be left to 

harbour the larvae. The temperature of the waste can be raised 

by compacting and covering it so that sufficient heat from the 

process of anaerobic decomposition is . retained, by composting or 

by incineration. A temperature of 46°c is sufficient to kill the 

insect. Otherwise when the adult emerges from the pupa a con­

siderable depth of compacted material is necessary to prevent its 

escape . So fly control is concerned with the method of storage 

of the waste material, the frequency of its removal and the 

method of its disposal. 

Insecticides have been used to control flies, but they do not 

prov ide a long-term solution. Some organochlorine pesticides are 

no longer effective against flies (though they may still kill the 

flies' natural enemies) . Pyrethrins are effective, as are organo­

phosphorus insecticides , but the widespread use of the latter 

may have unwanted effects on the environment. Blowflies breed 

in decaying animal matter and so can spread disease via meat and 

fish. They can burrow as much as 250 mm through compacted fill 

to escape heat , so the main means of control is to deny them access 

to breeding grounds. Hospital wastes should be buried deep or 

incinerated. 

A concerted attempt to educate the public regarding the role 

of the fly in spread ing disease should complement a review of ccl­

lect ion practices by  the solid waste agency. Both apnroaches are 
necessary if fly control is to be significantly improved . 
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Rats and cockroaches a lso breed in refuse , Cockroaches 

contaminate food with bacteria and roundwom ova carried on the 

hairs of their legs and bodies. They need exposed refuse, so 

their breeding can be controlled by good landfill practice -

compacting and co�ering. Rats, too , like voids _in the _tip . 

Rats need to be controlled for three reasons. They are 

involved in the transmission of several diseases - plague, typhus, 

salmonella and leptospirosis. They bite humans, particularly 

infants. Six hundred cases of rat bites have been recorded in 

New York in one year, and one hospital in Bombay recorded 20 000 

cases in one year (5) .  Such bites lead to disfigurement and 

secondary infection. Rats also consume large quantities of food ; 

it has been estimated that 33 million tons of bread grains and 

rice in storage are lost to rodents each year (5) . 

Rats multiply very rapidly. A few on a refuse tip will do 

little ham, but if their numbers grow unchecked, they begin to 

invade the surrounding areas, including houses. A well-run land­

fill is less suited to them than an open tip, and the presence of 

rats is easier to detect where there is uniform soil cover . They 

are most likely to be seen at night when surprised by car head­

lights. The main means of control is poisoned bait . A slow­

acting anticoagulant rodenticide is usually mixed with cereal 

and laid in heaps of 200 to 4 00 g down rat-holes and under cover 

along the paths that the rats have made. (Pipes along the 

paths provide suitable cover to ·prevent other animals from eating 

the poison) . The supplies of bait must be replenished regularly 

for two to three weeks, and then a few permanent traps should be 

left to prevent reinfestation. 

in Reference 6. 

Further information is given 
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Mosquitoes breed in pools of water, in tin cans, discarded tyres 

and drainage channels blocked by solid waste. Malaria and filariasis 

are transmitted by these insects. 

Metal and g lass obj ects littering public places are a hazard to 

children and bare-footed passers-by. Abandoned cars can be dangerous 

because a small quantity of petrol rema_ining in the tank can explode . 

(b) Special hazards to refuse workers , Skin contact with solid waste 

can lead to a variety of problems. Glass , jagged metal and razor 

blades cause cuts which may become infected or lead to tetanus. When 

faeces are mixed with refuse, skin contact is likely to lead to worm 

infections - a study in India found that 94% of the refuse workers 

were infected with certain types of parasites, compared with 4% in 

the contro l group (7). Contact with industrial wastes could lead 

to skin ailments. 

Refuse collectors are also prone to sprains and back disorders 

because of the heavy lifting their job requires , Traffic accidents 

are another hazard because of the frequent need to cross the road , 

American research shows that refuse workers lose about ten times as 

many days through accidents as the average man (8). 

Respiratory disease is a possib le consequence of inhaling dust 

from refuse and street sweeping, especially where spitting is common. 

Accidents on disposal sites may be caused by heavy, noisy plant 

and vehicles. Some large tipper trucks are very unstab le on soft 

ground when the body is fully elevated. Caution is required when 

handling rat poison. Aerosol cans are dangerous when hot or punctured. 

Most of these hazards are readily preventable. Handling proce­

dures should be developed, and equipment supplied, such that no skin 
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contact with the refuse o ccurs. Workers should have a means of travel 

other than sitting on the day's a ccumulation in the truck. Regular 

medical examinations can detect parasite infection so that treatment 

will return the worker to his full vigour. Tetanus injections should 

be given as a matter of routine. Washing facilities shoOld be avail­

able for use before meal breaks. Each worker should be carefully 

trained in personal hygiene � how to lift heavy loads (including how 

to check the weight before lifting), and road safety. Careful record• 

keeping of all accidents will suggest where a ccident-prevention effort 

should be concentrated. The provision .of reflective waistcoasts is 

also recommended. 

(c) Hazards of recycling. Scavengers working on piles of refuse are 

open to many of the problems mentioned in the previous section. 

Children playing in the vicinity are even more at risk and likely to 

contract any of a wide range of infections . Hospital wastes, • 

including syringes and dressings, are a potential danger i f  not pro­

perly disposed of. It is conceivable that scavengers might keep 

medicines or food for their own use. 

The reuse of bottles which have not been properly washed and 

sterilized presents a risk to the general public; this possibility 

indicates the value of some supervision of "informal sector1 1  recycling. 

In countries were pork is eaten there is the possibility of the 

spread of trichinosis when pigs are fed with infected kitchen scraps . 

The transmission can be prevented by heating the garbage directly or 

with steam. 

The possibility of transmission of disease via improperly com­

posted refuse t.'hich is used as s oil conditioner has already been 
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mentioned; the wearing of shoes in the fields and the cooking of 

the vegetables grown in the compost are wise precautions. 
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COST-BENEFIT SroDY OF SOLID WASTE MANAGMENT 
IN ALEXANDRIA 
(A CASE STUDY) 

by 

Professor Hassan Mitwally, Ph .D -*  

Abstract solid waste management in  Alexandria is divided into 
household collection and street col lection. Domestic solid Waste 1s collected 
door-to-door by the private sector from about 44\ of the city. several 
proposed system were studied to choose the optimum collection system. The best 
proved to be that of kerb collection using non-compactor trucks. Street solid 
waste is col lected manually at present , by the public sector using different 
types of trucks. This is then transported directly to the northern shores of 
Lake Mariut where it is openly dumped . ·  Evaluation of the current method of 
direct haul as compared with that of a proposed indirect haul indicated that 
the latter could be applied to save time , effort , and money. ·  Actual and 
optimum norms related to solid waste management are included in the text. A 
flow diagram showing solid waste managment in the city and 13 tables showing 
the actual as well  as the proposed systems of collection and trasnportation 
are presented.  A questionnaire on domestic solid waste , sanitation and 
attitudes of citizens towards the solid waste problem is also presented . 

*Professor of Environmental Health 
High Institute of Public Health 
University of Alexandria. 
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DOMESTIC SOLID WASTE MANAGEM�NT 

The total  length of st reets in Alexandria is 1160km, with a s treet 
surface area of about 17 .5  mil lion m2 . The est imated 1981 populat ion was 
2. 7 million . 

Domestic Sol id Waste (DSW) is collected by private contractors who serve 
only 44\ of the city apartments  ( 1981 estimate ) .  Door- to-door collect ions are 
made by workers using baskets and donkey carts . Wast e  ls sorted , and valuable 
items e . g .  paper , glass , bones , etc .  are sold to industry and the res t , mostly 
garbage , is d isposed of  as animal food stuff or soi l  conditioner ,  or is dumped 
on landill  s ites . 

The number of contractors is not enough to serve the city , and condit ions 
are becoming worse as shown ln Table 1 which presents a compar islon between 
1978 and 1981 .  

Cont ractors charge each tenant a monthly fee ranging from 15 to 
200 piast res ( average 0 . 33 LE/month) . Citizens lacking such service throw 
their waste into the street s ,  or carry i t  to the communal containers . 

Table 1 
Comparison between number of private sector contractors 

responsible for DSW collect ion in Alexandria, 
during 1978 and 1981 

19781 

Populat ion 2 500 
Contractors 284 

Number of contractors/104 
capita 1 . 2  

lH usse1n ,  1979 . 

Table 2 

Data concerning DSW disposal in 
Alexandria , 1981  

House treatment 

Wrapping o f  was te in paper 
Water dra ining 
No treatment 

House s torage 

Plas tic containers 
Galvanized iron containers 
Plastic b ags 
Refuse chutes 

Monthli charge to contractors 
Up to 0 . 2  LE 
More than 0 . 2  LE and up to 0 . 5  
More than 0 . 5  LE 

LE 

000 

1981 

2 700 000 

228 

0 . 9  

i. 

47 
1 5  
3 8  

40 
43 
12 
5 

84 
7 

I 
r 
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HoUsehold Practice and Attitudes 

DSW disposal p t"actices and a t t itudes towards solid waste problems were 
studied by submit ting a questionnaire (Annex l )  to people with d ifferent 
standards of living in Alexandria . The results are presented in Tables 2 and 3 .  

Table 2 
Da ta concerning DSW disposal in 

Alexandria , 1981 

Attitude 

Current frequency of collection 
in winter 

Preferred collection frequency 
in winter 

Current frequency of collection 
in summer 

Preferred collection frequency 
in summer 

Attitude toward refuse chutes 

Preference of collection by 
private sector 

Preference of collection by 
public sector 

- daily 
- every other day 
- other 
- no opinion 

- daily 
- every other day 
- other 
- no opinion 

- daily 
- every other day 
- other 
- no opinion 

- daily 
- every other day 
- other 
- no opinion 

- yes 
- no 
- no opinion 

- yes 
- no 
- no opinion 

� yes 
- no 
- no opinion 

% 

44 
44 
12 

78 
15 
5 
2 

58 
29 
13 

89 
7 
2 
2 

46 

50 
4 

47 

46 

7 

46 
47 

7 



Attitude 

Preference of plastic bags 

Acceptance to carry wastes to 
communal containers 

Most important side effect of 
s olid waste 

Att itude toward waste problem 
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Readiness to increase monthly charge 

- yes - no - no opinion 

- yes - no - no opinion 

- vectors - bad odour - bad scene - ethical - pollution - diseases - traffic hindrance 

- could be delayed - needs urgent action - indifference 

- yes 
- no 
- no op 1n1on 

Optimization o f  Col lect ion and Transfer of Domestic solid Waste 

7. 

84 
14 

2 

37 
62 
1 

18  
18 
1 5  
1 1  
15 
17 

6 

4 
7 7  

19  

7 7  
18  
5 

Data shown in Tab le t indica te that private sector DSW col lectors , with 
the ir present work ing capabilities , cannot cope with the i ncreas ing load of  
solid was te generated par t ly a� ;i result of the populat ion increas e .  ln  
addition , the number of workers decreases each year.  In  order to find the best 
me thod of collection of sol id w3ste , four proposed systems w� rc examined in 
add it ion of the current system. 

(a)  The same col lect ion me thod as at present except that kerb collection 
replaces door- to- door col lect ion .  

( b )  Kerb col lect ion by manual-· load non- compactor trucks . 

( c )  Kerb col lection us lng manua l- load compactor trucks of the Publ ic Cleasing 
Department (PCD ) . 

( d )  Collections by mechanical- load compactor trucks of PCD of waste from 
communal containers fi lled by the res idents . 

Three diffe rent areas , representing three standards of living in · 
Alexandria,  were selected for study of  the above systems . The following 
parameters we re taken into considerat ion for system appra isa l :  
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Time needed to empty the waste container at the door of each apartment 
about 10 s/container.  

Time needed to empty the collected waste into the cart : about 30 seconds 
per buUding. 

Time needed to go up and down in the building. 

Time required to move from one building to the next : about two minutes . 

Time used to sort waste :  one hour. 

Time taken to travel to and from the dumping s ite: one hour. 

Manpower needed to carry out these systems efficiently throughout the 
city. 

Number of carts or vehicles needed. 

Total number of apartments in the city :  560 000. 

Volume of communal container: 1.7 m3 

Time needed to empty each container: 5 minutes . 

Travel time from container site to another: 10 minutes . 

Travel time to or fran the dumping site: 30 minutes . 

Ti.me spent at dumping site: 10 minutes. 

cost per apartment per month, cost per caput per month , and cost per ton 
of waste were calculated from the following data: 

( a )  Donkey cart 
capacity: 6 m3 

(b) 

(c)  

(d)  

amortization over 10 years: 5 LE/month. 
feeding cost of the donkey is nil as i t  ts fed on food waste. 

Non-compactor t rucks 
capacity: 8 m3 

amortization over 5 years: 83 LE/month. 
one driver and one crewman: 120 LE/month . 
running cost: 110 LE/month. 

compactor trucks for manual loading 
volume 9 m3 compression ratio of 3, capacity 27 m3 . 
amortization over 5 years: 333 LE/month. 
one driver and one col lector : 120 LE/month. 
running cost: 110 LE/month. 

�ompactor trucks for mechanical loading 
volume 27 ml, compression ratio 3 ,  capacity 81 ml · 
amortization over 5 years: 1000 LB/month. 
one driver and two collectors: 180 LE/month. 
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running cost :  220 LE/month. 
maintenance cos t :  20\ of total costs . 

The benefit per apartment per month, benefit per caput per month , and 
benefit per ton of waste were computed from the following: 

monthly fee : O . 33 1.E per apartment -t sel lin9 of saleable items ( see 
Table 4 )  minus costs , giving net benefit per apartment per month, net 
benefit  per caput per month ,  and net benefit per ton of waste. 

Item 

Paper 

Rags 

Bones 

Glass 

Metals 

Table 4 
Prices and percentages of saleable items , 

Alexandria ,  198 1 

Price (LE/ton) Weight (%) 

23 12. 6 
15 2 . 0  
10  1 . 8  

23 0.7 

15 0 . 7  
Plastics 15 0 . 4  
Garbage 6 78 . 1  

Table 5 
Cost-benefit  of domest ic solid waste management systems 

Alexandria , 1981 

1�� -
' I II III IV V 

LE/year ·"-._ 
I 

Benefit 3 432 000 3 744 000 1 4  056 000 3 744 000 3 744 ooo 1 
Cost 1 248 000 936 000 936 000 1 248 000 1 248 ooo l 
Net benef i t  2 184 000 2 808 000 3 120 000 2 496 000 2 496 000 

' 

N .B  I 2 current system of  DSW management , with door-to-door collection. 

Il = First proposed system of DSW management ,  with kerb collect ion ( a ) . 

III � Second proposed sys tem of DSW management ,  with kerb collect ion 
using non- compactor t rucks (b ) . 

IV = Third proposed system of DSW management ,  with kerb collect ion 
using compactor t rucks Cc) . 

V = Fourth proposed system of DSW management , with compactor trucks 
from containers (d ) .  
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Table 6 

The perfonnance of the domestic solid waste 
management systems. 

Alexandria . 1981 

::::----::__ 
I II 

!No . of aprt . that can be col· 
lected in 8 man-hours 376 615 

�otal time per aprt . , (s ) 8 67 41 

Benefit per aprt. per monthb LE 0 . 56 0.53 
Benefit per caput per rnonthb LE 0.11  0 . 12 
Benefit per ton of wasteb LE 10 . 70 11.40 

Cost per aprt. per rnonthC LE 0 .21 
cost per caput per monthc LE 0 . 04 
Cost per ton of wasteC LE J.90 

Net benefit per aprt . per month LE O.JS 
Net benefit per caput per month LE 0.07 
Net benefit per ton of waste LE 6 . 80 
-

'N . B .  I =  current system of DSW management. 

0 . 13 
0 . 03 
2.50 

0 . 40 
0.09 
8 .90 

III 

3199 

8 

0 .52 
0 . 13 
9.50 

0 . 12 
0 . 03 
2.10 

0.40 
0 . 10 
7 . 40 

II = First proposed system of osw managment ( a ). 

tII = second proposed system of DSW management (b) . 

IV = Third proposed system of DSW management (c). 
V = Fourth proposed system of osw management (d) . 

IV 

3519 9529 

7 3 

0 .54 0 . 54 

0 . 12 0 . 12 
9 .50 9 .50 

0.19 0 . 18 

0 .04 0.04 
3.40 3 .10 

0 .35 0.35 
0 .08  0 .08 
6 . 10 6 .40 

8Total time needed is the time required to collect DSW, sort it, and 
transfer it to the final disposal site. 

bincludes monthly fees and price of saleable items. 

cincludes salaries , amortization of equipment , and running costs . 



7 6  

'l.'he summary of the results obt ained from evaluation of each system is  
presented in Tables 5 and 6 .  In order to  evaluate these systems prec isely. the 
fol lowing process was used (JICA ,  1981 ) .  

Selection of the factors to be evaluated .  
Each system was evaluated for each factor. 
Relat ive orders of importance (W1 ) must be decided for the factors . 
Marks were to be given for each system regarding each factor. 
The following scoring formula was used : 

where :  

�ethod 

Step 1 .  

S tep 2 .  

Step 3 .  

Step 4 .  

Step 5. 

Step 6 .  

= tota l score points for the system j .  
= weight of importance for the factor ( 1 )  in 

the decision- making .  

( 1 )  

subscore point for the factor ( 1 ) and the system ( j ) . 

Give a value for relative importance of the factor ( 1 ) in  the 
dec i s ion- raaklng , e . g .  from l to 10 where 1 mark was given for the 
least important factor and 10 marks were g iven for the most  
important factor. 

Calculate the weight of importance (W 1) of the factor ( 1 )  in the 
dec ision- making , which equals 

�he given mark of the factor (1) 
the total marks given to all factors 

Give a subscore point (S ij) for each factor ( 1) and system ( 1 ) ,  
e . g .  from O to 10 where O ls g iven to the least favourab le  system 
and 10 is given to the mos t  favourable system. 

Ca lculate the product ( W 1 • S iY for each factor (1)  and system 
( j ) . 

Calculate the total score point (Aj ) from equat ion ( 1 )  for each 
system. 

Compare the tota l  scores (Aj ) for all systems . The system having 
the highest score 1s the one of choice . 

The results  of the evaluation a re i l lustrated in Tables 7 and 8 .  lt is 
evident that the second proposed system has the highest score and is the bes t  
one, especially i f  the t rucks are replaced by the rear- loaded compactors 
instead of the non- compactors . 



Factor ( i) 

First factor 
Wl 

1 
Second factor 

I 
I 

w2 
Third factor 

W3 . . . . 
nth. factor 

n 

Scores 

Note : 

1. 

2 .  

4 .  

(A . )  

n 

S
U 

s21 

531 

. . . . . 
s nl 

7 7  

Table 7 

Systems evaluation* 

System (j ) ;  
2 

812 

822 

S32 
. . . . . 

s ·  n2 

A .. 
1 

A2 
• n 

� l\\ . Sil 

� 
wi . 5i2  

i = l  i = 1 

• • • • •  + w = 1 

= 1 

.. 1 

Source : JICA, 1901. 

- - - -

subscore 

. . . . . 

. . . . .  

. . . . .  

. . . . . 

• • . . . . .  • . 
. . . . .  

• I • • • 

j 
Slj 

s2j 

S3 . . J 

. . 
• 

s . nJ 

A.  . .  J 
�

wi 
i = 1 

I 

. s1j ' . - I 
; I 
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Tab le 8 
EValuation of different systems for domestic solid waste management 

Alexandria, 1981 

Factor (i) 

Resource recovery 2 

6 /30 

Feasibil ity 

E • 3 conom1c 

7/30 

8/30 

Social acceptance 4 

9/30 

Scores {A . )  J 

System 

I II 

8 /40 9/40 

4 /36 7/36 

7 /41 10/41 

10/35 7/35 

0 . 197 0 . 215 

Note :  1 See footnote Table 7. 

2 Marks from Table 6 .  

3 Marks from Table 7 .  

4 Marks from Table 3 .  

(j ) • subs core 1 

III IV V 

10/40 6/40 7/40 

7/36 8/36 10/36 

10/41 7/41 7/41 

7/35 7/35 4/35 

0 . 220 0. 187 0 . 180 
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STREET SOLID WASTE (SS'W) MANAGEMENT 

Solid waste generated from s treets , i .e .  dus t ,  leaves , etc.  and DSW not 
collected by the private contractors is col lected by the various district PCD. 

The system involved is shown in Figure 1 .  

street waste coll ection 

street waste is col lected manually or swep t ,  into baskets . The was te is 

carried on tricycles and hand car ts to the various types of containers and 

collection sites . 

Figure 1 
Flow d iagram of solid waste management ,  

Alexandria , 1981 

I DOMESTIC SOLID 
WASTE 

i PRIVATE m-roal 
COLLICTOPS 

SALUBL!-: ITEMS 11 SCRUNG IN : 

- STREETS 

- VACANT LANDS ,., - ntr.Il"nm SITES 

HA.Rf.ETS I 
V 

I l\EJECTS I 

I '"""'""'' SOLID 

l 
SWEEPERS AND ,_, . � . COLLECTORS WASTES 

OPEN DUMI'IN!: SITES � TRANSPORTATION "' 

- LAKE HhRiout 
- MECHANICAL 

- DEPRESSIONS - ANIMAL 

..--

� 

§ ,-
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Street waste sites 

Sites of st reet sol id waste are: 

(a) waste  heaps on s treet corners , in markets and gardens where enough space 
1s not available for containers. 

( b )  Stationery containers made of concrete or metal  located mos t ly on 
pavements .  They are emptied manual ly on to non- compactor t rucks. 

(c)  compactor containers located \n p laces which take the fol lowing 
condi tions and/or considerations into account : 

- available land area : 
- available space for t rucks to enter and exit ; 

e ffect on the traffic: 
- presence or absence of osw col lect lon services : and 
- amount of waste generated . 

These conta iners are found on wide vacant s ites , serviced by wide 
s treets ,  and 1n areas of high street waste  generation rates , which ls the case 
ln localit ies lacking a DSW col lection serv ice . 

(d)  Transfer s tations : There are few t ransfer stations in Alexandria and they 
are located on vacant p ieces of land away from resident ial areas . s�w is 
t ransferred by t r lcycle and hand carts  as wel l  as by donkey carts .• There , 
osw is sor ted and the valuable items are bal led to be sold . The residue , 
mainly food was te ,  is sold for compost ing to nearby farms . 

( e )  Dump si tes : ln Alexandria ,  d isposal  s ites are located along the shores of 
Lakr. Mariut , where wastes are openly dumped . The d istance between the 
d ifferent sec tions of the c lty and the durnp tng sites varies between 3 km 
and 26 km. Most of the�e distances were regarded as economical for d irect 
haul rather than indirect haul us ing transfer  s tations . However ,  in 
Alexandr 1 a  it was found that indirect haul could be economical as wi l l be 
seen later . 

Transportation of street waste  

Waste i n  heaps l s  col lected by  non- compactor trucks of d i fferent types as 
wel l as shredde rs . waste in conta tners is l ifted by compactor t rucks using a 
hydraultc hoist mounted on top of the t ruck . For dead animals , there is a 
special t rucks equipped wlth manual crane . No special trucks are available for 
bulky was te.  some areas which have narrow s treets arc serv iced by mule carts .  
The t ransportat ion system in Alexandria ts most ly direct hau l .  

Rou t ing System of  the Public C leansing Department 

The current ssw managment has three ma in rout lng systems : 

1 .  The compactor t rucks follow certain routes determined by the location of 
the containers they serve . These routes arc s ide enough to al low passage 
and manoeuvre of the t rucks . usual ly they fol low the same route every dat • . 
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2 .  The non-compactor trucks fol low certain routes along which street 
sweepers have col lected SSW into heaps . These trucks can travel in areas 
which have only moderately wide streets . The dally route may be changed 
according to the local conditions and/or solid waste amount. This routing 
system ls more f lexible than that of the compactor trucks , as the 
containers are difficult to move and have to be emptied by hydraulic 
hoist . 

3 .  Mule carts operate in the narrow streets and al leys where waste has been 
heaped. 

The amount of solid waste collected by the trucks in comparison with the 
amount found in streets ls illustrated in Table 9 .  Data presented ln Table 9 

indicate that the capacity of PCD trucks ls more than sufficient to cope with 
the solid waste generated from houses and streets . The reasons for 
accumulation of solid waste in streets are: 

- col lection of industrial sol id waste : 
- collection of waste from construction and demolition operations: and 

... 

- col lection of waste from restaurants and hotels . 

Ali these activities are illegal . 

