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CHAPTER 1

. INTRODUCTION

, Apples'are seasonally produced but face aVyear-rourd.‘
-demand. VWithout storage, production would have to be marketed

“within only a few months. ‘The usual- tendency would be for

*fdepressed prlces during and 1mmed1ately following harvestlng,
d'and higher prlces out-of-season. Refr;gerated air storage1
“has long been the means by which Australian'apple‘producers
'fstore their fruit for sale later in the year to take advantage
of higher prlces. The expeoted price differential between

"-sales at harvestinv and sales later in the year has almost
' 'always exceeded the cost of storage for this perlod, 80 .

orchardlsts have raised their net farm 1ncome.

A technique reoently 1ntroduced into the Orange
‘distrlct, and into some other N.S. W. apple producing areas as
well, supplements refrlgerated air storage. This 1nnovatlon
is known as controlled atmosphere (C.A.) storage, and simply :
involves manipulatlng the compos1tion as well as the temperature
| of the storage atmosphere. Hall2 referred to C.A. storage of
apples'as "..;probably the most 31gn1ficant technological
advance since the advent of mechanlcal refrlgeratlon"

Advantages of c. A. storage include an increase in
- the storage life by up- to 25 per cent, maintenance of better
- quality during storage, longer - post—storage shelf life, and
reduced rotting, yellowing, spotting and shrivelling of the
7fruit.3 Consumers are willing to pay premium prices for this
'hlgher quality. C A. storage is however more expensive to
1nstall and operate and requlres greater skill and care by the

] , , A ,
Where apples are stored at just above freezing p01nt to reduce
respiration and hence increase the period during which they can
. be stored. Storage temperature and storage life vary from -
‘ varlety to variety.

2
Hall, E.G., "Principles of Controlled Atmosohere Storage" -

in Proceedings of an Extension School on C.A. Storage of
Apples and Pears (oydney: N.S.W. Department of Agriculture,
. WMarch™19697, p. 5. R ' -
3 .
j For greater deta11 on these points see "Longer Llfe for
Apples", Rural Regearch in C.S.I.R.0., No. 34, (December 1960),
p. 14; and "Advantages and ﬁIsadvantages of C.A. Storage",

Victorian Hortlcultural Digest, 13 ( (February 1969),
.ppo1-1o ‘ _




orchardist. 7

Thus there is a problem in balancing the COStb of and
the gains from C.A. storage, and. this provided the underlying _
‘basis for the study reported herein. -

. 1.1 JUSTIFICATION OF THE sTuDY

v - The rapid increase in the use of C.A. storage by

, N.S W. orchardists over the past geven years has resulted in a
~ large flow of investment funds into the orchard sector.
Contact with several growers suggested that while many of the
~orchardists installing C. A, facilities did carefully examine
Athe economics of such an investment, many did not. Attractive
‘premiums obtained during the initial years of marketing C. A,
fruit’ decided many orchardists, and little thought was given

‘:to future profit margins,

Prellminary reviews of the literature revealed a
great deal of technical and physiological information on C.A.
storage, but little emphasising economic factors. Furthermore, o
 the economic information Wthh was available generally suffered‘A
two deficiencies. ' ' ~

‘ Pirst, most reports Jlooked only at a section of the
1{oomp1ete storage process4 and only one study5 went as far
as to actually compute the net returns from C.A. storage.

Second, the economic research done was invarlably
presented in terms of "dollars per bushel case per annum" .
' Although the orcherdist often requires per bushel case flgures
for comparlson with market reports, his major concern is whether
an invesiment in C.A. storage will add to his mnet farm income.
- Thus critéria emphasising total returns from the store

”3,appear more sultable. TFurthermore, the long~term nature of C.A.

- gtorage investments demands the use of some measure other

4
See for example, Holligan, P. J., An Open Flame Controlled

" Atmosphere Generator (N.S.W. Department of Agriculture,
ricultura gineering Centre, Glenfield: Technical Report

‘Fo. 1/73, 1973); Blanpied, G.D., Estimated Apple Storage Costs
(Gornell University: Agricultural Kconomics %esearcﬁ Report

No. 87, June 1962)}; and Thomas, O.R. and W.P. Jensen, "Control-
led Atmosphere Storage: Costs and Compensations® (Paper

presented to American Society of Agricultural Englneers,
Utah State University, June 19 8)9 ,

5
~ Thomas and Jensen, op.cit., p. 10.
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than "dollars...per annum", so criteria'emphaeising‘nOt oniy
" total benefits but also the time aspect, were required..

| C.A. storage can be used for other fruits and’

: vegetables as well as for apples, but apples were chosen as
the only fruit studied because (1) specifying only a single

e_ product reduced the complexity of the analysis,.(2) apples

1~represent about 85 per cent of all fruit stored under C. A.
1conditions, and (3) in terme of value, apples are the most
important fruit traded at the Gity of Sydney Wholesale

. Markets.

