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COST CONSIDERATIONS FOR AN I.E.T. FACILITY

1. INTRODUCTION

It has been stated that the large number of variables
influencing the calculation of costs of commercial food
irradiation involves a complicated collection of
assumptions and relationships. This makes a general
discussion on costs difficult. Certainly/ the evaluation
of the commercial feasibility of a particular facility with
a given throughput, product, dose, product density etc.
would be reasonably straight forward and this is probably
the reason why most research projects tend to be case study
specific. The cost concepts that I intend to discuss are
general concepts which could be related to any large food
processing facility. I will attempt to relate them to the
irradiation of food stuffs. The following presentation
does not cover all aspects of the costs involved in
commercial irradiation of foodstuffs but hopefully the main
areas will be discussed in some detail.

2. VARIABLES INFLUENCING THE COST OP FOOD IRRADIATION

Variables influencing the cost of food irradiation can be
included under three broad headings:

1. Variables concerned with the physical characteristics
of products to be treated;

2. Variables concerned with the operational
characteristics of the plant to be used;

3. Variables concerned with costs of establishment and
operation of an IET plant.



2.1 Product characteristics

The variables relating to the physical characteristics of
the products to be treated include:

1. Effective density of a product.
2. Dose - including minimum/maximum tolerance levels.
3. Temperature requirements during processing.
4. Packaging, degree of uniformity and storage

requirements.
5. Product characteristics relating to irradiation effects

on colour, odour or texture.

Irregularity of shape, size or density of items to be
treated will reduce source efficiency and increase costs.
The concept of source efficiency will be discussed later.

Irradiation costs will vary directly with dose levels
required, with some variation depending upon the range of
tolerance provided in the maximum-minimum allowable dosage
which will again affect source efficiency.

Preservation of product characteristics relating to colour,
taste and texture etc, also influence costs by requiring a
controlled environment during processing particularly in
regard to temperature.

Product handling requirements also influence the cost
structure of a plant as they affect the storage
requirements, container size and type, on-loading and
off-loading equipment, and manpower requirements..



2.2 Plant characteristics

Variables concerned with plant characteristics include:

1. Type of irradiation - Radionuclide - source size,
storage system, loading and
raising systems;

- Electron beam accelerator — type,
kilowatt power, energy level.

2. Characteristics of products - size and shape of
package;

- throughput - annual,
monthly, daily.

3* Movement of materials - internal/external conveyor
system;

- source dimensions;
- number of passes.

4. Control systems - degree of automation;
- dosimetry;
- radiological protection and safety;
- gas removal.

5. Efficiency - Radiation utilization factor;
- Source efficiency factors.

6. Structural work - land and development;
- structure for cell;
- shielding;
- storage facilities.

7. Location



In the case of radionuclide sources plant utilization is
more important than capacity for any desired level of
output. Consequently, when radionuclides are used,
operations should be planned on a continuous operating
basis to maximise capacity utilization and minimise cost
per unit treated. The significance of a high plant
utilization factor will be illustrated later.

2.3 Cost variables
.•

The variables which determine total costs include:

1. Capital costs - depreciation - plant
- radiation source;

- interest on borrowed funds
(opportunity cost of capital);

- return on equity.

2. Operating costs - interest on working capital;
- radionuclide reloading;
- manpower;
- repairs & maintenance;
- plant utilisation factor;
- power and other utilities.

Perhaps the most significant factor determining the
commercial viability of a food irradiation plant is the
amount of capital investment required to provide processing
facilities at commercial levels. In order to estimate the
probable costs of irradiating food at commercial levels I
will now discuss what I consider to be the main determining
factors.



3. DETERMINANTS OF FOOD IRRADIATION COSTS

The determination of total irradiation costs depends to a
large extent on the cost of the energy source used,
relative to annual throughput of product. Thus the
selection of the type of source to be used will ultimately
determine the nature of investment and operating costs
incurred by an irradiation facility.

Comparative costs of alternative sources depend upon many
factors including installed cost, efficiency of source
utilisation, source reliability/ and in the case of
radionuclides the rate of replenishment. In the case of
electron accelerators it is necessary to select the type of
machine and energy level suitable for the products to be
processed.

