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SYNOPSIS

In this review of the economics of the disposal of sewage and
trade wastes, the author touches on all aspects of the subject, from
the annual costs of sewerage and sewage-disposal services in England
and Wales, and what he terms the " uneconomics " of pollution of
natural waters, to the financing of capital expenditure on the construction of new sewage works and equipment and on alterations to
existing works. He discusses the purposes and relative costs of the
various processes in the treatment of domestic sewage and outlines
the special problems involved in the disposal of trade wastes.

The subject of economics is essentially concerned with the march of
civilization, for in the modern sense of the term it may be said to cover all
those factors which have a bearing on the standard of living of an organized
community.
When primitive man roamed the forests and glades of his early world
in comparative solitude, he shared with all living creatures the competition
for existence-the struggle against the forces of nature, the need for food
and water, and the necessity to defend himself against his enemies, both
man and beast. Thus was born the herding instinct, which led to the formation of tribes and communities. But, paradoxically, the greater the protection gained in this way from enemies seen and understood, the more
vulnerable did the community become to attack from the microscopic
world, both unseen and unknown. So, throughout the progress of evolution
and the development of civilization, man's greatest enemy has been disease
-largely caused by conditions of his own making.
No early civilization was spared the scourge of disease, but it was in
the Middle Ages that the strength of this enemy became so devastatingly
apparent. As the cities of Europe grew larger, they suffered increasingly
from the ravages of plague, cholera, typhoid and so on-ravages which
continued unchecked until they reached a climax with the arrival of the
Industrial Revolution.
* Paper submitted to Sixth European Seminar for Sanitary Engineers, convened by the WHO Regional
Office for Europe in September 1958. This article will also be published, in Spanish, in the Boletin de
la Oficina Sanitaria Panamericana.
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Great Britain was the first country to taste the bitter fruits of
industrialization. The growth of industry there early in the nineteenth
century caused a rapid rise in the urban population, at a time when there
was no medical knowledge of how to make large towns safe to live in. The
cholera epidemic of 1831, which cost the country some 50 000 lives, is a
striking example of the great hazards of urban life in those days.
At that time, bacteriology was unknown, and man's capacity to overcome
want had outstripped his ability to safeguard life itself. The achievement of
material prosperity then within his grasp was of little avail if its benefits
could only be won at the cost of a greatly reduced chance of survival to
enjoy them.
It is against such a background that the economics of our present-day
conditions must be regarded.
The phenomenal progress which has been made in conquering disease
during the past 100 years, and particularly in the present century, has been
squarely based on the foundations of sanitation-the provision of adequate
supplies of good water and the safe disposal of the resulting sewage. So,
for the first time in the history of mankind, health and prosperity can
hope to go forward hand in hand to a new era.
The present-day standards of prosperity, however, depend on the
advances in productive capacity which everywhere are being made as the
result of the large-scale operation of mass production, and this in turn
must depend on industrial organization based on large communities. For
every political unit, there must be some minimum size of population which
is necessary to support adequate communications, transport systems, and
other services of all kinds. There must, too, be a minimum population
which can maintain cultural standards, can provide libraries, art galleries,
universities and other institutions. All these needs of modern civilization
can only result from the existence of large communities, and these in turn
can only survive on the basis of sanitation.
Equally necessary, of course, are smaller centres serving agricultural
areas, but the prosperity of such rural communities is no less dependent
on the large town for the supply of machinery, industrial products, and
other facilities. Equally, also, although the health problem of the rural
areas may be simpler, it is no less important.
The dependence of civilization itself on the maintenance of healthy
conditions is so vital that it is all the more remarkable that such enormous
benefits in material and cultural standards are to be ensured by so trifling
an expenditure of national effort.
National Costs of Sewage Services
In the pages which follow, the subject is presented mainly on the basis
of conditions and costs in the United Kingdom, but the economic principles
involved are applicable in general to any country.
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Money values are quoted in terms of the £ sterling, and in the case of
smaller amounts by reference to the shilling (20s.= £1); for the sake of
simplicity, fractions of a shilling are expressed in decimal form.
The basis of man-hours is also used wherever desirable to provide a
more understandable means of international assessment. For this purpose,
the value of one man-hour is taken as 5 shillings, or 4 man-hours to £1.
This is the British national average of all classes of wage and salary earners.
It happens to be also the current rate for craftsmen in the London area;
some workers may earn 20% below this rate, but others with bonus payments may earn much more.
The references to charges on loans are dealt with in the section on
"The Financing of Capital Expenditure ".
In the year 1955-56, the total expenditure in England and Wales on
sewerage and sewage disposal was approximately £26 million, of which
about £10 million was required to pay loan charges on capital expenditure,
and £16 million to cover annual costs of operation and maintenance. This
total annual cost represents an average of 11.5s. (or 2.3 man-hours) per
caput.

The cost of these drainage services can only be regarded as extraordinarily good value for money. For the small sum of 1 l.5s. per head per
year-or no more than the cost of one cigarette or one newspaper per
week in the United Kingdom-no less than 50 tons (50 000 kg) of polluted
liquid are dealt with; in many cases this entails conveyance for several miles
and, often, purification in an expensive plant, as well as disposing of half a
ton of highly putrescible sludge. In fact, the cost of such services represents
less than one six-hundredth part of the national income, which means
that this great work is paid for by less than half a minute of each day's
effort.
The following tabulation, which gives the allocation of annual spending
per caput in England and Wales, will indicate even more clearly how small
is the toll of spending power needed for these services.
Annual cost
per caput *

(£)

Sewerage and sewage disposal .
Food ......
.......
Housing, fuel and light . . . .

Clothing
Household goods
Other goods . . .
Tobacco .....
Alcoholic drinks .
Private motoring .
Other services . .

.

.
.

.

.
.

...

. . .

.

.

.

.

.

.

.

.

.

.

.

......
. . . . . .
. . . . . .
. . . . . .

.
.

.

.

.

.

.

.