The Orange distrlct was selected as the reglon for
the study because of the domlnant posltlon of the district in
_"the supply of C.A. stored apples to the Sydney Markets (see
Table 1) and the recent and continuing boom there in the
nconstructlon of C.A. stores (see Table 2)

PABLE 1

N.S.W. C.A. Storage Capacityi>1972/1§7

. District (a) | Grower Stores Co-op. Stores \' Total

Bushel | Bushel | ‘Bushel
No. | Capacity | -| .Capacity Capacity

lorange 30 | 418,200 | 1 | 110,000 | 31 | 528,200
Batlow 4 | 102,800 | 2 234,000 6 | 336,800

N.S.W. (a) | 34 | 521,000 3 344,000 | 37 | 865,000

,(a) The New England dlstrict did have one 10,500 bushel co-
operative C.A. store, but this has recently been dismantled.

6

In 1968/69, the latest year in which comparative figures
- are available, apples comprised $12.3 million of a total
‘fruit turnover value of $52.8 million.

7

. The Division of Hortlculture, N.S.V. Department of Agrlculture
provided the information for both Tables. Approximately 30,000

bushels of C.A. capacity has been. added up until December 1973.
Some 20 000 bushels of this was in the Orange area.
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‘TABLE 2

C.A. Storage'Construotion in the Orange District: Cumulative

Season

No.

- C.A.

Private

Stores

Bushel

~ Capacity

1 1967/68
1968/69

1969/70

1970/71
1971/72

15,000 -
25,000

’3101 500

220 250 .
367,250

- 1972/73 418,200

{
B

1. 2 OBJECTIVES OF THE STUDY'

For the orohardlst contemplating increa91ng his frult

storage oapaoity this study attempts to provide information to

'.help him make such a decision. Maaor questloﬁa asked were (1)
is refrigerated air storage of apples in the Orange district
of N.S.W. profitable, (2) does the addition of C.A. facilities
‘increase profitability, and if so, which systems are the most

profitable, (3) do economies of size exist in both refrlgerated
" air storage and C.A. storage, and (4) how sensitive is
profitablllty to changes in dlscount rates, decision crlteria,
length of run, and prlce changesQ- '




CHAPTER 2

PRINCIPLES OF CONTROLLED ATMOSPHERE STORAGE P

2,1 BIOLOGICAL BASIS

Biochemical reactions, including respiration,
continue in apples afte: they are harvested. These
- reactions must be inhibited if the fruit is tO'be_stored>
‘without cell breakdown'and-subsequent microbial attack.
Cool room (refrigerated air) storage achieves this by a
reduction'in the storageftemperature, C.A. storage utilizes
‘an additional three methods to inhibit respiration, namely
() reducing the oxygen‘(oz) confent‘of the storage
‘atmosphere, (2) increasing the carbon dioxide (002);00ntent
of the storage atmosphere; and (3) increasing the relative
humidity of the storage atmosphere. Obviously, a store
as air-tighf as poséible is required for efféctive
atmosphere control. B S

2.2 TECHNICAL BASIS

| The technical aspects of C.A. storage have been
relatively well documented and information on both
theoretical bases and overseas applications have been
available for some time. Reviews of developments in
‘Australia and overseas have been done by Holligans and -
Dalrymple9 respectively. S '

| C.A. storage has been practised in Britain and
Europe for many years but the method used was to store
:apples in an airtight but uncooled room, letting the
fruit itself generate = low O, -high CO, atmosphere -

by respiration. This method is unsuitable for N.S.W.

Holligan, P.J., "The Design, Construction and Operation
of Controlled Atmosphere Cool Stores for Fruit - Part II*
(Paper presented to a meeting of the Agricultural

- Engineering Branch, Institute of Engineers, Australia,
Sydney, July 1971). - ‘ '

9 . '

. Delrymple, G.A., "The Development of an Agricultural
‘Technology - Controlled Atmosphere Storage of TFruit",
Pechnology and Culture, 10 (1?,_(March 1969), pp. 35=48.
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as the need for rt:.fz;'igg;o;,'uf;ion reduces Lhe respirvation rate too
quickly for the requérod atmosphere in the store to develop.

Several related events contributed to the introduct-
ion of C.A. storage inte N. S.W. in the late 1960's: (1) researoh
in Britain1o and Austra11a11 showed that the optimun abmospheric
composition was 2.5 per cent 02, 2.5 per cent 002 and 95 per
cent nitrogen (N ), and that this composition should be '

}achieved within 4—5 days of room gealing; - (2) development of
‘mechanical "low oxygen generators"12 to achieve the required
atmosphere within 5 days and to maintain the correct concent-
ration if the room. leaks, and (3) the release of dlphenylamlne
‘ (DPA) in Australia as a scald inhibitor. ]

‘Since each volume of 02 removed from the lnberlor
"atmosphere results in the addition of one volume of CO, (no.
matter which generator system is chosen) gome means muet ‘be
“found of removing the excess 002 above 205 per cent from the
air. A wide range of such "gerubbing" materlals is avallable‘
“but dry slaked 1ime is generally most popular because of
‘ lower cost per unit sorubbing capa01ty.‘

