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as many of the animals showed the symptoms of
circling, crashing into objects and " bicycling " on
the ground. One donkey with rabies bit objects, but
biting was also observed in several animals which
recovered, as well as in others which died but from
which rabies virus could not be isolated.
The cases came both from Upper and Lower

Egypt, two being from Qena, near Luxor, and the
rest from various places in the Delta. Preliminary
study of the various strains isolated has already

revealed considerable heterogeneity as to primary
lethality, titre and incubation period in laboratory
animals. Our present evaluation of the strains is
that they differ considerably from the typical street
virus in dogs and that accurate epizootiological
studies should be carried out to establish the possible
reservoir of infection.
To our knowledge, no other investigators of Near

East equine encephalomyelitis have published ac-
counts of finding equine rabies.

Economics of Composting Municipal Refuse in Europe and Israel,
with Special Reference to Possibilities in the USA *

by GEORGE J. KUPCHIK, Dr. Eng., Director of Environmental Health, American Public Health Association,
New York, N. Y., USA

Today, disposal of municipal refuse is a major
public health problem.a Rapidly expanding urban
populations with increased refuse per capita are
placing great strains on available disposal facilities.
The burning dump, with its flies, mosquitos and rats,
and its pollution of the air and sometimes the
underground water, can no longer be tolerated as a
method of disposal. In many areas satisfactory
landfill sites are difficult to find or expensive to
purchase. In some cases, seepage from landfills has
contaminated streams and water supplies and poor
operational procedures have resulted in insect and
rodent infestations. Transporting refuse to more
distant sites increases costs markedly. Incineration,
generally the method of choice in larger cities, is
frequently the cause of atmospheric pollution and
operating costs are high.

Recently composting has been receiving increased
consideration in the USA as a method of disposal
for municipal wastes. Composting is not a new
procedure. Wiley b points out that it has been

* Presented in part at the Joint Session of the Conference
of Municipal Public Health Engineers, the Conference of
State Sanitary Engineers, the National Association of Sani-
tarians, and the Engineering and Sanitation and Health
Officers Sections of the American Public Health Association
held in Chicago, Ill., on 21 October 1965. The collection
of data was made during the author's tenure of a WHO
Fellowship.

a Behe, R. A. (1965) J. environm. Hlth, 27, 824-829
bWiley, J. S. (1961) Publ. Wks, pp. 107-110, 158-164.

practised for centuries, but the great success achieved
with chemical fertilizers decreased interest in
organic manures after 1900. Compost from town
waste became almost unsaleable, and the cities
resorted to other methods of waste disposal, largely
burning dumps. After chemical fertilizers had been
used for 40 years, it was found that increased
application of fertilizer failed to produce additional
increases in crops, probably owing to the decreased
humus content of the soil. Consideration was once
more given to the use of organic manures and
compost to increase the humus content and the
water- and air-retention capacity of the soil. (It
should be noted that compost does not replace
chemical fertilizers; rather, they complement each
other. Fertilizer is generally applied annually, while
compost is applied about every three years to a given
area.)

In 1929, the Netherlands Government founded
VAM (Refuse Disposal Company), a non-profit and
semi-official institution, to develop composting
methods utilizing municipal wastes. This company
has been quite successful, and other companies
followed VAM's example. Today there are many
types of composting systems, but almost all depend
on the biochemical decomposition of putrescible
matter by aerobic thermophilic micro-organisms.
Although composting began in the Netherlands
because there was a demand for compost by agri-
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culture, the tendency today is to employ composting
as a means of waste disposal.c

Composting operations
Extensive material-handling and processing equip-

ment is required for a municipal composting plant.d
While many different methods have been developed,
there are certain common operations in each. These
include all or part of the following (not necessarily
in order).

Sorting and separating, either manually or me-
chanically or both, to remove metals, glass and
other materials that will not decompose.

Reduction ofparticle size, by grinding, shredding,
rasping or tumbling, sometimes accompanied by
preliminary screening.

Composting (or decomposition), in the presence
of air. This can be done in enclosed cells containing
mechanical means for introducing air, with or
without continuous mixing of the refuse, or in open-
air windrows which are turned at intervals to
maintain aerobic conditions. Some methods include
both operations. The length of time for composting
is variable, depending on the specific devices and
methods used.

Screening and further grinding of the composted
material to make it suitable for use as a soil con-
ditioner, with the larger particles either rejected or
returned to the process.

Disposal of all rejected non-compostible material.