0.58
91.2
36.1
27.6
20.1
18.3 31
19.6
18.6
11.0
38.3

Ratio of cost
to cost of
drainage services

1
157
62
47
35
34
32
19
66

* The figures quoted are inclusive of taxation, which in some cases, such as tobacco,
alcoholic drinks and motoring, is substantial.
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While this national picture gives a good indication of the over-all
position at the present time, it covers a wide variation of conditions and
cost levels from one place to another, and needs qualification in several
other respects. Many of such factors will apply equally, of course, to other
countries.
England is a country of large towns and small rivers where the total
amount of sewage treatment needed is greater than that of most countries.
The average population density of 750 per square mile (300 per km2) is
one of the highest in the world.
The proportion of the total population served by sewers is now 90%.
Of this, about 14% live in towns discharging sewage into the sea or tidal
estuaries without treatment, and 15 % in places where partial treatment
(sedimentation) only is given. Practically all of the remaining 61 % live
in towns on inland rivers, where purification to a high standard of effluent
is usually required.
Construction works have been carried out at widely different times. In
general, owing to the Second World War and the rebuilding of the national
economy in the years which followed, there is a substantial back-log of
work now overdue. Much at present in use was built many years ago at
price levels far below those ruling today; furthermore, all sewers and works
more than 30 or 40 years old were financed by loans which are now likely
to have been completely repaid. On the other hand, older structures and
works probably require higher costs of operation and maintenance.
The average town is a mixture of old and new, and is affected by all
these factors. New towns are being created as part of planned development
where all works are built to up-to-date standards at post-war price levels.
These present-day costs will be referred to in later sections, but they should
be regarded as the limiting expenditure which could be incurred in such
exceptional circumstances, for the average town must always have
a considerable proportion of its assets of currently used works provided
at the cheaper prices of earlier years and covered by loans no longer
outstanding.
Most other countries likewise present a wide mixture of towns and
conditions, and all these factors must be allowed for in assessing over-all
costs. In countries where the productive effort per man-hour is similar,
conditions should be comparable. Where production is greater, standards
of drainage service can be higher, or the same standards should be achieved
with less effort. On the contrary, where less output is achieved, some
compromise may be necessary to achieve the desired results by simpler
expedients.
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Sewerage
General considerations
For the safe disposal of wastes from modern communities, the watercarriage system has provided the most convenient and hygienic means of
transportation of contaminating matter ever devised. This service, continuously available by day and night, can be operated at a fraction of the
cost involved in emptying cesspools or dealing with earth closets, pail
closets, or other more primitive devices.
Although originally necessitated as a solution to the health problem,
sewers have proved so efficient that they are now used not only for wastes
from domestic sources, but also, on an ever-increasing scale, for those from
industrial processes of every kind. For the latter purpose, their function is
almost entirely economic, since they provide the cheapest means of conveyance to a central point where disposal can be carried out in a harmless
and inoffensive way.
Since the disposal of sewage and trade effluents commences at the
beginning of the sewer, and is affected in so many ways by considerations
of sewerage, a few notes are included on these aspects.
Costs
Of the total expenditure on sewage services in England and Wales,
about one half relates to sewerage. Allowing for the 10 % of the population
not served by sewers, the average cost of this facility is 6.5s. (1.3 man-hours)
per caput per annum, including both loan charges and operating expenses.
As most of the older towns are sewered on the combined system, this cost
includes a substantial proportion of the work of surface-water drainage.
The present-day costs for new systems are, of course, considerably
higher than the national average. For a new town of 50 000 people, separate
sewers draining crude sewage and industrial waste to one central disposal
works will usually cost about £20 per head; this will necessitate annual
payments for loan charges and operating costs of about 25s. (5 man-hours).
Even so, this represents a cost of only about 1.7s. per 1000 gallons of
dry-weather sewage as compared with 35s. for the conveyance of 1000
gallons in a cesspool-emptying tanker for the same distance.
It is seldom that the over-all sewerage payments will be as high as this,
because normal towns do not have to provide new sewers for the whole
of their district simultaneously, and earlier sections have usually been
completely paid for long before new developments are needed.
The costs of sewers must obviously vary considerably according to the
topography of the district served, the gradients available, the nature of
the ground through which they are taken, and so on. Apart from these
natural factors, the main economic considerations are:
(a) the size of the town and density of its population;
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(b) the maximum volumes of flow to be allowed;
(c) whether rain-water is dealt with in separate or combined sewers.
Effect of size of area drained
Since the larger the community becomes the greater is the distance of
conveyance to the final point of outfall, the lengths and sizes of the trunk
sewers are increased accordingly. The total cost of sewerage per caput
therefore increases with the size of the town. On the other hand, this
increase is considerably limited because larger sewers become more economic
per unit volume of sewage handled. The curve in Fig. 1 gives an indication
of the variation to be expected in the cost per 1000 gallons per mile-and
per cubic metre per kilometre-per day for various diameters of sewer.
FIG. 1. MAIN SEWERS: VARIATION IN CAPITAL COST PER UNIT OF FLOW
CAPACITY WITH SIZE OF SEWER*
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Taking towns as a whole, the cost per caput would be expected to vary
with the size of the population in the way indicated by the curve in Fig. 2.
The cost of draining an individual estate unit in England today is about
£10 per caput and this can be taken as the minimum however small the area.
The present over-all cost of draining a town of 50 000 population with an
over-all population density of, say, 20 per acre (50 per hectare), including
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both estate sewers and main sewers, would be about £20 per caput. Thereafter, the costs would increase for towns of 100 000 and upwards, but
much more slowly, so that even the figure for a town of one million people
should not exceed £27 per caput.
These figures are given only as an illustration of trend; they are, of
course, entirely hypothetical, because large towns of this size can only
result from many decades of growth with an actual over-all cost which is
of no interest to any one generation of citizens. The question of increasing
sewerage costs for large areas does arise, however, when several adjoining
towns are linked together in a centralized disposal scheme.
FIG. 2. MAIN SEWERAGE SYSTEMS: VARIATION IN OVER-ALL COST PER HEAD
WITH SIZE OF TOWN *
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Sewer capacities-separate or combined systems
The total volume of domestic sewage and trade waste usually approximates fairly closely to that of the water supply. In England, this volume
has been steadily rising for many years, and 40-50 Imperial gallons (about
200 litres) per head per day is now quite common. In other countries
the consumption may be higher, particularly in the USA where 130-170
Imperial gallons (600-800 litres) is not unusual.
In order to limit the cost of combined sewers, they are usually provided
with relief overflows which discharge into natural streams or rivers at con-
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venient points. In England, it is customary for these to come into operation
at six times the dry-weather flow, which on present volumes would be at
the rate of about 240 gallons (1100 litres) per day per caput.
In the case of separate sewers, it is not practicable to exclude completely
all surface water; on the contrary, it is becoming desirable to accept the more
polluted washings from yards and other areas into the foul-water sewers.
Hence in the modem design of separate (or partially separate) systems,
the allowance of flow is also very often of the order of 200-250 gallons
(900-1150 litres) per caput. Thus although the capacities of earlier systems
varied very greatly, current practice is tending towards a more uniform
capacity of sewer, whether combined or separate, at about 220 gallons
(1 m3) per day per caput.
In countries with a higher water consumption and weaker sewage,
storm-water overflows may operate at an earlier stage; for example, in the
USA, with flows in dry weather of 130-170 Imperial gallons (600-800 litres)
per caput, it is normal to overflow when the rate has reached only 1.5
times the dry-weather flow, but this again is equivalent to a rate of about
200-250 gallons per caput.
The total cost of separate sewers for foul-water and surface-water
drainage is obviously higher than that of a combined system, but if properly
supervised, separate sewers have the great advantage of preventing the
pollution of rivers from overflows in wet weather, and this, along with
their other advantages, has resulted in their increasing adoption in England
in all modern development.
The higher cost of separate sewers is mainly confined to the unit estate
areas, where two sets of pipes must be laid. If the outfall sewer to the sewage
works is of very much the same capacity whether in a separate or a combined
system, and if the storm-water discharge sewers to the rivers are of the same
capacity whether conveying surface water separately or constructed as overflows from the combined sewer, then the total cost of the main system is
not likely to be very different in the two cases.
The " Uneconomics " of Pollution
The removal of domestic wastes from habitations by water-carriage
has entirely changed the procedures by which these materials have finally
to be dealt with. In place of the natural disposal on land of small quantities
of widely dispersed wastes from a sparsely populated countryside, there
have been substituted the large volumes of polluted liquids which must
eventually be disposed of either on land, or by discharge to river, lake,
estuary or sea. The addition of industrial effluents has complicated the
problem still further.
Although dilute, these liquids are highly putrescible and may be dangerous to public health, and, because of the unnatural concentration of popula-
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tion, it is often overwhelmingly beyond the capacity of the receiving land
or water to accept them without causing serious nuisance.
Pollution of natural water has been defined by Key 1 as that state " when
the water is altered in composition or condition, directly or indirectly as a
result of the activities of man, so that it is less suitable for any or all of the
purposes for which it would be suitable in its natural state ".
Pollution of underground water by land disposal can, of course, occur
from contamination of the subsoil water whether a sewerage system is in
operation or not. Where water is obtained for public supply from underground sources, it usually has the advantage of good quality, is readily
to hand, requires no long-term storage reservoirs, and is therefore cheap.
Pollution of such water may necessitate the provision of an alternative
supply from some distance away at a cost far greater than that of prevention
of the pollution at its source.
Pollution of a river or lake can have more far-reaching economic
consequences. Again, it can reach the point where the water can no longer
be used as a source of public supply without danger to health. Fishing
interests may be seriously affected, industries may be deprived of a cheap
source of process water, recreational and pleasure amenities may be destroyed, and even navigation may be seriously interfered with. Pollution
can also cause transmission of water-borne disease through milk supplies
where rivers are used for watering cattle.
Pollution of estuaries and sea water may be so serious as to cause
corrosion of metals, remove paint from ships, contaminate shell-fish, interfere
with bathing and recreation, and be a danger to public health.
It is not always easy to assess the economic values of such things, but
that of water-supply is certainly capable of estimation in any particular
case. Since almost all the water in a modern supply system is eventually
used for the removal of wastes from the community, the separation of the
polluting matter by sewage treatment before the water can be finally
discarded without damage to other interests should be' regarded as part
of the over-all operations of the system. The cost of sewage disposal
can thus be considered as a small extra to the cost of water-supply.
In the years before the Second World War, the average cost of full sewage
treatment in England per 1000 gallons was usually about one-fifth of that
of water-supply. Current costs are altering so rapidly that any present
comparison would be unreliable, but there is no reason for the relative
position to have changed.
Thus the insurance premium for maintaining good river conditions and
readily obtained water-supplies should rarely be more than 20%; in many
cases, it would be far less. An alternative supply may not be obtainable
under many times that cost.
1 Key, A. (1956) Bull. Wld Hlth Org., 14, 845
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It has to be recognized, of course, that any one town or factory may be
spending money in conserving the purity of the river for other towns
or factories lower down the valley, but that is part of the give and take
which must occur in any river basin district. As the development of a catchment area becomes more complete, the necessity for co-operation must
lead to collective organization in some form or another, even across
international boundaries if necessary, to ensure the full economy of water
in its broadest sense. In many countries, as supplies from upland areas
and from underground sources become fully used, more reliance must be
placed on river water to supply the ever-increasing demands.
It is true that in countries where underground supplies predominate, it
has often been possible to maintain them at a reasonable standard without
taking precautions to prevent pollution of the rivers receiving sewage discharges, but rarely can this be done without serious damage to the numerous
commercial, recreational, health and amenity interests already mentioned.
All of these have an economic value which must become of steadily greater
importance.
There is little doubt that water will come to be recognized as one of
man's most precious commodities and that in the long run it will become
increasingly expensive to provide. Against such a background, sewage
treatment must inevitably play a more important part in the cycle of operations of the economic use and re-use of water, not only in countries where
development has become very intense, but also in those which have not met
with any serious problems up to the present time.
In so many human problems, prevention is better than cure. The
spoilation of natural waters is rarely cheap in the long run and may be
disastrously expensive.