3.1 Source costs

The relationship that has been used to estimate the source
requirements of any irradiation facility is:

One kilowatt (kw) of absorbed radiation power will treat
360 kg of food product per hour, with a density of one, at
a 10 kGy dose at 100% efficiency of source utilisation.

o Source utilisation efficiency

The source utilisation efficiency factor is the ratio of
irradiation energy absorbed in the product to the radiation
energy emitted form the source. It takes account of the
fact that not all the emitted irradiation energy is
absorbed by the target material. The majority of the



energy emitted is absorbed by material other than the
material being irradiated, e.g. packaging, conveyors,
internal walls, etc.

As a result of these energy losses efficiency factors for
radionuclides range from 20 to 40% for Cobalt-60 and
15 to 25% for Cesium-137 facilities. By comparison the
efficiency factor for electron accelerator facilities may
approach 50%.

o Capacity utilisation

As I will demonstrate later, total costs of a radionuclide
facility are much less sensitive to changes in capacity
utilisation than are electron accelerator systems. This is
mainly due to the higher.proportion of fixed costs incurred
by radionuclide facilities, a large proportion of which is
attributable to the cost of the source material.

The capacity utilisation is expressed as a percentage based
on the number of hours per year, month or day that the
facility is being utilised. For example, if a facility
operates 8 hours per day it would be said to have a
capacity utilisation factor of .33 or 33.3%, or if a plant
was in operation 8000 hours per year, capacity utilisation
would equal .916 or 91.6%.

It is the capacity utilisation factor that determines the
quantity of throughput per unit of time that the facility
will be designed to accommodate. For example, if a total
annual throughput of say 64,000 tonnes is expected, and a
capacity utilisation of 8000 hours per year is scheduled
then 8 tonnes per hour of throughput will be possible.



o Source requirements (Radionuclide)

To illustrate the sensitivity of the various elements of
the above relationship Table 1 has been constructed
assuming a total annual throughput of 65,000 tonnes.

It can be seen from this table that for any given level of
dose required and source efficiency, the initial curie
requirement will vary directly with plant throughput per
hour. The greater the throughput, the greater the source
requirement. For any given level of throughput per hour
the source requirement will vary directly with the dose
level and inversely with the efficiency of source
utilisation.

o Annual cost of radionuclide source material

Having established our radionuclide source requirement it
is necessary to calculate the annual cost of that material.
Unlike most items of plant and equipment radionuclide
material requires periodic replenishment in order to
maintain the level of radiation energy required by the
facility. Thus, in addition to the initial investment in
source material and the cost of capital and depreciation
associated with that investment, subsequent smaller
investments in replenishment source material is also
required and these will also involve a depreciation and
cost of capital expense. The problem of annual cost
calculation is perhaps more critical when comparing the
costs of the two radionuclide sources - Cesium-137 and
Cobalt-60. This comparison is made difficult because of
the different cost, curie requirement and decay factor for
each source material. As you know Cobalt-60 decays at a



Table 1. Source requirement in million curies

Average dose
Source

efficiency

(%)
Cobalt-60

15

20

25

30

35

40

8000

1.00

.75

.61

.51

.44

.38

1 kGy

6000

1.35

1.02

.81

.68

.58

.51

Hours/year
4000

2.03
1.52

1.22

1.02

.87

.76

8000

2.03

1.52

1.22

1.02

.87

.76

2 kGy

6000

2.71
2.03

1.62

1.35

1.16

1.02

4000

4.06

3.05
2.44

2.03

1.74

1.52

Cesium-137

15

20
25

4.7
3.52
2.82

6.26
4.69
3.76

9.39
7.04
5.63

9.39
7.04

5.63

12.52
9.39

7.51

18.78
14.08

11.27



rate of approximately 12.5% per year while Cesium-137
decays at a rate of approximately 2.3% per year or about
11% every 5 years.

One method of calculating an annual cost of radionuclide
source material would be to take a period of time, say
10 or 15 years, and to amortise the Net Present Value of
the initial investment and the periodic replenishment
costs. The nature of these cash flows is illustrated in
diagram l(a) and l(b) for 10 year and 15 year time periods.
These cash flows are based on the following assumptions
regarding source costs, requirements, etc.:

(a) Installed price per curie - Cobalt-60 - $A1.50
Cesium-137 - $A0.40

(b) Source requirement in Curies - Cobalt-60 - 2M Curies
Cesium-137 - 14M Curies

(c) Salvage value of source material - 70% of initial
investment.