Composting processes
The most common composting processes have

been fully described in the literature.b
The Van Maanen process. The largest European

composting plant, constructed in 1932, is operated
by VAM at Wijster (Drente) in the Netherlands.
A similar plant is located at Mierlo. Refuse is
conveyed by specially designed railroad trains from
distant cities and by truck from nearby cities to the
isolated plant. The unprocessed refuse is merely
wetted and decomposed in huge windrows (along
the railroad sidings) for a period of four to six
months with one turning by large grab cranes. The
compost is then processed by screening, magnetic
separation, grinding, and gravity and/or ballistic
separation. There are problems due to odours, flies
and rodents.

c Weststrate, W. A. G. (1964) Compost Sci., 5, 6-7.
d Hennigan, R. D. (1964) Municipal refuse collection

and disposal, New York, Office for Local Government.

The rasping system. This system provides initial
sorting, grinding, roller-crushing and ballistic and/or
gravity separation of the refuse, followed by wind-
row composting, generally with turning for three to
five months. Principal features of these plants,
developed by VAM in 1951 and manufactured by
Dorr-Oliver, are the rasping machines and ballistic
separators. Screening is sometimes used initially to
separate ashes or finally to refine the compost. Most
plants sort out and bale paper, rags and ferrous
metals for salvage. The rasp provides grinding or
grating through perforated plates while the roller-
crusher reduces the particle size of glass, cinders and
other brittle materials. The ballistic separator flings
all particles horizontally at high speed, segregating
the more dense and resilient particles from the softer
organics. Windrows vary in height from 5 to 10 feet
(1.5 m to 3 m) and are generally placed outdoors on
an impervious surface. The turning, which usually
is done with a front-end loader, does not always
provide good mixing, aeration or particle-size
reduction.

Ventilated-cell composting. This process generally
involves composting in cells or tanks provided with
ventilation, either natural or forced, with inter-
mittent disturbance (mixing and re-aeration). It may
also employ rotary screening, sorting with salvage,
magnetic separation, rasping or hammer-milling,
windrow composting, and ballistic separation. There
are many systems based on this process and they are
particularly popular in France and more recently
in Great Britain.

The Dano system. The Dano Biostabilizer is the
prime example of continuous mechanical composting
with positive aeration. It is designed to accomplish
continual mixing, aeration, grinding and decomposi-
tion in one unit. The Biostabilizer retains the refuse
or refuse-sludge for three to five days in a slowly
rotating drum provided with a blower and air
manifolds. Water or sludge is added at the inlet.
The crude refuse sometimes is subject to sorting and
generally to magnetic separation before being
charged into the unit. Treatmenit in the Biostabilizer
is generally followed by processing in a vibrating
screen, a ballistic or gravity separator and windrow
composting or curing. Although at some plants the
compost from the Biostabilizer is sold immediately,
it is not sufficiently decomposed even after five days'
retention (equivalent to three to four weeks of
windrow composting with several turnings) to be
stable. It will continue to decompose when moist,
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often reheating to higher temperatures than occur
in the drum. Unless used as hot-bed manure or
applied immediately to the soil, it is usually further
composted or cured in windrows.

The Buhler system. This process employs no
sorting but grinds the refuse in a rapidly rotating
hammer-mill, which is able to disintegrate practically
all of it. The refuse then passes to a permanent
magnetic separator, vibrating screen, roller-crusher
and windrows.

The survey

The history of composting in the USA has not
been very impressive. Within the past several years,
considerable energy and investment have been
dissipated in attempts to develop composting as an
acceptable and profitable method of refuse disposal,
but the record shows that six plants opened and
quickly shut, mainly for economic reasons.e

In 1963, I proposed that a survey be made of
various composting systems used in Europe and
Israel, under differing climatic, economic, and social
conditions, and that cost analyses be made to
determine factors favouring successful operation.
Based on analysis of the data, appropriate con-
clusions might be developed regarding the suitability
of this method of refuse disposal for the USA.

I was aware of the hazards, so well expressed by
Davies,f that the outcome of direct cost comparisons
between one method and another must of necessity
be disappointing. He noted that " such a study has
proved quite impossible "; that

" Cost figures from individual plants are often available
but it is futile to attempt to compare them because of the
individual variations in operation and indeed the different
systems of account employed. This applies to plants
within the boundaries of any one country; it is even more
futile to attempt cost comparisons as between plants in
different countries. So many factors are involved, as for
example, the method of composting, the organic content
of the refuse and the degree of pre-separation. Cost is
naturally influenced by income from sales and such
income is related directly to the demand for the com-
post."