Sewage Treatment
General considerations

Broadly speaking it is true that no two sewages are exactly alike, and
certainly treatment requirements and the conditions available for their
fulfilment vary so greatly from one country or from one town to another
that it is not possible in a paper of this kind to give more than a general
indication of the costs and economic principles involved.
In many cases of small loads discharged to large rivers, estuaries, or
the open sea, little or no treatment is needed, except perhaps the elimination
of unsightly floating solids. Elsewhere, removal of solids by simple
sedimentation or chemical precipitation may suffice. For more stringent
conditions, biological processes may be used to break down the putrescent
substances and yield a nitrated effluent of quality varying according to
the degree of completeness of nitration.
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From an economic point of view, it is permissible to take full advantage
of the self-purification capacity of the lake or river into which the effluent
is discharged, and usually treatment need not be taken beyond the point
necessary to achieve reasonable conditions in the river. In any welldeveloped country, the objective should be that of preventing pollution as
defined by Key (see page 543).
In England it is not possible to avoid treatment entirely, except where
satisfactory sea outfalls are available; even in tidal estuaries, it is often
necessary to carry out a considerable amount of treatment. For inland
rivers, conditions vary widely; the usual standard of effluent asked for is
that recommended by the 1908 Royal Commission on Sewage Disposal
which allows a biochemical oxygen demand (BOD) not exceeding 20 parts
per million (p.p.m.) and suspended solids of not more than 30 p.p.m.
In a number of cases where even better effluents are needed, average figures
for both tests of less than 10 p.p.m. are regularly obtained, and where
conditions are exceptional, sand filters may be occasionally called for to
bring these values down to 5 p.p.m. only. On the other hand, many works
in England are considerably overloaded or obsolescent and need extension
or reconstruction.
It is against such a background that the national annual expenditure
on sewage disposal of about £12 million must be assessed. Allowing for
the 24% of the population not served by sewage plants, this total cost is
equivalent to about 7.0s. (1.4 man-hours) per caput. As in the case of sewerage, the present-day costs for new sewage works are considerably higher
than the national average.