The estimation of the salvage value of the source material
is a difficult question. As this technology has not yet
been fully developed the rate of obsolescence is much
higher than for more developed technologies. As a source
is replenished the unit strength and value of its
components decline. Source design is subject to continuous
technological improvments. There is no assui.«oce of a
market for discarded sources, indeed, problems of disposal
involving expense could be encountered. The salvage value
should take account of the rate of obsolesence of the
source including replenishments, changes in source
configuration, and values and problems relating to disposal
of abandoned sources, etc.
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The Net Present Values of the cash flows illustrated in
diagrams l(a) and l(b) are calculated using the following
formula

n
Net present value - NPVCF^ =

(1 + r)n

i = 0

where CFi = annual net cash flows
n = number of periods (10 and 15 years)
r = the discount factor (10%)

(The magnitude of the discount factor will be discussed
later.)

The Net Present Value of these cash flows are:

$A

Cobalt-60 (10 years) 4,495,000
Cesium-137 (10 years) 4,709,000

Cobalt-60 (15 years) 5,350,000
Cesium-137 (15 years) 5,429,000

Having calculated the net present values of these cash
flows it is a simple matter to convert them into annual
equivalents. This is achieved using the following
formula:

Annual = NPVCFi
Equivalent [(1 + r)n - 1]
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(375,000) (375,000) (375,000) (375,000) (375,000)
($3m) (375,000) (375,000) (375,000) (375,000) $1.725m
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NPV = $4.495m Annual equivalent = $731,540
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NPV « $5.35m Annual equivalent = $703,380

DIAGRAM 1(a): Cobalt-60

($5.6m) ($616,000) $3,304,000
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NPV = $4.709m Annual equivalent = $766,370

($5.6m) ($616,000) ($616,000) $3,304,000
| i I i t t _ t I • i I t I t

0 1 2 3 4 5 6 7 8 9 1 0 11 1 2 1 3 1 4 1 5

NPV = $5.429 Annual equivalent = $713,770

DIAGRAM Kb): Cesium-137
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The annual equivalent source costs are:

$A

Cobalt-60 (10 years) 731,540
Cesium-137 (10 years) 766,370

Cobalt-60 (15 years) 703,380
Cesium-137 (15 years) 713,770

We are now able to compare the relative costs of each
source material. The cost advantage as indicated by the
above comparison in favour of Cobalt-60 is by in large a
function of the higher energy output and the higher source
efficiency of Cobalt-60. The low gamma-ray energy of
Cesium-137 which produces considerable absorption of the
radiation within the source itself and its encapsulation,
contributes to its poor efficiency rating. If it was
technically possible to improve the source efficiency of
the Cesium-137 facility, from say a factor of .2"0 to .25
the source requirement would be reduced to
11 million curies of Cesium-137 as opposed to
14 million curries required in the previous exerciser This
increase in source efficiency of the Cesium plant would
result in the following annual equivalent source costs:

$A
Cesium-137 (10 years) 602,100
Cesium-137 (15 years) 560,870

Consequently a 25% increase in Cesium source efficiency
resulted in a 21% reduction in source costs on an annual
equivalent basis. A cost/benefit appraisal would be
required to ascertain whether the additional costs incurred
in increasing source efficiency would be offset by the
reduction in source costs.
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o Dose

As indicated earlier in this paper the dose level is an
important determinant not only of the type of irradiation
facility required but also of the cost structure of that
facility. As you know dose levels vary according to a
number of factors including:

(i) the purpose for which the targets are being
treated;
(ii) the nature of the target; and
(iii) the number of passes through the radiation field.

Holding all other variables constant, irradiation costs
will vary directly with dose levels with some variation
depending upon the range of tolerance provided in the
minimum/maximum allowable dosage. Where tolerances are
small, greater attention must be given to control and this
may result in increases in the cost of control devices and
control operations.