Despite this warning, in the spring of 1965, 1 under-
took a survey which included visits to 21 plants in
10 countries. Six plants (Rome, Haifa, Gladsaxe,
Soest-Baarn, Cagnes-sur-Mer and Edinburgh) use

e Wiley, J. S. & Kochtitzky, 0. W. (1965) Compost Sci.,
6, 5-9.

f Davies, A. G. (1964) Compost Sci., 5, 29-30.

the Dano Biostabilizer, three (Tel Aviv, Arnhem and
Lagny) use the Dorr-Oliver rasping system, and two
(Olten and Hinwil) use a combination Dano-Buhler
system (employing a hammer-mill in addition to the
Biostabilizer). Five others use variations of the
ventilated-cell system (Plaisir, Annecy, Soissons,
Bristol and Cheadle) and one (Wijster) employs the
Van Maanen process. Satisfactory data were
obtained at most, but not all, of these installations.
Data collected at two other plants are not in-

cluded in this report. In Czechoslovakia an unusual
process (Vitahum) is employed, but garbage con-
stitutes only 20% of the materials processed; also,
the costing system employed presents difficulties in
comparing with those used in the other countries
visited. Vienna has a successful demonstration
plant producing Biomull, a special product enriched
with chemicals prepared essentially for the city's
parks and gardens, but this system cannot properly
be compared with other plants designed -primarily
for the disposal of refuse.

Visits were made to two plants which simply pul-
verize refuse. The one at Ivry, near Paris, run in
conjunction with an incinerator, screens and grinds
a small portion of the total refuse; the product,
which has been compared favourably with manure,
is sent by freight car to neighbouring farms. The
other, at Stafford, England, disposes of the reduced
volume in an adjacent landfill. A discussion of
pulverization is included in a later section of this
report.

Cost and income data
The data at each plant were obtained through

interview with the responsible plant manager, and
from annual reports for either 1963 or 1964, where
available. Every effort was made to verify items
which appeared unusual. Where it was not possible
to determine actual cost factors, estimated values
were carefully examined and generally interpreted in
the most favourable manner. Some of the collected
data have been analysed and are shown in Tables 1-4.
All the data has been converted to US units (dollars
and short tons g) and costs and income calculated
per ton of raw refuse processed.

Amortization. Amortization charges were based
on the rated capacity of the plant, unless the system
was actually used in excess of this capacity, in which
case the higher tonnage was employed. Operating
costs, however, were based only on the tonnage

U 1 short ton = 907 kg.
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TABLE I
COSTS (USS/US TON) OF PROCESSING RAW REFUSE AT PLANTS UTILIZING THE DANO

BIOSTABILIZER SYSTEM

Plant No. Average

1 T 2 3 ] 4 5 (unweighted)

Capital cost

Amortization of building and equipment 1.16 0.72 0.54 0.77 0.69 0.78

Interest on building and equipment 1.16 1.15 0.56 0.42 0.43 0.74

Interest on reserve fund 0.09 0.17 0.07 0.03 0.07 0.08

Rental of land 0.08 0.02 0.03 0.02 0.03 0.04

2.49 2.06 1.20 1.24 1.22 1.64

Operating expense

Personnel 0.59 1.28 0.88 1.00 1.65 1.08

Utilities 0.48 0.35 0.30 0.37 0.38 0.38

Maintenance and repairs 0.35 0.26 0.16 0.35 0.52 0.33

Disposal of rejects 0.22 0.18 0.30 0.20 0.61 0.30

Miscellaneous 0.67 0.29 0.08 0.40 0.38 0.36

2.31 2.36 1.72 2.32 3.54 2.45

Total cost 4.80 4.42 2.92 3.56 4.76 4.09

Income

Salvage 0.15 0.43 0.38 0.34 0.79 0.42

Sale of compost 0.24 3.67 0.53 1.40 0.08 1.18

Total income 0.39 4.10 0.91 1.74 0.87 1.60

Net cost 4.41 0.32 2.01 1.82 3.89 2.49

Cost Indices

Interest rate (%) 8.0 12.0 8.0 4.5 5.0 7.5

Typical labour cost per annum (USS) 4 000 3 300 4 000 1 800 1 800 3 000

Date of construction 1964 1959-64 1958 1958 1958 1960

actually processed. The compost plants varied in
annual rated capacity from 13 400 to 212 000 US
tons, and in refuse actually processed from 9000 to
199 000 tons per annum. Buildings and equipment
were considered as being fully amortized in 20 years.
While this factor will vary with each installation,
there appears to be general agreement that this is a
reasonable average life-expectancy. Most buildings
will probably endure for somewhat longer periods;
however, equipment will usually have a considerably
shorter life. After 20 years, the buildings will be
relatively obsolete and if new equipment is installed,

it will usually require replacement of the super-
structure, custom-designed. Amortization costs
showed the widest variation, from $0.19 to $2.40
per ton of raw refuse processed.

Interest. Interest rates varied considerably, rang-
ing from 4% to 12 %, and were a very important cost
factor. Interest varied from $0.12 to $1.50 per ton
of raw refuse.