Development trends
In the evolution of biological methods, the initial process of land
treatment has been intensified by creating increasingly favourable conditions
for bacteria to thrive, so that purification can now be carried out in a very
small fraction of the space originally required. Progress can be gauged by
the fact that the work at first needing 500 acres (200 hectares) of land
could later be done by 20 acres (8 hectares) of contact beds, by 10 acres
(4 hectares) of percolating filters, and finally by 1 acre (0.4 hectare) of
activated-sludge plant. Further intensification remains a continual objective.
Sewage farms of considerable size, requiring large numbers of men to
operate them, have been replaced by successively smaller works, which
need less men but call for greater skill and a continuously higher standard
of technical control.
The economic effects of this development have been far-reaching. The
larger plants have lent themselves to increasing mechanization and automatic
control, which entail a greater capital outlay but lower operating costs.
A large modern works in England may now necessitate a capital investment
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of up to £50 000 (90 man-years) per worker employed in its operation-a
considerably greater outlay than is required for the most highly mechanized
and expensive plants of commercial industry.
On such a basis, the charges for repayment of loans are by far the largest
individual item of annual expenditure, and the design and efficiency of
operation of the plant become of increasingly greater importance.
At the other end of the scale, for plants serving smaller populations,
where costs per head would be higher and financial resources less, economy
can be achieved without serious loss of performance by simpler arrangements, though usually at the expense of a proportionately larger manual
effort in operation. Nevertheless, since plants serving very small communities may have to function for long periods without attendance, there is
the same trend to develop automatic operation as far as possible.
Scale of operation

The chief factor affecting the cost of sewage treatment for a given degree
of purification is the size of the population served by the individual plant.
This is illustrated by the diagrams given in Fig. 3 and 4, which show
the kind of variation experienced for English plants in capital costs and
FIG. 3. SEWAGE PURIFICATION WORKS: CAPITAL COSTS PER HEAD, BASED
ON COMPLETE TREATMENT FOR POPULATIONS OF DIFFERENT SIZES *
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annual operating expenditure per head in relation to the number of people
served.
It should be stressed that costs will vary very considerably from one town
to another according to the type of plant used, the amount of trade effluent
to be handled, the local conditions of ground to be excavated, the standards
of amenity adopted (including roads, buildings, landscaping, etc.),
whether the works has its own power-station, and so on. The curves are
intended, therefore, to give only a very broad approximation of the economic
trends of costs with populations of different sizes.
From Fig. 3 it will be seen that over the range of population from
10 000 to about 200 000, capital costs per head fall very steeply, from
about £18 to £8; thereafter, they fall more slowly to the region of £6 for a
population of 11/2 million. For very small populations, there appears to
be a maximum level of cost at about £20 per head beyond which there is a
resistance to pay, and economy must be effected by one means or another.
FIG. 4. SEWAGE PURIFICATION WORKS: ANNUAL OPERATING
AND MAINTENANCE COSTS PER HEAD, BASED ON COMPLETE TREATMENT
FOR POPULATIONS OF DIFFERENT SIZES *
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Fig. 4 shows the same characteristics for operating expenditure, but in
this case the continuing trend towards lower costs with populations of one
million or over is more pronounced.
The tabulation overleaf indicates trends in the total annual expenditure
and its allocation between operational costs and loan charges on the basis
of annual instalments of 6¼4 % of the capital sum.

548

C. B. TOWNEND
Population

1 000
10 000
50 000
100 000
200 000
500 000
1 000 000
1 500000

per
Operational cost expenditure
Loan charge
4.0
5.0
2.4
4.5
1.6
3.0
1.3
2.5
1.1
2.1
0.8
1.7
0.6
1.6
0.5
1.5

Annual

head (man-hours)
Total

9.0
6.9

4.6
3.8
3.2
2.5
2.2
2.0

These figures are based on the 1958 price levels of new plants for
complete treatment. The totals shown in the last column compare with the
national average for existing works of 1.4 man-hours, but most of these
were built many years ago in the pre-inflation period and little capital cost
remains to be repaid.
The variation in current total costs of from 9 to 2 man-hours between
the smallest and the largest plants does not represent the whole of the
economic gain from large-scale operation, for in practice small plants
would be dealing only with domestic sewage whereas larger units would
have to accept larger volumes of storm-water and trade effluents of various
kinds.

Regional organization
In the organization of sewage-purification services, considerable
economies can often be effected by collective operation of plants by a
central authority covering a suitable region, preferably coinciding with a
catchment area. In some cases, centralization of drainage to one works
may be possible, and in England there are several areas of up to 175 square
miles (450 km2) which are drained in this way.
From the economic point of view, sewage disposal benefits greatly
from large-scale operation, and the size of any plant is limited only by the
cost of the sewers necessary to bring the flow to that point. Where a number
of towns are located closely together, individual units of 20 000 or 30 000
population can be linked together in one unit serving 500 000 or more
with a reduction in annual cost per head of perhaps 2 to 3 man-hours.
As indicated in Fig. 2, the cost of the sewers necessary to effect this reorganization may not be more than half of this. Each case must be considered
on its merits, however, for long lengths of unremunerative sewers between
towns may quickly swallow such savings.
The benefits of regional organization are:
(a) the organization of the area to secure the greatest economy;
(b) the reduction in the number of sewage plants wherever practicable;
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(c) the possibility of servicing small isolated plants by means of a
travelling attendant and of supplying labour as and when required from
a central reserve;
(d) the ability to employ specialist technical staff at an economic cost
for the better control of the service in the whole area.
The additional benefits to be obtained by large-scale operation to one
central works are:
(e) the greater dilution available for the treatment of trade effluents,
which in many cases would overwhelm small works;
(f) the more effective prevention of pollution by overflows of sewage
in times of wet weather brought about by the considerable balancing effect
of a large sewerage system.
All of these benefits have considerable economic value.
Choice of processes