Table 9 
Efficiency of Public Cleasing Department Trucks , 

Alexandria , 1981 and 1982 

DSW thrown into street . tons/dl 

SSW (tons/d ) 

Total ( tons/d ) 

198 1 

408 
464 

872 

caoacitv of transnortation svstem (tons/d) 2056 

1 This is the amount of osw from the 56\ of apartments not served by the 
private sector. 

cost-benefit of street solid waste management 

1982 

600 
700 

1300 

2056-

Date shown 1n  Table  10 represent the cost-benefit of SSW management in 
Alexandria . This table indicates that ssw mangement can support itself 
f1.nanclal ly. 
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'l'able 10 
Cost- benefit  of SSW mangement , 

Alexandria , 1981 

- Labour cos ts  
- Depreciat ion of trucks 

- Running co sts 

- Administrat ion costs 

LE/year 

3 305 752 

512  000 

73 125 

389 088 

Total 4 279 965 

Benefit from selling reclaimed land1 
8 500 000 

Cost of management/ton of waste = 

4 279 965 LE 

872 tons/day x 365 days 
= 13 . 4  LE/ton 

Area reclaimed each year = 170 000 sq .m .  at 50 LE/sq . m .  

% 

77  

12  

2 

9 

100 

' 

Choice between direct transportation and indirect transportation 

ln �lex�ndria ,  most S5W is t ransported direct ly to the dumping site . TWO 
sect ions of the c ity were chosen in order to study the feas lb l l i ty of indirect 
t ransport a t ion , i .e. with t ransfer s tat ions to which non-compactor trucks 
carry their loads , and from which compactors haul them to the final disposa l  
si tes .  These two sect ions had diffe rent characterist ics, s o  a s  to test the 
e ffects  of the d i fferent parame ters on the performance of both methods. The 
cost of . d lffe rent methods of t ransportation of ssw from each sect ion to the 
site was e s t lmated as shown i n  Tab ln 1 1 .  From tht.s table , i. t  is evident that 
the d istances from bolh sec t ions to the d isposal sites ( 4 . 6  and 15 . 3  km) are 
less than the economica l cHstances set for use of transfer stations ln, for 
example , European c i t ies . Salvato, 1972 , stated that a d istance of less than 
17 . 7  km one way was cons idered economica l for d irect haul : however ,  Marks and 
t.iebman , 1970 , said that 9 .  7 km one way was the maximum economical d is tance 
for d irec t haul . Th� mean t i mes taken to t ravHl from the c<mt re of Sect ion A 
( 25 mt.nute s )  and of Sec t ion B (45  mlnutes )  were less than thone regarded as 
the maximum t lme for the use of d t rect haul (55 m inu tes , Wilson, 197"1 ) . 
Despite these facts , the cost pe r 1000 km per m3 for the direct 
transpor tation of SSW ln Alexandria ( 0 . 13 LF. for Sec t ion A and 0 . 07 LE for 
sect ion B )  was found to be more than that for the ind i rect me thod ( 0 . 07 1 .1-: for 
section A and 0 .0 4  LE for sect ion B ) - The rna 1 n  causes for such d i f fe rences 
between the me thods l n  1\lcxand r i a  ds compared wlth cit ies in othe r count r ies 
could be due to: 

st ree t cond i t ions : t raffic-; &peed is lowe r in Alexand r ia ,  traffic 
hi ndrance is greater , and street pavements arc not sa t isfac tory ; 
sa lar ies a re much lower :  
fuel l s  cheapP.r .  
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Sect ion A 
Item 

I Grand total for indirect method i 
Total SSW hauled 3 9720 m 
Grand total km km 267 1  
Grand t ot al cos t LE 1938 ' 

3 Cost/ m of SSW LE 0 . 20 
Cost/km LE 0 . 73 
Cost/1000 km ·  3 LE 0 . 07 m 

-

CONCLUSION 

calculation of the manpower. trucks , and other equipment required 
for solid waste managment in Alexandria 

B 

8310 
6093 
2 262 
0 . 27 
0 . 37 
0 . 04 

These requirements, calculated mainly for collection and transportation , 
are presented in Table 12 for both DSW and SSW management .  

* 

Total 
Total 
Total 

Thes e 

Item 

number of 
number of 

Table 12 
Manpower ,  equipment and cost required 

Alexandria ,  1982* 

DSW SSW 

trucks 228 48 

workers 456 3 328  
cost , LE/year 1 028 000 3 675 000 4 

figures were calculated only for collection and 
transportation .  

solid waste disposal 

Total 

276 
3 784 

703 000 

Conslderlng the var ious solid  waste disposal methods, sanitary landfUl 
has proved to be the best method for the t lme being 1n Alexandria . The trench 
method may 1,e recommcmded when no cover material is  available near the 
disposal sites . ,'he running and ma intenance cost a t  the diposal site would be 
1 137 00 l,E per year and the staff needed on site would be about 100 persons. 
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Table 1 1  
comparison between direct and indirect transportation of ssv 

�lexandria , 1982 

Section 
Item 

Direct 

Mean distance to disposal site km 

Mean time to disposal site min 

Mean time spent at diposal site min 

Mean round trip t ime min 

No. of t rips/day 

Amount of SSW transferred/month 3 m 

km hauled/month km 

Total cost LE 

Cost/m of SSW LE 

Cost/km LE 

Cost/ 1000 km 3 
LE II 

Indirect 

Mean distance to transfer station km 

Mean time to transfer stat ion min 

Mean time spent at transfer station min 

From collection sites to transfer station 

Mean round trip time 

No . of trips/shift 

Total number of shifts needed 

SSW/total  number of shifts 

km /total number of shifts 

Total cost 

From transfer station to disposal 

Mean round tr ip time 

Number of trips/shift 

Total number of shifts needed 

km /total number of shifts 

Total cost 

min 

3 m 

LE 

site 

min 

LE 

A 

4 . 6  
25 
10 

261 

4 . 8  

7920 

1498 

1946 

0. 20 

1.30 

0. 13 

0 . 5 

2 

s 

33 

12 

102 

9720 

1346 

1325 

90 

4.7 

31 

1325 

613 

B 

15 .3 

45 
10 

307 

4 . 1 

8310 

4059 

2216 

0.27 

0 . 55 

0 .07 

1 

4 

5 

3 8 . 5  

12 

95 

8310 

2299 

1356 

130 

3. 2 

39 

3794 

906 

..1.---------------------------------i------------i 
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� Sect ion 
Item 

I Grand total for indirect method 

Total SSW hauled 3 m 
Grand total km km 
Grand total cost LE 

Cost/  m of SSW LE 
Cost/km LE 

Cost/1000 km • 3 LE m 

CONCLUSION 

. -

-

A 

9720 
267 1 

1938 ' 
0 . 20 
0 . 73 
0 . 07 

calculation of the manpower, trucks, and other equipment required 
for solid waste managment in Alexandria 

B 

8310 
6093 
2262 
0 . 27 
0 . 37 
0 . 04 

'l'hcse requirements, calculated mainly for collection and transportation, 
are presented in Table 12 for both osw and SSW management .  

* 

Table 12 
Manpower, equipment and cost required 

Alexandria, 1982* 

Item 

Total number of  trucks 
Total number of workers 
Total cost , LE/year 

DSW 

228 
456 

1 028 000 

SSW 

48 
3 328 

3 675 000 

Thes e  figures  were calculated only for collection and 
transportation . 

Tota l  

276 
3 784 

4 703 000 

solid waste disposal 

ConsiderJnq the var ious sol1d waste disposal methods, sanitary landfU l 
has proved to be the best method for the t ime botng in Alexandria. The trench 
method may Le recommended when no cov,ff material ts available near the 
d isposal s ites . 'l'he running and maintenance cost at the d lposal site would be 
1 13'/ 00 J.E per year and the staff needed on site would be about 100 persons . 



8 3  

Tab le 1 1  

comparison between direct and indirect transportation of ssv 
1\lexandria , 1982 

Section 
Item 

Direct 

Mean distance to disposal site km 

Mean time to disposal site min 

Mean time spent at diposal site min 

Mean round trip t ime min 

No. of trips/day 

Amount of SSW transferred/month 

km hauled/month 

Tot al cost 

Cost/m3 of SSW 

Cost/km 

Cost/ 1000 km m3 

Indirect 

km 

LE 

LE 

LE 

LE 

Mean distance to transfer station km 

Mean time to transfer station min 

Mean time spent at transfer stat ion min 

From collection sites to transfer station 

Mean round trip time 

No . of trips/shift 

Total nmnber of shifts needed 

SSW/total number of shifts 
km /total  nlll!lber of shifts 

Total cost 

From transfer station to disposal 

Mean round trip time 

Number of trips/shift 

Total number of shifts needed 

km /tota l number of shifts 

Total cost 

min 

3 m 

LE 

site 

min 

LE 

A 

4 . 6  
25 

10 

261 

4 . 8 

7 920 

1498 

1946 

0 , 20 

1. 30 

0 . 13 

0. 5 

2 

5 

33 

12 

102 

9720 

1346 

1325 

90 

4.7 

31 

1325 

613 

B 

15.3  

45  

10  

307 

4.1 

8310 

4059 

2216 

0. 27 

0. 55 

0 . 07 

1 

4 

5 

38. 5 

12 

95 

8310 

2299 

1356 

130 

3 . 2  

39 

3794 

906 

..t.-------------------------------'------------1 
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Performance norms of solid waste managment 1n Alexandria 

Different norms concerning solid waste managment, actual and optimum, , are 
shown in Table 13 . 

Table 13 
Norms of solid waste management 

Alexandria, 1981 

Norm Current Optimum 

Total population 2 700 000 

Total number of apartments 560 000 

Total street surface area 2 17 500 000 m 
SSW/m2 street surface area, g/d 40 

SSW: Sweepers 2070 3160 --
Foremen 55 211 
Inspectors 33 53 
Directors 6 7 
Director-General - 1 

Drivers 125 48 
Crewmen - 120 
Hand carts 177 1580 
Campactor containers 1039 1230 
Trucks 101 48 
Street surface area/sweeper, 2 11000 7200 
Sweeper/10 000 caput ·  8 12 

DSW: Collectors 800 149 
Donkey carts 190 570 
Collector/to 000 caput · 3  6 
Collector/1000 apartments 1.4 2 , 7  
Carts/10 000 caput 0 . 7  2 . 1  
Carts/1000 apartments 0 , 3  1 . 0  

Total sanitary labourers 2870 4650 
Sanitary labourers /1000 capita 1 . 1  1 , 7  

l 

t 
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This work was carried out in Alexandria Univers ity (High lnstltute of 
Public Hea lth ) with the financial support of WHO/EMHO from 1981 to 1983 . Since 
then a research grant has been awarded to conti nue this work as a pi lot study 
in other cities in the Region . In this connection thanks arc due to Dr Ahmad 
Hussein , a student carrying out th is research under the writer ' s  supervision 
and working for his doctorate degree on this subject. 
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Questionnaire 

DSW sanitation and attitudes of c itizens towards solid waste 

problems 

1 .  District: 

2. Quarter : 

3 .  Street: 

4.  Building no.: 

5 .  Apartment no . : 

6 .  Number o f  occupants : 

7. Method of house treatment of wast�: 
. 

( ) , straining ( ) , wrapping 

separation ( ) , others ( ) , 
8 .  Storage method: 

plastic containers ( ) , galvanized iron 

plastic bags ( ) , others ( ) , 
9 .  Current frequency of collection in winter : 

daily ( ) , every other day ( ) , other 

10. Preferred collection frequency in winter : 

daily ( ) , every other day ( ) , other 

11 .  Current collection frequency in  summer : 

daily ( ) , every other day ( ) , other 

12. Preferred collection frequency in summer : 

daily ( ) , every other day ( ) ,  other 

13. Attitude towards refuse chutes: 

yes { ) , no { ) . 

none ( ) • 

containers ( 

none ( 

( ) . 

( ) . 

C ) . 

( ) .  

) , 
) . 
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14.  Preference of collection by : 

private sector ( ) , publ ic sector ( ) , 

15. Would you like to use plastic  bags - offered by the governorate 

at little charge - to collect your solid waste? 

yes ( ) , no ( ) . 
16. Are you ready to participate in carrying your solid waste to 

communal containers or to the front of your building if this 

will help in solving the problem? 

yes ( ) , no ( ) . 

17. If yes , do you prefer collection at : 

door of  the building ( ) ,  OR 

placed by the occupants in conmiunal containers ( ) .  

18 . In your opinion , what i s  the most important side effect of 

accumulat ion of solid wastes : 

19. 

20. 

2 1 .  

vectors ( ) ,  bad odour ( 

pollution ( ) ,  diseases ( 

others ( ) • 

) ,  bad scene ( ) ,  ethical ( 

) ,  traffic hindrance ( ) ,  

Attitude towards the sol id waste problem : 

could be delayed ( ) ,  needs urgent action ( ) . 
How much do you pay? ( ) LE . 

Are you willing to pay more to improve. the situation? 

yes ( ) .  no ( ) . 

) . 
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14. Preference of  collection by : 

private sector ( ) , public sector ( ) .  

15. Would you like to use plastic bags - offered by the governorate 

at little charge - to collect your solid waste? 

yes ( ) , no ( ) • 

16. 'Are you ready to participate in carrying your solid waste to 

communal containers or to the front of your building if this 

will help in solving the problem? 

yes ( ) , no ( ) • 

17. If yes, do you prefer collection at : 

door of  the building ( ), OR 

placed by the occupants in conununal containers ( ) .  

18. In your opinion, what is the most important side effect of 

accumulation of solid vastes : 

vectors ( ), bad odour ( 

pollution ( ) ,  diseases ( 

others ( ) • 

) , bad scene ( ) ,  ethical ( 

) ,  traffic hindrance ( ) ,  

19. Attitude towards the solid waste problem:  

could be delayed ( ) ,  needs urgent action ( ) .  

20 . How much do you pay? ( ) LE. 

21. Are you willing to pa y more to improve. the situation? 

yes _ ( ) , no ( ) . 

) . 
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Questionnaire 

DSW sanitation and attitudes of citizens towards solid waste 

problems 

1 .  District : 

2. Quarter : 

3 .  Street : 

4. Building no . : 

5. Apartment no. : 

6. Nmnber of occupants : 

7.  Method of house tr eatment of waste : 

8 .  

wrapping 

separation 

{ 

{ 

Storage method : 

plastic containers 

plastic bags 

) ' 
) ' 

straining { 

others ( 

( ) ' galvanized 

{ ) t others ( 

) ' 
} ' 

iron 

) , 

9 .  Current frequency of collection in winter : 

daily { ) t every other day ( ) ' other 

10. Preferred collection frequency in winter : 

daily ( ) , every other day ( ) t other 

1 1. Current collection frequency in summer : 

daily ( ) , every other day ( ) ' other 

1 2 .  Preferred collection frequency in summer : 

daily ( ) , every other day ( ) ' other 

13. Attitude towards refuse chute s :  

yes ( ) , no ( ) .  

none ( 

containers 

none 

( ) . 

( ) . 

( ) . 

( ) . 

} . 

( > 1  
( ) ,  
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TREATMENT AND DISPOSAL METHODS 
COMPACTING - SHREDDING - INCUIBRATION - DISPOSAL 

AT SEA 

by * 
Professor E.A. Glysson 

I BALING (COMPACTING) 

Baling or compacting utilizes high pressure to reduce the 

volume of the refuse. It does not change the physical or chemical  

na ture of  the waste. The bale produced is easy to  handle, 
transport a nd place in · a landfill. Landfill results in very few 

. -
voids, less litter and blowing paper, reduced vector population; 

reduced potential for fires, less need for cover ma terials ; no 

compa ction equipment is needed and it is verv stable. 

Equipment 

Balers can be classifed into three types : 

1. Heavy metal scrap baler, adap_ted to solid waste processing 

from the scrap metal industry. These operate at  very high 

pressures, 3500 to 5000 lb/in2
• The refuse does not require 

preprocessing and no tie wires a·re needed. They are batch fed . 

* • f f c ·  · 1  E " " Associate Pro essor o 1v1 ng1neer1ng 
College of Engineering, 
University of Michigan, USA, 
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2. Paper baler, medium pressure, batch fed ;  preclassification is 

required to remove oversize objects . tie wires are needed. 

( 1000-3000 lb/in2 ). 
3 .  Hay baler type - low to medium pressure ,continuous feed ; pre­

shredding is required . tie wires are needed (1000-3000 lb/in2 ) .  

Operation 

In genera l the solid waste is fed to the baler in batches, 

by weight or volume, such that the initia l cavity is filled. The 

baler r am  then compresses the contents along one of the three 

dimensions until the ram pressure reaches a predetermined level. 

The bale produced will have two of  its three dimensions fixed with 

the third being variable depending on the nature and amount of 

material being baled. The finished bale is ejected from the 

machine by the ram which supplies the final compression. 

The need for tying the bale depends on the fina l  pressure 

that the bale is subjected to. Medium and low pressure baling 

requires tying while high pressure bales generally do not. A 

choice must be made between the cost of the energy and heavy 

equipment for high pressure ba ling versus the cost of tying the 

bales. High pressure bales are usually available only in high 

capac ity units (50 ton/h capacity) . 

Bale stability and density 

The fina l stability and density of the bale will  be a function 

of severa l factors : the operat ion of the baler itself, the amount 

and nature of the wastes, i . e. moisture content , and the time s ince the 

formation of the bale .  The ba ler operation includes pressure and time 
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of pressure applicat ion.  Waste characteristics include moisture 
content , e last icity, s ize of components , percentage of gras s or 

leaves and so on . There wil l  also be a certain amount of spring­

back is the bale after it leaves the baler . 

The f inal dens ity of the b ale will be a function of the ram 

pressure.  High pres sure balers ( > 3500 lb /in2 ) can produce bale s  of 
solid waste weighing 1700 lb/yd3 • Moderate pressures result in . . 3 bales of 1000 1b/yd . There i s  an accompanying reduction in 

volume as shown in Figure 1 .  

� 
� 5  � Higher Ini tial Density 

� 

t 
� 

Typical Raw 
Dens ity 

� o-------�-------------------......__ _____ _. 
1000 2000 3000 4000 5000 

I 

FINAL PRESSURE ( lb/in2 ) 

Figure 1 .  From reference (1) 

Hartz , K.E . 1
1S01id  Waste Shreddine , Separation and Baling1 1  

Environmen tal Engineering Handbook.  UcGraw-Hill . 
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Moisture content of the refuse has considerable influence on 

the stability of the bale . Up to 30% moisture (dry weight basis) 

the stability increases as moisture increases but above 30% mois­

ture the stability starts to decline . Stability is affected by 

large amounts of grass or leaves (above 50% by weight) or more than 

one tyre in a bale. 

The spring-back effect occurs after the bale leaves the baler. 

It is an expansion of the material in the bale and takes place 

over time . Hartz (1) indicates that the bale will expand 7% in 

the first hour after release, 25% in one day after release, 26% 

in one week , thus Most of the expansion will have occurred after 

one week . 

Economics 

The estimated cost of baling is US$6-10/ton but these figures 
are very tenuous and more precise information should be obtained 

from equipment manufacturers who can also recommend motor horse 

power requirements for different situations. 

Advantages 

The advantages of baling solid wastes prior to disposal are 

as follows: 

1. Increased density -1000 - 1 700 lb/yd3 reduces 
volum� occupied in landfil l. 

2 .  Bales are easier to transport. 

3. Most materials can be baled, especially by heavy duty balers. 
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4. Costs are comparable with other types of processing. 

5. Bales fill sites usable for other purposes sooner due to 

less settlement.  

6. No odours, flies, litter and less chance of  fire at bale fill. 

7. Less cover material required. 

8 .  Less equipment needed at bale fill for compaction and cover . 

Disadvantages 

There are some disadvantages associated with baling solid 

wastes : 

1. Additional costs added to disposal. 

2. Recovery of materials from bale for recycling precluded. 
3. Baled refuse will eventually produce gas and leachate in the 

same manner as other landfilled refuse and the same pre­

cautions must be taken. 

4. Excessive moisture ( > 30%) and excessive amounts of 

grass, leaves will result in unstable bales. 

II SHREDDING 

Shredding (milling) of solid waste is a process utilized 

as an essential part of resource recovery and has applications 

prior to iandfillin�. Shredding : 

1 .  improves homogeneity 
(a) moisture 

(b) particle size. ' 
2. improves handling characteristics. , 
3 .  improves separation of components; 
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4. Reduces ultima te volume by 

(a) improving compactability 

(b) improving spreading characteristics 

(c) reducing voids due to bottles, e tc. 

_}ypes of Shredders 

Dry Shredder 

Hammer mill : . consi s ts of a horizontal or vertical shaft that 

supports hatmners which are either fixed or pivoted within a strong 

enclosure . These hammers are rotated a t  high speeds and serve 

to break up the solid was te material to a small enough size to be 

able to pass  out of the machine through a set of openings which 

serve to establish the final size of the shredded ma teria l .  

The pivoted type of hammer i s  the mo st  commonly used form and 

the hammer mill is the mo st cOIIDllonly used type of shredder . 

Rotary shea r :  consists of a pair of horizontal shafts with 

rotating shearing units which turn in opposite directions to one 

anoth� r causing the waste material to be torn and sheared apar t 

a s  it passes between the rotors. It is a low speed device and 

is becoming more widely u s ed .  

Wet Shredders 

Hydro pulper : a modification of the machine used to make 

paper - utilizes wa ter and a high speed cutting blade in the 

bottom of the unit to put the solid waste into a slurry . Particle 

size i s  controlled by the size of the openings in the exit plate 

at the bottom of the unit . All non-pulpable material such a s  
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metal is rejected out of the side of the unit. 

in common use with mixed municipal refuse . 

Others 

These units are not 

Rasp : Rasp mills consist of a large rotor on a vertical shaft 

which carries heavy rasping arms which bear on a large perforated 

plate. Obstructions are attached to the plate and as the rotating 

arms move the solid wastes over the plate within the enclosure of 

the rasp mill the waste passes over these obstructions and is 

reduced in size. This process continues until the particles are 

small enough to pass through the holes in the plate. These 

devices are more cotmnonly used in Europe in connection with com� 

post plants. 

Flail mills: are light-weight relatively high-speed machines 

which are usually designed to tear open bags of refuse and break 

bund les of materials and to provide some mixing action. They 

consist of a rotor shaft to which are attached free-swinging rods 

or chains. The chains or rods f lail the refuse as the shaft is 

turned. Due to its limited effectiveness there is little justi-

fication for its use. 

Design and Operation 

Due to the more comnon application of hammer mills in solid 

waste processing the discussion of design parameters will be 

limited to that type of shredder. Hammer mills were originally 

designed to process homogeneous friable material , utilizing the 

impact of the hammers to break up the material . Since solid 

wastes are heterogeneous and contain only about 25% brittle 
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materials (2) there are d ifferences in the design consideration s 

for this type of material. 

Particle size distribution 

Particle size distribution of incoming material is as signi­

ficant a variable in the c omminution process as the subsequent 

size distribution of the ground product is  to the success of event ­

tual  processing stages . The size distribution of incoming material 

is very difficult to control and can vary widely. A comparison of 

raw residential refuse by Trezek and Savage (2) indicated that a 

range of 90% cumulative passing between 12 and 25 inches could be 

expected. 

More attention has been g iven to the measurement of the ground 

product size distribution. Studies have conc luded , (1 ) ( 2 ) , 

that the particle si ze distribution can be mathematically des­

cribed by a Ro sin-Rammler relation of the type 

2 

1 - (x/x ) 0 
Y = - e o 

�here : 

X 

Y = the cumulative decimal fraction passing a 
X 

given screen s ize x 

X = the size at 63. 2% pass ing 
0 

n = the index o f  distribution 

Trezek, G . J .  and G .  Savage. "Results of a Comprehensive 
Refuse Comrninution Studyu Was te Age Mag�zine ,  July 1975 , p .  49. 
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The 63.2% passing-screen size is considered to be the charac­

teristic particle size. For a given characteristic particle size 

X ,  the power consumption per ton of refuse can be projected . 
0 

Also the grate bar spacing versus characteristic particle size can 

be predicted and from the data the proper motor size and grate bar 

spacing can be determined for a desired charactertistic particle 

size X0 • 

Based on curves shown below developed by Trezek and Savage (2) 

and also from Vesilind and Rines (3) the following type of design 

values may be obtained. 

Assume 20 tons/hour of residential refuse is to be shredded 

to a characteristic particle size of one inch (X ) .  
0 

Using the graph the grate bar spacing would be 4. 5 inches 

and the specific energy would be 1 1 . 5  kwh/ton , 

11. 5 kwh/ton x 20ton/h • 230 kw. 