Reserve fund. Few plants considered the cost of a
reserve or contingency fund. Compost plants
usually begin operations with loadings far below
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TABLE 2
COSTS (US$/US TON) OF PROCESSING RAW REFUSE AT PLANTS UTILIZING

THE DORR-OLIVER SYSTEM

|______ Plant No. _ Average
|_6 |_7 |_8_ (unweighted)

Capital cost

Amortization of building and equipment 0.24 0.73 1.06 0.68

Interest on building and equipment 0.39 0.55 0.72 0.55

Interest on reserve fund 0.10 0.06 0.04 0.07

Rental of land 0.03 0.34 0.09 0.15

0.76 1.68 1.91 1.45

Operating expense

Personnel 0.65 0.68 1.16 0.83

Utilities 0.18 0.34 0.34 0.29

Maintenance and repairs 0.35 0.88 0.71 0.64

Disposal of rejects 0.15 0.25 0.20 0.20

Miscellaneous 0.18 0.61 0.14 0.31

1.51 2.76 2.55 2.27

Total cost 2.27 4.44 4.46 3.72

Income

Salvage 0.16 0.04 0.05 0.08

Sale of compost 1.02 1.07 1.36 1.15

Total income 1.18 1.11 1.41 1.23

Net cost 1.09 3.33 3.05 2.49

Cost indices

Interest rate (%) 12.0 5.0 5.5 7.5

Typical labour cost per annum (USS) 1 800 2 200 3 000 2 300

Date of construction 1963 1961 1964 1963

rated capacity; it requires two to four months to
mature the compost before it can be sold; and
compost is applied seasonally by the users (usually
in the spring and fall). For these reasons, a reserve

fund equivalent in amount to the costs of operation
for six months should be provided. At interest rates
prevailing in each locality, the cost of the reserve

fund was estimated to be between $0.03 and $0.17
per ton of raw refuse.

Land rental. While the value of land is usually not
included in cost analyses since land is frequently
given by the municipality, it was felt that this was a

legitimate cost factor and the rental value should be
included. The best estimate of the land value was
obtained and a rental of 5% of this value was
computed. This added from $0.02 to $0.34 to the
costs of processing each ton of raw refuse.

Personnel. Actual payroll data for operating per-
sonnel were obtained in every case, and fringe benefits
were added. Supervision and management costs were
included in this item, but not costs for sales person-
nel. The totals varied from $0.59 to $2.54 per ton.

Utilities. The major utility item was invariably
the electricity used to power the plants. The costs
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TABLE 3
COSTS (USS/US TON) OF PROCESSING RAW REFUSE AT

VENTILATED-CELL SYSTEMS
PLANTS UTILIZING

Plant No.

9__ -Average

(Carel- 10 11 (unweighted)
FouchQ) (Prat) (Simon)

Capital cost

Amortization of building and equipment 1.36 0.62 1.25 1.08

Interest on building and equipment 0.64 0.46 0.85 0.65

Interest on reserve fund 0.04 0.06 0.06 0.05

Rental of land 0.03 0.04 0.16 0.08

2.07 1.18 2.32 1.86

Operating expense

Personnel 2.54 1.98 1.24 1.92

Utilities 0.47 0.75 0.37 0.53

Maintenance and repairs 0.22 0.42 0.11 0.25

Disposal of rejects 0.11 0.29 0.20 0.20

Miscellaneous 0.27 0.54 0.31 0.37

3.61 3.98 2.23 3.27

Total cost 5.68 5.16 4.55 5.13

Income

Salvage 0.35 0 No 0.17

Sale of compost 3.11 0 experience 1.56

Total income 3.46 0 1.73

Net cost 2.22 5.16 Unknown 3.40

Cost indices

Interest rate (%) 4.0 6.5 5.5 5.3

Typical labour cost per annum (USS) 2 500 2 400 2 200 2 300

Date of construction 1963 1964 1965 1964

of ohter utilities (water and gas) were also included
in this category, which varied from $0.07 to $0.75
per ton.

Maintenance and repairs. Several plants were new
and had minor expenditures for maintenance and
repairs. On the basis of the experience of other
similar plants, reasonable estimates of anticipated
maintenance and repair costs were made. These
varied from $0.11 to $0.88 per ton, depending on the
type of system employed.

Disposal of rejects. Consideration was also given
to the cost of disposal of rejects. Several of the
plants were provided with small incinerators which
reduced the amount of disposables but increased the
capital costs. Every plant required tipping arrange-
ments for the disposal of non-combustible rejects
and incinerator residue. Where specific cost data for
this operation were not provided, it was estimated
that the cost of tipping was $1.00 per ton of residue.
For all the plants, the cost of this item varied from
$0.05 to $0.61 per ton of raw refuse.
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TABLE 4
COSTS (USS/US TON) OF PROCESSING RAW REFUSE AT PLANTS UTILIZING

DANO-BUHLER SYSTEMS

Plant No. Average

12 13 (unweighted)