Although the development of sewage-treatment processes will
probably never reach finality, the main procedures now in use provide a
large range of well-tried methods on which complete reliance can be placed
if they are properly employed for their appropriate duties.
In a paper of this kind, it is only possible to cover the main outlines
of the principal stages of treatment used, chiefly from the point of view
of their cost and of the economic factors involved.
Screening and grit removal
Screening or comminution is the most elementary of all forms of treatment, and is carried out merely to remove unsightly floating solids from
crude sewage that is to be discharged without further treatment, or to
prevent chokage of machines, pumps or pipelines in cases where further
treatment is to be given.
The removal of mineral solids, stones and sand, by grit chambers or
other plant, is usually necessary only to prevent the formation of deposits
at later stages of treatment.
The cost of these forms of preliminary treatment is very small and
normally comprises only about 3% to 5% of the total cost of complete
treatment.
Sedimentation
The physical removal of settleable solids by sedimentation is relatively
easy and cheap. By such means it is usually possible to remove up to 70 % or
80% of the suspended solids if desired, which represents a reduction of
the BOD load by 40 % to 50 %.
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The cost of sedimentation, including operating costs and loan charges,
does not ordinarily exceed about 10% of the total cost of complete
sewage treatment, and is only about one-quarter or one-fifth part of that
of secondary treatment by biological processes (excluding the cost of the
resulting sludge disposal in both cases).
Of the cost of sedimentation, it is probable that for modern mechanically cleaned plants, about one-third will be needed for operation and
two-thirds for capital charges. With the development of more fully automatic
methods, the proportion spent on operation will decrease.
These figures are given only as a guide, since they must vary considerably
with the characteristics of the sewage and the degree to which treatment
is taken.
The major basis of design should be the surface area of the tank, but
the detention period is also a factor to be considered. The effective period
ccmmonly adopted is about 11/2 to 2 hours at maximum flow. In England,
where full treatment is normally given up to about 100 or 120 gallons (about
500 litres) per caput, the tank capacity needed is about 10 gallons (45 litres)
per caput. In the USA, where water consumption is higher but where
treatment is confined to perhaps 1 /2 times the dry-weather flow, tank
capacities per caput are similar. Elsewhere they may be rather lower.
Before biological treatment or for other reasons, it may be desired
to effect a more complete removal of solids by a longer period of settlement,
but the additional work done falls off rapidly for periods of much over
2 hours, and the cost may be increased unnecessarily. In dry weather,
the detention period is always increased by the margin of capacity allowed
to cater for the maximum flow to be received; in England, a dry-weather
detention period of up to 6 hours may be necessary for this reason.
The cost of tanks per 1000 gallons varies mainly according to their
size, but also depends on their shape and de-sludging arrangements. They
may range from large rectangular horizontal flow, or circular radial flow,
machine-cleaned tanks to small simple upward-flow units, provided with
means for discharging sludge from pyramidal floors under hydrostatic
head.
On the basis of 10 gallons per caput, their cost in England varies from
about 8s. per caput for the largest plants to perhaps 40s. for the smallest.
The annual loan charges on such plants are therefore very small, being of
the order of 0.1 to 0.5 man-hour per caput, but the annual operating
costs may add from 50 % to 100 % to these figures.
The efficiency of sedimentation may be increased by chemical precipitation or mechanical flocculation. The former may increase the BOD removal
up to 65 % and has certain advantages in special cases, particularly for the
improvement of bathing-beaches during the summer months, for improving
the performance of overloaded plants, and for dealing with certain trade
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effluents. In England, however, the use of chemicals is not usually economic,
especially where full biological treatment is needed.
Secondary treatment by biological processes
The discovery of the activated-sludge process at Manchester in 1914
profoundly affected the practice of sewage purification throughout the world,
but by no means did it displace the already well-established percolating
filter, which remains a most reliable method of biological purification,
particularly for medium-sized and smaller plants.
The activated-sludge plant quickly became economically competitive
with the filter. The cost of the filter was mainly in its construction, and
operating expenses were low; the activated-sludge plant, on the other hand,
achieved a great reduction in capital cost at the expense of a considerable
annual liability for power.
In practice, the activated-sludge process has gained more in large-scale
operation both from the economy of large tanks and from the cheaper
provision of power, whereas the cost of filters per unit volume does not
vary very much with the size of the filter. For this reason, in small plants
the filter is often more economic and has the advantage of being more
reliable in operation when in the hands of the less skilled operator.
The filter when operated for the full treatment of a well-sedimented
sewage with the production of a nitrated effluent can remove about 0.150.20 lb. of BOD per cubic yard per day (90-120 g of BOD per m3 per day).
On this basis, it is necessary to provide 1 cubic yard (about 1 m3) of medium
for every two persons or thereabouts.
Under similar conditions, an activated-sludge plant operated by compressed air will remove about five times the BOD load per unit volume and
thus will serve about 10 persons per cubic yard. In doing this, however,
the activated-sludge plant will need a power supply of about 2 HP per 1000
persons.
On such a basis of operation, for medium-sized English plants costs for
percolating filters are now about 50s. to 60s. per caput, and for activatedsludge plants about 20s. to 25s. per caput. To these costs must be added
about 10s. per caput for secondary sedimentation tanks; whether serving
as humus tanks following filters or as separating tanks for activated sludge,
these would have to be of about the same capacity as the primary sedimentation tanks.
The total annual costs of biological treatment by filter or activated
sludge, including all operating expenses and loan charges, are about 4s. to
5s. per caput or closely equivalent to 1 man-hour per annum. For small
plants, per caput costs will rise appreciably above this, more particularly
in the case of activated sludge.
In general, biological purification to advanced nitrification will comprise
about 40 % of the whole cost of complete treatment.
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Over the past 30 years, many modifications have been developed for
accelerating both processes. Filters have been speeded by high-rate operation,
by recirculation of effluent and by the double alternating filtration system.
By such means, 1 cubic yard of medium has been made to serve from 5 to 15
persons. Up to the rate of about 4 or 5 persons per cubic yard it has been
possible to continue to produce first-class effluents, but beyond this point,
greater loading has only been achieved at the expense of poorer quality
effluents. Costs of operation have been reduced, but not to the degree which
might be expected, owing to the increased cost of tanks in many cases, of
powef for recirculation, and so on.
Similarly, high-rate procedures have been developed for activatedsludge operation by which BOD removal is increased by as much as 8 or
10 times, but again at the expense of considerably lower standards of effluent.
Thus today it is possible to reach any desired degree of partial or complete
treatment at costs within the figures quoted earlier in this section for topquality operation.
Land treatment
Although the activated-sludge process or biological filtration is becoming
almost universally used for secondary purification in the more developed
countries, land treatment still has its uses where loads are small or where
large areas of land are available. The most notable example in the world
is the great sewage farm at Melbourne, Australia, which serves about
1 1/2 million people and where the grazing of live-stock is carried out on a
profitable basis. In such cases, costs can be lower than for other methods,
but the opportunity for successful operation of land treatment is becoming
less frequent as countries develop.