The maln advanbages of mechanlcaliy generated C.A.
storage have been outlined in detail elsewhereo1s In summary
_ they are: (1) the optimal storage atmosphere can be achieved
- withln the required 5 days; (2) frult harvested at different
times can be put into the same TOoom and tbe atmosphore
'_regenerated, (3) fruit can be removed for sale at dlfferenb

10

Fidler, Jde C.,'"Controlled Atmosphere Stcrage of Apples",
-The Journal of Refrigoratlon, 8 8), (August 1965), pp. 265—273.;~

11
. Hall, E.cit., po 60

12 : , ,
All C.A. storage facilitles in the Orange dlstrlct are -
- equipped with external mechanical generators. Two types are.
. used ~ "flushing® (two brands) or "recirculating", (one brand).
See Appendix I for descrlptlons ‘of these generators.-

13-
. Australian apple varietles, espec1a11y Granny Smlths, are
_highly susceptible to superficial scald during C.A. storage.
. DPA dipping before storage reduces. the incidence of this
disorder to oommer01ally aoceptable levels, ,

4.
4 Usually 0.5 kg dry slaked lime per bushel case will malnbain
,v002 below 5 per cent in a gas-tight room for a whole season.

~ Other scrubbing meterials used are water, brine. solution,'
‘caustic soda, and activated charcoal.

15
Victorlan Horticultural Digest, op.cxt., Pp-. 14*16,
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times and the atmoéphére' regenerated, (4) a leaky room can
- be maintained at the correct atmospheric content; and (5)
 they provide an insurance ageinst a gas—tight room

developing a leak, o : o




* CHAPTER 3

~ CONTROLLED ATMOSPHERE STORAGE SYSTEMS‘

: C.A. storage roquires a gas-tight room, and this can
- be achieved by either building a new rigid gas—tight room or
’ modifying an existing cool room to meke it gas—tight.

' ;3;1-”R161D ROOM'SYSTEM :

, For 1arger orchards the ereotion of a rigid gas-tight. :
_ ’C A. room has been thought to allow better utilisation of
;expensive refrigeration and generating equipment. Experience

- however has brought to 1ight two drawhacks of such rooms.

First, movement in relative air presgsures and

. temperatures inside and outside these rooms have resulted in the

:Q-development of leaks in the ges seal which should keep the room
’rair-tight.~ Thus the cost of maintainnng C. A. conditions rises.

, E Second, the rectification of these leaks usually
*involves sealing the insides' of the room walls, which has the

’ effect of moving the water vapour ‘barrier from outsgide to inside

}the insulation. This reduces the technical efficienoy of

, cooling and the cost of maintaining low temperatureg increases.

_ A Recent research16 has revealed new materials and
construotion techniques which meke the room more gaa~tight.
‘“However, ‘the above problems still ocour to some degree, 80 in
the following enalysis, two ‘situations will be exemined: (a)

' the. extreme case of a perfectly gas-tight room, and (b) the

;more general case of some leakage (requiring twice weekly
»lowering of the 02 1eve1) o o
At present rigid C. A._rooms may be as 1arge as 50, OOO‘.

) ;bushel capacity, however the most popular sizes in ‘the Orange
i district have ‘been around 10,000, 15,000 and 25,000 bushel

8 capaci’cieso Generally the 1arger the room the lower the per

‘bushel case constructlon costs, but some of these saVings may :.
be cancelled by the need to have extremely reliable refrigerat-’
“ion equipment and large capacity generators such as the Teotrold

. See D.A. Enll Pty. Ltd., "Australie's Most Advanced De51gn :
in Controlled Atmosphere Stores" (D A. Hull Pty. Ltd.-technlcal~
: paper, Sydney, April 1971)s | , | |




_and Capco models.

3.2 MODIFIED ROOM SYSTEM

The high initiallcapital costs of new rigid C.A.
' rooms have prevented many of the smaller orchardists from
installing C.A. storage." A compromise usually involves

- ;converting an existing cool room to a gas-tight C.A. room.‘

- By far the most successful of these conversions has been the.
plastio tent - jacketted-room design developed jointly by
C.S.I.R.0. end the N.S.W. Department of Agriculture. ‘This
_principle is explained in detail by Holligan917 but simply,
a jacketted room involves a gas-tight plastic "tent" erected
inside an existing cool room. An open-flame generator and
dry slaked lime scrubber are usually attached to the tent
(although a Capco generator could be used) and fans provide
a~“homogeneous atmosphere within the tent.. The tent. also
provides a barrier between the fruit and the refrigeration
equipment. '

Plastic tent modified C.A. rooms have several
advantages over rigid C.A. rooms.