Capital cost

Amortization of building and equipment 2.40 1.62 2.01

Interest on building and equipment 1.50 0.87 1.18

Interest on reserve fund 0.06 0.06 0.06

Rental of land 0.02 0.05 0.04

3.98 2.60 3.29

Operating expense

Personnel 1.82 1.66 1.74

Utilities 0.43 0.57 0.50

Maintenance and repairs 0.61 0.85 0.73

Disposal of rejects 0.09 0.15 0.12

Miscellaneous 0.15 0.21 0.18

3.10 3.44 3.27

Total cost 7.08 6.04 6.56

Income

Salvage No 0.02 0.02

Sale of compost experience 0.70 0.70

Total income 0.72 0.72

Net cost Unknown 5.32 5.84

Cost indices

Interest rate (%) 5.0 4.5 4.7

Typical labour cost per annum (USS) 4000 4000 4000

Date of construction 1964 1963 1964

Miscellaneous costs. Actual miscellaneous costs
were used whenever they were obtainable, but in
every case they were adjusted to represent at least 5 %
of the operating costs. Items included in this
category are taxes, supplies, materials, research,
sales promotion and any other costs not listed
elsewhere. In the case of the Van Maanen plant, the
cost of transporting refuse over great distances,
averaging $1.05 per ton, was included because this
type of operation requires an isolated location and
this cost should properly be charged as an operating

expense. In other plants, miscellaneous costs ranged
from $0.08 to $0.67 per ton.

Salvage. Income from salvage represents that
accruing from the sale of iron, non-ferrous metals,
paper, rags, bones and any other items of value
recovered during the composting process. It is not a
substantial sum except in Great Britain, where a very
effective system for salvage operations, established
during the Second World War, has continued to
function fairly well. Income from salvage varied
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from nothing to $0.79 per ton of raw refuse pro-
cessed. At the pulverizing plant in Stafford, sub-
stantial income was derived from salvage, amounting
to $1.70 per ton.
Compost production and sales. It was found that

the amount of compost produced could be increased
by intensified processing; however, this also served
to increase operating and capital costs. The weight
of compost actually produced from refuse varied
from 16% to 70%. Sales income, calculated per
ton of raw refuse processed, varied from none to
$3.67. The highest selling price per ton of compost
was $6.63.

Cost indices. To provide assistance in comparing
the costs of the several types of plants located in
different countries with varying interest rates and
wage scales, three cost indices were included. These
were the interest rate, the typical labour cost of a
construction dump-truck driver, and the date of
construction. These indices may also enable more
meaningful comparisons with projects in the USA.

Evaluation of several individual plants
The plant with the lowest unit costs ($2.27 per ton

raw refuse) was a Dorr-Oliver plant. This is pro-
bably also the largest working plant in the world,
processing just under 200 000 tons of raw refuse per
year. In my opinion, however, it should not be
regarded as a prototype for US operations. There
are many complaints registered by the local popula-
tion, and the newspapers carry frequent articles
describing the nuisance conditions. Insufficient area
is provided for proper turning of the windrows, thus
creating anaerobic conditions and disagreeable
odours. About 74000 tons of compost are pro-
duced but only half is being sold and the price is
continually declining (recently from $5.45 to $3.60
per ton of compost). Income from salvage and the
sale of compost amounted to $1.18 per ton of raw
refuse, for a net cost of $1.09/ton. A government
subsidy of $0.45 per ton did not suffice to cover
costs.
The only other plant with an annual cost of less

than $3.00 per ton is one which really serves as a
research and demonstration plant. It is one of the
older (1958) Dano Biostabilizer plants and hence has
the advantage of lower capital costs for buildings
and equipment. But even at this centre, the compost
is not selling well, possibly because of unsatisfactory
windrowing. Of 13 000 tons of compost produced
in 1964, 10 000 tons were sold at a price of only $1.00
per ton of compost. Total costs were $2.92/ton of

raw refuse processed while income from salvage and
sale of compost amounted to $0.91/ton, representing
a net cost of $2.01 per ton.
The most successful plant from the economic point

of view was a Dano plant which processes 46 500
tons of raw refuse per year, about 40 % over its rated
capacity, at a cost of $4.42 per ton. Because of this
overload, the windrow area is somewhat inadequate
and serious problems are created during even a brief
period in which compost is not selling. The plant
has been able to sell all its compost in previous years
and in 1964 sold its production of 26 000 tons at
$6.63 per ton. Income from salvage and sale of
compost amounted to $4.10 per ton of raw refuse, a
net cost of only $0.32 /ton. This deficit was ade-
quately covered by a government subsidy of $0.73
per ton. However, in 1965 only 90% of the compost
had been sold.