Other methods
Many other methods of dealing with sewage satisfactorily have been
used in various countries, such as self-purification by dilution and oxidation
in artificial lakes or fish-ponds, by algae ponds, by land filtration, and so on,
all of which may have proper application in certain circumstances. It is
not possible here to cover the economics of such a range of possibilities,
many of which without doubt are cheaper than the more usual methods
where conditions are suitable.
Storm-water sedimentation
Where large increases of flow are received in wet weather, considerable
prevention of river pollution can be achieved by good sedimentation
treatment of flows in excess of what can be passed through the biological
plant. The cost of this provision will not usually exceed 5 % of the over-all
cost of complete sewage treatment.
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Sludge disposal
Although, by the purification of sewage, the quality of the used water
can be restored substantially to its original state, only the first part of the
task of waste disposal is completed in this way. Indeed, there may remain
as much as 60 % to 65 % of the original impurity load of unsatisfied oxygen
demand in the form of sludge. Moreover, this sludge is highly putrescible,
is very retentive of water, and in volume may still be up to 1 % of the sewage
flow.
A large number of methods, varying greatly in efficiency and cost, have
been developed for dealing with this problem, but it should generally be
possible to dispose of sludge satisfactorily at an expenditure of not more
than about 20% of the total cost of sewage disposal.
So far as treatment is concerned, no method has made a greater contribution to the general problem than the digestion process. This has the
advantage of being entirely inoffensive; it will not only stabilize putrescible
matter and destroy grease, but will also reduce the quantity of solids to
be handled in many cases by one-third or more, and allow large volumes of
water to be separated; it will convert a collodial sludge into a material
which will dry more readily and result in a product of a friable nature
suitable for application to the soil. All these advantages are of considerable
economic value, but in addition a valuable by-product-methane gas-is
evolved during the process.
The capacity of digestion tanks depends on the loading, but for the
primary (heated) stage of the process the volume allowed is usually about
11/2 cubic feet (40 litres) per caput. This stage is followed by a secondary
(unheated) stage for water separation; where sludge has to be stored
during the winter months, the secondary capacity required may be as much
as 4 or 5 cubic feet (120-150 litres) per caput, but the tank can be of very
simple and cheap construction.
At present prices, the cost in England of digestion plant constructed
on these lines is about lOs. to 15s. per caput and the total annual cost,
including operating expenses and loan charges, is about 0.8s. to 1.2s.
(0.16 to 0.24 man-hours) per caput. This is only about one-fifth of the
cost of the biological stage in the secondary treatment of sewage, and
reflects the great efficiency of anaerobic treatment for dealing with the
oxygen demand of solids as compared with aerobic processes, which are
most suited to liquids of weak strength.
For the dewatering of sludge, a number of methods are available.
The most universally used is natural drying on prepared beds of porous
medium, or in shallow earth plots or lagoons. Mechanical processes include
filter pressing, usually of primary undigested sludge after conditioning
with lime, and vacuum filtration of crude or digested primary or mixed
sludges and of fresh activated sludge, the conditioning being effected by
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ferric chloride and other chemicals. Subsequent drying of the filter cake
down to 10% moisture is also practised; this can be effected by rotary
kilns, spray heaters or flash-drying. Sludge may also be dried by composting
with refuse or other vegetable matter.
In the disposal of sludge, utilization should be a primary objective.
Normally it should be returned to the land as a manure (if not contaminated
by inhibitory trade wastes), but it can also be used for land reclamation or
as a source of by-products. As a fertilizer, primary sludge should never
be used without removal of harmful grease, preferably by digestion.
The cheapest method of distributing sludge to agricultural land is to
pump it in liquid form; alternatively, it must be dried and transported.
In England, air-dried sludge at 50 % moisture can be hauled without undue
cost up to about 25 miles (40 km). For longer distances, drying down to
10% moisture would be essential.
The following are the approximate costs (inclusive of the loan charges
on construction works) in England of various methods of disposal:
Cost per ton of dry solids
(shillings)
(man-hours)

Dumping without utilization:
Pumping into permanent lagoons . . . .
. .
Pumping to land disposal area and ploughing in (non-agricultural).
. .
.
Boating to sea . . . . . . . . . . . . . . .
.
.

Disposal for utilization:
Pumping to agricultural land . . . . .
Air-drying on beds . . . . . . . . . . .
Air-drying on earth plots . . . . . . . .
Lime-pressing in filter to 60 % water . . .
Heat-drying of pressed cake to 10% water .
Vacuum filtration and flash-drying . . . .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
.

10-15

2-3

30
60
12

6

25-30
6012
30
80-100
140-200
400

5-6
6
16-20
28-40
80

The pumping of sludge for considerable distances has proved to be
simple and relatively cheap. In England, where sludge pumping has been
practised since the early years of the century, pipe-lines up to 8 miles
(13 km) long are used, and more recently in the USA up to 13 miles (21 km),
without undue trouble. For reasonably large plants, the whole of the annual
output of sludge can be transported in this way for a distance of perhaps
6 miles (10 km) at a cost of about 0.3s. per caput, inclusive of all capital
costs for pumps and pipe-lines, and operating expenses. The possibility
of doing this at so small a cost may not only facilitate the disposal of
sludge on land in agricultural areas, but may also have a considerable
influence on the location of the sewage works itself. By using modern
methods of sewage purification, treatment works may be operated without
offence reasonably close to habitations on the minimum area of site most
economically situated for this purpose, whilst the sludge may be pumped
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away for disposal to an independent site more remote from the town where
land is usually cheaper and more available.
Alternative standards and improvisation
The details given in the preceding sections indicate that the present
over-all cost of complete treatment of average sewage in England ranges
from the equivalent of 9 to 2 man-hours per annum per caput according to
the size of the town, and that this total may be apportioned approximately
as follows:
Percentage

of total cost

Screening and grit removal . . . . . . . . . .
Primary sedimentation . . . . . . . . . . . . . . .
Biological treatment, including final sedimentation . . .
Storm-water sedimentation . . . . . . . . . . . . .
Sludge disposal . . . . . . . . . . . . . . . . . .
Miscellaneous (including roads, landscaping, housing of
staff, laboratory control, administration and management, etc) . . . . . . . . . . . . . . . . .