(1) lower initial cost; _ :
(2) the flexible plastic allows the volume of air inside
the tent to respond to cheénges in temperature and
pressure, reducing the possibility of leaks and the -
resultant increased cooling and generating costs,
) refrigeration equipment is accessible for maintenance,
- the relationship of the tent to the refrigeration coils
means a higher relative humidity inside the tent,
reducing shrivelling and weight loss in the stored
fruit, N
since a greater bushel capacity is able to ‘be maintained
in C.A. conditions when the room is gas-tight, it is
often worthwhile having several small tents inside a
large room all serviced by the one generator. (This
‘utilises generating and refrigeration equipmenﬁ.more
efficiently and also enables different varieties of

18

17 | -‘
Holligan, 1971, loc.cit. See also K.J. Scott, "Some

- Principles in the Operation of C.A. Storage Rooms",

(Unpublished N.S.W. Department of Agriculture mimeo,
Sydney, 1969).

18 '
- If the refrigeration equipment in a rigid room breaks down,
the room has to be flushed out with normal air before repairs
can commence, and often a period of several days has to elapse

o before the equipment is working again.,
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‘fruit to be stored in, and marketed from, different tents
without disturbing other fruit),

(6) it is generally operationélly eagier to use gas-tight
plastic tents.as‘it_inVOlves less worry about leakage of
the contents. | | o | |

3,3 ADDITIONAL EQUIPMENT

~ Apart from suitable generating and scrubbing_equip-
ment,_operatiqn of C.A. facilities“requires some additional
capital expenditure.

_ . Accurate and reliable instruments are necessary to
measure the storage temperature and atmospheric content. A
propane gas supply system andZD.P.A.;dipping equipment are
also required, and in leaky rooms, a water tower and pump are
often needed to meintain pressure in Capco and Tectrol units,
Additionally, since thé‘atmosphere-within'C.A. rooms will not
support life, many orchardisfs havé on hand breathing apparatus

in cagse of emergencies.

3,4 IHE STORAGE ALTERNATIVES STUDIED

Because of the meny differenf‘cémbinations of
equipmenty; storage systems, and capacities‘of‘C.A. storagéé
which may be employed, 1t waé necessary to consider a range
of alternative storages. This Study‘estimates the profitabil-
ity of 24 C.A. storages which vary by room size, by storage
system, by generator t&pe, and for rigid rooms, by whether
the room was gas-=tight or leaky, and by whather the Capco
generator‘was attached to a Capco gerubber or a lime scrubber.
The selection of these 24 C.A. ppssibilities was based largely
on survey -data (see 5.1). Additionally, 5 refrigerated air
storage rooms of various sizes were included to complete the
analysis. The 29 different storages studied are listed in

- Pable 3..




TABLE

Alternative Storages Studied

Type of Storage System

Controlled Atmospheﬁe Storage

Room Refrig- .
Size erated : Rigid Room |Modified
(bushels)| Air | P C.A. Room ’
Storage ‘Generator Type Gas- |Leaky C.A.

tight

Open flame
Capco + lime scrubber

Open flame
Capco + lime scrubber

Open flame
Tectrol ,
Capco + Capco scrubber
Capco + lime scrubber

Tectrol _
Capco + Capco scrubber
Capco + lime scrubber

Tectrol
Capco + Capco scrubber
Capco + lime scrubber




CHAPTER 4

METHODOLOGY

Investment in orchard cool storage is of allong term
nature and involves variable cash flows of benefits and costs
over the life of the asset. Benafit-cost analysis'® has
therefore been used as the appropriate methodology for this
study. This technique has been applied to some farm develop-
ment project520 but not previously to orchard cool storage. As
we are looking at profitability only in relation to the
-orchardist making the investment, the question of indirect

benefits and costs does not arise.

4,1 PLANNING HORIZON

, Most orchardists interviewed were of the opinion that
 ‘the economic 1life of C.A. and cool rooms and associated equipment
should be set at considerably less than the physical 1life of |
these structures, on the grounds of anticipated obsolescence.

Consequently a planning horizon of 10 years was adoptedg |
Allowance was made for the replacement of plastic tents after
5 years and unexpended physical life in all assets was allowed
for by a 10 per cent salvage valuation.

4,2 DECISION CRITERIA

As Prest and Turvey21 point out, the choice of
investment criteria depends upon whatever it is to be maximised
and on the relevant constraints. Since capital constraint was
only of minor relevance to orchardists in the Orange area and
the objective function to be maximised was net benefits from

19 . -
For an excellent coverage of this topic see Mishan, E.Jd.,

: Cost-Benefit Analysis - An Informal Introduction (London:
- XiTen and Unwin, 1971)

20 ' :
.See for example Harrison, S.R. et.al,, Evaluation of Farm

Development Projects, and Discounted Cesh Flow Analysis of Beef
gevegogmeng Eroiec%s (QLd. Department of Primary Industries:
ecimical Bulletins No. 7 and No. 8, 1970). _

"~ Prest, A.R. and R. Turvey, "Cost Benefit Analysis - A Survey"
Economic_Journal 75 (300) (December 1965), p. TO3.
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the investment over the length of the planning horizon, Net
Present Value (N.P. V.) was selected as the decision criterion.
This criterion also had the additional benefit of reflecting
changes in the scale of investment.