Evaluation of data
Unweighted averages of 14 assorted compost

plants (Table 5) indicated that capital service costs
amounted to $1.76 and operating expenses to $2.79,
for a total cost of $4.55 per ton of raw refuse pro-
cessed. Income from salvage and sale of compost
averaged $1.17; therefore the net cost was $3.38 per
ton. The single most costly item was personnel
($1.23), followed by amortization costs ($0.95),
interest on building, equipment, and reserve fund
($0.70), miscellaneous ($0.54), maintenance and
repairs ($0.49), and utilities ($0.36). Disposal of
rejects amounted to $0.17, and land rental to $0.1 1.
The Dano and Dorr-Oliver plants were remarkably

similar, the net cost of each being $2.49 per ton.
With transport charges included in the Van Maanen
operating costs, the total cost amounted to $3.23 per
ton. Salvage and sale of compost resulted in income
of $0.58, leaving the net cost at $2.65 per ton, very
similar to the other systems just described.
The ventilated-cell systems were somewhat higher

in capital costs ($1.86) and had very high operating
costs ($3.27), for a total of $5.13 per ton. While
income from salvage and the sale of compost was
fairly high ($1.73), it could not reduce the net cost
below $3.40 per ton.
The plants using the combination Dano-Buhler

system appeared rather overdesigned. Capital costs
were highest ($3.29) and operating costs equalled
those for ventilated-cell systems ($3.27). Income
from salvage was practically nil ($0.02), and sale of
compost amounted only to $0.70, leaving a net cost
of $5.84 per ton.
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TABLE 5

COSTS (US$/US TON) OF PROCESSING RAW REFUSE UTILIZING DIFFERENT COMPOSTING SYSTEMS

Type of system
Average

Dao Dorr-Oliver Ventilated Dano- Va ann(unweighted)D(5,olla ts) cells Buhler Va(nMlaanen (14 plants)(5 plans) (3 lants) (3 plants) (2 plants) (1pat

Capital cost

Amortization of building and equipment 0.78 0.68 1.08 2.01 0.19 0.95

Interest on building and equipment 0.74 0.55 0.65 1.18 0.12 0.64

Interest on reserve fund 0.08 0.07 0.05 0.06 0.03 0.06

Rental of land 0.04 0.15 0.08 0.04 0.21 0.11

1.64 1.45 1.86 3.29 0.55 1.76

Operating expense

Personnel 1.08 0.83 1.92 1.74 0.64 1.23

Utilities 0.38 0.29 0.53 0.50 0.07 0.36

Maintenance and repairs 0.33 0.64 0.25 0.73 0.46 0.49

Disposal of rejects 0.30 0.20 0.20 0.12 0.05 0.17

Miscellaneous 0.36 0.31 0.37 0.18 1.46 0.54

2.45 2.27 3.27 3.27 2.68 2.79

Total cost 4.09 3.72 5.13 6.56 3.23 4.55

Income

Salvage 0.42 0.08 0.17 0.02 0.13 0.16

Sale of compost 1.18 1.15 1.56 0.70 0.45 1.01

Total income 1.60 1.23 1.73 0.72 0.58 1.17

Net cost 2.49 2.49 3.40 5.84 2.65 3.38

Cost indices

Interest rate (%) 7.5 7.5 5.3 4.7 5.0 6.5

Typical labour cost per annum (USS) 3 000 2 300 2 300 4 000 2 500 2 800

Date of construction 1960 1963 1964 1964 1932 1958

Over-all weighted averages indicated that 46%
of the raw refuse was converted to compost.
Compost sales amounted to almost exactly one-
third by weight of the raw refuse processed. The
weighted average selling price of $2.73 per ton of
compost represented a return of only $0.90 per ton
of raw refuse processed (Table 6). Additional income
from salvage amounted to only 20c per ton.

Applicability to the USA
At those plants for which data could be obtained,

the average cost of producing compost was $4.55 per

ton of raw refuse processed. One might reasonably
assume that, with higher labour and construction
costs in the USA, the cost of production would be
even higher. For example, compare the typical
labour cost for a construction dump-truck driver:
the average in the countries studied was $2800 per
annum, including all fringe benefits; a similar
worker in the New York region earns about $9400
a year for a five-day week, including pension and
welfare fund contributions but not social security,
payroll taxes, etc. If foreign processing equipment
were to be shipped to the USA, the costs would be
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TABLE 6. PRODUCTION AND SALE OF COMPOST

Income (US$)
Plant Population Raw refuse Compost Compost Sales per ton of

System No. served processed produced sold income
(US tons) (US tons) (US tons) (USS) Compost Refuse

sold processed

Dano 1 700 000 99 000 66 000 33 000 24 000 0.73 0.24

2 170 000 46 500 25 800 25 800 171 000 6.63 3.68

3 80 000 18 800 13 200 9 900 9 900 1.00 0.53

4 54 000 9 900 4 500 4 400 14 000 3.18 1.41

5 210 000 32 400 5 300 4 300 2 700 0.63 0.08

1 214 000 206 600 114 800 77 400 221 600 2.86 1.07

Dorr-Oliver 6 700 000 199 000 74 200 37 400 204 000 5.45 1.03

7 130 000 26 400 18100 17 600 28 300 1.61 1.07

8 75 000 17 700 13 200 13 000 24 000 1.85 1.36

905 000 243 100 105 500 68 000 256 300 3.77 1.05

Others 9 27 000 9 300 5 500 5 500 29 000 5.27 3.12

10 90 000 16 800 10 100 0 0 0.00 0.00

13 100 000 18 800 8 800 8 800 13 200 1.50 0.70

14 800 000 162 000 55 000 57 200 72 000 1.26 0.44

1 017 000 206 900 79 400 71 500 114 200 1.60 0.55

Total (12) 3136 000 656 600 299 700 216 900 592 100 2.73 0.90

even higher than they were for most of the plants
surveyed.
High prices for compost were obtainable only in