In the above calculation of source costs and source
requirements an "average" dose of 4 kGy was used. The
concept of "average" dose should be discussed further
particularly in regard to 'service' type facilities
treating a wide variety of products requiring different
dose levels all with different minimum/maximum tolerance
levels.

Multipass techniques smooth the dose distribution and
improve the utilisation efficiency of the source material.
If the package dimensions are small, the ratio of maximum
to minimum dose is very nearly unity but the throughput is
very small. As the package size increases in height or
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deptht the maximum-to-minimum ratio also increases as does
the throughput. As the package size continues to increase,
the throughput eventually begins to decrease due to the
decrease of the minimum dose. Therefore, there is an
optimum package size, which provides the greatest
utilisation efficiency, for a given maximum/minimum dose
ratio, i.e. the use of a multi-pass conveyor will provide
greater utilisation of the source material without
sacrifice of the maximum-to-minimum dose ratio.

It is therefore desirable to administer the lowest
allowable dose to the produce in order to minimize
processing costs per unit of throughput. This can be
assisted by carefully mating package to irradiator for best
dose uniformity. This will necessitate co-operation among
owners, designers and users of irradiation facilities.

With reference to our previous example, had we assumed an
average dose of 1 kGy, total annual source costs would have
equalled:

$A $A
1 kGy 4 kGy

Cobalt-60 (10 years) 180,520 731,540
Cesium-137 (10 years) 192,670 766,370

Cobalt-60 (15 years) 176,340 703,380
Cesium-137 (15 years) 179,463 713,770

In other words, source costs will vary in direct proportion
to variations in dose levels.
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o Transportation and installation of source material

The cost per curie of the radionuclude source material will
also vary according to the distance from the supplying
organisation. As Cesium-137 initially requires larger
quantities of installed source material, large installation
and transportation costs will be incurred. This will to
some extent offset the savings on the source material
acquisition. However/ the necessity to replenish Cobalt-60
on a yearly or half-yearly basis would result in more plant
downtime than in the case of Cesium plants which require
replenishment much less frequently, e.g. every five years.

3.2 Capital costs

The main items which make-up the capital costs of a
radionuclide plant include:

Building
Source frame
Source
Source pool and elevator
Ventilation and cooling
Refrigeration equipment
Working capital
Contingency

Shielding
Instrumentation
Conveyor
Control room
Dosimetry laboratory
Planning, design and
engineering

Of course, for an Electron Accelerator system, machine and
equipment costs and their installation costs would replace
source related costs in the radionuclide facility.
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Generally speaking the level of investment required will
depend primarily on:

1. The scale of planned operations.
2. The type of source selected.
3. Whether the facility is designed as an independent

services type operation providing irradiation services
to food processors on a fee basis, or whether the
facility is designed as an integrated operation within
a complete food processing plant.

4. The cost of planning, design/ engineering and
development prior to operations.

I do not intend to cover the individual costs of planning
and constructing an irradiation plant. As indicated
previously, these costs are case study specific and can be
obtained from engineering and plant construction agencies.
Instead, I wish to discuss basic cost concepts and cost
calculation methods.

o Annual cost of investment

The most desirable method of calculating the annual cost of
capital invested, is the Capital Recovery With Return
method. The alternative and traditional Average Investment
method which separates the cost of an asset into
depreciation and interest components, is considered
inaccurate and not in accord with economic theory.

Average investment method

Depreciation is usually calculated as:
Annual = Cost of asset - Salvage value

depreciation Life of asset (years)
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Interest is calculated as:

Annual = (Cost of asset + Salvage value) x Interest
interest 2 rate

Thus the annual cost of asset purchase under this method
is:

Annual cost of = Annual + Annual
asset purchase depreciation interest

Capital recovery with return method

Under this method annual cost of asset purchase is
calculated as:

R = (C - S)
(1 + r)n - 1

where R = annual cost
C = cost of asset
S = salvage value
r - interest rate

The inaccuracy referred to previously tends to increase
with the level of interest rates and the life of the asset,
but decreases with the size of the salvage value.