230 

0.7457 
a 308 hp. 

3 Vesilind, P.A. and Rines, A.E .  Un it Operations in Resource 
Recovery Engineering. Prentice Hall, p .  123. 
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A larger motor would be specified to accommodate losses etc. 

The exampl e  assumes residential refus e and i s  pertinent for that 

type only . 

There i s  much more information availab le on s hredder selection 

and analysis which should  be consulted by t he designer . Design 

considerations such as speed , motor horse power requirements and 

rotor inertia must all  be inc luded. 

The ro tor inertia is usually expressed as WR2 where W is 

the weight or mass of the rotor assembly and R is the radius to 

the hammer mill tips . (This is not the accurate measure of rotor 

inertia but serves as a convenient parameter for comparative pur­

poses) .  
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same time controlling the entrance of air. The charging hopper 

which is kept full by the crane at all times extends from the 

charging f loor down to the end of the grate - a distance of ten or 

more feet. It is usually as wide as the furnace and four feet 

or more long . The inner surfaces are of steel plate ,  water-cooled 

to a llow the refuse to slide smoothly down into the furnace . The 

basic requirements of the feeding system are to provide a continuous 

flow of refuse to the furnace and to protect against burnbacks of 

fire out of the chute into the pit area and to control the unwanted 

entrance of air. 

The furnace or combustion chamber itself is where the actual 

burning takes place. In the past many of the furnaces were lined 

with fire brick to sustain the high temperatures.  Modern design 

however has shown the use of the watertube wall configuration to 

be much more effective in many ways. (This design consists of 

tangentially welded boiler tubes forming the walls and roof of 

the combu�tion enclosure). By using the water wall configuration 

less excess air is needed which formerly was required to control the 

furnace temperature to protect the fire brick. Less slagging 

occurs and there are no fire bricks to maintain and replace. 

Higher operating temperatures can be maintained which results in 

better burn-out and less combustibles in the residue. 

The design of the combustion chamber should provide for the 

three Ts of incineration : time , temperature and turbulence. 

This means that there must be time enough for the refuse to be 

dried, heated and burned, turbulence is required to mix the 

evolved gases and air for complete combustion and temperatures 

of a sufficiently high value to produce complete oxidation of the 
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comllustible in the fuel. These three components are interdependent 

and are also related to the condition and characteristics of the 

refuse, the furnace configuration and air supply. It is usually 

considered necessary to maintain temperatures in the combustion 

zone of about 1400- 1800°F (800-l000°C) and a rule-of-thumb for 
3 rectangular furnace s  calls for about 25 ft /ton• d  

(0. 67  m 3 / t  ) of  combustion chamber volume. Also a heat release 

rate of between 12 500 and 25 000 Btu/ft3· h  (between 4.6 x 105 and 

9. 2 x 105 k.J/m� h )  (3) is common . 

Individual combustion chambers of 250 to 300 tons/d 

are connnon with some units sized to handle 500 tons/d .  

capacity 

Large 

incinerators are built with more than one combustion unit to allow 

for flexibility and maintenance. 

The grate system is used to support the burning refuse and 

to move it along through the combustion chamber. Another impor­

tant responsibility of  the grate system is to provide the proper 

agitation of the refuse to promote thorough combustion and passage 

of under fire air. This agitation should not be excessive to 

avoid exces sive particulate entrainment into the gas stream. 

There are several grate systems available ; they are :  

reciprocating, rocking , travelling, rotary kiln, rev erse reciproca­

ting and multiple rotating drums. There may be variations and 

combinations  of these as well. 

The determination of the grate area used may be approximated 

by the following (3) : 

grate area = solid waste to be burned 

grate burning capacity 
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In this respect the fol lowing c hart ( 1 )  shows machine require­

m�nts for four genera l  categories . 

CHART NO . 1 :  From reference (1) 

Category Composition 

Household 

Medium 

Bulky 

Heavy 

Pape r ,  cardboard, bottles , c ans , garbage , 
lawn trimmings . 

Small crating, small appliances, small furni­
ture, bicyc les, tree tr immings, occasional 
auto tyre. 

Stoves, refrigerators, washers, dryers, doors , 
mattresses, small rugs (9 in x 1 2in ) , chairs , 
sofas, tree limbs , smaller trucks tyres. 

Demolit ion rubble, logs, stumps, automobile parts .  

The follow ing items s hould be excluded from all swing hammer 

mills regardless of WR2 : 

1 .  items which are likely to explode such as propane or butane 

bott les , gasoline can s ,  e tc. ; 

2. large, thick-walled meta llic obj ects such as gas cylinders , 

pressure vessels,  etc. ; 

3 .  heavy wire rope and heavy industrial chain i n  lengths greater 

than circumference of rotor ; 

4. large blocks of plastic  or rubber ; 

5. heavy truck and earth moving vehicle tyres; 

6. long dense rol l s  of wovens such as industrial carpet ing .  

tarpaul ins longer than rotor circumference, long pieces of 

conveyor belting, etc. 
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Minimum hp/ton 
* 

M 0 
• WR2 Category 1n1mum 

Household 10 25 000 lb-ft2 

Medium 15 50 000 lb-ft2 

Bulky 25 100 000 lb-ft2 

Heavy 70 180 000 lb-ft2 

Based on information in Chart No . 1 (1) and with refuse 

that contains various kinds of material the required shredder 

horse power may be estimated if the percentages of each of the 

four waste categories is known. 

For example: refuse containing 50  ton/hour of 

70% household 

20% medium 

19% bulky 

0 . 7  X 10 • 7. 0 hp/ton 

0. 2 X 15 = 3. 0 

0. 09 X 25 = 2.25 

1% heavy 0. 01 X 70 = 0. 7 hp/ton 

12. 95 

12. 95 x 50 = 647 . 5  hp . 

The next larger size motor would be specified and a rotor with 

a WR2 of 180 000 lb-ft2 would be called for to provide for the 

heavy waste to  be shredded . 

*ratings are for nominal 3 inch particle size ; i.e .  90% of 
material passing 3 inch square opening . 
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Particle size requirements 

Particle sizes of different magnitudes are needed for dif­

ferent purposes. They may be summarized as  follows : 

1. RDF (Refuse-derived fuel) 

l in size - suspension burning 

a 2in - ain for fixed · bed combustion 
2. Magnetic separation - course shred u 6in 
3. Air classification medium 3 in  - 6in 

4. Landfill - prevent blowing paper, 80-90% passing 2 in size. 

Operational problems 

1. Materials handling - getting the solid waste into and out of 

a shredder is diff icult. Entrance velocities must be great enough 

to penetr ate the ring generated by the tips of the swingin� hammers 

to avoid the refuse s imply riding on the tips as they spin. Con­

veyor belts are subjected to severe abrasion and wear. 

2. Hammer mill refuse is very difficult to shred . containing 

much material that is abrasive and resilient. In f act, a shredder 

is a self-destructive machine being able to sustain the stresses 

placed on it only because it is more rugged than the material 

being shredded. Frequent maintenance is required to replace the 

hammers and other interior parts. As the hammers wear the 

clearance between them and the grate bars increases which results 

in larger particle size and partial plugging using more energy 

for shredding. 

3. Fires and explosions - caused by the presence of containers 

of flammable material (gasoline, paint thinner, etc.) in the 
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refuse. Sparks and heat are generated by the rapidly rotating 

hammers and explos ions have caused serious damage to the shredder 

and the building enclosing it. Designs for releasing sudden high 

pressure without structural damage are required on shredders and 

f lame suppressor sys tems a=e also available. 

4. Dust - shredding of refuse can produce tremendous amounts of 

dust  which must be controlled for various reason s :  health, house­

keeping, instrument and equipment operation and explosion hazard 

to name several very important reasons. Proper enclosure and 

venting hoods with air cleaning equipment to remove the dust 

particles priot to exhaust are needed . The use of face masks by 

the operators may also be required. 

U.S. Occupational Safety and Health Act (OSHA) limits dust 

inhalation to 15 mg/m3 of total dust over an 8-hour day. Limited 

studies have fo\llld dust levels in shredder in stallations 3 to 7 times 

this level (3). 

5 .  Noise : The level of noise around the hammer mill can be 

quite high. Noise  around a 3 ton/h hammer mill was measured at 

95-100 dBA (decibels on the "A" scale) (3) • Much of the noise 

i s  a low-frequency rumble but there is considerable impact noise 

as well. OSHA limits noise to 90 dBA over an 8-hour working day .  

The corresponding level set by US-EPA is 8 5  �BA. These values 

would indicate that ea� protect ion should be worn by shredder 

operators and noise reduction shou ld be a par t of the shredder 

installat ion design. 



1 0 3 

Advantages 

The advantages of shredded refuse over non-shredded refuse 

when placed in a sanitary landfill are as follows : 

1. · No flies 

2. No rodents 

3. No odours 

4. No blowing paper (except plastic film) if size is 

!!:' 2 in - Jin 

5. Easy to spread and compact 

6. Higher density when finally in place (1200 lb/yd3 ) 

7 • . No .daily cover needed 

8 ,  Does not sustain fires 

9. Easy for trucks to travel over 

10. More uniform and less subsidence 

11. · Improved aesthetics. 

In addition it should be n oted that shredding either as a 

single stage or in two stages is usually an integral part of 

mechanical resource recovery operations ,  It has also been 

used as a means of preparing large bulky combustible items for 

incineration where the resultant volume reduction may be as much 

as 90%. 

Disadvantages 

Many of the operational and maintenance problems of shred­

ders discussed may be considered to be disadvantages;  they 

will be summarized here . 

1. Shredding adds to the cost of disposal (8 to 12 dollars/ton) 
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2. Leachate and gas production in the landfill show an increased 

rate of generation - not an increa se in total amount produced. 

3 .  High maintenance type o f  equipment needs regular upkeep 

rule-of- thumb : for every eight hours of  shredder . eight hours 

of  maintenance. 

4. Needs standby equipment to accommodate the possible lack o f  

·availability due t o  maintenance requirements. 

III SCREENmG 

Separation of  refuse components is done for a variety of 

reasons. These may include resource recovery , protection of 

equipment and improved operation, and better quality of final 

product. 

There are several screening devices but only a few will be 

dealt with here . 

Hand sorting 

This is the most elemental yet most effective method 

available. Any given separation may be provided depending on 

the market for materials and separation objectives . The two 

goals may be summarized as salvage and protection. Design para­

meters for hand picking from a conve) Or belt are : belt width 24 in 

for picking only on one side , 36-48 in fo� picking from two sides , 

belt speed 30 to 40 ft/min (3) . 

Tremmel screen 

The trommel i s  a revolving screen made up of a perforated 

drum and is the most popular screen for processing municipal 
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waste. The drum or cylinder with holes in it is inclined, mounted 

on its side and the refuse is fed into the upper end . As the 

cylinder rotates the refuse tumbles and rolls and the particles 

which are smaller than the openings fall through and out of the 

waste stream. Rotation of the drum is  about 10-15 rpm . The 

main · advantage of the trommel is that it is  resistant to clogRing. 

·oesign parameters as presented herein will be more empirical 

than theoretical. Separation by trommel is accomplished by 

allowing the refuse in the screen to tumble around until the pieces 

smaller than the holes find a hole and fall out. The tumbling 

motion may be of tvo kinds (3) : 

1.  Cascading 

2 • . Cataracting 

The difference between the two is that the cataracting 

motion results when the drum rotates fast enough so that the 

material actually leaves the surface of the drum and tumbles 

throug� the air (parabolic trajectory) back to the bottom of the 

screen, while in the cascading motion, refuse simply rolls down the 

layer of refuse heading up. Cataracting motion produces the 

greatest turbulence and should produce the highest separation ef­

ficiency. Critical speed is that speed such that the refuse is 

j ust held on the wall of the screen by centrifugal force (1) . 

N .. _t_\ � o 2n \J "it 

where : N • critical speed 
0 

g • acceleration due to gravity 
0 

R • radius of drum 
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Designs differ but it appears that diameters may range from 6 feet 
to 9 feet or more, length 12 feet or more , (a trammel s�ould not be 

less than 2 diameters in length (1) ) , detention time should be 

30-60 seconds, at least so that 5 or 6 revolutions of the refuse 

may occur within the drum before exiting (3). Drum speed should 

be 30% to 45% o f  crit ical speed or about 10-15 rpm. Another rule­

of-thumb indicates that the recovery is greatest where the load 

rides one-third of the distance to the. top of the drum (3) . 

For estimating electrical needs , a value of  one horse power 

per ton per hour capacity can be used . increasing to the next larger 

size motor available (1) .  

The utilization of a trormnel screen ahead o f  a shredder allows 

the removal of a good deal of the glass without shattering it to 

the extent that occurs in the shredder. If refuse•derived fuel 

is to be produced the early removal of the glass before it is 

imbedded with the paper etc ., reduces the ash content and the 

abrasive character of the final product tremendously. This will  

reduce the wearing of the hammers in the hammer mill caused by 

the abrasion due to the glass in the mixed refuse. 

IV INCINERATION 

The c ombustion of mixed municipal refuse under controlled 

conditions is the general definition of incineration. 

Inc ineration should be considered as a means of volume reduc­

tion since there are still residues to dispose of. The volume 

reduction accomplished should be 85-90% assuming complete combus­

tion of the combustibles . (Weight reduction may range from 70-80%). 
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The discussion following will be organized in a manner com­

mensurate with the schematic shown. Initially it is assumed that 

quantities of waste in excess of 200 tons/d are to be burned. 

Refuse receiving area 

.The collected refuse is delivered to the incinerator plant 

which must provide facilities for these trucks to empty efficiently 

for return to the collection route . The usual procedure i s  to 

provide a large storage pit into which the refuse is discharged. 

This pit has a capacity of from 2 to 3 days or more accumulation 

of refuse and serves as a storage reservoir of refuse so that the 

furnace may continue burning throughout the 24 hours of the day 

even though refuse collection is completed in less time than that. 

Also it may be important to be able to burn continuously 7 d ays 

a week , when collection is only done on 5 days. The pit is  

constructed of durable materials , armoured to protect the walls 

from damage from the crane bucket and other heavy objects. The 

tipping area (where the trucks empty) may or may not be enclosed 

but environmental considerations are best protected by enclosure. 

It must be designed so that it is large enough to allow the 

required number of. trucks to enter the tipping area, to empty 

simultaneously , and then to leave efficiently to avoid long 

delays at the tipping area. 
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Transfer crane 

As was stated earlier the solid wastes are discharged from 

the collection vehicles into a large storage pit. The refuse 

must be moved about within the pit to make room for more incoming 

refus e, mixed to make a more unifonn fuel and finally transferred 

to the furnace for burning. All of these important functions 

are carried out by the transfrr crane. This crane must have a 

capacity of 2-5 yd3 , be of a high-speed , heavy-duty type 
which is arranged so that it can reach all parts of the pit. 

Approximately 50% of its operating time will be spent mixing and 

moving refuse while the other half is spent feeding the charging 

hopper of the furnace. The usual style of crane employed is a 

travelling bridge crane with an enclosed operator ' s  cab either 

travelling with the crane or in a central location where the full 

operation can be seen. Since the continuous operation of the 

combustion process depends on the operation of the crane it is 

usually necessary to have a standby unit available at all times 

for reliability. The bucket used may be either a grapple, clam­

shell or orange peel type. 

Furnace ( combustion system) 

Incinerator furnaces may be classified in a nwnber of ways . 

among them are : (i) batch or continuous feed ; (ii) refractory 

or water wall ; (iii) grate systems . The discussion provided 

herein will be limited to the continuous feed type since this is 

the type most widely used for large (> 200 tons/d ) units. A 

continuously fed furnace is designed with a charging hopper to 

provide a means of continuously introducing refuse while at the 
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The ordinary design values for grate burning capacity for municipal 
2 2 solid waste are about 50 to 70  lb/ft • h  (240 to 34 0  kg/m • h) .  Another grate 

loading parameter is the Btu /ft2·h (heat release) which commonly ranges 

between 250 000 and 300 000 Btu /ft2 of grate/h (2. 8 x 106 to 

3.4 x 106 kJ/m2 .h) (3) . 

The manufacturer ' s  stipulations relative to specific require­

ments for each of the various types of grates must be considered. 

Combustion air is another important component of the furnace 

design. An ample supply of oxygen is required to complete the 

chemical reactions involved in the combustion process. The exact 

amount of oxygen required for burning the waste is known as the 

stoichiometric air requirement . Any additional air is known as 

excess air and is generally expressed as a percentage of the 

stoichiometric requirement . 

Air is supplied as mider fire and over fire air. The under 

fire air is admitted through the grates and cools them in addition 

to supplying air for combustion. Over fire air is introduced 

through the top and sides of the combustion chamber above the fuel 

bed and provides air for the combustion of the volatile gases and 

to produce mixing and turbulence for complete combustion. 

Various furnace configurations will have different air require­

ments and variations of the split between under fire and over f ire 

air with the range from 25-100% under fire . It would seem 

reasonable for approximately one-third to be put under fire with 

the rest above the grates. 

The amount of excess air provided is an important factor since 

it influences the furnace temperature and the volume of exiting 
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gases passing through the air cleaning phase of the furnace . 

Theoretically the maximum temperature in the combustion process 

is obtained only when the stoichiometric amount of air is supplied. 

If more air is introduced the temperature is reduced in proportion 

to the amount of excess air.  This effect is  utilized to control 

the temperature in a refractory lined furnace and thereby protect 

the fire brick. Up to 200% excess air is sometimes required 

whereas in a water wall furnace the excess air may only amount 

to 5 0 -1 00 % of the theoretical amount (3) .  

Air requirements are provided by  fans which deliver the air 

to the various points of application under pressure. 

Residue Cash) 

Due to the presence of a certain amount of  non-combustible 

material plus a small percentage of unburued combustible material 

the incinerator is not a method of final disposal but a volume 

reduction process. The amount of unburned combustib le material 

will be at a minimum ( < 5%) in a well designed and operated 

incinerator while the non-combustible content will reflect any 

preprocessing such as metal recovery that occurred. If no pre­

processing occurred the residue may comprise 20-30% by weight or 

10-15% by volume . This material must be quenched upon leaving 

the grate since it is very hot and may contain burning material .  

(Still burning material should be minimized if the furnace is well 

designed and operated , )  This is done by introducing water to 

the ash hopper in which the residue is collected or dropping the 

hot residue into a bath of water from which it is removed by a 

drag conveyor. 
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From this point the residue is disposed of, usually by land­

filling. The recovery of metals and use of the ash for fill 

material is being practised at sane locations . 

Gas cleaning equipment 

The gases leaving the combustion chamber may be very hot 

(1400-1800° F) and contain particulate matter . The gases mus t be 

cooled and the entrained particles removed. The gas temperature 

entering many air cleaning devices cannot exceed 450-500° F. 

Cooling may be accomplished by utilizing water in var ious ways 

which will require .large quantities of  water (rule-of-thumb, 

2-4 pounds of water for every pound of refuse burned) or the 

heat may be· removed by passing the gases around a ser ies of  boiler 

tubes as -is done in a water wall· furnace . Such a waste heat 

boiler may be able to produce steam at the rate of from 1 to 2 lbs 

of steam/lb of refuse incinerated and 60-70% of the heat generated 

may be recovered following a refractory combustion chamber (3) . 

The air cleaning equipment employed is mainly responsible for 

removal · of  particulates . Other constituents of combustion·; CO, 

NO , and SO are usually rather low from incinerators burning 
X X 

MSW (3). 

There are several types of air cleaning devices which may be 

cons idered. Cyclones, wet scrubbers of several · kinds, bag filters 

and electrostatic precipitators make up most of the list . 

In general cyclones are not able to remove enough of the fine 

particles to meet the air emissions standard. 
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Wet scrubbers may have trouble in removin� the required 

amount of particulates but do  have the ability to  remove 

certain water-soluble gaseous p ollutants. They do require subs­

tantial power to attain high efficiencies, and utilize large amounts 

of water which require treatment. 

Bag filters are being designed now which can sustain the 

high gas temperatures (750° F) and are being c onsidered for pos­

sible use at incinerators. 

Electrostatic precipitators have been the most common devices 

used at incinerators where they have met the air quality standards . 

They are expensive and require careful control of influent gas 

temperatures (450-500° F) and have other problems but they have 

also shown that they are able to meet the effluent standards . 

Water treatment 

Water is utilized in a number of ways in a large incinerator 

operation .  If a water wall combustion chambe r is utilized then 

the water will have to be demineralized and de-aereated in the same 
manne r as boiler feed water. If a wet scrubber is utilized then 

the particulates removed from the gas stream will in turn have to  

be removed from the water before it  can be recirculated or  dis-

charged , � pH adj ustment will also be necessary. By treating and 

reusing as much water as possible, considerable savings in water 

costs can be realized depending on the cost and availability of  

water . 
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V OTHER TYPES OF COMBUSTION DEVICES 

Modular units 

These units are generally prefabricated combustion units 

designed . for .50 .tons/d or  less . They are often batch fed by 

means of a hydraulic ram which pushes the refuse from a charging 

hopper into the end of the furnace. The combustion of the refuse 

utilizes a controlled-air approach whereby the refuse as received 

is burned in a primary combustion chamber in a reducing atmos­

phere (insufficient oxygen for complete combustion) which tends 

to reduce the particulate emiss ion. The gases from the primary 

chamber are then burned in a secondary chamber where an excess of 

air is provided with vigorous turbulence to ensure that all the 

gaseous and particulate matter is burned. Auxiliary fuel such as 

gas or oil may be required to ass ist in the combustion process . 

The modular unit is usually designed to operate less than 

24 hours a day ; some have grate systems which move the refuse 

forward through the primary chamber while others require shut-down 

for removal of the r esidue. The weight reduction reported is 

about 68%, volume reduction 93% (3) .  Waste heat recovery systems 

can also oe  provided on the modular incinerator. This type of 

un it is well suited to small community use and use by industry. 

Fluidized bed 

The fluid ized bed incinerator consists of a bed of sand con­

tained within a refractory lined enclosure supported on a perforated 

pl ate through which air at a high enough velocity to l ift the s and 

is introduced. The sand is preheated and then the fuel (in this  
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case pulverized solid waste) is introduced , The combustion of the 

waste occurs in contact with the f luidized sand maintaining a bed 

temperature of 1400-1600°F. The solid materials stay in the bed 

until they become small enough and light enoueh to leave with  the 

exiting gases as particulates or they may build up in the bed until 

the excess material is drawn off to maintain the bed level .  The 

sand acts as a heat source and heat sink and provides a fly wheel 

effect to maintain combustion conditions as  the waste characteris­

tics vary. Some common dimensions of these units are : reactor 

diameter ID-S0 ft 1 sand depth 1.5 to 10 ft and air velocity in the 

bed 5 to 7. 5 ft/s. · 

Fluidized beds have been successfully utilized in burning 

various types of liquids, sludges and gaseous organic wastes. 

Municipal solid waste must be shredded to a fine particle size 

prior to its introduction into a fluidized bed reactor. 

Experience with the utilization of the fluidized bed to burn municipal 

solid waste is very l imited and much more needs to be known before any 

conclusions can be drawn . 

VI PYROLYSIS 

The process of pyrolysis is the destructive distillation of 

the organics in the waste material. The process is carried out 

under high temperatures in an environment la cking �n or devoid of 

oxygen. The products resulting from the process are a gaseous 

fraction ,  a liquid fraction (oil) and a solid fraction (char). 
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Typically , during the pyrolysis of  munic ipal solid waste, organic 

compounds are converted to pyroligncous acids,  fuel gases, water and char. 

An analysis of pyrolysed municipal solid waste products ( 3 )  noted that 

a ton of municipal  solid waste pyrolysed a t  approximately 1600°F yields the 

material shown in the table below. 

- � - - -� • 0 Products of Pyrolysis @ 1600 F 

Gas 18 000 ft3 

Liquid 144 gal.  

Tar 0. 5 gal. 

Ammonium sulfate 25 lb 

Solid residue 154 lb 

(From reference 3) 

The gases produced in the process consist primarily of 

hydrogen , carbon monoxide, methane and ethylene in that  order of 

a�undance. The mixture of these gases is a good fuel with a heat 

content of about 2750 to 4400 Btu/lb of solid waste . About 

1100 Btu/lb of heat is required to �ake the process self-sustaining ; 

the remaining gas fraction becomes available as  a by-product" of 

the process (3 ) .  

The reactor a lso produced liquid products . oil and tars , 

pyroligneous acids and water .  The oils and tars can be used as  

fuel stock products while the pyroligneous acids are chemically 

complex mixtures. 