4.3 ,DISCOUNT RATE -
Consideration of on— and offéfarmxopp0rtunityi :

costs of capital and the rate for borrowings led to the
'selection of a 10 per cent discount rate for the analysis,

td and this rate corresponded fairly closely to the views of

the majority of orchardists interviewed. 3A few‘growers
did state however that they had received in excess of 20

- per cent return on capital per annum, while others had

idifficulty in achieving a 5 per cent return.
44 TAXATIGN'EFFECTS

Although the effects of taxation payments and -
deductions are important factors in primary production
“investment,zz they were excluded from this analy81s because
individual orchardist differences in origin and amount of
. income, and allowable deductions could not be adequately
~ accounted for. “Hence before tax analysis was used as a.
,lcommon basis for evaluation of alternative storage profit o
f.abilities.

4.5 BENEFITS NOT ACCOUNTED FOR

Some of the benefits resulting from storage are
difficult to assess and therefore have not been accounted for
in the analysis. These benefits include the ability to: -
: meet customers' requirements quickly; manage labour more
efficiently (especially in the packing shed), and take
advantage of short—term peaks in demand.

22

These effects would include: 213 taxation at the marginal

tax rate on increased profits; (2) investment allowances;
‘and (3) special depreciation which may be allowable on some
items of new equipment. Current details are available from
'the Australian Taxation Office. ' . .
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4.6 EFFECTS OF VARYING PLANNING HORIZON, DISCOUNT RATE AND
DECISION CRITERIA

"The assumptions regarding planning horizon, discount
rate and decision criteria are obviously only one such combinat-

ion, so these assumptions were varied in Chapter 7 to examine
the gsengitivity of relative profitabllltles to another criterion .
‘(internal rate of return), to ¢ime and to discount rate.'




- . of refrigerated air storage in other areas,

CHAPTER 5

DATA COLLECTION

‘ Most of the price data and much of the cost data
required was derived from external sources such as technical
end marketing bulletins, and suppliers quotes., To obtain
the remainder of the data and to supplement and validate
~ external sources, a survey of Orange district orchardists
owning C.A. facilities was conducted. |

5.1 ON-FARM SURVEY

‘Information supplied by the N.S.W. Department of
.Agriculture23 indicated that 20 orchardists operated C.A.
facilities in the Orange district in 1970-71. Of these,

10 had constructed new rigid C.A. rooms and the remaining 10
had modified existing space using plastic tents. All operated
refrigerated air storage. Because of the small number, all

20 were interviewed. ‘A pilot set of questions was shown to
one of the orchardists and on the basis of his criticisms the
final questionnaire was formulated. Useful data was obtained

" from 13 orchardists; 7 reiating to rigid rooms and 6 to

plastic tenta.24

5.2 OQOTHER COST DATA

~ Some previous research was available for the costs
25 so these results -
‘were used to supplement and modify the survey data, where

23 ' '
N.S.W. Department of Agriculture, Fruit Grovers of the Orange
Districti 1970 (N.S.W. Department of Agriculture, Division of
orticulture: May 1970). o

24 - -
' The survey was neither repeated nor extended during the
- revision for this bulletin as the original sample was still
deemed reasonably representative. If some figures did require
revision, this was done on information from other sources.

25 ' .
- Hamilton, C.P. "Economics of Cool Storage" (Paper presented
to a Qld. Department of Primary Industry Cool Storage
Symposium, Stanthorpe, 1965). Also see Board, G.H., "The
Economics of Cold Storage of Fruit" (unpublished Farm .
Management report, University of New England, 1965).
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applicable; to derive figures‘for the Orarge aféa.' Theue costa
are given in Appendix III. ’

- For C.A. storage systems, a different approach'was
used. Information obtained from suppliers, contractors, and
technical bulletins, as well as the survey, allowed the use of
the "synthetic firm" or "economic engineering" metuod of.

- synthesising the costs of the stores. 2° This type of analysis
was made easier in the case of new rigid room stores as most
materials, congtruction techniques and equipment is standard'for
each room size. Many of the operating costs are also similar,

so synthetic costing can be used to advantage. These assumptions
are also listed in Appendix III. General assumptions of the
analysis are given in Appendix'II.

5.3 PRICE DATA

Collection of price data presented some problems.