The appropriate cost of an item in comparing investment
alternatives is its opportunity cost, i.e. its value in its
best alternative use. For variable cost items the cost of
an item is given by its purchase price. For capital items,
the opportunity cost is the purchase price but the
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difficulty lies in apportioning this cost over a number of
periods. If an items costing $C is expected to last n
years with no value at the end of year n what is the
opportunity cost, on an annual basis, of owning this item?
One could argue that the cost could be separated into two
components:

. Capital recovery

. Interest or return on investment.

These two cost elements, capital recovery and return can be
expressed as indicated in the above formula.

An example

Lets suppose that an irradiation facility being evaluated

is estimated to cost $2.5m. It is expected to have a

nominal scrap value of $250,000 at the end of its

anticipated life of 15 years. The opportunity cost of

funds is 10% real (assuming zero inflation).

Average investment method

Annual cost $m(2.S - .25) + (62.5m + 62.5m x .10)
15 2

$2.25 + (1.575 x .10)
15

$150,000 + $157,500

$287,500
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Capital recovery aith return method

Annual * $m(2.5 - .25) .3 (1 + .I)*5 + ($2.Sm x .1)

cost (i + .i;-5 - i

- $295*800 + $25*000

• $520*800

The difference of $55*300 per year is a 10% understatement

of the costs of ownership per year.

The extent of the inaccuracy will vary depending on the

life of the asset and the interest rate (opportunity cost

of funds) used. The longer the life of the project the

greater the underestimation of ownership costs* and the

higher the interest rate the greater the underestimation of

ownership costs. The ratio of salvage value to original

investment will also influence the degree of

underestimation* i.e. the lower the salvage value the

greater the underestimation of costs.

o Appropriate interest rate

Nominal versus Real interest rates

In the above example a real interest rate of 10% was used
to calculate annual cost of asset ownership. A real rate
of interest is one from which the effect of changes in the
purchasing power of money, due to inflation, has been
removed. Nominal interest rates express the face value of
the cost or return for money at any point in time, and is
not directly comparable with other rates over time if there
has been a change in the value of money due to inflation.
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In tiroes of low rates of inflation the selection of the
interest rate is relatively straight forward, since the
nominal rate is in fact the real rate. With inflation this
is not the case and the relationship between the nominal
and real interest rate is as follows:

where Ir = Real interest rate
In = Nominal interest rate
F = General inflation rate

As an example, the use of a 10% real rate of interest,
assuming an inflation rate of 8%, is equivalent to a
nominal rate of approximately 19% p.a.

It follows from the above that where real rates of interest
are used, annual costs must be expressed on a constant
dollar basis. Alternatively, where nominal rates of
interest are used, annual costs must be expressed on an
actual or nominal dollar basis.

Hence, given that the intent of calculating the cost of
owning a machine in engineering economy studies is to
assist in such areas as pricing decisions, enterprise
selection, investment evaluation, etc, it is important that
the method of calculating machine costs be consistent and
correct.

o Allowance for risk

Risk in a capital budgeting context includes financial risk
associated with the leverage employed by the firm, business
risk associated with the type of activity the firm is
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engaged in/ risk of technological change, obsolescence, etc
and risk due to errors in estimation of the parameters
entering into the analysis. How then are these risk
factors taken into account in the evaluation of an
investment proposal. Often, a judicious decision is based
on a number of risk accommodating criteria combined with
judgement. The most simple approach is to use an interest
rate or discount factor which reflects the opportunity cost
of capital with a comparable risk component. In other
words, a return on investment that would provide adequate
incentive to invest in a project with an identical level of
risk.

Firms engaged in the processing of food products, as in
every case of competitive investment, are confronted with
the problem of evaluating alternative applications of
resources, and the relative potential returns that may be
expected from each in relation to the degree of risk
involved. As a result, the availability of private funds
to invest in food irradiation will depend upon the
anticipated final net return on investment in relation to
risk involved and in comparison with alternative ventures.

Ionising energy treatment of foodstuffs is generally
speaking a new and yet unproven technology and one which
involves undefined problems of consumer acceptance and a
high degree of obsolescence. As such, it presents a
relatively high degree of risk. To attract capital, it
will therefore be necessary to plan for a return on
investment somewhat higher than would be required in less
risky activities.