Israel and the environs of Paris; many of the older
plants complained that sales were declining. There
must be a continuing demand for compost in the
region or the product will have to be given away-
provided there are takers for it.

Despite the fact that six composting plants closed
in the USA during 1962-64 and that there appears to
be no widespread demand for compost in com-
mercial agriculture in the USA, we now learn c
that:
Three plants in Houston, Texas, each handling 300-

350 tons per day, will be built and operated by private
companies; the city to pay $2.75 to $3.50 per ton of raw
refuse handled.
A 105-ton-per-day plant in St. Petersburg, Fla., will

be privately built and operated; the city to pay $3.24
per ton.
A 20 000-ton-per-year plant in Elmira, N.Y., will be

built and operated by a private company; the city to
pay $4.35 per ton.h

h Sanford, C. F. (1965) Amer. City Mag., July, pp. 93-94.

A 300-ton-per-day plant in Mobile, Ala., will be built
and operated by the city, which will sell the compost to a
private concern for a guaranteed price.
Another plant will be built in Irondequoit, N.Y., and

the Altoona, Pa., demonstration plant will be expanded.4
In their recent article, Wiley & Kochtitzky e

question whether this enormous amount of compost
can be marketed profitably:

" Inability to dispose of large quantities of compost at
a favorable price greatly affects the economy of the
process, and is probably a major factor in the closing of
the six U.S. composting plants. There is no widespread
demand for compost in commercial agriculture, and the
larger the compost plant, the greater the difficulty to be
expected in selling or disposing of the entire output."

This seems to be a very sober appraisal of the
situation.

Pertinent comments regarding composting made
by several British authorities may also be quoted.
Sumner' calls attention to a study made in 1954,
reporting

" that the composting of town's wastes could make
little contribution to the supply of humus to the soil " in

I Sumner, J. (1964) Chart. munic. Engnr, 91, 95-101.
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England compared with normal farming practice. " It is
considered that if the best possible quality compost is to
be produced, no more than about one-third by weight of
the refuse collected can be included, the remainder,
except material recovered as salvage, normally being
tipped ...

" Experience gained so far from composting plants in
operation indicates that the cost of disposing of refuse by
this method, allowing for income from sales, will exceed
the cost of controlled tipping even at tips some miles
outside the district and would normally substantially
exceed the cost of pulverisation, assuming the same sites
were used for tipping the residues. Nor does it appear
that on average the net costs of disposal will be any less
than those of incineration, and they might be more ...
Experience [with the sale of compost] so far has not been
very encouraging, although some better results appear to
have been obtained recently, probably resulting from
more efficient sales organisation. The latter seems to be
an absolutely essential requirement. Generally the
indications are that the selling price continues to fall ...
Whilst in some areas it is stated that all compost can be
sold at well over £1 [$2.80] a ton, in others there has been
difficulty in selling all the production at 15s. [$2.10] a ton,
and some are now stated to be selling at 6s. [$0.85] a ton
or giving away some of the material ... The indications
are that it has little attraction in agriculture and most of it
appears to have gone for use in horticulture and on
private gardens and this may be its best potential market.

" It seems fair to say that there is no evidence to
indicate that composting is a panacea for all problems of
refuse and sewage-sludge disposal. On the other hand,
there is no reason why this method should not be con-
sidered along with other mechanical methods, where such
methods can be shown to be necessary and where local
conditions might seem to be favourable. In such cases,
the answer may be initially to provide plant incorporating
pulverising equipment to which further plant can be
added if a demand for compost is later established."

Davies f adds that it is
"important to remember that refuse disposal is a

public service which has to be carried out in any event
and that there is therefore an inevitable standing expendi-
ture to be faced whatever the method adopted may be ...
Whatever cost comparisons prove possible, it is at least a
certainty that a refuse composting plant is unlikely to make
itself self-sufficient financially ... In recent years, selling
markets for [salvage] materials have become so poor and
fluctuate so much, that a great deal of the urge has dis-
appeared from this type of activity ... There is in fact no
obligation to sell the resultant end product [compost] and
certainly no need to budget for income when preparing
the income and expenditure account."