-.The only sources}which list separate C.A. and normal apple prices
by varieties are Weekly Marketing Notes and Monthly Average
'Prices,27 but because they are average prices for a wide size
range, they are necessarily general and incomplete. A further
deficiency is the short time in which historical price data for
C.A. apples has been available - the first marketing of C.A.
apples was in October 1967. With experience of iny'6 séasons
of marketing C.A. apples, price prémiums have only partially
stabilized. | '

However, because they are the only price data avail-
~ able, average 1967-73 prices, for both C.A. and normal storage,
have been used in this analysis. Additionally, the survey
indicated that all orchardists installing C.A. facilities
examined past prices as at least part of the basis for profit-
ability expectations from their investment. Together with
assumed marketing strategies for normally and C.A, stored fruit
derived from survey results, expected benefits from the various

 'See for example Tuck, I.D., "The Synthetic Firm Approach to
BEstimating Cost-Size Relationghips in Agriculture", (paper
presented to the Annual Conference of the Australian Agricultural
Economics Society, Adelaide, February 1971), and C.C. Dennis
et.al., An Anelysis of Apple Packing Costs_in Michigan, (U.S.D. A2
‘Warket Research Report No. 786, 1964},

o7 | _ o
N.S.W. Department of Agriculture, Weekly Marketing Notes,
and Monthly Average Prices, (N.S.W. Department of griculture

- Division of Marketing and Bconomics: July 1967 to March 19733.
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storage alternatives have been calculated for,each room .
size. These assumptions are listed in Appendix IV.

A further assumption was necessary to cover
spatial price differences. " Grovers pa:ticipating in the
survey sent on average 10 per cent of‘their apples to the
Brisbane markets. However, since data in the form required
was’unavailable for the Brisbane wholesale markets, it was
°'assumed that the_only difference in net returns from the
two markets was that due to transport:cost differentials. -




'CHAPTER 6
RESULTS

The operation of a cool storage enterprise is a
complex situation to describe quantitatively. Many of the
factors determining profitability are located off the farm,
some change over time, and others are hlghly variable in
nature. Hence, simplifying assumptions were used to ease
gpecification and computation burdens. As noted above; these
are outlined in Appendices II to IV.

Using these assumptions, and the methodology and
selected parameter values specified in Chapter 4, cash flows
for each storage alternative were derived and discounted. An
example of the cash flow calculations is giveh in Appendix V.
A summary of results for the specified parameter values
(discount rate of 1O per cent, planning horizon of 10 years,
and a N.P.V. decision criterion) is given in Table 4.

- Even though the results were more or less as expected,
several important conclusions can be drawn from thls summary,
-and they are outlined below in their respectlve sborage type
classifications.

6.1 REFRIGERATED AIR STORAGE

The first pdint is that, given all the assumptions are
valid, investment in a 3,000 bushel capacity refrigerated air
store is not a recommended action when the discount rate is
10 per cent. Profits are made however if capital'is invested
inythe four larger-sized rooms.

The second important result relates to economies of
size. As can be seen from Pigure 1€ N.P.V. for refrigerated
air storage increases with room size, but at a constant rate
indicating no economies of size are in existence. This is
somewhat unexpected as the price and marketing strategy
aésumptions cause price returns to increase propqrtibnally_to
size, while some of the capital and operating costs were
aséumed to decrease on a per bushel basis as room size ’
increases. Overall though the relationship between benefits
‘and costs meant that returns to room size were constant.

(*) Figure 1 (pp.21,22) comprises three graphs which show
* the relatlonshlp between N.P.V.and room size for the
three types of storage.




N.P.V. ($) for Alternative Storage Systems

Studied

10 Per Cent Discount Rate and 10

Year Planning Horizon

Size

Type of Storage System

Room

(bushels)

Refrig-

Controlled Atmosphere Storage

erated
Air
Storage

Generator Type

Rigid

Room

C.A.

ag=
tight

Leaky

Modified
Room
C.A.

-890

Open flame
Capco + lime scrubber

3499
1021

9380

Open flame o
Capco + lime scrubber

14942
12693

22607

Open flame
Tectrol

Capco + capco scrubber
Capco + lime scrubber

63301
70359
71988

62933
70083
71822

30314

28586

Tectrol
Capco + capco scrubber
Capco + lime scrubber

110170
114340
118910

109650
113920
118670

Tectrol |
Capco + capco scrubber
Capco + lime scrubber

208570
216610
217370

207710
215910
216930

The generel conclusions. then are that refrigerated

air storage of apples in the Orange district is basically -
profitable for all but the smallest room size studied, and
that no economies of size in cool rooms exist. '

STORAGE

storage configurations were analysed.

In this class of cool room, eighteen alternative

As shown in Table 3,

‘ distinctions were made between three different room sizes,
 three storage systems, and finally whether the rooms were

~gastight or leaky.
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The N.P.V.'s in Table 4 indicate the following. A1l
eighteen alternatives are highly profitable. The greater
technical efficiency and lower initial costs of recirculating
generators (Capco ~ as discussed in Appendix I) contribute to
the slightly higher N.P. V.'s of these systems. Cholce of
scrubbing unit also affects profitability to a glight degree.
The presence of leaks in the C.A. room did not however diminish
profitebility to any appreciable extent, and economies of size
of cool rooms are again non existent.

Table 4 also illustrates the increased profitability
of any rigid room C.A. alternative over a refrigerated air
~storage room of the same size., Rigid C.A. rooms are approxim-
~ately three times as profitable as their refrigerated air
storage counterparts.