5
10
40
5
20
20
100

These percentages, of course, can vary very greatly from one place to
another. Where biological treatment is only partial or is omitted altogether,
this major item of cost (40 %) can be reduced or eliminated. A further saving
of 5 % may be possible where storm-water sedimentation is not needed.
It is always necessary to dispose of sludge, even where sewage treatment is
confined to primary sedimentation, but its volume may be much less in
such a case; it is conceivable that with the simplest methods, the cost of
sludge disposal may be reduced to one-half of the average suggested, but
on the other hand, heat-drying or other methods could increase the cost
very considerably. Miscellaneous items will vary within wide limits and
could be much less than the 20 % allowed.
To summarize, the total costs for minimum treatment by sedimentation
only might be as low as one-quarter or one-third of those for full treatment. From that point upwards, treatment could be taken to any desired
degree at corresponding cost. With expensive sludge disposal, total costs
can be much higher than normal.
The data on which these figures are based relate to average conditions
in England, where it is customary to design permanent works with the
purpose of serving at least 30 years of useful life without undue maintenance.
For temporary plants or for subnormal conditions where resources are
unusually small, substantial economies may be effected by improvisation
in various ways.
Tanks for many purposes, including sedimentation and sludge digestion may be built of earth banks; they may be provided with a thin con-
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crete floor and a lining of concrete paving slabs on the sloping sides at a
fairly low cost. Sludge digestion can be carried out in unheated tanks of
this kind, or even in unlined lagoons; indeed, the original development of
separate digestion was carried out at Birmingham in the early years of the
century by elementary means of this kind. Percolating filters may be constructed of rubble, ashes, or other waste materials; distribution over the
surface can be effected by agricultural drain-pipes or other simple means,
while the effluent may be withdrawn in a similar manner or merely by
allowing it to flow over a sloping earth floor through a bottom layer of
large stones. Culverts and pipes can be replaced by open earth channels
with the minimum of lining, and valves and gates by dam-boards of timber.
Such devices may not be lasting, and may need more continuous care
and attention as well as increased labour in operation, but quite satisfactory
results can often be obtained with them, and shortage of money should
never be allowed to stop the provision of a necessary health service where
such difficulties can be overcome by resourcefulness and improvisation.
Sewage utilization
No discussion on the economics of sewage disposal would be complete
without some reference to utilization.
One hundred years ago in England, the idea was prevalent that it
should be possible to dispose of sewage with a financial profit to the
community, but the many efforts to do this invariably ended in disillusion.
It is now accepted that drainage is a service for which the community must
pay, but nevertheless there are many ways in which the cost can be reduced
in some measure by the utilization of sewage products.
Where water is scarce, sewage effluent may be re-used in many ways.
In England, effluent provides the water for cooling-towers for a number of
large power-stations located on small rivers, where the flow would otherwise
be inadequate. It has also been used in industrial washing-processes in
certain cases. In countries with less rainfall, greater use has been made of
effluents for irrigation, and indirectly even for water-supply, by means of
subsoil filtration or otherwise.
So far as sludge is concerned, experience in utilization will vary greatly
from one country to another. In England, although a considerable proportion is used as a fertilizer, the income from that source is never very
high. Activated sludge may have a nitrogen content as high as 8 %, but
attempts to dry this material usually result in a cost much above the selling
price which can be obtained for it. In marginal or desert areas, the pumping
of sludge, particularly of activated sludge, direct on to the land would appear
to have considerable economic advantage. The composting of sludge
with other waste materials has not yet made much economic headway
in England, but interesting developments continue to be explored both
there and in other countries.
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The utilization of methane gas from the digestion of sludge has proved
of considerable economic value at numerous places in many countries.
The normal production to be expected in England is about 400 cubic feet
(12 m3) per annum per caput; on the basis of calorific value, as compared
with the present price of fuel-oil, this is worth about 1.7s. (0.34 man-hours),
representing for a large works as much as 15 % of the total costs of sewage
disposal. The gas may be used in engines for power-supply, for heating
buildings, glass-houses or other structures, for propelling vehicles, for
drying sludge artificially, or as a raw material for chemical manufacture.
In all such cases, it should not be overlooked that, except in very hot
countries, a certain proportion of the available gas will be required to
sustain the temperature of the digestion plant at the optimum for economic
working-about 30°C. If developing power in engines, however, the waste
heat of cooling water and exhaust gases will usually be more than adequate
for this purpose, and the whole of the gas can therefore be utilized for
power production purposes.
In this connexion, a most interesting point is that, in modern practice,
the activated-sludge process, which requires a large supply of power, has
been developed simultaneously with the sludge digestion process, which
has provided the means of producing that power. Moreover, in the average
works, the amount of power available from this source is very nicely
balanced with the total power needed for the activated-sludge plant and all
the other requirements of a modem works. Thus are the two processes
interlocked, and there seems to be a sense of economic fitness in that so
long as the sewage arrives at the sewage plant, it will bring with it sufficient
fuel for its own purification and disposal.
There is a well-known instance of the utilization of methane as a raw
material for chemical manufacture in South Africa, where during a period
of wartime shortage of chemicals the cyanide required for the gold-mining
industry was produced from the gas obtained from the sewage works at
Johannesburg.
The outstanding case of recovery of by-products from sewage in England
is that of Bradford, where the woollen industry is centred. From the
recovery of grease and by-products developed from grease, an income
has been built up to the point where the sewage works are successfully
operated at a profit over all expenses; this income in many years has
exceeded 20s. per caput. This case, of course, is quite exceptional, but it
does indicate what can be achieved where conditions provide the
opportunity.
Trade Effluents
It is fortunate that the natural processes which have been harnessed
so successfully for dealing with domestic sewage are also adaptable to a
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considerable degree for treating a wide variety of trade effluents where these
wastes can be adequately diluted by domestic sewage.
Thus in England it is accepted that the pollution of rivers by industry
can be most effectively prevented by discharging all suitable trade waste
with domestic sewage for treatment at the sewage works. The biological
processes employed will usually provide by far the cheapest method of
dealing satisfactorily with the problem; moreover, in no other way is it
possible in most cases to purify these liquids to the standards required in
England today.
At the same time, since biological processes depend on living organisms,
it is necessary to avoid the discharge of substances which may be detrimental to bacterial action. Therefore there will always be some effluents
which, because of their large volume of unsuitable composition, cannot
be dealt with at the sewage works without impairing the purification processes. Such cases are usually in a minority, but if the sewage works is to
be operated at its maximum efficiency and economy, some control over
the discharge of difficult trade effluents is necessary. In many cases,
sufficient control can be obtained by the equalization of flow to prevent
strong liquor from being discharged in flushes and in this way causing harm
to treatment processes. Elsewhere it may be necessary to carry out some
form of pre-treatment of effluent before discharge to the sewers.
In exceptional cases, the problem may be sufficiently serious to affect
the choice of location of the industry itself. In extreme cases of this kind,
the treatment of trade effluent by dilution with domestic sewage (even
where dilution on a large scale is available) or by any other known method
of treatment may not be practical or economic, in which event the only
means of disposal is discharge to a large tidal estuary or the sea. Fortunately
such cases are very rare.
The utmost use should always be made of sewage works' facilities for
solving the trade effluent problem, but these facilities should never be
exploited to the point where there would be a danger of jeopardizing this
public health service or of putting a sewage works out of action. Also, it is
not economic that the cost of sewage treatment for a whole town should be
seriously increased by the discharge from perhaps a single factory, as is so
easily possible.
Among the more important factors affecting the load of trade effluent
discharged into sewers is the method of charging adopted by the sewage
authority to meet the cost of treatment. Where effluent is accepted without
any payment by the industry, this invariably leads to a situation where the
drainage services provided at the expense of the community are not properly
appreciated. The manufacturer and his workers are likely to become
careless in the discharge of waste, and very often there is a loss of valuable
materials from the factory which causes unnecessary work in sewage treatment at more expense to the community.
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Probably the most effective method of controlling trade-effluent discharge
and reducing the load on the treatment plant is to make a charge based on
the volume and characteristics of the waste. The charge can be based on a
sliding scale according not only to the volume but also to the strength and
effect on the three main phases of plant operation: (a) primary treatment;
(b) biological purification; and (c) sludge disposal. In this way, the trader
can be given an incentive to reduce the load of waste from his factory, by
recovering waste materials or by-products, by the re-use of water, by making
adjustments in factory methods, or in other ways. In every case he will
have to work out how much cheaper it would be to reduce his load of
waste and ask the sewage works to deal merely with the remaining load.
In this way the over-all cost will be brought to a minimum.
For the past 20 or 25 years, this system has been increasingly adopted
by sewage authorities in England and in many cases remarkable results
have been achieved, with great advantage to sewage works operation, with
profit to the trader, and with benefit to the national efficiency and economy.
The present national expenditure of £12 million for sewage purification
includes the cost of treating all trade effluents at present discharged to sewage
works. Trade effluents probably account collectively for'20 % to 25% of
the total. This proportion will undoubtedly increase rapidly and th- problems of trade effluent will become more formidable as time goes on. In
addition to all the waste already produced in an intensively developed
country, chemical and other industries are advancing at such a rate that
effluents are to be expected in the future which will cause problems hitherto
unthought of. During the past 30 or 40 years, new industries-plastics,
artificial silk, plating, DDT, and antibiotics, to mention but a few-have
been developed, all of which produce effluents that cause difficulty in disposal. Other problems arise from the concentration of existing industry
such as gas manufacture into large-scale units, while the more recent radioactive wastes have required particularly careful attention.
It is not possible to cover in this paper the question of the treatment
of trade effluents where no sewers are available, but it may be said that,
here again, the reduction of the waste load to the absolute minimum is
always the first objective. This is effected by salvaging waste materials as
far as possible, by the re-use of water to reduce the final discharge to a
minimum, and so on. In many industries, the circulation of water has
reduced the consumption to one-quarter or less of the amounts formerly
used and resulted in considerable economies in operation.
From the point of view of water-supply authorities, it has been stated that
water is still too cheap and so is wasted. It has been claimed that sewage
authorities who make charges for trade effluent are acting in the best interests
of water conservation because their methods operate to prevent waste. It
appears also that where traders are compelled to treat their own effluents, the
incentive to save water may be even greater. And water is potential wealth.
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The Financing of Capital Expenditure
A study of the economic aspects of sewage disposal would not be
complete without some reference to the financing of capital expenditure,
for very rarely is it possible for a community to construct new works, or
substantial extensions to existing works, and pay for them out of current
revenue resources. The money will usually have to be borrowed and repaid
in a reasonable number of years.
If a sound economic structure is to be maintained, the following points
should be taken into account in fixing the repayment period:
1. It is reasonable to spread the repayments over the years in which
the users continue to enjoy the benefits, but the present generation should
not seek to escape just debts by passing them on to posterity.
2. Proper caution should be taken to avoid the possibility of having to
replace works before they have been completely paid for. In particular,
consideration must be given to:
(a) the expected life of the structures;
(b) the factor of obsolescence, i.e., the degree of possibility of a particular process becoming superseded by later developments;
(c) unusual local conditions, such as mining subsidence, which could
reduce the useful life of the works.
3. Where special circumstances make it desirable to incur heavy expenditure many years ahead of an expected growth in population, there
would be good reason to lighten the costs in the early years by extending
the period of repayment.
In England, the period of repayment of all loans obtained by local
authorities for works of sewerage and sewage disposal is subject to Government approval. The most common period for normal structures is 30 years,
with shorter periods of 10 or 15 years for machinery or other items of a
lower expected life. However, with modern works these periods may be
considered very conservative, and in cases of large new undertakings involving heavy expense on the comparatively small populations of the early
years, periods of up to 40 years have been allowed.
The amount of the annual repayment depends, of course, on the loan
period and the rate of interest. The following are the amounts to be paid as
equal annual charges for each 100 units of currency borrowed:
Rates of interest