Shultz J is reported as concluding that

i Shultz, F. (1965) Amer. publ. Wks Ass. Reporter,
January.

" composting will always exist as a very small and
somewhat insignificant section of the overall refuse
disposal system in Great Britain."

The data gathered in this survey seem to support
these comments.

Pulverization of refuse
In an earlier part of this report, mention was made

of visits to two pulverizing plants. Pulverization is
not a new process; the Dano Company has been
manufacturing the Egsetor since 1939. This appa-
ratus mixes the refuse thoroughly and the abrasive
action of the rotating materials causes the softer
organic materials to be reduced in particle size. It is
claimed that, after screening, the mixture is rather
homogeneous and has lost its offensive charac-
teristics. The Gondard Refuse Reducer, over 50 of
which are now in use, is said to reduce almost every
type of municipal refuse to a clean usable end-
product, without pre-sorting.

Gaskell k recently summarized the salient points
cdncerning pulverization:

" Pulverisation of refuse has never been a serious
competitor with the conventional disposal methods
principally because it is a pre-treatment process rather
than a method of disposal. It is more costly than con-
trolled tipping and when considered as an alternative to
incineration is not so acceptable from the hygienic
standpoint. There are indications, however, that this
system is likely to be more widely adopted in the future
by those authorities who favour controlled tipping but
who are somewhat limited by planning or other con-
siderations in the choice of a site or when suitable land
for tipping is limited.

" By this treatment the bulk of refuse is reduced by half
and the density is greatly increased (said to be at least
6 cwt per cubic yard) before compaction. If disposed of
by controlled tipping more economic use can be made of
transport and tipping space, tip control is easier and
consolidation is greatly improved. The material is not
attractive to flies and vermin, has no offensive odour and
can be disposed of on land that would be unsuitable for
the tipping of crude refuse. It should not, however, be
considered as satisfactory for controlled tipping without
the use of adequate covering material. Neither should it
be tipped on land where there is a liability of water
pollution since it has precisely the same constituents as
crude refuse and must therefore be considered as equally
suspect. Pulverised refuse ' breaks down ' more readily
than crude refuse and may possibly be used for covering
material after a comparatively short period, say, one to
two years. It is said to be a good soil improver and
possess low fertilising value."

k Gaskell, J. (1965) Publ. Hlth Inspector, 73, 331-337.
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Davies I adds the comment that
" the importance of pulverising as a refuse disposal

technique lies mainly in the fact that it can be adapted so
readily to the composting process."

No cost figures were available for the pulverization
plant at Ivry, but it was possible to obtained detailed
data at the plant at Stafford operated in conjunction
with a landfill. The Volund pulverizer m used there
consists of a large horizontal rotary drum with flat
perforated plates. A central steel shaft running
through the drum carries blunt steel knives which are
positioned according to the density of refuse and the
degree to which salvageable bulky material is first
extracted. Comparison of costs with the average
composting plant indicated that the operating
expenses were not substantially different ($2.56 as
against $2.79 per ton), but, as might be expected, the
capital costs were considerably lower ($1.01 com-
pared with $1.76 per ton). The salvage operations at
this plant were remarkably thorough, and income
from this source amounted to $1.70 per ton of raw
refuse. This is unusually high and one should
certainly not expect comparable salvage income in
the USA.

It was observed at Stafford that, with pulveriza-
tion, the refuse apparently did lose its identity and
that it could be handled without nuisance. It was
also noted that, when used as landfill, cover was not
immediately essential since the material packs tightly
even in very wet weather. Experiments are now

I Davies, A. G. (1963) Sanitarian, pp. 349-359.
m Stirrup, F. L. (1965) Public cleansing: refuse disposal,

London, Pergamon.

being carried out at this plant for the composting of
a portion of the pulverized product, since it is
believed that there may be a market for compost in
the surrounding area.

Conclusion
Further research in the USA is certainly indicated,

and recent federal legislation n is most welcome.
The Solid Waste Disposal Act of 1965 is designed

" to prevent air, water and other environmental
pollution from solid wastes through strengthening and
accelerating of research in, and the development and
demonstration of, new and improved methods of proper
and economic solid-waste disposal, including reduction
of the amount of waste and unsalvageable material and
recovery and utilization of potential resources in solid
wastes."

The type of full-scale research and demonstration
project recently proposed by Wiley & Kochtitzky e

" to determine the specific value of compost for
various uses and to develop and test new uses of
compost" is a necessary first step toward the
fulfilment of these objectives.

* *
*

The co-operation of the several ministries in arranging
visits to plants within their countries is especially appre-
ciated. Acknowledgement is gratefully made of the
assistance rendered by all others in the planning and
execution of this survey.

Special thanks are extended to the American Public
Health Association for providing leave of absence to
enable the investigator to complete the survey.

n Hope, M. C. (1965) J. environm. Hlth., 28, 123-126.