The solid residue or char is a light-weight carbonaceous 

material which has a fuel value from 5500 to 9350 Btu/lb and a 

very low sulfur content (3) .  This char material may be used as 

a fuel after briquetting or for other purposes. 
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The pyrolysis process is _ a  complex one with many variables 

which affect the operation , character and c omposition of the 

final products. In general it may be stated that with other 

conditions being held constant, a s  the temperature of pyrolysis 

increases the gas content increases proportionately while the amoµnt 

of acid, tars and char decreases. The operating temperature 

influences not only the quantity of the gas but also its quality (3) . 

There a re severa l  different pyrolysis systems available. No 

attempt is made herein to describe them but rather to indicate the 

nature of the process. With further a dvances in technology and 

with greater emphasis placed on energy conservation pyrolysis 

should become a process to be considered. 

VII OCEAN DISPOSAL 

The topic of ocean disposal of solid wastes raises several 

questions : 

1. Will the sol id waste discharged into the ocean remain 

on the bottom or floa t and eventually wash ashore? 

2 .  In e ither case what will be the effect? 

3. Will the flora and fauna of the sea water in the area 

of d isposal be affected? If so , how? 

4.  Is this an economical means of disposa l considering the 

resource recovery and environmental aspects as  well as 

simply immediate costs? 

Some pra ctical a spects of ocean disposal are as follows . 

The permanent submergence of sol id waste eliminates the objection­

able features of floating debris, etc . This requires increasing 
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the density of the solid waste by compression to a degree at which 

i t  will sink to the bottom of the ocean and stay there. The 

required density is about 66.5 lb/ft3 or 1800 lb/yd3 (4 ). 

The problem has been, and remains , of finding the means of applying the 

required pressure to obtain the refuse densitites needed. Densi-

ties in excess of about 55 lb/ ft3 are difficult to obtain in an 

open'hydraulic press due to the extrusion of liquids from the 

wastes .  

Another possibility has been suggested and that is to push 

the baled refuse down a tube which p rojects 30 to 50 feet below 

the water surface . This method would pressurize the waste and 

not require particularly complicated equipment (4) . 

Not all waste components respond well to compression ; plastic 

items do not remain compressed and submerged (4 ).  

The major uncertainty relating to the pressurization approach 

to disposal at sea is the question of how long the compressed 

material will remain submerged. Yith the passage of time de­

composition may take place resulting in gasification to · the 

extent that the bale swells and breaks so that the material will 
resurface (4) . 

The question of the ecological effect of the waste material 

on the immediate area over a long period of time has to be 

considered. 

(4) Golucke, C . G. and McGauhey, P.H. "Future Alternatives 
to Incineration and their Air Pollution Potential".  
National Conference on Air Pollution, 1966. 
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SANITARY LANDFILL � 
OPERATION ANTl MAINTENANCE 

by 
* 

D.H.G. Tollemache 

In the background paper we have already discussed sanitary 
landfill . and referred to Frank Flintoff ' s  book , which shows simple 

means of landfill , using low-cost equipment and showing how landfill 

can be carried out manually. 

The foregoing showed us the principles of sanitary landfil l .  

and the methods with simple equipment which are particularly suitable 

for t he smaller towns and rural area s in the EMR. 

This present short paper is intended to follow on from what has 

already been said in the background paper , and to deal with other 

practical aspects of sanitary landfill . 

The term "sanitary landfil l "  originally American , has come 

to be the chief way of descr ibing "controlled tipping" which 

definition was used in Britain . This was derived from the original 

description " constructive tipping' , u sed by Bradford City , where 

the best early example o f  this method was demonstrated by the 

construction of  the well-publici zed Odsal Stadium at Bradford. 

It was the example of this magnif icent reclamation project that 

concentrated people' s minds on the great advantages that sanitary 

landfill /constructive or controlled tipping had over the st inking . 
roden t- and fly-infested mess that "dumping" had caused in the 

WHO r.onsultant in 
Solid Waste Management. 
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past, not to mention the smell o f  burning and the air pollution 

of smoke too , 

We re-emphasize that sanita ry landfill involves depositing 

the wastes in layers of no more than 2 m, covering the deposited 

refuse after compacting with 25 cm of _ earth, _and finally __ compacting 

again after covering. This must be done daily. and the operators 

must ensure that all the refuse is completely covered and sealed. 

The object of this cover, which effectively closes the refuse in 

earth-covered cells, is : 

(i) to prevent f ly emergence ; 

(ii) to prevent rodents burrowing into the materials tipped, 

and even if they do enter, to make it easier to see where 

they have entered so that steps can be taken to dispose 

of them ; 

(iii) to keep the heat of the natural fermentation in, so that 

pathogenic organisms and fly larvae are killed ; and 

(iv) to keep the fire risk down ; in sanitary landfill the 

refuse is never tipped to a greater depth than 2 m before 

sealing with cover; should fires occur, this method helps 

to limit them to one cell and so makes it easier to 

isolate fires. 

The tip is then, of course , covered with its f inal cover of 

fertile earth so that agricultural crops or trees can take root . 

The thickness of this final cover will depend on the crop, but 

should be at least 45 cm,  
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Types of landfill most likely t o  be suitable in the EMR. Countries 

1. Desert sites 

Here it is necessary to find areas which have deep sand or 

poor earth to a depth of at least 2 m without an aquifer below. 

This is usually possible, since many of the areas near the sea 

are _inherently unsuitable for boreholes, due to the salinity of 

the water. There are two methods: 

(a) A trench of some 2 m in depth is excavated by means of a JCB 

or similar machine, or by means of a tractor and front-end loader, 

either wheeled or tracked. This method is adequately described 

by Flintoff on page 142 of WHO' s Publication "Waste Management 

in Developine Countries". 

(b) The cut -and-fill method 

This ·is sometimes used in Britain for small sanitary landfill 
sites. In Britain , as a lready stated , the county authorities 

are responsible for refuse disposa l ,  and the district or borough 

councils for refuse collection. If the county authorities were 

to insist on the collecting authority sending their collection 

lorries more than the agreed mileage (which varies from county to 

county) , they must pay for this extra transport by reimbursing 

the collec ting authority (the district or borough council) .  

For this reason, although large t ips are very much more 

economical to operate than small ones, the disposal authorities 
sometimes require to have small landfill sites near small out­

lying towns. Often natural landfill sites (such a s  disused 

quarries) are not available at a suitable distance from the 
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town . In these cases, where soil conditions allow, the disposal 

authority will send out an excavator to dig a pit, which will ·last  

for, say, 2-3 years. 

Such a pit will be excavated to a depth of some 2-5 metres 

and to a width 'Which will  accommodate all the collection vehicles 

that are likely to tip at  one time. The excavated earth is 

stock-piled at the sides and ends o f  .the excavation . the shape of  

which should preferably be rectangular and the length as  required 

for the quantities. After the excavation, only a simple tractor 

and front-end loader or small bulldozer will be required on site. 

In villages, no machinery will be required where the operation is 

small enough to be done manually . 

The dug p it is filled with refuse, covered and compacted in 

the same way as in a natural quarry (to be described further) . 

The cover is taken from one side or one end to cover the refuse 

tipped into the pit. Later, further refuse is tipped above the 

level of excavation and spread out from the area of the dug pit 

to make a smoothly formed hill with shallow contours above the 

existing ground level . 

It may be interesting to note, though not app licable in EMR 

countries, that such hills of refuse have been made for use as 

skiing slopes in Canada, and one of the advantages of this method 

is that there is a minimum amount of  leachate , since the heat of 

fermentation in the tip evaporates much of the moisture, and the 

hill formation sees to i t  that rain does not enter the refuse 

when the tip is finished and closed � Such a method is also 

valuable in EMR countries where there is thought to be any danger 
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of polluting underground waters , as the r ains wi ll not have passed 

through the refuse to produce a large quantity of strong, polluting 

leachate. 

Such a method may also prove to be of considerable advantage 

to smaller towns in EMR countries. The writer wishes to remind 

readers of the .. district " methods referred to under " collection" 

in the background paper - where a district can help smaller towns 

with their waste  management problems by loaning them equipment . 

Calculation of earth cover required for landfill 

Re fuse t i ppe d : 2m deep  w i l l  be  �onsol i d at e d  a n d  se t t l e  
to approximately 1 . 5 m .  If we use 25 cm cover on each 2 m layer 

(sett ling to 1. 5 m) , and also cover the "flanks" and finally top 

cover the tip , with 45 cm , we shall need a volume of covering 

material approximately equal to 30% of the volume of the excava­

tion filled with refuse. As a converse , a pit of, say , 20 000 m3 

will provide sufficient covering material to receive approximately 

55 000 m3 of compacted refuse , with some 15 m3 (plus cover) in the 

pit one has dug, together with , say , 40 000 m3 of compacted refuse 

above ground level and spread over and landscaped around the pit . 

Allowance for cover essential 

We shou ld note here that , whatever the type of site one plans 

to use for landfill one must ensure that covering material  

amounting to some 25-30% of the volume of the tip is available. 
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2. Quarries, valley ends and ravines 

It is most important that these be filled in layers from the 

bottom up to avoid steep slopes from which the cover would be 

eroded by winter rains . It  is also necessary to arrange drainage 

before starting to tip in such a way that streams are diverted so 

that they do not enter the tip. 

A road must be made to the lower \evel to within 2 m of the 

bottom (in quarries there is usually such a road already).  If 

the road is already in existence , and we are on the floor of the 

quarry, we must start by making a "finger" or a cell (See Flintoff , 

pp . 116-121 and Figures 19 and 20) of the width required for all 

the lorries likely to tip at the same time. 

Refuse is t ipped, pushed out and compacted on a gentle slope 

which the bulldozers can climb , to a height of 2 m, which becomes 

the tipping face, and is advanced as tipping proceeds. This 

slope is , of course, finally covered in the course of completing 

the further layers. 

3. Marshes and tipping into water 

The writer did not come across the need or desire for informa� 

tion on tipping into marshes or water during his visit to EMR 

countries, but it would seem quite likely that such areas might 

be suitable for improvement near some EMR low coastlines. 

Flintoff mentions the problems of odours caused by H2S when refuse 

ferments anaerobically, and how this can be overcome by forming 

dykes with inert wastes and pumping the areas dry before filling 

with refuse. Refuse has been tipped into inland ponds . This 
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causes pollution problems which have been overcome by blowing air 

through the water. However, except in exceptional situations with 

no alternative sites available such complications should be avoide d ,  

and raw refuse is now seldom tipped into water. 

The utilization of old landfill sites 

When an old tip site is full , and the material 1n it is fully 

degraded to an extent that dis turbing . it no longer produces odours 

(about seven years) , the material could be removed and used as an 

organic fill , after screen ing , to form dykes, or indeed, to 

improve the deser t. 

Careful tests would have to be don e  initially to ensure that 

it was safe from the h ealth po int of view , and s econd ly to j udge 

whether there was any fertility left 1n the decomposed materials 

of sufficient value to j us t ify the cost of removal . This activity 

may , in certain circumstances, be worthwhile - for instance , to 

create a new landfi ll site near the city from the old  one, at the 

same t ime making use o f  the old f ill . Such cases may be rare . 

but as a possibility this should be borne in mind , since it 

economises  both on land required for  Sanitary Landf ill Sites and 

also un land othen.j se requir ing exc avation in order to produce 

covering m aterial . 

The sanitary landfill of pulverized refuse 

Pulveri zed refus e ,  as referred to in our Background Paper , 

has the advantage that no intermediate cover (every 2 m)  is 

required , but a final top cover must be given . 
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It also has the advantage that there are no voids and a denser 

tip - although tips fanned with the use of steel wheel compactors 

give the same density. Pulverized refuse does not blow about so 

readily, and the pulverized refuse can be composted if formed into 

windrows. This is both an advantage where compost is required 

and also in those cases where one requires to tip into a marsh and 

raise the levels. After a period of simple composting the BOD 

will be reduced by half, and the problem of water pollution will 

likewise be reduced by approximately half too. 

The sanitary landfill of tox.ic wastes 

This problem has not yet been reported on, to the writer ' s  

knowledge, in the EMR countries, but may have been . In fact, 

strict controls should now be legally enforceable and to protect 

the enviromnent it is essential that particular care be taken to 

ensure that chemical and other toxic wastes do no damage to the 

environment. If toxic wast es are to be disposed of, landfill 

operations must be particularly well controlled. 

Secure landfill  

The site for a secure landfill must not be above aquifers, 

and must have at least 20 m of filtering earth or sand. The 

bott om of the tip must be impermeable or made so with clay (or 
-7 percolating at no more than 10  cm/s ) • The toxic wastes 

must be tipped in such a way that those which might react 

together are in different cells. 

Should it be necessary to tip seriously toxic wastes or 

dangerous chemicals, whilst landfill was thought to be a secure 
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method, it must be  undertaken with great care,  with pretreatment 

and packaging where necessary, under responsible control and regula­

tions which require careful daily records to be kept. In all 

cases, chemists' opini ons should be sought before tipping toxic 

wastes, and their advice must be adhered to as to whether the 

wastes are safe in the landfill proposed, or must be tipped in 

the special secure landfill . Recent findings in Britain 

emphasize the need to pretreat certain toxic materials before 

Landfill ,often by incineration . 

Such a secure landfil l need not be large , and must be kept 

especially for toxic wastes (after pretreatment . where recom­

mended) which the chemist advis es shoul d  not be tipped in  the 

main landfil l . 

Inherent pro blems of .sanitary landfill and their avoidance 

Whilst sanitary landfill is , and will undoubted ly continue to 

be, a main method of disposal because it is  cheap ,  it  can be 

criticized for the reas ons that fol low, all of which .can be avoided 

to a greater or les ser extent with care and if proper attention is 

pai d to  the �roblems . 

1 .  It waste�  materials  that could be re-cycled or from which 

energy could  be gained . Only where it is  reclaiming land 

and improving the environment can i t  be said to utilize waste s .  

2 .  Inevi tably, paper and plast ics blow about in high winds .  

It is necess ary to avoid this by using wire mesh  screens. 

3 .  If the bottom o f  the tip i s  wet , o r  there i s  a high rainfall, 

much methane wil l be produced . When the tip is well com-

pacted, there is a danger that this methane can move laterally 
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and damage trees when it emerges , or even cause explosions 

in buildings into which it percolates . However, in some 

large tips the methane is extracted by pumping it out so 

that it can be utilized, and in others, trenches are dug 

around the tip to prevent the methane entering nearby 

buildings . 

· Because of the foregoing, some European countries and some 

experts recommend that pretreatment such as pulverization be car­

ried out before tipping in sanitary landfills. 

In the EMR countries, the foregoing dangers are unlikely to be 

serious ones, except in tips near large towns. It is always 

important to choose sites and use techniques that will produce the 

best results from landill , and avoid its disadvantages and dangers. 

There is, however , a present tendency - though a slow and 

gradual one - to move from sanitary landfill to forms of treatment 

which utili ze wastes, and where it is economical , it is to be 

applauded and should have our enthusiastic backing . 

The sanitary landfill of cesspit emptyings 

The use of sanitary landfill sites for the disposal of  cesspit 

emptyings and sewage sludge is acceptable as a temporary measure 

whilst other m ean s of sewage disposal are being developed, but , as 

with toxic wastes, particular care must be taken to  see that the 

leachate does not enter aquifers. Advice should always be 

obtained from the specialists in sewage disposal and the hydro­

geological department to ensure that the Landf ill site is not 

overloaded . 
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The preferred method is to excavate trenches in o ld tips, 

where the materials have des iccated and are a�sorbent . The 

liquids then seep through the old refuse, leaving only the solids 

from the cesspit sewage .  

Particular care must be  taken to see that there are no  f ly 

problems, but this method is far safer from the fly po int of view 

than tipping the ce sspit em?tyings, widely scattered . o ver the top 

of the tip and uncovered, as the writer saw in one instance. The 

same precautions should be taken with paunch manures from the 

abattoirs . 

Finally, before preparing this Paper, the writer talked to a 

number of colleagues and consulted recent books and papers on the 

subj ect of Landfill . Nowhere ,  in the writer ' s  opinion , is there 

a clearer description of the basic principles on practices than 

in The Management of Solid Wastes in Developing Countries .  

This covers almost a11 · aspec ts including finding the 
site , leachate , water-filled sites, etc. , and the writer feels 

that there is little he can usefully add ,other than the previous 

notes he has already made , except to aga in s trongly recommend the 

study of Chap ter 14 to those participants who have to operate 

landfill as the bes t  sedentary study they can pos sibly make . 

Thereafter, it  would seem most useful for us to see the 

f ilm, kindly �ade available by the US Environmental Protection 

Agency. 

Note : See Appendix for Model Conditions for Landfill Sites and 

Treatment Plants .  
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APPENDIX 

MODEL CONDITIONS FOR LANDFILL SITES 

Working Plan 1 

No deposit of waste shall take place unless, at least one 

month previously, a working plan, giving details of the proposed 

conduct of oper ations at the site, has been submitted to the 

Waste Disposal Authority : and the l icence holder shall notify 

the Waste Disposal Authority of any proposed change in the actual 

conduct of operatiOt"s from the proposals shown in the plan, as 

altered by any previously notified changes, at least one month 

before the proposed change is  implemented . 

Comments 

This condition enables details of operations on the site to 

be settled later, without delaying the dec ision on the applica­

tion, and the provision concerning changes allows some flexibility 

as operations progress .  There should be full consultation between 

applicant and the Waste Disposal Authority early in the applica­

tion process  before the working plan is drawn up - and afterwards 

if necessary. But as a result of legal advice, the condition 

doe s not provide for approval by the Waste Disposal Authority at 

a later date of the working plan or subsequent amendments to it. 

If in the end, the plan or proposed amendment were unacceptable 

to the authority (or indeed if an operator did not adhere to the 
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plan) it would be open to them to deal with the matter by modifying 

the conditions attached to the licence , in accordance with Section 7 

of the Act. In general , it will often be better for matters which 

the authority recards as really important in a particular case to be 

dealt with by a condition rather than in the working plan . The 

following are matters which will commonly be appropriate for in­

clusion in a working plan : 

(a) Details of any site preparation work to be carried out, 

including steps to prevent water pollution . (But it may 

s ometimes be more appropriate for these to be the subject of 

a separate condition . )  

(b) Average daily intake of waste , with a proportional breakdown 

into types where appropriate. (Often it is desirable to 

control the ratio in which different wastes, e.g .  solid and 

liquid, are tipped , even though maximum permitted quantities 

are specified in condition 2 below .) 

(c) Direction of working (to take account of factors such as the 

prevail ing wind). 

(d) Phasing of filling and site restoration . (The number of 

layers that are envisaged in each phase of filling should 

be indicated . To facilitate sett lement and dispersal of 

any gases a period of at least six months and preferably 

tl.Te lve months should be a llowed before a further layer is 

added . )  

(e) Maximum width of the working face . (This should be stated 

and should be related to the number of vehicles using the 

site at peak periods.) 
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(f) Details of seasonal, bad weather and emergency tipping 

areas. (It may be appropriate to provide for separate 

areas to be filled in summer and winter, to avo id filling 

near occupied properties in the swmner � and to preserve an 

area near the site entrance for use in bad weather or to 

designate an area for emergency use.) 

(g) Particulars of sources and reserves of covering material . 

(h) Location of the site control office . 

The working plan should also show how the deposit of any 

waste with special properties, such as hazardous wastes and 

pulverized fuel ash , is to be integrated at the site. 

Working Plan 2 

The types and quant ities of  wastes deposited daily at the 

site shall not exceed the followinr, • • • • • • • • • • •  

(To be specified according to the needs of  the case. ) 

Comments 

The types of waste for which the site is considered suitable 

should be specified in all cases. Often it will be necessary 

to specify maximum quantities of different types (e.g. solid 

and liquid wastes . domestic waste and particular industrial 

wastes) .  Where it is important to control the proportions in 

which a mixture of wastes should be deposited, this can be done 

by condition rather than as a feature of the working plan as 

suggested above. 
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Working Plan 3 

Site preparation and works 

No deposit shall take place unless  a road has first been 

provided within the site . This shall be constructed to the 

following specifications and shall run from the site entrance 

to the site control office. The road shall be maintained to 

the reasonable satisfaction of the Waste Disposal Authority. 

Comments 

It is prP.ferable for this condition and for most of the 

other conditions in this section to set out the Waste Disposal 

Authority ' s  requirements . The site road envisaged in this 

condition should preferably permit two-way vehicular traffic 

and should lead to the site control office which should itself 

be located far enough from the entrance to allow vehicles to 

queue within the site and not on the highway. Ideally, the road 

should be metalled although this will not always be neces sary. 

In determining the length and width of  the road account will have 

to be taken of the number of vehicles using the s ite and the 

location of the wheel-cleaning equipment (see condition 4) and 

the need to avoid obstruction s and bottlenecks particularly at 

the site entrance . 
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Working Plan 4 

No deposit shall  take place until suitable wheel-cleaning 

equipment has been provided . This equipment shal l  be properly 

maintained and used (position specified by the Waste Disposal 

Authority ). 

Comments 

If wheel-cleaning is to achieve its purpose it must be 

carried out on a hard surface adjoining the main site road so 

that once vehicles have had their wheels cleaned they do not 

have to travel o�er muddy surfaces .  To avoid obstruction at 

the site entrance and to ensure that facilities are being operated 

and used properly they should preferably be located near to the 

site control office . 

position. 

Working Plan S 

The condition should normal ly specify the 

No deposit shall take place until a site control office has 

been provided on the site . 

Comments 

The nature of the site control office required under this 

condition will  depend upon the size of the site and the scale of 

operations. On some sites a small portable office will suffice . 

At others, however ,  a more substantial control centre may be 

necessary, possibly linked to weighbridge and wheel-cleaning 

facilities. The actual location of the site office is a matter 
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to be settled within the context of the working plan ( see 

condition 1 ) .  

Wor king Plan 6 

No deposit shall take place until a site identification board 

of 4urable material and finish has been displayed at  the site 

entrance, showing the hours when the site is open and giving the 

name of the site, the name, address and telephone number of the 

operator (and his local agent) and of the Waste Disposal Authority 

responsible for issuing the site licence . 

Working Plan 7 

Tanks used fo r the storage of liquid shall be bunded . They 

shall be of a type and construction suitable for the wastes they 

contain and shall be labelled to show their contents. 

Comments 

The extent to which this condition is applied will depend 

on the nature of the liquid and the situation of the tanks and , 

particularly for explosive, inflammable and toxic substances, on 

safety and health factors. 

Wor king Plan 8 

No depodt shall take place until uatercourses on the site 

have been diverted, culverted or o therwise protected to the 

reasonable satisfaction of the Waste Disposal Authority. 
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Working Plan 9 

No deposit shall take place until surface drainage water from 

surrounding higher land has been diverted from the site. 

Working -Plan 10 

No deposit shall take place unless subsidiary site roads have 

been provided as follows. These shall be maintained to a reason­

able standard. 

Comments 

It is important that vehicles travelling to and from the 

working face in all weathers should not have to be driven exces• 

sive distances over unfinished surfaces. 

Working Plan 1 1  

No deposit shall take place until a suitable weighbridge or 

other weighing facility has been installed at an appropriate point 

on the site. 

Comments 

This is desirable and probably essential on larger sites in 

order to provide the management with the information on the 

· quantities and types of waste received which is required under 

standard condition 28. 
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Working Plan 12 

No deposit shall take place until suitable facilities have 

been provided for storing and maintaining equipment used on the 

site. 

Comments 

This could cover items such as a fuel storage tank, a tool 

store or a building for the servicing ·and repairing of equipment. 

Working Plan 13 

No deposit shall take place until movable screens have been 

provided at intervals near operational areas having regard to wind 

direction so as to ensure that paper and other materials are con­

tained on the site . Materials arrested by such screens shall be 

removed and disposed of as necessary to maintain the efficiency 

of the screens and the tidiness of the site .  

Comments 

This will  only be necessary on sites where the type of waste 

being disposed of makes wind nuisance likely . 

Working Plan 14 

No deposit shall take place until gates and fencing have 
been provided to the following specif ications. They shall be 

maintained to the reasonable satisfaction of the Waste Disposal 

Authority, and all reasonable precautions shall be taken to 

prevent unauthorized access to the site . 
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Comments 

The extent of the fenc ing and security measures required by 

this condition will depend on the size and location of the site, 

the nature of  c,perations and the waste being deposited. Ideally, 

entrance gates should be wide , lockable and located at least 

12 yards  from the highway with the layout providing good sight 

lines for vehicles leaving the site. Where practicable, site 

entrances and areas where landfilling· i s  actually taking place 

should be fenced. This is particularly important where toxic 

wastes are being deposited or lagooned. In determining the need 

for fenc ing, however .  waste diposal authorities should taken into 

account any natural barriers that might exist . Other precautions 

to prevent unauthorized access might , on larger sites, include 

the provision of security patrols . 