Generally, then, for the assumed costs, returns and
strategies, rigid room C.A. storage of apples is highly
profitable and is a better investment than refrigerated air

storage for comparable room sizes; economies of size are again
not evident:; and choice of generator system and scrubbing
apparatus marginally affects profitability. ‘

603 MODIFIED ROOM C.A.‘STOQQGE

The profitability of modifying the three smallest
room siges to C.A. storage was examined. A ch01ce of two
generator systems was assumed -8 flushing type and a
recirculating type. '

As expected, the results indicated that all six
stores analysed would yield economic returns, although the
N.P.V.'s for the smallest room at $1,000 and $3,000 were not
really encouraging. Reflecting lower initial outlays, flushing
generator systems exceeded the recirculating types in N.P.V.,
‘put only by a fairly comstant $2,000. Some very small economies
of room size were in evidence.

Comparing modified C.A. storage with refrigerated
air store for the three smallest room sizes, shows that the
former is always more profitable than the latter under the
specified set of assumptions. ‘

- For the 10, OOO bushel room size where all 3 types

- of storage are analysed, the order of profitability is rigid
room C.A., modified room C.A. and refrlgerated air storage.
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~ FIGURE 1

 N.P.V.-Room Size Reletionships at 10 Per Cent
| | Discount Rate -
| :Réfrigeratéd Air'Stoiage .
80r
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- o o Refrigerated Air
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- 225¢p
- 200
“175F u
o Capco generator
1501 4 lime scrubber
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125, " Capco
. o - generator +
100} i S | scrubber
, 151 | Tectrol generator
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- FIGURE 1 (Contd)

~(e) Modified Room C.A. Storage

40

Open flame
‘generator

Capco generator -

1

15
Room Size ( 000 bus)

6.4 GENERAL CONCLUSIONS

, In terms of the objectives of this study listed in
the Introduction (see Section 1.2 and the assnmptions given
above), the general conclusions of the analysis ares (1)
refrlgerated air storage of apples in the Orange district of
N.S.W. is economically sound for all room sizes except the
3,000 bushel capacity; (2) thé erection of rigid room C.A.
-facilities is more profitable for all roon sizes studied;
(3) convertlng existing cool rooms to C.A. by plastic tent
results in an increase in profitebility; (4) economies of
“size of cool rooms. are not generally evident for any system
_ studied; (5) choice of generator units and scrubbing materlal,
'~and whether the C.A. rooms are gastlght or not, affects the -

. N.P. V.'s achieved, but not to a large extent.

‘These results conformed fairly well to a priori

}notions, particularly where the form of the assumptions made

indicated a bias towards acceptance of a viewpoint. Obv1ously,.
the results would be altered if the underlying structure of the
_ analysis was modified, so some of these assumptions will be
- relaxed in the following chapter. Other assumptions could not
for reasons of tlme and space be relaxed - the price returns and
: marketlng strategles are examples in this case. ‘

[
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Ovarall though, - the assumptionq made were pxnbubly
fairly reglistic. Two reasons can be advanced to substant-
iate this claim. PFirst, a lower 1evel of about 5 000 bushel
room capeacity is being recommended for new C.A. and refriger-
ated air storage 1nsta11ations.28 Thus some dissatlsfaction
with profitability levels of smaller rooms ha~ been voiced,
and this fits in with the negative and small positive.
N.P.V.'s obtained for 3,000 bushel refrigerated and modlfled

t

C. A._rooms respectively.,

oecondly, Tectrol generatoru are no. 1onger mariketed
in N.S.W. and this would reflect the greater technical. and
economic efficiency of reclrculating generators of the Capco
-type.29 '

Hence pfactical experience is partly Validating
the synthetic results of this analysis.

Holligan, P.J. (Personal communication, June 1973) »




CHAPTER 7

| SENSITiVITY ANATYSIS

‘This sectlon examines the sensltivity of the derived'
profitabilities to discount rate selected, alternate decision
criteria, and the length of the plannrng horizon.-~ '

Te1 ,D:tscoum RATE

Holding the planning horizon. coﬁstant at 10 years
»,and malntalnlng a N.P.V. decision criterion, dlscount rates
‘were varied in 1 per cent intervals from O per cent to 30
per cent. The results of this exercise are presented in
Flgure 2 for a representative storage system, namely the -
15,000 bushel leaky rlgid C A, room w1th a Capco generator and
'lime scrubber. P -

" PIGURE 2

'N.P.V. Curve: 1 Per Cent — 30 Per Cent Discount

Rate, for 15,000 Bushel Leaky Rigid C.A. Room

with Capco Generator and Lime Scrubber, and 10
Year Planning Horizon

220¢

| 2()0.»»
180|
160}
140{
120}
100]