Period of loan

(years)

3%

4%

5%

15
20
30
40
50

8.37
6.72

8.99
7.36
5.78
5.05
4.65

9.63
8.02
6.50
5.83
5.48

5.10
4.33
3.88

6%
9.89
8.72
7.26
6.65
6.34

7%

8%

10.59
9.44
8.06
7.50
7.24

11.30
10.18
8.88
8.39
8.17
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It is to be observed that while the shorter periods involve higher annual
payments, the total amount repaid is much less. For example, a debt of
100 units can be met at 3 % interest by 15 annual payments of 8.37 totalling
approximately 125 units, whereas although payments may be reduced to
3.88 by spreading them over 50 years, the total cost will rise to 194 units.
Again, while higher interest rates may be necessary in times of capital
shortage, the amounts of repayment do not rise proportionately because
of the beneficial effect of the interest earned on sinking-funds.
In England, it has normally been possible to borrow at 5 % or less. For
long periods during the past 30 years, the rate has been as low as 3 %, and
only for a comparatively short period has it been above 5 %. For 30-year
loans, the total repayments are therefore usually between 5 % and 6 % per
annum; if exceeding 6 %, there is a tendency to seek a longer-term loan. This
trend has also appeared in other countries.
A number of other methods of debt repayment have been devised to
suit other circumstances. Alternatively, where a limited amount of work
can be undertaken sufficiently gradually, it may sometimes be carried out
from current resources without borrowing. Where this method is possible,
it will always be much cheaper in the long run.
The financing of capital expenditure may have an important influence
on the design and operation of works. The major question must always
arise as to how far operational labour should be reduced by mechanization
and other automatic procedures that involve increased capital expenditure.
The answer will usually be decided on the basis of achieving the minimum
total annual cost, including loan charges and operating expenses.
In periods of shortage of capital, higher interest rates will favour
economy in construction costs even at the expense of increased operating
expenditure. In countries where labour costs are low in relation to prices
of materials and machinery, the same trend towards simpler procedures
that require more man-hours for operation would be expected.
In general, the replacement of labour by mechanical power must lead
to higher standards of living for all, but there must always be cases where
more effort might be devoted to the provision of a machine than could be
saved in operation during its useful life.
Conclusions
The standard of living enjoyed in any country depends on the health
and activity of its inhabitants. Everywhere more attention is being given
to the importance of this economic truth.
In Great Britain, the death-rate has been halved since the beginning of
the present century and the average life-span has been increased by 20 years,
indicating that money spent on health pays handsome dividends. While
it would be difficult to assess how much of this advance has been due to
the great work of the medical profession, there is no question of the over-
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whelming part which has been played by improvement in sanitary conditions.
A high death-rate must be accompanied by a high birth-rate if a people is
to survive; both are expensive in national resources. The conservation of
child life, the increase in productive effort achieved by good health, and the
longer span of active life, all have a great effect on the material well-being
of the community.
It may not be so easy today to demonstrate the economic health advantage, understood so grimly by the British people 100 years ago, of spending
money on drainage services, but examples are still to be found. For instance,
in 1945 a drainage scheme proposed for a well-known city in the Far East
was estimated to reduce the death-rate by 6 per thousand, on which basis
the whole cost would be covered by the savings in coffins in 19 years !
It is most fortunate that the parallel problem of trade-effluent disposal
can usually be solved simultaneously with that of domestic sewage, and at
relatively so small a cost.
The p-nalty of neglect of such a primary duty of the community as the
safe disposal of wastes may be serious, and pollution of natural waters can
in the long run be a very costly punishment for laziness and squalor.
The time must come when civilization will universally condemn these
practices, for surely there can be no place in the world however underdeveloped where the people cannot afford to devote the equivalent of a
few hours of their effort each year to preserve health, amenities and the
natural beauties of their surroundings.
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