Working Plan 15 

No deposit shall take place until lighting has been provided 

on the site as follows, to fac ilitate the use of the site during 
·the hours of darkness. 

Cormnents 

The extent of the s ite lighting to be provided under this 

condition will again depend on the size and nature o f  the site 

but could include the provision of portable light units and fog 

flares as well a s  lighting for site roads: the appropriateness 

of such a condition will be influenced by the l ikelihood of members 

of the public gaining access to the site . 



1 40 

Working Plan 16 

Site Operation 

The site shall be adequately manned and supervised during 

working hours. 

Working Plan 17 

Solid waste shall be compacted and fonned into a layer as soon 

as possible after deposit and not later than at the end of the 

working day on which the waste is received. 

Comments 

The broader question of how landfilling is to be phased is a 

matter to be settled within the context of the working plan (see 

condition 1). Comprehensive guidance on landfilling is contained 

in the Report� of the Working Party on Refuse Disposal . HMSO 197 1 ,  

Depending on the size and n ature of the landfill the provision of 

Part III of the Mines and Quarries (Tips) Regulations 1971 may be 

relevant as regards stability ; the Health and Safety Executive 

will advise . 

Working Plan 18 

The layer of waste shall be formed in one or other of the ways 

described in condition 20 below using suitable compaction equipment 

with a blade or some other appropriate levelling device. 

Comments 

Depending on the size of the site and the scale of operations 

it m ight be appropriate to specify the equipment which is to be used. 
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Working Plan 19 

The depth of a layer of waste shall not after initial compac­

t ion exceed 2-5 cetres (8 feet). 

Working Plan 20 

Waste shall either 

· ca) be deposited on t he surface of the site behind the face 

and partially compacted by a tractor or other compacting 

machine before being pushed over the face, or it shall 

(b) be deposited on the ground forming the base of the site 

or on a previous layer in front of the face and shall be 

formed into a compacted layer by being pushed upwards and 

driven over by a tractor or other compacting machine. 

Working Plan 21  

Before covering, working faces and flanks shall be compacted 

to form gradients not steeper t han 1 in 3 .  

Working Plan 22 

Material used for landfill other than that whic h is wholly 

non-putrescible shall, subj ect to the traction needs of vehicles 

operating at the working face, be covered progressively with 

suitable non-putrescible or stabilized material throughout the 

working period eac h day , so that by the end of the day all 

exposed surfaces including the flanks and face shall have been 

covered to a depth of not less than 15  centimetres (6 inches) . 
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Comments 

Although a minimum depth of 15 centimetres (6 inches) cover is 

being specified in this condition, covering material should, 

ideally, be spread so that it is on average not less than 23 centi­

metres (9 inches) thick. The thickness of covering material on 

layers formed solely of pulverized waste need not be as great. 

Working Plan 23 

All large articles such as furniture, crates and hollow con­

tainers likely to cause voids shall be crushed , broken up or 

f lattened and covered each day by other wastes in such a position 

that they are not within one metre (3 feet) of the surface or two 

metres (6 feet) of the flanks or face , 

Comments 

This is with prej udice to the health and safety precautions 

which may be required under the Health and Safety at Work Act 1974 ; 

e. g. , for cylinders which have contained flammable liquids or 

gases under pressure, this condition would not be appropriate , 

Working Plan 24 

Waste other than inert material shall not be deposited in water. 

Cormnents 

Although it is possible to deposit waste other than inert wastes 

in water the precaut ions necessary to avoid undesirable consequences  

will normally be  extremely onerous ; in most cases the practice is 

better avoided . 
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Working �lan 25 

Not less frequently than once a week any loose waste which 

may be lying on the site shall be gathered and disposed of in 

such a way as to keep the site tidy. 

Working Plan 26 

No waste material shall be burnt within the boundaries of the 

site , and a fire at the site shall be regarded as an emergency 

and immediate action shall be taken to extinguish it. All out­

breaks of fire shall be notified forthwith to the d isposal 

authority .  

Cormnents 

Persons on the site should be instructed as to the procedure 

to be adopted in case of fire, including evacuat ion and fire­

fighting, in consultation with the Fire Authority and the Health 

and Safety Executive as the case may be. 

Working Plan 27 

Precautions shall be taken to deal effectively with any vermin 

and insects on the site,  

Comments 

The requirements of this condition can best be achieved if the 

operator adopts a progranme of regular site inspection and regular 

pest control , paying part icular attention to any area where cracks 

have appeared in the covering material , Steps should be taken to 

ensure that landfill surfaces are level to avoid ponding which 
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could give rise to the breeding of insects . In hot weather it 

may be necessary to treat loads of waste before deposit to prevent 

flies being brought in. At the commencement of landfilling it 

may be adv isable for an operator to make arrangements with -·the 

local Environmental Health Department for rat control procedures 

so that rat infestation may be recdgnized and safe and effective 

methods for dealing with such may be practised. Operators should 

check at  the time what o ther legislation applies, e.g. on fumiga­

tion procedures and use of pesticides. 

Working Plan 28 

A record shall be kept of the types and quantities of-waste - .  
deposited. 

Comments 

Waste should be categorized as indicated. 

Working Plan 29 

The terms of the site licence shall be made known to any per­

son who is given responsibility for the management or control of 

the site and a copy of this shall be displayed at the site control 

off ice. 

Working Plan 30 

Site roads shall, in dry weather, be sprayed with water to 

suppress dust.  
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Comments 

Depending on the materials being used for landfill it may, in 

some circumstances, be advisable for this condition to be extended 

to in clude other operational areas as well . as site roads. 

Working Plan 31 

When landfilling c ommences top-soil stripping shall be c arried 

out in stages and only to the extent necessary to maintain a 

reasonably adequate area for landfilling at any one time , Top­

soil thus stripped shall be retained on the site for use as final 

cover. 

Working Plan 32 

Animal carcasses and waste consisting wholly or mainly of  

animal or fish waste or  other obnoxious m aterials shall be deposited 

in front of the working face and immediately covered with other 

waste material so that the obnoxious material is not within one 

metre (3 feet) of  the surface and two metres (6 feet) of the flanks 

or face. 

Working Plan 33 

Each layer of waste and covering material shall be laid to a 

fall to encourage surface water run-off . 
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Working Plan 34  

Until final restoration, completed areas o f  landfilling shall 

be graded and maintained in a tidy condition and where necessary 

action shall be taken to control or destroy weeds. 

Comments 

.Weed growth and soil erosion might be prevented on completed 

plots awaiting reuse by sowing suitable grasses . Other require­

ments covering restoration will possibly have been incorporated 

in the planning pennission relating to the site, though it may be 

appropriate in some cases for licence conditions to provide for 

phased restoration of the site while disposal activities are still 

in progress. 

Working Plan 35 

The final layer deposited shall be subject to the minimum 

compaction and shall , to a depth of not less than one metre (3 feet) 

be kept free of materials likely to interfere with final restora� 

tion or subsequent cultivation , 

Comments 

This condition is intended for application where land is to be 

restored for agricultural use ,  A less stringent requirement as  

regards depth of  final layer will be applicable where some other 

use is intended for the site . For grassing. a thickness of 

15-25 centimetres (6-10 inches) may be sufficient, depending on 

the type and thickness of the underlying primary cover , Where 

the supply of top-soil for final cover is insufficient, it may be 
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possible to use compacted refuse , or de-watered sewage s ludge 

mixed with top-soil. 

Working Plan 36 

Not less than 14 days notice shall be  given to the Waste 

Disposal Authority of the date on which landfilling is to com­

mence or recommence in the event of a temporary cessation for 

a period in excess of three months . 

Working Plan 37 

Any temporary ces sation of operation for a period in excess 

of three months shall be notified to the Waste Disposal Authority . 

Additional conditions on the disposal of pulverized fuel ash 

Working Plan 38 

Before  any deposit  of pulverized fuel ash takes place at the 

site , water sprays shall be provided to the reasonable satisfac� 

t ion of the Waste Disposal Authority and these shall be used when 

necessary to maintain the waste in a damp condition and so control 

emission of dust .  

Working Plan 39 

Proper provision shall be made for blanketing and binding 

the surface of completed deposits of pulverized fuel ash. 
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Working Plan 40 

Each deposit or stack of pulverized fuel ash shall be inspected 

at least once a week by a suitably qualified person for signs of 

stack instablility and to ensure that proper procedures are being 

followed and that deposit is taking place as provided for in the 

working plan . 

Comments:  38-40 

Cond itions 38-40 take account of the special properties of 

pulverized fuel ash. This emerges from power station boiler 

plant as a f ine and, to some extent, chemically inert powder 

which flows easily. It is disposed of either as a slurry or 

in a cond itioned state (i.e . with the addition of a prescribed 

quantity of water) . In either case, given correct treatment, 

it settles into a stable mass. Some of the ash is very light 

and can become wind-borne if  the surface of deposited material 

is exposed and allowed to dry. Hawever,dust can be prevented 

by suitable treatment. The Health and Safety Executive has 

responsibilities for the stability of certain tips and may there­

fore have comments on the appropriateness of these cond itions in 

the particular instance. 
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possible to u se compacted refuse, or de-watered sewage sludge 

mixed with top-soil. 

Working P lan 36 

Not less than 14 days notice sha ll be given to the Waste 

Disposal Authority of the date on which landfilling is to com­

mence or recommence in the even t  of a temporary cessation for 

a period in excess of three months. 

Working Plan 37 

Any temporary cessation of operation for a period in excess 

of three months shall be notified to the Waste Disposal Authority. 

Additional conditions on the disposal of pulverized fuel ash 

Working Plan 38 

Before any deposit of pulverized fue l  ash takes place at the 

site, water sprays shall be provided to the reasonable satisfac­

tion of the Waste Disposal Authority and these shall be used when 

necessary to maintain the waste in a damp condition and so control 

emission of dust. 

Working Plan 39 

Proper provision shall be made for blanketing and binding 

the surface of completed deposits of  pulverized fuel ash. 
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Working Plan 40 

Each deposit or stack of pulverized fuel ash shall be inspected 

at least once a week by a suitably qualified person for signs of 

stack instablility and to ensure that proper procedures are being 

followed and that deposit is taking place as provided for in the 

working plan. 

Comments:  38-40 

Conditions 38-40 take account of the special properties of 

pulverized fuel a sh. This emerges from power station boiler 

plant as a fine and , to some extent , chemically inert powder 

which flows easily , It is  disposed of either a s  a slurry or 

in a conditioned state (i. e.  with the addition of  a prescribed 

quantity of water) . In either case, given corre ct treatment, 

it settles into a stable mass. Some of the ash is very light 

and can become wind-borne if the surface of deposited material 

is exposed and allowed to dry .  However ,dust can be prevented 

by suitable treatment. The Health and Safety Executive has 

responsibilities for the stability of certain tips and may there­

fore have cormnent s on the appropriateness of these conditions in 

the particular instance . 
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BIOLOGICAL PROCESSING 
COMPOSTING AND HYDROLYSIS 

by * 
D . H . G. Tollemache 

Biagas is the name for the anaerobic fermentation of organic 

wastes to produce methane gas (CH4) .  

The process is well known because anaerobic fermentation has 

been studied since 1808 , when Davy produced methane, carbon dioxide 

{co2) and traces of nitrogen, hydrogen and hydrogen sulfide {H2S) 

from a mixture of water and farmyard manure, whic h  he collected in 

a flask, in a laboratory experiment. 

Methane is the gas produced by the decomposition of organic 

wastes in marshes, and the "Will o' the Wisp", a phenomenon in which 

r,as bubbles explode with a blue flame, had been observed by country 

folk at night, without their understanding the reasons, for centuries. 

Anaerobic fermentation has been used as a process to purify 

sewage sludge, from settled sewage, and a s  a source of power to run 

the machinery at the sewage works, sinc e  the early part of the 

century .  

Methane is the gas which i s  often called "natural gas", and 

is found when an oil well is drilled, showing that anaerobic fermen­

tation took plac e many centuries ago and the gas has been locked 

well below the surface, often under high pressure . 
* . WHO Consultant 1n 

Solid Wastes Management 
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The production of biogas from solid wastes 

Although some attempts were made to produce methane from solid 

wastes during the 1920s by Lord Iveagh in England, and later by 

Imhoff in Germany, it was not until the Second World War that much 

practical progress was made. 

The work of Lesage, Aliet and Mignotte in France, and Aceya 

in India, encouraged the building of many very small, simple plants 

:>V. farmers. 

Many of these plants used animal manure and straw - though 

- some, in India, used solid waste in villages together with human 

t!xcreta. There were some 1000 plants in France during the war, 

and there are still many such small plants in India and Kenya. 

Such plants work well in a hot climate, but the gas production 

ls very low in the winters of Northern Europe, just at the time when 

. the gas is needed . This led to the disuse of small plants in tempe­
_rate climates, as soon as there was no longer such a shortage of fuel 

as there was during the war.  

The new interest in the methanization of organic manures has 

only recently started to show in university studies a nd pilot plants. 

It has arisen because of the increased cost of fuels. 

The early small plants generally used relatively solid manures, 

pressed into the gasification silos, to get as mµch •dry matter as 

possible into a given volume of plant, which was ·then covered with 

water . 

The modern thinking is to "fuel" the plants with "chopped" 

organic manures sufficiently wet to be pumpable . This avoids the 

labour which killed the early, small, labour-intensive plants. 
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Such modern plants, which are very similar to the d igestors u sed 

a t  sewage works, can be insulated, and some of the gas produced 

can be used to keep the d igestors a t  a temperature where gas pro­

duc t ion is higher. 

The effect of t emperature o n  the daily product ion is 

considerable: 

1 ton of manure a t  10°c produces approximately 0.050 m3 gas per day 

1 ton of manure a t  15°c produces approximately 0, 150 m3 gas per day 

1 ton of manure a t  20°c produces approxima tely 0. 300 m3 gas per day 

1 ton of manure a t  24°c produces approximately 0, 615 m3 gas per day 

1 ton of manure a t  25°c produces approximately 0, 700 m3 gas per day 

1 ton of manure a t  30°C produces approximately 1.500 m3 gas per day 

1 ton of manure a t  35°c produces approximately 2. 000 m3 gas per day 

l ton of manure a t  37°c produces approximately 2 , 460 m3 gas per day 

One ton of  the dry organic frac tion of refuse will produce 
3 0 3 0 approximately 39.0 m per ton a t  60 C, and 27. 0  m a t  30 C .  

Obviously the t ime taken to obtain the gas varies, being some ten 
0 days a t  60 c ,  when most  of the gas is  given off in f ive to eight 

days, and thir ty days a t  35°c, when most of the gas is given off 

in f ifteen days. It is safer to work at the lower temperatures 

which do no t need to involve the design in the complications of  

heat ing the digester, under EMR conditions, 

The process itself is slightly exo thermic (600 calories per m3 

of  gas produced), thus the fermenting mass  is ho tter than the air 
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or ground temperature, but no t sufficiently exo thermic to overcome 

the cold of Northern Euro pe.  

Examples of  modern plants 

At the t ime of wri ting this  paper , the writer has unfortunately 

been unable to obtain production f igures on the new plants .  He hopes 

to have slides of some for t he Workshop . Some have not yet been 

published, but it is  known that there is a sophis t tcated plant using 

animal manures at Aberdeen University, wi th  insula t ion , and heated 

by burning a propor tion of t he gas produced . The manure from any 

animal i s  suitable, but obviously t he number of animals required to 

produce a given amount of gas will vary roughly in proportion to their 

l ive weight and the nature of their feeding . 

There is also a 100 ton-a-day pilot plant a t  Pompano Beach, 

Florida, using the organic frac tion of household waste af ter the 

removal of metal cans , glass and pla stic s .  This i s  very promising . 

There are many s imple plants of a new design in the Canada/USA 

border region,  some with insula tion, used to overcome the smell from 

fac tory farms and also to produce "free" gas for the farmer. 

The la tter plants are incredibly s imple, and consist  of a pit 

dug just outs ide the animal "feed lo t" house. This is lined with 

heavy PVC and is covered wi th  a "balloon-l ike" cover with s t iff 

s ides t ied to the bottom, so tha t the stiff s ides act as a wa ter 

seal and the gas,  r ising through the semi-liquid animal manure, is  

trapped by the "balloon" cover . The manure, a t  about 96% H20.  is  

pushed into the end of the pit between the stiff s ides of the cover 

and the s ide of the pit ( there is  grea ter clearance a t  this po int) 
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and expels the same volume of  manure from which  the gas has been 

extracted - or at least partially extracted - a t the other end . 

The gas collected in the "balloon-like" cover is sometimes fed to 

a small gasometer, where it is stored and which maintains the 

des ired water gauge pressure for feeding to the gas appliances in 

the . farmer ' s  house. The smell of u
2
s can be removed by passing 

the gas through bog iron. 

The ga� is about 60% CH4, 25% co2 and 5% other gases, including 

hydrogen and n
2
s .  Hence, it has a calor ific value halfway between 

methane, or "natural gas", a nd  coal gas, or about 6000 calor ies 
3 per m ,  suitable, in fact ,  for most gas appliances. 

Internal combustion engines will run off the gas;  petrol 

engines can be modified by replacing the carburettor with a Fimple 

a ir/gas mixing valve. Compression ignition engines can become 

dual fuel eng ines, using a l ittle d iesel to cause the ignition. 

A plant w ith an average "animal feed lot" holding animals with . 3 an approximate live weight of 50  tons will produce about 140 m of 

gas per day. 

What is the potential of the biogas process in solid waste management? 

1 .  Small, simple plants (figure I): We have got into the habit 

of thinking that "big is beautiful", but ma ny small plants could 

make a contribution, not only in factory farming (where the writer 

came across a need in Cyprus), but for factory wastes (canning 

factor ies, bagasse from sugar production, etc . ), and in small 

villages, where some 8 0% of the population of the EMR live. Sepa­

ration at source, a s  mentioned in the Background Paper, would be 

necessary to remove the cans, glass and non-biodegradable items 

such as  plastics. 
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Figure 1 

Simple methane plant such as used in France 

during the Second World War 
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2. Larger facilities (figure II) : such as the Pompa no Beach , 

Florida , 100 ton-a -da y pilot pla nt. This system, which looks very 

promising indeed, ha s the great adva ntage that it will be fa r ea sier 

to find finance for this than for a composting plant. One knows 

(a s a lrea dy stated in the Background Pa per) tha t one can sell ga s 

one �oes � know tha t  one ca n sell compost. Here we have a pro­

cess tha t produces both compost (anaerobically made) and ga s .  The 

a naerobic compost ca n be burnt, but one feels tha t it would be best 

used a s  compost. 

The only pro blem with this process in the EMR countries is 

tha t the ba la nce sheet would not show up so well a s  it would in 

Europe (although the capita l costs would be lower , since simpler 

pla nts a re required in hotter countries) , because the fuel cost, 

with which the ga s production would be compa red, is not generally 

at  world pr ices in EMR countries. 

3. Biaga s from old la ndfill sites : As ha s been mentioned in the 

sa nita ry la ndf ill paper, !'I.ethane ga s ha s, i n  some ca ses, been a 

trouble a nd a danger in landf ill s ites. In some ca ses trees on 

the border of landfill sites have been killed by the ga s ,  and in 

several ca ses explosions have occurred due to ga s _seeping into 

buildings close to such sites. 

Precautions have had to be ta ken in ma ny ca ses in the USA. 

When such precautions (the digging of trenches to isola te the ga s 

from nea rby houses) have had to be taken, it occurred to the 

engineers tha t they might a dva ntageously "ta p" the ga s a nd utilize 

it at a not much greater cost . 
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A landfill s ite can, after all, be s imilar to a very large 

methane d igestor, if the soil is of an impervious nature (clay) , 

if it is finally covered with a well compacted clay-like soil, and 

the site is waterlogged. In countries where the soil temperature 
0 . . - . 

is above 15 C in particular, a great deal of methane will be pro-

duced for many years.  There will be much methane gas in the 

interstices of most old landf ill sites � Production can now be 

encouraged, whereas in the past it has been d iscouraged . Several 

old landfills are being explo ited in the above way in the USA, and 

one in London. 

The amount of gas available will not be of a suffic ient 

quantity, nor pure enough, to feed into the National Natural Gas 

Grid System (na tu ral  g a s·, also CH4, is 1000 BTU, whereas the 
methane from landfills will contain co2 and be about 700 BTU 

per ft3 ) .  Nonetheless, the quantities are significant and 

certa inly suffic ient to encourage use by factor ies needing cheap 

fuel for high energy demand processes. 

The work of extracting the gas is, moreover, justified in many 

ca ses from the safety po int of view. 

Most s ites from which the gas is being extrac ted were land­

f illed quite normally, a nd  boreholes were made in the landf ill to 

extract the gas .  If it were intended to fill a landfill spec if i-

cally for gas extraction, as  has been done in some cases, the land­

fill would be f illed to encourage gas production and easy extraction. 

How to encourage methane production in a landf ill 

In the above case, the landfill would be made with clay-puddled 

sides, trenches f illed with mater ials to reta in voids and act as  gas 
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reservoirs, and the f inal cover would be of puddled clay, or even 

have a plastic impervious membrane under the top cover to retain 

the gas. Finally,  wa ter would be run into the landfill to ensure 

anaerobic conditions. 

The production potentials 

Unless the landfill site has been especially managed with the 

obj ect of maximum methane recovery in the manner described above, 

it will not, of course, yield the maximum production of some 300 m3, 

which might have been expected from a plant for each ton of the 

organic matter - in fact , one could not expect more than 1/10 this 

quantity. Studies are underway i n  the USA which will provide enough 

findings for a rough estimate of the l ikely gas production to be 

made .  I t  is hoped that these will be available for discussion at 

the Workshop. 

However, the writer knows that in one case in Britain, estimates 

of gas production from a 7 0  acre (28 ha ) landfill ,  1 8m deep , will be 
very approximately 4 m3 per minute, or around 5750 m3 per twenty-four 

hour day - sufficient for a fairly large factory or some 1000 EMR 

family houses. This is the average expected for ten years. Jhe 

daily produc tion would be greater but the per iod shorter under the 

hotter EMR conditions. 

At present, one can say that this is a worthwhile exercise 

under some circumstances, and that tests on a tip (by bore hol es) 

would have to be under taken to make an estimate of the l ikely gas 

ava ilable .  
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A landfil l  site can, after all, be similar to a very large 

methane d igester, if the soil is of an  imperv ious nature (clay), 

if it is f inal ly covered with a well  compac ted c lay-like soil, and 

the s ite is waterlogged. In countries where the soil temperature 

is above 15°c in particular , a great deal o f  methane will be . pro­

duced for many years. There will be muc h  methane gas in the 

interstices of most old landf ill sites� Production can now be 

encouraged, whereas in the past it has been discouraged. Several 

o ld landfills are being exploited in the above way in the U SA, and 

one in London. 

The amount of gas available will not be of a suff icient 

quantity, nor pure enough, to feed into the National Natural  Gas 

Grid System (na tura l ga s ·, also CH4, is 1000 BTU, whereas the 

methane from landfills wil l  contain co2 and be about 700 BTU 

per ft3). Nonetheless, the quantities are significant and 

certa inly sufficient to encourage use by factories needing cheap 

fuel for high energy demand processes . 

The work of extracting the gas is, moreover, justif ied in many 

cases from the safety po int of v iew. 

Most sites from whic h  the gas is being extracted were land­

f il led quite normally, and boreholes were made in the landfill to 

extract  the gas. If it were intended to f il l  a landf ill spec if i­

cally for gas extrac tion, as  has been done in some cases, the land­

f il l  would be f illed to encourage gas production and easy extraction. 

How to encourage methane production in a landfill 

In the above case, the landfill would be made with c lay-puddled 

sides, trenches filled with materials to retain voids and act a s  gas 
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r eservoirs, and the f inal cover would be of puddl ed c lay, or even 

have a plastic impervious m embrane under the top cov er to reta in 

the gas. Finally, wa ter would be run into the landfill to ensure 

anaerobic conditions. 

The production potentials 

Unless the landfill site has been especially managed with the 

o bj ec t  of maximum methane r ecovery in the manner described above,  

it  will not ,  of  c ourse, yield the maximum produc t ion of some 300 m3, 

which might have been expec ted from a plant for each ton of the 

organic matter - in fac t, one could not expec t more than 1/10 this 

quant ity . Studies are underway in the USA which will provide enough 

f indings for a rough estima te of the l ikely gas produc tion to be 

mad e .  I t  is hoped that these will be available for d iscussion at 

the Workshop. 