A rate of return on capital as high as 50% has been
suggested by various analysts. The management of a
commercial enterprise will require a rate of return,
according to its judgement of the risk of the venture,
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higher rates being required for propositions judged to be
more risky.

3.3 Operating costs

Operating costs will depend on a number of factors
including:

o Source type - radionuclide, electron accelerator etc,
o Degree of automation - manpower requirement
o Capacity utilisation - hours per annum of operation
o Scale of operation - tonnes of throughput per annum
o Utility usage - electricity, water etc.
o Source size - kilowatt of radiation output
o Maintenance schedule - labour and components
o Materials handling system
o Composition of irradiated products - changes from one

operation to another.

In general, once the size of a facility is fixed, based on
future expected activity levels, it is the annual operating
costs which will determine the profitability of a facility.
If the actual activity level differs from the designed
level, movement will be within the range of operating costs
for that facility. In most cases the appropriate response
to uncertain or variable throughput or demand is to design
a facility with excess capacity. This approach is adopted
in order to minimize operating costs in the short term. In
addition, facility expansion will not be required following
higher than expected demand or throughput. The level of
excess capacity will therefore depend on the nature of the
short run or operating cost function.
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3.4 Cost functions of alternative irradiation facilities

Having determined the size of a facility, based on expected
future demand and throughput, it is necessary to consider
the effect of variability in capacity utilisation on total
and average processing costs. This variability can result
from a number of causes:

1. Uncertainty in the forecast of the eventual activity
level of the facility, compounded by the lead time
required between the decision on facility size and the
operational introduction of the facility.

2. Variable activity levels in the eventual operation of
the facility resulting form both random and seasonal
changes in demand.

3. Growth and other systematic changes in activity levels
over the operational life of the facility. This is a
problem, of course, only to the extent that the
facility cannot be systematically expanded or
contracted over its life span in response to these
changes. I understand that some expansion of source
size is possible provided that it was allowed for
during the design and construction phases of the
project.

A comparison of the cost functions of the two alternative
sources as illustrated in Diagram 2 may help to identify
some of the implications of this variability in throughput
levels.
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Diagram 2 is based on cost relationships formulated by
Brynjolfson back in the early seventies and therefore may
not be indicative of the actual level of current costs.
However, the form of Brynjolfson's cost relationships, I
feel, may still be indicative of current relationships.

As illustrated by Diagram 2 total fixed costs account for a
greater proportion of total costs for the radionuclide
facility compared with the electron accelerator facility.
The investment required in source material, i.e. Cobalt-60
is the main cause of this difference in fixed costs. A
comparison of operating costs shows that the rate of
increase in costs resulting from increased levels of
throughput is greater for the electron accelerator
facility. The use of the radionuclide source material is
independent of the level of throughput whereas the extent
of power usage in the electron accelerator facility is
almost totally dependent on throughput levels.

Diagram 2 indicates that at full capacity (8000 h/yr) a
5MeV electron accelerator facility with a beam power rating
of 22 kw is more costly per kilogram of throughput than a
1.5M curie Cobalt-60 facility both processing 8 tonnes per
hour for 8000 hours.

However, if the level of capacity utilisation falls it
could be expected that the electron accelerator would
eventually achieve a cost advantage per unit of throughput
over the radionuclide facility. In the situation
illustrated in Diagram 2 the electron accelerator has a
cost advantage over the Cobalt-60 facility for capacity
utilization levels up to 5800 hours/annum (or
46400 tonnes/annum). Past that point the Cobalt-60
facility has a cost advantage.
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One implication of the above analysis is that for a
facility treating a wide variety of products with different
doses and with varying throughput levels, e.g. agricultural
products, a low capacity utilisation factor will result.
Hence it may well be that, in such circumstances,
electrically driven irradiation sources may be preferable
to radionuclide source facilities on commercial grounds.

4. OTHER COST CONSIDERATIONS

4.1 Techno-economic considerations

Any commercial evaluation of the profitability of an
irradiation facility for the treatment of agricultural
products must address a number of techno-economic aspects
which will impact on processing costs. These aspects
include:

1. The quantity of product to be treated and the unit
value of that product, i.e. a high unit value product
can be treated at small volumes of throughput, whereas
a low unit value product will require high volumes.