However , the writer knows that in one case in Britain , estima tes 

o f  gas produc tion from a 7 0  acre (2 8 ha ) landfill, 1 8m deep ,  will be 
3 3 v ery approximately 4 m per minute, or around 5750 m per twenty-four 

hour day - suffic ient for a fairly large fac tory or some 1000 EMR 

family houses. This is the average expected for ten years. The 

daily produc tion would be grea ter but the period shorter under the 

hotter EMR conditions. 

At present, one can say that this is a worthwhile exercise 

under some c ircumstances, and that tests on a tip ( by bore holes) 

would have to be under taken to make an estimate of  the l ikely gas 

available. 
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reservoirs, and the final cover would be of puddled c lay, or even 

have a plastic impervious membrane under the top cover to r etain 

the gas. Finally, water would be run into the landfill to ensure 

anaerobic cond itions. 

The production potentials 

Unless the landfill site has been espec ially managed with the 

object of maximum methane recovery in the manner described above, 

it will not, of course, yield the maximum production of some 300 m3, 

which might have been expected from a plant for each ton of  the 

organic matter - in fact, one could not expect more than 1/10 this 

quantity. Studies are underway in the USA which will provide enough 

f indings for a rough estimate of  the likely gas production to be 

made. It is hoped that these will be available for d iscussion at 

the Workshop. 

However, the writer knows that in one case in Britain, estimates 

of gas production from a 70  acre (28 ha } landfill, 18m deep, will be 
3 3 very approximately 4 m per minute, or around 5750 m per twenty-four 

hour day - suffic ient for a fairly large factory or some 1000 EMR 

family houses. This is the average expected for ten years. Jhe 

daily production would be greater but the period shor ter under the 

hotter EMR conditions. 

At  present, one can say that this is a worthwhile exercise 

under some circumstances, and that tests on a tip (by bore holes) 

would have to be undertaken to make an estimate of the likely gas 

available. 
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A landfill site can,  af ter all, be similar to a very l arge 

methane d igester,  if the soil is of an impervious nature (clay) , 

if  it is f inally covered with a well compac ted clay-l ike soil , and 

the s ite is wa terlogged . In countries where the so il  temperature 
0 is above 15  C in particular, a great deal of methane will be pro-

duced for many years .  There will be much methane gas in the 

interstices of most  old land fill sites � Production can now be 

encouraged, whereas in the past it has been d iscouraged. Several 

old l andf ills are being expl oited in the above way in the USA, and 

one in London .  

The amount of gas available will no t be o f  a suff icient 

quantity, nor pure enough , to feed into the National Na tural Gas 

Grid System ( n at u ral g a s , also CH4 , is 1000 BTU, whereas the 

methane from land fills will conta in co2 and be about 700 BTU 

per ft3 ) . Nonetheless, the quantities are signif icant and 

certa inly suff icient t o  encourage use by fac tor ies needing cheap 

fuel for high energy demand processes . 

The work of extracting the gas is, moreover , jus tified in many 

cases from the safety po int of v iew. 

Most sites from which the gas is being extracted were land­

f illed quite normall y, and boreholes were made in the landfill to 

extrac t the ga s .  If i t  were intended to f ill  a land f ill specifi­

cally for gas extrac tion ,  a s  has been done in some cases, the land­

f ill would be filled to encourage gas produc tion and easy extraction. 

How to encourage methane produc tion in a landfill 

In the above case, the land fill would be made with clay-puddled 

s ides , trenches f illed with materials to retain voids and act as  ga s 
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Conclusions 

1. There are as yet too few practical examples of biogas plants, 

or the use of biogas produced from solid wastes, to say that this 

is a method proven by experience. Nonetheless, from what is 

known already, it seems very probable that the method has potential, 

and could be of benefit in one form or another in EMR countries in 

the future. 

2. Because the new generation of the large plants, based on the 

Pompano Beach 100 ton-a-day pilot plant, is not yet ava ilable, 

and because these may prove too expensive for EMR countries, where 

fuel prices are below world prices, it would seem that the smaller 

plants for the special conditions of factory farms and wastes from 

factories may, at first, be of greater interest . 

It also seems probable that these small p lants will be of 

value to the small villages and rural communities, where electricity 

is not available, due to the costs of distribution . 

3. In such c ircumstances, it would seem worthwhile considering 

small methane plants to d ispose of and utilize animal and human 

manure and solid wastes. The writer, who designed and erected 

such a small plant in England in 1950, can assure the delegates 

that such plants are comparatively inexpensive, can be made from 

local materials, and are very simple to erect and operate. 

With benef it of rec ent findings both in India and the USA, 

and under EMR climatic conditions, they should be effective and 

useful - useful enough to justify a p ilot plant, where a need 

for gas is found and the other conditions are correct. 
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Finally . biogas should be considered as  a possible solut ion . 

or par t-solution, when planning future solid waste treatment in 

the EMR countr ies . 

PART 11 COMPOSTING 

The wr iter has been an enthusiast for municipal composting -

the utiliza t ion of urban wastes in agriculture - for many years, 

and believes this to be the obv ious f irst method considered as 

l ikely to be the most sui table for r efuse treatment in the EMR 

countr ies, prov ided it can be done in a way that suits the economy 

of the country concerned. 

Again we refer to Fl intoff ' s  excellent chapters on composting in 

"The Management of Solid Wastes in Developing Countr ies". The 

wr iter is presuming that delegates have read Chapters 16, 17 and 

18. This will absolve him from repeating wha t Flintoff has said 

so well . and allow him instead . after defining "compost ing",  to 

concentra te on those aspects of composting, sometimes in combina­

tion with other forms of  waste util iza tion too , which he considers 

most appropriate in EMR countr ies. 

1 .  What is composting? 

Composting is the natural degradation of organic matter 

brought about by bacter ia, astinomycetes and fungi, under mainly 

aerobic conditions. 
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Municipal refuse has all the elements required by the organisms 

which cause the fermenta tion: carbon, nitrogen, phosphorus a nd 

potash, and the ' micro-nutrieots essential  for the growth of micro­

organism s. Much of the carbon serves as  a source of energy for the 

organisms - it is burned up .and expired as co2. This releases 

much heat, so the process is strongly exothermic, and causes a 

heat rise in the composting refuse, which has the advantage that 

it kills the pathogenic organisms present. This process is 

really the other side of the coin to the anaerobic process in 

biogas, which we have previously stud ied, producing methane gas, 

which is far less exothermic. Not onl y  are all the necessary 

nutrients available, but all the micro-organisms are present, 

"free, gratis and for nothing". Several studies have been done 

to prove that the purchase of special c ultures is quite un­

necessary - in fact, if one provides the �ight conditions for 

the micro-organisms, they arrive and thrive. If special cultures 

are purchased but the conditions do not suit, they d ie. 

Aerobic composting is the same process a s  that which breaks 

down organic materials on the forest floor and turns this into 

leaf mould. It is the same process that causes farmyard- manure 

or tipped refuse in a sanitary landfill to heat up a s  it does, 

but efforts are made to speed up the process. Whereas in sanitar y  

landfill we compact the refuse to exclude a ir (other than that in 

the interst ices of the materials - which causes the initial heat­

up), in the composting process we ensure  that there is ample air 

and moisture so that the process proceeds  as quickly as possible. 
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The proc edures in the composting process are now well known, 

after s tud ies at Berkeley, Savanna, Birmingham and many other 

univers ities. The amount of a ir and mois ture required is known , 

and it is known that whilst the bacteria break down the sugars,  

starches and amino acids most effectively, it is  the fungi and 

actinomyce tes that best break down the cellulotic mater ials . We 

know that the former generally multiply best a t  thermophilic 

temperatures and that the latter are most effectiv e  a t  mesophilic 

tempera tures . Thus it is now possible for process plant designers , 

with the advice of microbiologis ts, to design mechanical plants 

which crea te the r igh t condi tions for composting to proceed effi­

cientl y .  

2 .  H istory o f  composting 

B efore man settl ed in s tatic communities he l eft his solid 

wastes and excreta and ur ine scattered around the earth.  This 

made for soil fertility, since all the wastes were broken down 

in the same natural way .  Aerial photographs have shown that 

the fertility around human se ttlements was greater than elsewhere, 

not onl y  because of the animal s which man kept ,  but also becaus e 

of his own wastes. 

The idea of us ing munic ipal wastes to benefit agricul ture was 

s tated ear ly in thi s  century by far-sighted enthusiasts, bo th to 

overcome the health hazards of disposing of night soil and sol id 

wastes , and to turn these into fertil izers. Bo th were intractable  

and d ifficult to d is,ose of  alone ; mixed together and composted 

they produced an excell ent organic fertilizer . 
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Sir Albert Howard, working with Jackson and Ward at Indore in 

Ind ia, was one of the f irst pioneers to compost night soil and 

municipal r efuse together. He was followed by Van Vuren and Kr ige 

in South Africa . 

The Dutch firm V .A.M. found tha t because of the change in the 

character of municipal refuse, Dutch farmers no longer used sorted 

municipal wastes on the land a s  they nad done previously. It was 

V.A.M., before the Second World War and since, who showed tha t  

municipal composting could help refuse d isposal and also provide 

fertility for the farmer. They did so in spite of Holland being 

a country in the temperate region, which is not a part of the world 

which produces the best type of refuse for composting ; nor does the 

land need or benefit from organic manure as much a s  the arid soils 

in the hot countries of the EMR. 

3 .  Early types of composting plants 

The plants created by V.A.M., developed by Mr Van Meeran and 

his colleagues, were simple and effective. They are still used 

and still produce compost which is a s  good as that produced by 

modern plants. 

Two processes were used : the Van Meeran process and the 
Dorr Oliver Rasp process. 

In the former process, refuse is brought to isolated places -

Mielo and Wjeister - by rail, dumped at the side of the line, wetted, 

heaped by grab cranes and turned as necessary. After fermentation 

is  finished, the fermented refuse is taken to a factory, and the 

contrar ies  are removed by magnetic separators, ballistic separators 

and screens. 



1 6 4 

The process cannot be used with sewage sludge, nor near a 

town, and depends on the operator o f  the plant knowing when to 

turn the refuse and so aera te it, and when to add more  m oisture , 

the amount to add being judged according to the rainfall at the 

tim e • The process requires the operators to understand the "art" .  

. The Dorr Ol iver Rasp system could be set up nearer towns . 

It involved pre-separation o f  contraries from a m ov ing belt, the 

extraction o f  m etal cans by a magnet,  and the f ine grinding o f  

the refus e t o  turn this from a heterogeneous m ass into a m ore 

homogeneous condition. This grinding put more air into the 

interstices of  the mater ials, and so the heat-up and the composting 

proceeded much m ore  quickly; there was less o f  a fly problem and 

less smell, whereas when the material in the Van Meeran system was 

turned there could sometimes be a smell o f  H2s bec ause the inside 

of the heap had becom e anaerobic. 

In the Dorr Oliver process, af ter the heat-up in the windrows, 

the compos ting refuse was screened and ballistically separated to 

remove glass , stones, e tc. It was then sold to horticulturalists 

whilst it still had heat in it, and used as a "hot-bed" manure .  

4. The second per iod plants and the problem s with composting 

The modern plants were developed from the exper ience gainetl 

by V.A.M.  and from the better understand ing of the process gained 

from the scientif ic studies already referred to. 

There were two main types o f  plant: 

a. The outdoor windrow composting plants , which were intended to 

be an improvement on the Dorr Oliver type of V .A .M. plant, but in 
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Figure III 

An early example of a rotating drum-type composter 
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Figure IV 

An example of one of the many makes of 
tower-type composters 
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which the r efuse was fully composted in the windrows by turning 

until the composting process was completed and the compost mature. 

Thereafter , the compost was screened to r emove plastic and other 

non-biodegradable items. 

A promising, more recent improvement is the Laxa "Block" 

windrow system developed by Dr Gunnar Housenious, with air sucked 

and blown a lternatively from under . .This avoids some turning, 

and greatly saves on the area needed. 

b. The enclosed or high-rate/fully mechanical composting plants. 

These are of two main typ es :  

i.  The rotating drum type (Figure III) of which the Dano, 

invented by Kai Peterson, was the first, and 

ii. The tower plants {Figure IV). 

The ro tating drum has been v ery successful throughout the 

world. It consists of a drum some 3. 5 m in diameter a nd some 

25 m in length . After hand sorting in some cases {though this 

is now, usually , avoided by pulverization and screening) to remove 

salvage and uncompostible items, and magnetic separation to r emove 

metal cans, the refuse is fed into the drum , often together with 

sewage sludge. Because of the rotation, the r efuse is broken 

down and becomes more homogeneous. Air is blown into the drum 

and the fermenting r efuse heats up . The retention per iod is 

anything from two to �ix days. The compost is screened before 

it leaves the drum to r emove large items which have not been 

broken down , and again more f inely to remove plastics and non­

biodegradable items. It is then generally put in windrows, where 
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the composting process is  f inished by means of turning and aerating 

in the windrow area : thereafter it is often screened a s econd 

time to remove small  plastic par ticles and sometimes ballistically 

separated to remove any glass and stones remaining. 

Tower plants : There have been many manufacturers of this  type 

of  plant: F.arp Thomas, Fairfield Hard_y, Carel Fouch� , John Thompson 

and others. The refuse, after pre-sorting , metal removal and pul­

v erization, is fed into the top floor of the tower (most plants have 

f ive  floors)  where , in most o f  the plants, it  is continuously or 

intermittently turned by plouehs . Air and the necessary moisture 

are added to keep i t  in an ideal state of fermentation.  It  is then 

dropped to the next floor , and so on until it  emerges at the bottom. 

Thereaf ter, it is again screene d  and ballistically s eparated to 

remove contraries. 

O ther types of plan ts were developed as compromises between 

windrow composting and high-rate composting plants. Some have 

d eveloped into succ essful plants, notably the omnium d 'a ss ainisse­

ment type ; others have fail ed, mainly due to inadequate machinery 

and corros ion problems , because the s teaming, composting refuse 

encourages rusting. 

There are examples of  most types of plant in the EMR countries:  

some good, some not so good. The country tha t has b een most succesful 

with composting is Brazil .  EMR plants visited by the writer are 

in Abu Dhabi , Dubai , Egypt ,  the Libyan Arab Jamahiriya and the Syrian 

Arab Republic ; there are excellent plants in Lebanon . 
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Problems which arose with the second generation plants and 

composting in general 

Much enthusiasm was engendered amongst the public by over­

optimistic newspaper articles in the same way as with r egard to 

re-cycling . In the early plants, the machinery was often inade-

quate ,  and the metal was often inadequately protected against 

corrosion . 

Composting was undertaken by municipalities before adequate 

studies had been made .  The wrong type of plant was of ten bought 

for the prevailing conditions , and, more frequently, it was wrongly 

s ited . The siting of a plant is one of the most important cons i­

d erations; it can make a plant either economically successful or 

a failure . 

It was thought that composting could make a profit in its own 

r ight by the sales o f  compost. In Northern Europe, where much of 

the land is covered with some 100 mm of grass and grass roots, and 

hence has suff icient organic manure, compost was not in great demand -

labour costs are high, and it  was cheaper for the farmers to use 

inorganic manures .  

One o f  the causes o f  failure was that manufacturers made over­

optimistic claims as to the speed of composting , and plants gave a 

lower output than was claimed . Early on, some companies endeavoured 

to sell special inoculums , to speed up composting ; as stated earlier ,  

university stud ies showed that these were valueless.  

In consequence there was for some time much disappo intment, and 

many composting plants have failed to satisfy their purchasers . But 

some , which are run by enthus iasts , who have made an effort to sell 
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c ompost and who took trouble to ma intain their plants , have 

succeeded. Composting has been more successful in hotter 

countr ies  with organic refuse and arid so il conditions , than 

in the temperate cl imates o f  Northern Europe . 

6 • .  The current po sition r egard ing compos t  plant eff ic iency 

Dur ing the last two decades ,  composting plants have been 

improved . The machinery i s  now much more substantial and adequate 

for the purpose . The processes needed to make good compost are 

now well known, a nd adequate plants are available . City authori­

t ies wishing to compost can b e  sure  that if they purchase a com-

posting plant, site it correctly and run and maintain it properly, 

i t  will work well : with the essential proviso that a full and 

proper s tudy has f irst  been made of all the relevant local condi-

t ions, and the r ight cho ices and decisions have been made . 

7 .  Remaining problems with financ ing composting and organizing 

sales of compo st 

Composting munic ipal wastes is a hygienic means of disposal . 

It lowers the co s t  of sewage sludge disposal  and increases the 

na tional weal th by increas ing the fer t il ity of the land. Because 

much of the urban waste cons ists of t he organic and waste food 

products or paper produc ts originally grown on fertile land, it 

is a valuable and proper way of re-cycl ing wastes . 

But usually the plant has to be  bought and run by the munic i­

pal i ty, and unless they can sell the compost to defray the extra 

costs over contro lled tipping or  sanitary landfill w whils t  the 

benefits st ill accrue to the nation, the munic ipal ity will be out 

o f  pocke t .  
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Further to the foregoing , many composting plants are expensive 

and d ifficult  to f inance . Whereas it is known that energy will 

sell , it cannot be known for certain that compost will continue to 

sell at an economic pr ice . Like most businesses, the future 

economic success depends on future demand and price . For this 

reason, composting plants may require to be,  and must in many 

cases be, at  l east partially f inanced by the State. 

8 .  Further reasons why composting has not developed as quickly 

as at fir st h o ped  by "enthusiasts" 

There is a tendency for consultants to 0play safe" . They 

often mention those disadvantages which are only true in some 

cases, but can be  overcome if the r ight course or design is  used . 

For instance,  we have r ead that "compost is usually considered to 

be only a soil conditioner and not a fertilizer."  This is  totally 

wrong, causing misunderstanding . A material that brings f ertility 

can r ightly be called a fertilizer . Certainly compost does: a 

recent test showed that municipal compost produced 14 700 kg. of 

grape juice from 1 ha., whereas the inorganic fertilizer dressing 

alone produced only 8 600 kg. per ha . on the control plot . What 

is meant is tha t organic fertil izers are always much lower by per­

centage in nitrogen, phosphate and potash than concentrated inorganic 

fertilizer s, but much heavier dressings are used . 

They should say this, and should not decry compost ,  which not 

only contains NPK and trace elements, but also has organic values 

which, with  or without extra inorganic fertilizers, are necessary 

and of great benefit to soils - particularly on the sandy soil s and 

under the arid conditions of the EMR countries . 
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Heavy metals 

A more recent "scare" sometimes brought up is the attention 

paid to the danger of heavy metals in  composts made from sewage 

sludges and urban was tes . It  is said, often with no further ex­

planation, that these can be taken up by plants and , particularly 

with cadmium, damage man ' s  health . Dr Knoll of Guisenheim and 

Dr Gunnar Housenius a t  Laxa have found that plants grown on land 

fertilized with compos t  high in heavy metals take up l ess heavy 

metals than soils fertilized with inorganics lower in  heavy me tal . 

The wr iter is currently s tudying this subj ec t in order to 

thwart  this damaging "scare" s tory. It  can be said at  this stage 

tha t there is no chance of such damage be ing done to crops in the 

EMR countries . Such problems will only arise in industrial 

countries, where the sewage works take in effluent from plating 

works.  It  is, of course,  essential tha t plas tics and me tal cans 

be removed b efore composting, so that these do no t contr ibute to 

the problem. If this  is  done, there is no danger under EMR 

conditions. 

9. Other means of d isposal necessary 

One reads in critical litera ture that composting disposes of 

only par t of the refuse disposal problem. This is often mentioned 

"baldly", without pointing ou t that salvage (me tal boxes in par ti­

cular) is r emoved , and that what still has to be disposed of, suc h  

as the tota l  "overs" from the final ballis tic separators and screens, 

has already been through a pathogenizing process and can be tipped 

anywhere. Moreover, composting can be integra ted with the use of 
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the high calorific fract ion for burning as RDF or in cement kilns , 

in which case the process gives almost 100% total disposal . Plants 

can and should b e  d esigned to achieve this. 

10. The future of compos ting in the EMR countries 

So we can say that  composting, if it can be f inanced, is an 

ideal means of waste treatment in the· EMR countries. We must 

emphasise that most careful studies should b e  done before embark­

ing on a scheme .  

11. Methods that should be considered 

The simple methods and sheet composting with the organic 

frac t ion of refuse 

The writer is of the opinion that too little attention has 

been paid to s imple me thods of putting organic was tes back on the 

land. Such methods ,  as stated in the Background Paper, have been 

used with success under desert conditions, and were used i n  Holland 

before the advent of  the V.A.M . composting plants referred to 

earlier. 

Separation at source 

We will  refer to this method of  separa tion, which is now 

l ikely to come into vogue, more fully  in the Resource Recovery 

Paper. In smaller communi ties, the people can be supplied with 

two dus tbins . They should put the compostable fraction into one, 

and the inorganic and non-compos table fractions into the other. 
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Sheet composting 

The organic fraction can be ploughed into the desert. 

a) 

b ) 

c )  

Tests will b e  necessary with organic frac tions 

(preferably seeding/weight tests) to ensure tha t the 

organic frac tion has degraded suff iciently not to cause 

nitrogen starvation, b efore planting . 

With the low calor ific fractions f rom refuse-derived 

fuel plants. 

The same can be done with the heavy low calorific 

fraction from heat recovery and waste-derived fuel 

plants. This fraction wil l  amount to some 40% of  

the total refuse . As already stated this is a suit­

able method to combine with burning the high calorific 

fraction in cement kilns, etc. 

From a pulveris er .  

Likewise, s heet composting can b e  carried out using 

pulverized refuse from which the meta ls have been 

removed, but it will also be necessary to screen out 

the plastics, thus amounting to the same procedure 

�s  b)  above . Alterna tively, where this is not done , 

pulverized refuse can be  landf illed, not in deep layers, 

but in layers of around 0. 5 m thickness on  average , to 

landsca pe eroded or infer tile land. If  the plastics  

have no t been removed, it should then be  covered with 

0 . 30 m o f  ear th or sand .  By th is method, large areas 

of desert and poor land can be grea tly improved for 

forestry  or  o ther agricul tural uses. 
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12. The modern composting plants, both windrow and high-rate 

These are either tower, drum , windrow, or high-rate enclosed 

plants such as already described, but there has been a considerable 

improvement in the machinery, which is generally now much more 

substantial , provided a good make is chosen. 

· The best of the high-rate plants now make more mature compost than 

the older plants because, at  least in some cases, the aeration and 

the flexibil ity of treatment are now improved . However, although 

high-rate plants claim to make compost in f ive to eleven days, this 

must be 11taken with a p inch of salt". There is, as yet, no easy, 

quick standard test of matur ity .  

13. Maturity of compost 

To make fully mature compo st it is generally  necessary to have 

a windrow system after the high-rate plant. Thus, where this is needed , 

the advantage of a smaller area requirement for the high-rate enclosed 

plant over the windrow plant d isappears. However, it is always 

possible to site the high-rate plant on a relatively small area near 

the load collection, and transport the immature compost elsewhere or 

direct to the farms, where it can mature. 

Stabilized compost is essential. It must have gone through 

a heat process that kills pa thogenic organisms and makes it un­

attractive to flies. Mature compost is only necessary where it 

is to be put on growing plants or seedlings, or ploughed into the 

ground to be planted - immature compost can be used as a mulch bet­

ween established fruit trees or bushes, at the end of the growing 

season, so that it will have broken down before the next season starts. 
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14 . Maturity tests 

. Compost is cons idered to be mature when 75% of the car bon is 

biodegraded or when the C :N ratio is below 15 :1 .  As stated, a 

simple standard tes t  has no t yet been evolved or generally accepted.  

The seedling/weight tes t agains t a control,  using beans,  whic h are 

susceptible to immaturity (and heavy metals, too),  is advisable 

before selling compost for general us e on land where crops grown 

from s eed are farmed . This avoids the danger of the farmer being 

disappointed t he first year and talking to his friends so that 

compos t  gets a bad name and sales are affected. 

In hot countries, such as tho se of the EMR, where organic 

manures degrade quickly and are quickly oxidized, this ma tter is 

not so s erious as in temperate lands. Thus the importance of 

ensuring maturity is not so vital, prov ided the farmer is aware 

of the dangers .  Of course ,  the s econd crop in the land manured 

with  immature compost is not affected, for by then the organics 

will have matured in or on the land . 