2. The plant must be located at a convenient point in the
flow of product from harvest through processing to
distribution in the market place. Transportation costs
and potential delays are a vital part of all
determinations of costs.

3. Product packaging, size of container, palletising
system, and the package density are of vital importance
in the designing of a multi-product oriented plant.
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Logistical and environmental conditions in food
production and distribution require a short residence
or hold-up time in the irradiation facilty.

The relative commercial feasibility and cost
effectiveness of 'multi-product' and 'service'
facilities in an agricultural product environment

6. The transportation, handling/ scheduling, public
acceptance and related questions must be considered in
any realistic assessment of the feasibility of
irradiation of fresh products since most must be
marketed without delay.

These techno-econcmic considerations translate into the
following technical requirements for a 'service' type
facility:

o The requirement for great flexibility in the dose to be
applied;

o high speed of the product conveyor system;

o small product hold-up volumes and short product hold-up
times in the irradiation process;

o product conveyor system should not represent a cause of
potential physical damage to the food products;

o ability to handle sharp fluctuations in through-put
resulting from the high degree of seasonality in the
production of most agricultural products;

o the capability to upgrade the facility as increased
throughput, user and consumer acceptance and economic
viability are achieved;
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o the need to construct refrigerated storage facilities to
hold product prior to and following irradiation in order
to prevent re-infestation and/or quality degradation.
The capacity of this storage will be determined by the
processing capacity of the plant, the degree of
seasonality (peak supply throughput) of the products
treated, and the logistics (packaging, distribution and
transportation etc) of the marketing process.

It is therefore desirable to maximize the product handling
aspect subject to capacity constraints and to minimize the
product hold-up and storage time at the irradiation
facility. Because of the necessity to accept the product
in its routinely and traditionally applied packaging or
transportation form, the irradiation plant may have to
sacrifice on source efficiency. In other words the
accommodation of the food product as it is presented to the
irradiator (in order to reduce handling and hold-up times)
will mean that the utilization of the irradiation source
will fall below that technically possible.

4.2 Economic aspects of a 'service type* facility

The seasonal nature of most agricultural industries will
ensure that a treatment plant, designed to handle a
constant throughput, will either experience periods of
excess capacity or will be unable to process the quantities
of product demanding treatment. The former will result if
capacity considerations are based on peak intake volumes,
while the latter will result if a constant minimum base
load is used to determine the capacity of the plant.

%

Excess plant capacity will result in low source
utilisation, where a radionuclide source is used, since the
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source is continuously emitting energy whether or not the
plant is in operation. This factor is of course not
applicable in the case of electron accelerator systems
where the power can be turned off when not in use. Plant
and equipment, excluding source material, will also be
under-utilized and increased capital costs per unit of
output will result. Variable costs by definition will not
be effected by underutilization of the source or the plant
and equipment. An indication of the additional costs
incurred as a result of a reduction in capacity utilization
can be obtained by reference to Diagram 2.

Insufficient capacity to process the quantity of product
requiring treatment would of course result in either the
loss of product because of lengthy storage and hold-up
times and/or increased costs as additional storage
facilities would be required to handle the surplus
product.

In either situation average cost per unit of output will be
greater than for a plant treating a constant level of
throughput for which adequate capacity exists. In each of
the situations, the capacity utilization factor is the most
important determinant of costs.

What ever the capacity of a plant or its scheduled
utilization, output is also affected by loss of throughput
during emergency shutdowns, or periods of transfer form one
type of processing to another.

This situation can be expected to apply with respect to the
treatment of mangoes in Queensland. The relatively short
season (approximately 10-12 weeks) of mangoes would require
that a treatment plant would need sufficient storage
facilities to allow subsequent treatment when capacity
became available. As short storage times for mangoes are
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essential any base load throughput which did not require
storage could be temporarily suspended to provide this
capacity. There may well be constraints on the degree to
which this base load can be suspended and this should be
considered in the determination of plant capacity.

4.3 Integration or specialization

In the case of an irradiation facility fully integrated
into a total food processing operation the investment and
costs would be absorbed by the food processor rather than a
negotiated throughput cost as in the case of an independent
food irradiation service. Obviously, efficiency will be
higher and costs lower to the extent that specialization
permits simplification of source geometry and conveyor
design, increased efficiency of source utilization and
greater plant utilisation. However, specialization will
only be possible where plant size can be matched to
expected throughput.

In the early stages of development of irradiation treatment
it is likely that facilities will be designed and
constructed to operate with diversification as to both
processes and products until sufficient market demand
develops to make possible the efficiencies of process or
product specialization at high volumes.

4.4 Some recent cost estimates

The cost estimates in Table 2 were obtained from a private
company currently evaluating IET facilities. All costs are
in 1984 US dollars.



Table 2. Total annual costs - electron accelerator

Annual operating schedule
2000 h/yr 6000 h/yr 8000 h/yr

Source - 15 MeV 50 kW

Annual capital cost ($3.7m @ 10% over 15 yrs)
Annual operating costs
Utility costs

Hourly cost

Throughput and cost per tonne

Dose
(kGys)

Throughput/hour (t)
electron x-ray

.1

.3
1

2

4

5

7

30

630
545

163

82

41

33

24
5.5

325

108

33

16

8

6.6

4.6

1.1

1

$us
485,000

400 000
120 000

,005,000

500

$US

485,000

800 000
360 000

1,645,000

275

$US

485,000

1,000 000
480 000

1,965,000

245

Cost per kilogram treated ($US)
electron x-ray electron x-ray

2000 hours 8000 hours

.30

.92

3.07

6.10

12.20

15.15

20.83
90.91

1.54

4.63

15.15

31.25

62.50

75.76

108.70

454.55

.15

.45

1.50

2.99

5.98

7.42

10.21

44.55

.75

2.27

7.42

15.31

30.63

37.12

53.26
222.73
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It must be kept in mind that these cost figures were
provided by a machine supplier and as such may be somewhat
biased, on the low side of course. Unfortunately, there is
no electron accelerator currently in operation to
substantiate or dispute these cost estimates. The initial
costs for commercialising this technology are uncertain.
The construction of a test accelerator which is
specifically engineered for mass production to process
food, would provide a much better understanding of eventual
costs as well as providing a dedicated machine for efficacy
studies with bremsstrahlung radiation.

5. SUMMARY AND CONCLUSIONS

1. There are a large number of variables involved in the
assessment of the relative economic feasibility of
alternative food irradiation treatment facilities.
These variables can be summarised under three
headings:

(i) variables concerned with the physical
characteristics of products to be treated;

(ii) variables concerned with the operational
characteristics of the plant to be used;

(iii) variables concerned with costs of establishment
and operation of an IET plant.

2. With respect to radionuclide sources, Cobalt-60
currently has a cost advantage over Cesium-137 due
mainly to the greater source efficiency factor
obtainable with Cobalt and the higher levels of
radiation energy emitted by that radioisotope. Having
regard to this cost advantage, and also to a number of
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other practical and technical considerations/
particularly the superior target penetration achieved
by Cobalt-60, Cobalt has been preferred as a
radioisotope source material.

3. Although it has been found that for processing plants
running a near full capacity, Cobalt has a marginal
cost advantage over electron accelerator systems/ a
number of other aspects should be considered
including:

(i) the higher level of source utilisation
efficiency obtainable with electron accelerator
systems;

(ii) the greater versatility of electron accelerator
systems.

4. The greater versatility of electron accelerator systems
and the lower unit operating costs compared with
radionuclide systems at lower levels of capacity
utilisation suggest that an electrically driven
irradiation facility would be preferable for plants in
which a wide variety of products are to be treated/ at
varying dose rates/ and where throughput levels are not
known with certainty due to the seasonal nature of
throughput.

5. Finally/ I would like to reiterate a point which I made
earlier regarding the relationship between costs/ plant
design and application. As I indicated then/ the
evaluation of the commercial feasibility of an
irradiation facility is specific to the characteristics
of that facility. Thus/ in regard to the relationship
between costs and facility design I stress that the
best design approach for a specific application must be
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worked out on its own merits to achieve the least cost
result. This means that the design agency and the
facility owners must get together early in the game to
work out a commercially feasible solution for the
application involved.

THANK YOU