15 . Conclus i on s  and recapitu lation 

The refu se in EMR countries i s  very suitable for compost-making . 

Composting is  a su itable me thod for EMR countr ies, and is probably 

saleable, though sales surveys should be do ne . 

Those F.l-lR countries without oil can consider simpl e forms of 

compost ing wi thout heavy capital costs.  The lower calorif ic 

fraction ( tpe  heavy fraction) from refu se-derived fuel plants ,  

which will be o f  interest to EMR countr ies who do not have o il, 

can be composted or used for sheet composting at l ittle extra cost, 

whilst  the higher calorific frac tion can be used as a fuel . 
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A compost plant should be des igned so that i t  is an almost 

100% refus e disposal plant .  and almos t  no landfill is required. 

This can be done by using salvage and combining the process with 

some heat recovery sys tem, such as the burning of the high calor ific 

frac tion in a cement kil n .  

I t  i s  most impor tan t  that  a composting plant be sited correc tly, 

so that it saves travel for the collec tion vehicles. In some cases, 

the firs t par t of the plant can be si ted near the load centre of 

coll ection, and the second part conv enient for transport to the 

compost user . ( I t  then has the advantage of a transfer s tation 

as well as o f  a compo st ing plant) . 

In all cases the cho ice of a plant, and as impor tantly, its 

siting, mus t  be s tud ied in all aspec ts before a decis ion is made, 

because whereas a good choice  can be of great benefit to the com­

munity, the wrong plant sited badly can be an expens ive mis take . 

PART III  THE HYDROLYSIS OF Ct'LLULOSIC WASTES 

Paper and o ther cellulos ic wastes can be hydrolyzed under 
0 pressure and at high temperature ( 230 C )  in the presence of an 

ac id catalyst (0 . 5% sulfuric ac id - H2so4) to produce sugars , 

hexoses and pentoses, which can be fermented by micro-organisms 

to produ ce useful industr ial chemicals, including ethanol , acetone 

and petrol subst itute .  

The produc tion of e thanol from 1 ton of separated paper will 

be in the region of 0.2 tons . Since e thanol is worth approxi­

mately £250 a ton. this will y ield ESQ worth of e thanol from 

each ton of paper . 
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Waste paper is a very fluc tua t ing marke t a t  the moment , with 

a price around £ 30 a ton, and the m erchants only interested in 

the best qual ity and no soiled pap er . 

One of the cri t ic isms of resource recovery plants is tha t  

the wa ste  paper marke t has a very critically narrow band o f  supply 

and . demand. The price drops and there is no demand wi th a 10% 

increase in supply or 10% decrease in • demand. 

tha t  re-cycling wil l  flood the market. 

The cri t ics fear 

For the above reason, any process such as hydrolys is tha t  can 

produc e a produc t which is known to be in f irm demand, such a s  

petrol substitute, is very welcome indeed, because there is an 

a ssured market for petrol more than for any thing else one can 

think of . 

This process w ill , therefore, when fully developed, hel p to 

overcome t he need for countr ies who salvage large quantities o f  

paper to set u p  their own paper car ton and insula ting board in­

dustries to avoid the fluctuating world waste paper prices and 

the transport costs. The latter is the only other way of  making 

paper recovery on a large scal e  economical. 

The present means of hydrolyzing paper is at  the laboratory 

bench scale pilot plant stage , and the wor k  is being done by 

Dr Andrew Porteous at the Open University ,  Milton Keynes , England , 

· to whom the author is indebted for the likely production figures. 
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INDUSTRIAL SOLID WASTE MANAGEMENT 

by 
* 

Professor E.A. Glysson 

The management o f  industr ial solid waste involves wastes 

from material s  which are being utilized for manufac turing a 

prod.uc t, wastes generated by shipping and packaging operations 
a nd wastes from extrac tion operations ,to name just a few possible 

types and sources. The po int is that every i�dustry produces 

wastes which  are peculiar to tha t industry at tha t location. The 
fullowin� is an attempt to organize a discussion o n  the subjec t 

that can apply to a s  many industr ies as possible without becoming 

specific to any one. 

I .  WURCE REDUCTION 

The s ingle mos t  effec tive method of managing industr ial 

waste is to collect a nd reuse as  much a s  possible of  the potentially 

waste material so that it never becomes waste. This ma y mea n  
reorganizing the way a given process i s  presently operating o r  

other rather drastic mea sures, but the economic justifica tion is 

in the reduction in costs of mater ials a nd avoidance of  d isposal 

cost s .  This is particularly significant  if the materials to be 
thrown away are cla ssified as  toxic or hazardous . 

A .  Recycle scrap ma ter ial for reuse 

When collec ting scrap material it is important that 

d ifferent types o f  ma ter ials be kept separated to 

maintain the pur ity o f  the recycled materia ls .  This 

Associate Professor of  Civil Engineering 
College of Engineering, University of Michigan, USA . 
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concept is as true for scrap paper as it is for scrap 

metal, depending to some degre e  on the type o f  reuse to 

which material i s  to be put. 

Recycli ng may be done in-house, directly back  into the 

product stream ,or the material may be resold for reuse 

by o thers .  The_ supplier o f  a material may be be tter 

able to reprocess it if necissary . 

Salvage for reuse for other purposes 

- Recovery of combustible waste for use as fuel. 

- The waste recovered to be used as raw ma terial for 

new o r  different products. Examples: 

- fly ash used in cinder blocks 

- old tyres made into door mats 

- shredded newspaper made into insulation.  

I I  COLLECTION AND STORAGE 

Collec tion of industrial waste ma terial should be accomplished 

as soon as possible  to remove the waste from the work place where 

it may occupy needed space , cause accidents e tc .  This may b e  done 

in a number of ways, depending on the amount and type of waste .  

The responsib ility for the waste removal should b e  clearly identi­

fied and tha t person or persons given the necessary equipmen t  and 

time to accomplish the task . If  several d ifferent types of  ma terials 

are involved, b ins or some other suitable conta iner clearly labelled 

as to waste content should be provided so that the collection 

operation can main tain  the necessary identification and separation . 
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Storage of the waste material on s ite may be necessary for 

a period of time. Depending on the material involved, storage 

may need to be under cover and volume reduction may be indicated . 

Volume reduction usually can best be provided by baling, or 

shredding followed by baling, aga in depending on the mater ial 

involved. Perhaps baling will render the material weather-

resistant so it can be stored outside •. Protection from the 

weather may also be provided by cover ing with plastic sheeting. 

III . SLUDGES AND RESIDUES 

Many times the industr ial waste will be in the form of sludges 

and tank bottom residues which must be properly managed and disposed 

of . The following is a brief outline of the techniques available 

for oealing with this type of material. 

A .  B iological treatment 

1. Aerobic 

2. Anaerobic 

B. Chemical trea tment 

1. Fixation with mater ial such as lime or some other 

solid ifying agent 

2. Neutralization 



c .  Physical treatment 

1 .  Drying 
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a. Vacuum fil ter 

b .  Sludge press 

2 .  Thermal 

a. Incineration 

b .  Wet Oxidation 

The overall obj ec t ives of the various processes listed above 

in the brief outl ine are to, in some manner or o ther, concentrate 

and incorporate the was te in such a way as to facilitate the removal 

of any water i t  may contain. The end resul t will be a solid which 

will lend i tself to ul tima te d isposal without undue damage to the 

environment. The mos t suitable final form for d isposal is an 

inert solid since the objec t ive of final disposal is to provide a 

permanen t  separation of the was te from the rest  of the environment 

such that no adverse effects can occur. 

IV. ULTIMATE DISPOSAL/SECURE LANDFILL 

The development of a secure landfill for industrial waste 

material s must include provision for an impervious l iner, a leachate 

collection and removal system, an impervious final cover and a 

system of mon itoring wells to detec t  any leachate which is leaking 

out of the landfill .  
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RESOURCE AND ENERGY RECOVERY 

by 
* 

D.H .G. Tollemache 

Resource and energy recovery needs some defining : what 

exactly do we mean? The dictionaries 'tell us that : 

Definition 

Natural resources are of two kinds: renewable and non-renewable, 

and that resource is bounded by the concept of utility. If we do 

no t know how to use a resource, it is not much use to us - so 

resource estimates change with technology and our ability to use 

it . The value of a resource also changes with our need to use 

different resources at different periods of history. 

The reasons for resource recovery 

At this moment �n history, the world is getting shorter and 

shorter of non-renewable materials, many of whic h  are thrown away 

and become solid wastes. Solid wastes also have a value as energy 

to replace fossil fuels, which are also expensive and likely to get 

more so, and are also a non-renewable resource. 

* . WHO Consultant 1n 

Solid Wastes Management 
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F indings 

It has been found tha t af ter pulverization, screening and 

air classification, roughly 50% is of a l ight,  relatively high 

calorific value, and roughly 50% of a heavy, lower calorific 

value. The h igh calorific value fraction can be burnt or  bio­

degraded to produce energy , and the lower calorific fraction 

can be composted (or possibly biodegraded to provide energy and 

compost) to grow heavier crops and hence increase resources. 

Both f ractions al so contain salvageabl e ma terials such as : 

from the higher fract ion, paper , rags, plastics, etc . , and from 

the heavier frac tion, glass, metals, bones, etc .  

Competition between salvage(or resource recovery)and energy recovery 

Since we canno t both burn the paper and plastic and also 

salvage them, we must decide which process is of  the grea ter value 

to us. Our decision will depend upon the nature of the wastes, 

the propor tions of the var ious ma terials, the cost of the processes, 

and whether one country has a good supply o f  fossil fuels or not .  

I n  fact, the choice depends o n  a )  our needs and , b )  the economy . 

The heavier lower cal orific value frac t ion al so contains 

salvageable ma terials: metals in particular , which can easily, 

and usually must be, r emoved or they make the process more 

difficul t .  When separa tion is essential to the process, or 

cheap and easy to carry out, the separa tion is j ustified even 

if  the salvaged ma terials are not par ticularly valuable, and 

vice versa . 



Figure I 

Average contents of Swedish municipal  solid wastes 

Energy demand Caloric 
Water Percent- Percent- on conversion value 
content age by age by Approx. value from semi- kcal/kg 

weight volume manufacture 
. .  

kW
0
h/t SEK/t SEK/t kW 0h/t 

recycled of waste of raw ton of 
material waste 

Ferrous 
metal 6 5 6 150 . 00 9 , 00 6900 600 -
Paper 50  16  75 2 00. 00 1 00 . 00 2300 200 3100 

Miscel-
laneous 
plast ics 9 11 1 150.00 13.50  8 000  250 8000 

Glass 10 2 1  3 so. oo s . oo 3200 350 -
Compos table 
material 22 45 8 2 0. 00 4 , 40 1800 

Incombus- I 

tible 3 20 1 - - I 

Total 100 22 100 
. 

130.00 2600 

This percentage of course varies enormously with d ifferent refuse analyses. 
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Choices 

Our choice l ies between obtaining energy from all that will 

burn, remov ing only items which will cause a problem, and removing 

all that we can s ell . I t  is possible to burn 96 .6% of everything 

except the extrac ted metal , if we use the r efuse as a supplementary 

fuel with coal . If we salvage everything that we can sell, we 

will have a t  l east  v ery approximately 25% of heavy fines left to 

dispose of or  compos t .  

The svs te'lls available and the his tory of resource and energy 

recovery sys t ems 

Resource recovery, re-cycling and energy recovery have been 

widely publicized and have caught the public ' s  imagination . The 

impression g iven is that it  is something new, and almost that  

" there is gold in them there dustbins" .  

Special ists are described as "the new prospectors" mining 

"ore " from the was tes . This public en thusiasm is to be encouraged, 

but the real ities must be faced . Resource and energy recovery 

are not new, and are still relativ ely  difficul t and expensiv e .  

In 1896, the Chels ea (London) incinerator pre-sorted the 

refuse by hand and salvaged paper, rags, bones, glass, cullet ann 

metals .  It recovered heat from the remaining refuse, which heated 

the munic ipal ba t hs and bu ildings . The ash was sold for brick­

making. In fact, the engineer could truly say that he recovered 

everything except the smoke which went up the chimney .  

In England in 1918, there were 102 incinerators ; nearly all 

salvaged many items and nine ty-�ix recovered the heat from t he 
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refuse. There are now some forty incinerators ,  none of which 

recovers salvage and only four of whic h recover the heat. This 

is because labour is  expensive now, and the market for scrap is 

erratic because of the Recession. They also went through another 

period - that of the " throw away society". 

Until recently totters (rag and bone men ) salvaged much scrap 

in England and in many cou�tries families lived on the landfill 

sites , scavenging the refuse which they could use or sell . 

The "throw away" period has now finished, and we need to 

utilize our wastes to salvage the resources in them and recover 

the energy from them. 

Whereas in the past, the recovery was by hand and on a small 

scale, because most refuse went to landfill, now, where landfill 

sites are only available far from cities, it i s  sometimes necessary 

to have transfer sta tions. When this double-handling of wastes 

becomes necessary, resource and energy recovery systems may be 

economical. Usually, however, they must have high through�puts 

to be so. 

The avoidance of allowing resources to get into the waste flow 

and quality of the recovery 

It is most important tha t there should be a thriving reclama­

tion or scrap industry to avoid recoverable materials getting into 

the waste stream . 

A most important considera tion is that resources should be 

recovered and used to their highest value. That  is, for instance, 

that tyres should first be re-treaded before they are cut up a s  
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· rubber crumb or  pylorized. Paper should be re-cycled as paper ,  

then as  cardboard , then as insula ting board, and f inally burnt or  

composted . Please note tha t  we say "consideration" - sometimes, 

as expla ined earl ier, for o ther reasons the lower use will be 

the most economical . Finally ,  old motor cars should be repaired, 

and · cannibalized and used for spare  par ts before they are 

broken up and the various metals broken down for salvage .  More  

will be recovered if this breaking down is done by hand (f irst 

stripping the a luminium and copper , separating the cast steel from 

the o ther heavy steels, and f inally bal ing the sheet steel, ) than 

if  this is done mechanically. 

However, to avo id the environmenta l  problems of  rusty car 

bod ies lit ter ing the roads of some c i ties seen by the wr iter, i t  

would seem wor thwhile hav ing a central fragmentizer , because 

this method makes for heavier, more valuabl e scrap from sheet 

steel than other me thods do. 

Separa tion of o ther materials by hand 

There is currently much interest in Japan, Europe a nd Amer ica 

in resource recovery of ma terials a t  the source of their a risings 

in the hOt!le, fac tory and shops. Pilot schemes are being c osted 

whereby householders collec t  and store the paper , plastics, ferrous 

and non-ferrous metals, etc. , separately before they are collec ted 

and mixed with o ther wastes in the "waste stream" itself ,  where 

their value is inevitably reduced by spo ilage, and from which they 

are difficult  and expensive to separa te. 

There  are a lso such schemes as the "bot tle bank" in which the 

publ ic is encouraged to put bo t tles o f  each different colour into 
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separa te compar tments in spec ial containers set around the c ities. 

Whilst this system is better than allowing glass to get into the 

waste stream, it  is not nearly so good a s  having a law making it 

obliga tory to charge a deposit on the bot tles and hence encourage · 

their reuse. 

The mechanical separa tion of resources from the waste stream 

The interest in these processes has been engendered because 

of the evident  shor tage and high price of raw ma terials on the 

commodity market .  Undoubtedly the supply of v irgin materials 

will become less available and more expensive , since they are 

non-recoverable resources and their supply, thus, finite . 

Warning on price of salvaged materials 

However, the enthusiasm for recovery of ma terials has cooled 

considerably since the recession in Europe . Many au thorities 

who previously collec ted waste paper , for instance , have ceased 

to do so, and some re-cycling plants, which it  was hoped would be 

economical, are shut down awaiting the r ise in prices of paper 

fibres, metal scrap and o ther ma terials. 

Other plants are being developed which  specialize in the 

separa tion of items, which, it  is believed , will be in steady 

demand : for instance, the recovery of tin from metal cans, because 

tin now fetches some f 7 000 a ton (or $ 1 6  8 00) . The writer does 

not wish to dampen the enthusiasm of the delega tes for resource 

recovery, but he must point out tha t there is a message here too. 

When ma terials such as the t in or metal  food conta iners become so 
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expensive, there is always the probabil ity that an alternative 

material will b e  used in the future .  

account. 

This must be taken into 

It is therefore essential to warn potential users  that the 

plants they choose must b e  flexible, so that they can salvage 

those materials which are currently in d emand and at a high price.  

Further , in general, plants must not only be capable of  recovering 

materials, but of recovering the energy from waste, or making use 

of it b y  composting too. 

The design of mechanical resourc e recovery plants 

The methods are b est explained by proceed ing from the s implest 

to the most  sophisticated : 

1. The first element in all plants is the rec eption, f eeding and 

size reduction section, in order to make it easier for the separa­

tion equipment which follows, for further, more sophisticated 

processes, to wor k. F igure II shows such a plant. 

This, consisting of a pulver izer (without grids) is normally 

the first el ement in most recovery plants, and is also all that is 

needed for feeding cement kilns or chain-fed stoke grate boilers. 

In some types of cemen t  kilns it is necessary to provide a 

secondary pulverizer , b ecause they requir e  very finely ground 

refuse. In another instance (the Doncaster Plant for Materials 

and Energy Recovery) the use of a pulverizer is avoided b efore 

sc re ening because there is a tendency for the paper to ga in too 

much moisture during screening from the wetter fraction if 
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pulverized and a smaller pulverizer is used after screening to 

pulverize only that fraction of the refuse for which this is 

d esirable .  

There are advantages and disadvantages in both systems . - The 

Doncaster plant now has cutters in the primary trammel to cut 

plastic bags. 

This type of plant recovers ferrous metals only as materials 

and energy. 

2.  The second procedure (Figure III) in most plants is to screen 

and often to air classify the pulverized refuse .  Sometimes the 

air classifier is relied upon to r emove the metals . from which the 

ferrous metal s are la ter removed by magnet; in other cases the 

ferrous metals are extracted before the air classifier . as in the 

Doncaster plant. 

It will be no ted that Figure III also shows two further 

procedures . 

3 .  The refuse-derived fuel line with pelletization: This makes 

pellets from the high calorific fraction after further pulveriza­

tion and drying . The advantage of this procedure is that the 

pellets can be made in summer and used in winter . and the pellets 

can be transported and sold to the public for use in many types 

of boilers .  

It has the disadvantage that energy is used to dry the refuse 

(though waste heat can be used) and the pelletizer both uses power 

and is expensive to maintain.  Hence the system is not so 
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economical as an "in hous e" system such as  tha t  shown i n  F igure II, 

but is necessary where the cond itions do no t allow the Figure II 

sys tem to be used . 

It will also be  seen tha t Figure III shows an additional line . 

4 .  The glass extrac tion l ine: As has already been sa id, glass 

bottles ideally should no t get into the was te flow . So the 

economics o f  this l ine, in the writer ' s  opinion, is suspec t. 

5. The paper fraction l ine : Figure IV shows the pr imary separa­

tion sys tem of the Sorain-Cecchini plant in Rome, and how the paper 

fraction is removed . 

This plant has been opera ting s ince 1964 , and is the most 

comple te resource and energy recovery system in the world. In 

addition to the l ines shown in the flow sheet, Figure IV, the 

vegetable and food items shown as the compos table fraction are 

actually d ivid ed into two s treams , the second being an animal 

feed frac tion which is s teamed and made  into pellets for chicken 

feed . This is unlikely to be economical in most countr ies . 

6. The plastic fra c tion line : This is shown in Figure V .  The 

plastic fracti ons can be s epara ted by one or the o ther of  the follow­

ing two methods � 

i) The dry pro cess : The paper and plastic s ,  a fter  s ize 

reduc tion, are blown up pipes with hot air in them, 

sufficiently hot to shrivel the plastics into balls  -

which are then denser and can be separated by a ir 

cl assifica tion. 
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ii) The damp process: The paper a nd plastics are put into 

a cond itioner and mixed together . The plastics are 

more sl ippery, separa te from the paper, which balls up 

and absorbs moisture. The paper is then heavier than 

the plastics and so can be separa ted by a ir c lassification. 

Figure VI  shows analysis based on the Italian refuse . 

Figure VI - Refuse analysis 

Minimum Maximum Average 

13. 71 22.63 18 .82 

Wood and textiles 2. 1 6  1 3.26 5 . 95 

Plastic 2. 50 s . oo 3 . 68 

Rubber 1 . 11 2.19 1 . 71 

Metal 2 .45  4 . 65 3 . 57 

Glass 9 .  64 12.57 10. 67 

Organic matter 34 .46  41 . 60 38 . 52 

Screenings l ess than 20 mm 14.01 18 .52 15 . 18 

7 .  Other systems: The Sora in-Cecchini plant has been d escribed 

because it is the most complete recovery plant in the world . All 

the o ther plants use the same principles, though naturally the 

flow l ines and machinery d iffer in deta il. 
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Energy recovery 

Energy recovery can be by burning in: 

i)  Cement kilns 

ii) Chain-fed stoke gra te boilers 

iii) Fluidized beds 

or energy can be recovered v ia the biogas system. 

The economics of  the system 

It is qu ite impossible to g ive any worthwhile figures on the 

likely economics in ll1R countries during these very infla tionary 

times, and when EMR costs also differ so f;reatly from British costs, 

but the following will help to g ive the de leeates some ideas o n  

this subj ec t :  

Sora in-Cecchini claim that the ir process shows savings of  

30 - 100% o n  the costs of the d isposal o therwise needed . There 

is a big advantage in the lower energy requirem ent needed to 

manufacture aluminium, steel, glass, paper and plastic goods from 

recovered ma terials than from raw ma terials. 

It is believed that waste-derived fuel can be produced in 

Brita in a t  7 . 2  pence per therm aga inst 76 . 2  pence per therm for 

elec trici ty and 13.4 pence per them for coal, provided an allowance 

is made to the plan t for i ts function as a disposal fac il ity a t  

current or thodox d isposal costs via transfer sta tion and landfill . 

To obtain an economic balance  shee t, it  is essential to do a 

survey in each country under local cost and refuse conditions. 
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Special recovery oppor tunities 

If we look back at the analysis of Dubai ' s  refuse given in 

the Background Paper, we wil l see that 110 tons of timber appears 

in the refuse daily . This  is a quite exceptional perc entage, 

and requires special treatment, such as charcoal burning, in a 

non-capital-intens ive way, because the supply will probably 

decrease .  Likewise, any s pecially high percentages of recover­

able resources should be treated in a manner that is deemed to b e  

the best  i n  the circ umstances a t  the time . 

Consideration for those contemplating resourc e and energy recovery 

sys tems for use in  the EMR countr ies 

The forego ing systems have been describ ed to show what is 

available. It is unlikely that such complicated systems would 

be economical in most EMR countries . 

Assuming that these plants will last twenty years, one has 

to estimate: 

a) What will be the nature of the refuse after, say, ten 

years? 

b) What will be the values of recovered ma t er ials and 

which will be economical to recover in, say, ten years? 

c )  What i s  most needed by the country concerned? Does it  

wish to have an  indigenous paper industry or steel 

manufacture? 

d )  Is the need to save energy more important, o r  to in­

crease the fer tility of the lands? 
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e )  How d o  these processes fit in with the hygienic treatment 

and d isposal of wastes under local conditions? 

Conclusions 

In the writer ' s  opinion, all the EMR countries he bas vis ited 

have refuse which is ideal for composting , and the a gricultural land 

could benefit f rom compos t .  

Those countries without oil require cheaper energy, and so 

the simple recovery of f errous metals and the recovery of  energy, 

via the cement kiln or furnace and boiler method, stands out as  

being most likely to be  of advantage to the countries . 

Further , so far as material recovery is concerned , good 

salvage and recovery at source would help all the countries 

economically, by encouraging indigenous indus tries, such as the 

produc tion of paper products, probably salvaged at source. 

Oil-rich countries are already composting - their need is to 

continue to improve the environment, agriculture and local industry , 

and so they should al so consider the salvage of waste paper as well 

as s teel scrap, both at source and from the compos ting plants . 
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INSTITUTIONAL DEVELOPMENT, MANPOWER NEEDS AND TRAINING 

by 
* 

Professor E .A. G lysson 

I INSTITUTIONAL DEVELOPMENT 

The management of solid wastes involves collection and 

disposal opera tions which may be performed by the public or 

priva te sec tor . The institutional aspec ts of collection will 

be discussed separa tely from tha t  of disposal; however, there is 

much in common between them. 

A. The institu tional arrangement for collection presents several 

alterna tives of which the following are examples: 

1. Cities may opera te independently through an a ppropria te 

department  such as  the Department  of Public Works. 

2 .  Several cities o r  communities may organize  into a reg ional 

authority or public corporation for the purposes of manag­

ing solid wastes, administra tively independent from o ther 

agenc ies of their governments. 

With these or o ther governmental arrangemen ts there a re 

several alterna tives which  may be  established rela tive to collec­

tion . The following are examples: 

1. Public ownership a nd operation, usually administered by 

some spec ific d epar tment , i. e. Depar tment of Public Works. 

*Associate Professor of Civil Engineering 
College of Engineering, Un iversity of Michigan, USA. 
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2.  Private firms under contract. Contrac t is  preferably 

awarded by competitive bid based on specif ications as 

to type and level of serv ice,  length of contract, etc . 

3 .  Private firms in open competition for the work in the 

same area. In some cases the area may be d ivided with 

exclusive  franchises awarded to individual firms within 

each subdiv ision . Arrangements for payment for service 

are made wi th each cus tomer by the collection f irm. This 

approach is of ten used by industry and commercial estab­

l ishments. 

There are advantages and d isadvantages with bo th the publ ic 

and pr ivate sec tor . 

Publ ic ownership and operation of the collection sys t em  

involves purchasing ,  operating and maintaining a l l  the necessary 

equ ipment. It includes hiring, training and maintaining an 

adequate work force to perform required tasks along with all the 

necessary records, benefits e tc. required . 

Private sector operation of the collection system rel ieves 

the c ity of the above respons ibilities and rP-duces the capital 

commitment to equipment and ma intenance cos ts. Dec ision-making, 

adjustments in labour assignments and purchases of needed equip­

ment are much more readily carr ied out by the private sec tor. 

Table l (Decis ion-Makers' Guide in �olid Waste Management , USEPA 

1974 (SW - 127) p .  14-16) summarizes many of the advantages and 

disadvantages of these two alternatives. 
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Table 1 

POTENTIAL ADVANTAGES AND DISADVANTAGES OF TYPES 

OF PUBLIC AND PRIVATE OPERATION OF COLLECTION SERVICES 

AND THE CONDITIONS THAT FAVOUR EACH 

Alternatives 

Publ ic: 

Municipal 
depar tment  

Po tential 
advantages 

Tax-free 
Nonprofi t 
Economies 
of scale 
Can inst itute 
separate 
collec tion 
for recycling 
Can ins titute 
mandatory 
collection 
City has admi­
nis trative 
control 

Potential Conditions which 
disadvantages favour alternative 

Monopolis tic 
Lack of incen­
tive to maxi­
mize efficiency 
Financing and 
operations often 
influenced by 
pol itical con­
s traints 
Frequently 
financed from 
ge neral tax fund 
and subjec t  to 
1-year budgeting 
process 
Solid waste man­
agement often 
low-priority i tem 
in budget 
Labour pre ssures 
may result in in­
efficient labour 
practices and 
s trikes 
Poor equipment 
replacement 
pol icies 
Pol icies of job­
support inflate 
labour costs  

Pas t his tory of 
unsatisfactory 
contractual 
operations for 
public services 
Public predispo­
sition towards 
government opera­
tion of public 
services 
Quali ty of s ervice 
provided more 
impor tant crite­
rion than e·conomics 



Al terna tives 

Public corpora­
tion or util ity 
(usually serv­
ing a multij u­
risdictional or 
regional area) 

Priva te : 

Open com­
pe t it ion 
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Table 1 (Cont ' d) 

Potential 
advantages 

Po tential 
d isadvantages 

Conditions which 
favour al ternative 

Tax-free 
Nonprofi t  
Economies 
of s cale 
Self-finan­
cing. Mul tiple­
year budget ing 
Operated inde­
pendently of 
political 
structure 
Can ins titute 
separa te col­
lec tion for 
recycl ing 
Can ins t itute  
manda tory 
collection 

Competition 
may reduce 
costs 
Self-finan­
c ing 

Monopolistic 
Labour pres­
sures may 
resul t in 
inefficient 
labour prac­
tices and 
s trikes 

Danger of 
collusion 
among haulers 
to reduce com­
petition and 

history of 
regional 
cooperation 
Rural or semi­
rural area 
Area wit h  rising 
costs 

Unacceptable 
al ternativ e  

keep prices high 
Cu tthroat compe­
tition  can resul t 
in business  fail­
ures and service 
interruptions 
Overlapping routes .  
was te of fuel . 
Cannot ins ti tute 
c i tywide separa te 



2 0 5 

Table 1 (Cont 'd )  

Alternatives Potential Potential 
advantages disadvantages 

collection for 
recycling 
Lack of manda-
tory collection 

Controlled Competition Subj ect to 
entry through may reduce pol itical abuse 
use of permit costs in the award ing 
system Self-finan- of permits 

c ing Creates 
oligopoly 
Overlapping 
routes, waste 
of fuel 
Can ' t  institute 
citywide separate 
collec tion for 
recycling 
Lack of mandatory 
collec tion 

Exclusive Competitive Danger of collu-
franchise bidding for sion in bidding 
via contract contract (s) 
with local helps keep 
government prices down 

Can institute 
separate col-
lection for 
recycling 

Can institute 
mandatory 
collec tion 
City has admi-
nistrative control 

Conditions which 
favour alternative 

Unacceptabl e  
alternative 

Fl exibility is 
needed to make 
changes in ope-
rations that 
would resul t 
in labour 
savings and 
other cost 
reductions 

Existence of 
qualified 
private con-
tractors 



Alternatives 

Combination 
of public and 
private : 

Municipal 
system and 
pr ivate 
firms 
under 
contract 
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Table 1 (Cont ' d) 

Potential 
advantages 

Competition 
helps keep 
prices down 
Alternative 
available if 
either sector 
cannot deliver 
service because 
of strikes, for 
example 

Potential 
disadvantages 

Can institute 
separa te collec­
tion for recyc ling 
Can institute man­
datory collec tion 
City has adminis­
trative control 

Cond itions which 
favour alternative 

Public predis­
position towards 
private sec tor 
involvement in 
publ ic services 
Newly incorpo­
rated communi­
ties, or where 
population 
growth is out­
pac ing ability 
of community to 
provide public 
services 

Municipality is 
expanding through 
annexation or 
merger with other 
jurisdictions 
Changing from 
separate garbage 
and trash collec­
tion to combined 
collec tion 



Alterna tives 

Competition 
between 
municipal 
system and 
private 
firms 
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Table 1 (Cont ' d) 

Potential 
advantages 

Competition 
helps keep 
prices down 

Potential 
disadvantages 

Overlapping 
routes , waste 
of  fu�l 
Can' t ins titute 
citywide 
separate 
collection 
for recycling 
Lack of manda­
tory collection 

Conditions which 
favour alternative 

Unacceptable 
al ternative 
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A combination of publ ic and priva te sec tor operations may be 

utilized . This may serve to stimulate competi tion which would 

tend to reduce cos t  �hile provid ing the refuse generators the 

l evel and variety of serv ice they desire. 

Leasing of equipment by the public or private sec tor is another 

al terna tive which may or may no t be possibl e  depend ing on the avail-

ability of leasable equipment . This 'al ternative reduces the initial 

capital expend iture required and has many of the characteristics 

a ttributed to the p r iva te sec tor. 

B .  The institutional arrangement for disposal often involves more 

capital investement in land or equipment than collection which i s  

more labour-int ensive . For instance , a sanitary landfill requires 

a .large investment in land and e arthmoving machinery while a solid 

waste processing facility requires large investements in materials 

handling and processing equipment . The labour requirement s of a 

disposal facility represent a smaller part o f  the total cost of 

the facili ty than do the other costs . 

l:loth the public and private sector may own and operate the 

d isposal facil ity o r  a combination of public owner ship and private 

opera tion may be employed . The public sec tor may consist of a 

single city or be made up o f  a regional author ity as mentioned 

earl ier . 

The abil ity of the pr ivate sector to ra ise capital and to 

acquire disposal s ites may make this alterna t ive  very attractive . 

However, if  private enterprise is not interested or is perceived 

to lac k  responsibil ity ,the community may decide to own and operate 

its own facility . �!any of the advantages and disadvantages of 

private versus publ ic op eration of  disposal fac il ities are listed 

in table 2 .  (Dec ision-�akers' Guide in Solid Waste Management 

USEPA 1974 (SW-127) p . 17) . 
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Table 2 

POTENTIAL ADVANTAGES AND D ISADVANTAGES OF PUBLIC AND 

PRIVATE OPERATION OF D ISPOSAL FACILITIES , 

AND THE CONDITIONS TllAT FAVOUR EACH TYPE OF OPERATION 

Alternative s  Potential 
advantages 

Potential 
disadvantages 

Conditions which 
favour alternative 

Publ ic 

Private 

Tax-free 
Nonprofit 
Can obtain 
low-intere st 
rates and/or 
government 
grants for 
capital­
intensive 
systems 

Local govern­
ment does not 
need to raise 
capital 
Often easier 
for private 
firms to 
buy land for 
a dispo sal site 

Community may 
not have exper­
tise to operate 
sophisticated 
disposal facility 

Public predis­
position towards 
government 
operation of 
public services 

Community may Borrowing 
have no control power of com-
of prices if only munity and/or 
privately operated voter approvals 
disposal site is for bond issues 
available needed for 
Operator may bas e  cap ital impro-
decis ions on bas is vements in 
of financial reward disposal fac i-
rather than commu- lities are 
nity needs l imited or not 
Legal constraints ava ilable 
may prevent signing Flexibility 
of long-term contract is needed to 
Displacement of city make change s  
employees i n  operations 
Municipality must that would 
locate acceptable result in labour 
firm and negotiate savings and other 
contract cost reductions 
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Ta ble 2 (Cont 'd)  

Potential  
adva nta ges 

Po tentia l 
d isadva ntages 

Conditions which 
favour a l terna tive 

Desire of loca l 
government to 
avoid adminis­
tra tive de ta il s  
i n  operation of 
d isposa l facil i­
t ies 
Community lacks 
suf f icient tech­
nica l and manage­
ment expertise 
for efficient 
opera tion of 
the type of a d­
vanc ed d isposa l 
system i t  would 
l ike to ins ta l 
Territoria l f lexi­
bility is  needed 
to permi t  opera ­
tion a cross 
pol itica l 
boundar ies 9 
where appropriate  
regiona l  a genc ies 
do no t exist  
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II MANPOWER NEEDS 

At disposa l si tes such a s  sanitary landfill it  is est ima ted 

tha t 4 to 6 labourers are involved with the disposition of 1000 yd3 

* 
of refuse per day Included in this group a re the foreman, 

equipment opera tors , ga te man, spo tter,  etc .  

any adminis tra tive personnel involved . 

Not included a re 

An overa ll proj ec t  supervisor mus t  be a ssigned to the opera tion 

of the landfil l  who is well informed on the environmenta lly accep­

table methods of landfill opera tion, heavy equipment o pera tion and 

general cons truction and dra inage techniques .  He will  also hav e  

to b e  an efficient mana ger able to dea l well with his personnel a nd 

the general public .  

Qua l ified maintenance personnel will a lso be required for 

ma inta ining the heavy equipment involved . 

Manpower requirements a t  processing plants such a s  shredders , 

ba lers or incinera tors  require specia lized tra ining rela tive to 

the type of opera tion . 

a s  a n  example. 

Inc inera tor manpower requirements a re used 

1. Scalema n - responsible for weigh ing a l l  incoming ma terial ,  

recording same a nd issuing receipts . The records compiled 

here a re used for billing in ma ny ca ses . 

Pavoni ,  J .L. , Heer, J . E ., and Hagerty ,  D . J . ,  Handbook of Solid 
Wa ste Disposal  Ma teria ls a nd Energy Recovery. Va n Nostrand 

Re inhold, 1975 . 
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2. Crane opera tor - at  least one per s hif t ,  responsible 

for moving refuse from pit to furnace charging hop­

per and for moving and mixing refuse in the pit. Mus t 

unders tand the general operation of the fac il ity and 

the need for as uniform fuel feed as possible . 

3 .  Tipping floor labourer - responsible for keeping the 

floor c lean,  assisting in spo tting trucks. 

4. Furnace operator - one for  each furnace per shift, is  

respons ible for  the proper operation of the combustion 

system i tself . This is the mos t  critical of ass ign­

ments since the flow of refuse, air and res idue mus t 

be carefully  maintained in the proper rela tionships for 

complete combustion while at the same time guarding the 

furnace from improper tempera ture and other damaging 

s .  

effec t s .  This pos i tion requires very capable and well 

trained ind ividuals . 

Residue sys tem operator - respons ible for the effic ient 

and continuous removal of the residue from the furnace. 

This may involve var ious quenching and conveying systems. 

6 .  Ma intenance personnel - The opera tion of an incinera tor 

involves high tempera tures , very abrasive and complex 

mater ial s, a wide variety of equipoent such as 

blowers, pumps, etc .  and some v ery heavy equipment. 

Its  continuous operation is essential to the handling 

of refuse and the maintenance personnel mus t  be capable 

of keeping it in running order . 
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7 .  A supervisor is necessary to organize and direc t all of  

the above personnel. This posi tion requires a thorough 

knowledge of the incinera tion process, the various equip­

ment involved along with the a bility to organize and lead 

a work force to carry out the objective effectively . 

Deal ing with the public will also have to be par t of the 

responsibility of this posi tion . He will also have to 

have some business managerial skills. As stated 

earli er t he manpower requirements have been des-

cribed using an  incinera tor as an example.  Other 

processing plants will utilize similar types and numbers 

of  employees depend ing on the type of proc ess. 

III TRAINING 

A. Publ ic relations 

Refuse handling personnel have the characteristic of being 

a t  a very close interface with the public . They are very con­

spicuous as  they collec t refuse a nd are a t  all times aware of 

the typefi of wastes being thrown away. (A great deal can be 

learned about socie ty by studying its wastes) . As a resul t it 

is important  that solid waste handling personnel be aware of 

the ir public relations responsibil ity .  They have the opportunity 

to present a favourable image or an unfavourable one depending on 

training and deportment that they demons trate . 

the 
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B .  Safe ty 

Refuse handl ers have a history of having the highest accident 

and inj ury rate of any single group. This is due to many factors 

including handling heavy material, being exposed to traff ic, and 

the na ture o f  the waste ma terials themselves. It is very important 

that adequa te training be provided to _ all employees in the proper 

handl ing of receptacles, opera ting of equ ipment and use and wearing 

of safety devices. This aspec t  canno t be over-emphasized since  

the loss of t ime and human suffering as well as  repa ir and replace­

ment of equipment all ind icate the impor tance of good safety in­

struc tion and prac tices. 

c .  Care o f  equipment 

This section relates to the training of opera tors or users of 

equ ipment wh ich involves instruc tion in i ts proper use and mainte­

nance , not in the sense of repa ir but to check the various featu­

res such as a ir pressure in tyres , oil and other fluid levels, 

cleaning rad ia tors, wi�ing glass, checking belts and lubricating 

par ts, etc . All of this type of care will lengthen the life  of 

equipment, reduce maintenance costs and keep equipment func tioning 

more eff iciently and ef fec tively .  
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LEGISLATION AND REGULATIONS 

by 
* 

Professor E.A .  Glysson 

I OBJECTIVES 

The obj ectives of regula tions for sol id waste management should 

be to : (a) pro tec t the public health, (b) protect  the environment, 

(c) promote the development and construction of solid waste manage­

ment and resource recovery systems which preserve and enhance the 

quality of  air ,  water and land resources . 

The various agencies set up to meet the obj ectives summarized 

above may also be g iven the responsibili ty of supporting and promoting 

these objectives by : 

l .  Providing technical and financial assistance to the various 

levels of government (regional and local)  in planning 

and developing resource recovery and solid waste disposal 

programmes. 

2. Promoting research for the development of new or improved 

solid was te management techniques. This includes in-

novations in methods of administra tion as well . 

Associate Professor o f  C ivil Engineering 
College of Engineering, University of  Michigan, USA 
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3. Providing for the promulgation of guidelines to properly 

accompl ish the above. 

4.  Promoting training of the individuals who will be charged 

with implementing the various programmes developed.  

NATIONAL LEVEL 

Legislation 

Legisla tion leading to solid waste management regulation at 

the national level is best if it is of the natur e  of pol icy-setting wi th 

regard to the general level of environmental protection which sets the 

tone for the laws and regulations formulated by the regiona l  or  

local governmental units. 

It may be required that the regional and local regulations b e  

essentially  equivalent to the federal law which provides for uni­

formity o f  waste management among the regions, but allows for some 

flexib il ity to accomrriodate local cond itions. 

Legislation deal ing with air and water quality has traditionally 

been the first to occur. It is only r elatively recently that laws 

dealing with sol id was te have appeared . Technology a pplied to the 

problem o f  c leaning up the a ir and water has resulted in various 

sludges and waste streams which have had to be d isposed o f  on the 

land. This has required that solid waste legislation and the 

def initions developed by it may have to consider such sludges and 

waste streams as part of sol id waste along with the more trad itional 

material. Such is the case with the current federal act of the 

United States . 
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We must deal with the problem of proper disposal of all our 

residues into three sinks : the air, wa ter o r  land,  and if the 

fir s t  two are not available we mus t use the third . These sinks 

are, however, not independent and completely separated from each 

other and what goes into one n1ay find its way into either or both 

of the other two . We are beginning to gain experience with the 

problem of cleaning up polluted land disposal sites and are finding 

it to be more expensive and difficult than cleaning up the air and 

water in some cases. 

Legislation relating to environmental qual ity is usually set 

forth in sections . The first section commonly spells out the 

objective of the legislation. The second section will include 

a series of definitions which are intended to define what is meant 

when the various terms are used in the legislation . This i s  a 

most important section of the legislation and it is also an im­

portant part of any regulations (rules )  which are formulated to 

implement the legislation. 

The following are exampl es of areas of concern in solid waste 

disposal that are addressed by legislation. 

Floodplains - convenient location for industry and available 

for waste disposal , subject to flooding and erosion affecting water 

quality. 

Surface water quality - rainfall and leachate improperly 

controlled may carry pollutants into nearby surface waters .  

Groundwater quality - leacha te which is improperly controlled 

may enter groundwater-bearing formations, resulting in serious damage 

to water resources. 
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Food chain crops - may be affec ted by land spreading of sol id 

was tes (sludges) which contain certain chemicals or trace  metals . 

Air quality - may be affec ted by emissions from was t e  proces­

s ing or from land d isposal . 

Safety - one of the many concerns here is the affect of bird hazard on 

aircraft and the relative loca tion of. landfills vis-A-vis airports. 

A great deal of emphas is is placed on planning a t  the nat ional 

level . Solid was te management plans are expec ted to determine 

what is being done with the was te a t  present and to develop satis­

fac tory means of dealing with the expec ted waste genera tion in the 

future - perhaps up  to twenty years . These plans are formula _ 

ted by regional or local governments with financ ial assis tance from 

the na tional level. The basis for this approach is that i t  requires 

( 1 )  an appraisal of the present sys tems and management prac tice ; 

(2) a determination of the amount and charac teris tics of the wastes 

generated ;(3)  a s tudy of the future development expected for the 

area, i . e . populat ion, indu strial waste generation, e tc. ; (4 ) proj ec­

t ion of the waste management needs in the light of data gathered and 

(5) me thod s for providing for that projec ted need - shor t-term 

(5 years ) and long -t erm (20 years ) .  

By developing a comprehensive solid waste management plan for 

an area it is expec ted that, if the plan is implemented and followed , 

the solid wastes can be properly deal t with. 

B. Regulations 

Regulations are the rules by which leg isla tion is put into 

effec t .  They include definitions of what is meant and give more 
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specifics on exactly how the implementa t ion of the legislation is 

to be carried out .  

There are two approaches to formulating guidelines. One is 

to use operational s tandards . This approach sets forth techno­

logies, d esigns and /or operating methods which are specif ied in 

such a way as to theoretically ensure the protection of publ ic 

health and the env ironcent .  This approach promotes the usage of the 

best pract ical technology and the r egulatory agency charg ed with 

environmental pro tection can easily determine compliance with the 

specified operat ing standard , the required type of treatment or 

standard being very specific . The major disadvantage of this 

a pproach is that  complianc e is generally not measured by de ter­

mining t he actual effec ts on the environment but rather as a"yes 

or nd' situation as to whether the operational standard is met or 

not . 

The o ther approach is based on performanc e  s tandards which 

are developed to provide a given level of protect ion to the · 

environment in the v icinity of the d isposal s it e .  D etermining 

whether the facility is in compliance with performance s tandards 

is more d ifficult because the necessary ac tual measurements of the 

ground and surface water, air and land quality are d ifficul t and 

costly to perform. 

As a result of the characteris t ics of the two types of s tandards 

just described it is not uncommon for regulations to be a combination 

of the two. This is an at tempt  to assure adequat e  environmental 

quality and yet not be excessively d ifficult to test for compliance.  
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Examples of the type of regulation which might be applied to the areas 

of concern listed earlier a re : 

Floodplain - prohibit location of a disposal site within a 100 year 

floodplain unless adequately protected from flooding (1% chance of occurring 

in any year ) . 

Surface water quality - might r equir e adequa te  dra inage to 

accommodate a storm equalled or exceeded once in 25 years of 24 hour 

durat ion. 

Ground water quality - might require spec ific thickness of man­

made or natural soil l iner with a specific pernea bility ; a lso 

monitoring of wells around the periphery of the was te disposal 
area to detect  any change in the ground water quality . 

Food cha in crops regula tions would aim to l imit  the 

movement of heavy metal s and synthetic organics from sol id 

waste into soil used to produce human food cha in crops. One of 

the more common conc erns rela tes to municipal sewage sludges . 

Control might consist  of l imi ting the amount of cadmium allowed 
to be deposited on the soil, depending also on the crop to be grown. 

The performance standard evaluat ion would includ e a determina tion 

of  the heavy meta l conten t  in the leaves and gra in which are har-

vested from the sludge-trea ted soil. If the l evel of cadmium was 

acceptable  then the pro�ramrae could continue . 

Air qual ity regula tions would probably include specific 

amounts  of  particula te from the stack und er s tandard cond i t ions as 

opera tional standards for incinerators. Air qual ity sampl ing a t  

the proper ty line or i n  the area adjacent to the fac il ity might be 

used as the performance s ta ndard . 
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Safety conflic t between birds and a ircraft - the 

opera tio nal standard would be not to allow an a irport runway 

within 10 000 feet of a landfill. 

III LOCAL LEGISLATION 

For the management of solid wastes to be successful it  must 

be successfully carried out at  the local level. This is where 

the ac tual genera tion and collec tion occur. If the operation a t  

the local level fails then all the plans and expec ta tions set for th 

a t  the na tional level will be of no avail . Therefore the require-

ment of the higher levels of government must be translated into 

implementable measures to be carried ou t a t  the local level. 

Each unit of local governmen t must accept  its share of the 

responsibil ity on behalf of its c it izens to provide them with what 

they perceive as adequate solid waste management and environ­

mental quality . The level of governmental services and maintenance 

of env ironmental quality may be set forth as laws pertaining to that  

community. This may constitute a l ist of  c ity ordinances among 

which are those pertaining to solid waste management.  

The list may conta in ordibances which describe how the solid 

waste is to be managed by: 

a.  the genera tor 

b. the collec tor 

c.  the disposer 
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The ordinances  are usual;y quite spec if ic , designating the 

l ocations for storing the r efuse, and the s ize and style of the 

container • .  They may specify how often the collections s hall 

be made, who may make collections, type of vehicl e ,  etc . There 

may be a lengthy l ist of definitions as to what is collectable 

and not collectable,  such a s  the maximum s ize and nature of wa stes 

to be collected and maximum weight of container . 

There may be r estrictions on who is allowed to make collections 

and licences or franchises may be authorized .  

some control over the coll ection process .  

These may provide 

Rules whic h explain these ordinances may be prepared and 

distributed to the citizens within the c ity to inform them on how 

to . prepare and manage the ir own waste material prior to collection . 

The disposal of  wa stes which is in many cases carried out by 

the munic ipal ity will generally come under the regulations set forth 

by the national government as described under that heading . If there 

is a state government it may have jurisdiction over the cities' acti­

v ities but the state regulations in most cases are usually bas ically 

equivalent to the national regulations while  allowing for variations 

due to local diff erences . 

* * * 
Refl ecting the concerns of the times a great deal of attention 

is now being given to the management of that spec ial division of 

sol id waste identif ied as hazardous wastes .  Dealing with this 

material involves the evolution of special legislation and regu­

lations which have not been addressed herein. 