80|

601}

- 40}

10 . 15 20
Discount Rate
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: It can be seen that the N.P.V. decreased from a
high of $204,110 at 1 per cent to $118,670 at 10 per cent
but at a decreesing rate, enabling the N.P.V. at 30 per cent
to be maintained at a healthy $40,598. ' |

This general hyperbolic N.P.V. function was a
common feature of all alternative systems studied with the
exception of the four, smaller refrigerated air storage
rooms. In these cases;lthe-N.P.V. curve became zero below
the 30 per cent discount rate, indicating a limit on |
profitability. Additionally the N.P.V. for the 25,000

- bushel refrigerated air storage was only marginally pdsitive
at 30 per cent. |

, Profitable investment in C.A. storage systems is
thus fairly independent of the discount rate chosen. The
level of profitability obviously varies inversely with the
discount rate (and this is expected from the nature of the
cash flows), but essentially all the C.A. storage systems
examined were_profitable up to a 30 per cent discount rate.

Por refrigerated air storage the story was
different. Por the four smaller room sizes, the choice of
discount rate affected whether the system was profitable or
not. If proposing to invest in any of these systems, the
decision maker will have to carefully select his discount
rate so he can accurately decide on whether to invest or not.

Some interesting results occur when refrigerated air
storege and modiﬁied room C.A. storage are compared. Since -
these two types,of storage have in the past been competitors
for the same storage space, this comparison is necessary.
Paking a 10,000 bushel room, Figure 3 shows the two N.P.V.
curves.

Tt can be seen that if the investor has a discount
rate on his funds of greater than 3 per cent, it is more
profitable for him'to convert his existing refrigerated air
storage to C.A. storage by using a plastic tent modification.
For a 6,000 bushel room an almost identical discount rate
divides the region where conversion to C.A. storage is
profitable. The question does not arise in the smallest
‘room size however as at all discount rates the profitability

‘of modified C.A. stbrage is greater than that of refrigerated
- air storage. '
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FIGURE 3

N.P.V. Curves for Refrigerated Air Storage and
Modified Room C.A. Storage; (Open Flame); 1 Per
Cent - 30 Per Cent Discount Rates; 10,000 Bushel
' Room; 10 Year Planning Horizon R

Modified Room C.A. .
Storage

| Refrigerated;
Air Storage

10 15

Discount Rates

7.2 PROFITABILITY CRITERIA

, Closely related to the practice of varylng discount
rates to check the sen51t1v1ty of profitability is the concept
of internal rate of return (I. R. R.). This is the other
| profitabilitj criterion normally used to examine cash flows -
over time, and is defined as the discount rate at which the
N.P.V. equals zero., It has been used here to test the sensit-
ivity of profitablllty to an alternate decision criterion.

Table 5 shows the I.R.R.'s for each of the storage
systems analysed. Comparison with Table 4 indicates that much
+the same general relationships hold under the I.R.R. criterion
as under N.P.V. with a 10 per cent discount rate, i.e., the
profitability incresses with room size increases; modified C.A.
storage is more profltable than refrigerated air storage at each
‘poom size compared; gastightvrigid-O.A. rooms are only marg;nally
more economic than leaky ones; and the ranking of generator
systems in rigid room setups (Capco + lime, Capco + Capco,




Tectrol) remains unaltered. .

Overall then the profitability of the storage systems
gtudied is not greatly affected by the choice of criteria.
This was as expected, because the cash flows patterns
produced very similarly shaped N.P.V. curves, so the
relationship of N.P.V. to I.R.R. should have been fairly
constant for all alternatives analysed. '

TABLE

I.R.R. for Alternative Storage Systems Studied (%) 3
10 Year Planning Horizon

Type of Storage System

_ Controlled Atmosphere Sforage
Room- , i

Size k C . . on
Rigid Room C.A. Modified|
(bushels) Room

Generator Type Gastight | Leaky C.A.

3,000 Open flame
‘ Capco + lime

6,000 Open flame
Capco + lime

10,000 Open flame
Tectrol
Capco + Capco
Capco + lime

15,000 Tectrol
‘ Capco + Capco
Capco + lime

25,000 _ Tectrol
Capco + Capco
Capco + lime

7.3 PLANNING HORIZON

One of the assumptions of the analysis was a 10
~ year planning horizon. To test for the sensitivity of
storage systems to changes in this variable, the cash flows




| were analysed on 8 and 12 year bases.

Q

28.
30

Still assuming an N. P V. criterion and a 10 per cent
discount rate, the findings- of this test were, in general,
that the longer planning horizon increased the N.P.V. of the
investments and the shorter planning horizon decreased the

N.P.V. All the ‘relationships outlined in Table 4 still held

except that on a 12 year base the 3,000 bushel refrigerated air

store just gains profitable status. On an 8 year planning t
v'_horizon this alternative is highly unprofitable, but all. others
are still profitable.

Using an I. R.R. criterion and varying the planning

‘horizon, much the same relationships hold as under N.P. V. The

point is however that I.R.R. varies directly with the length
of the planning horizon. In the upper ranges of I.R.R. (say

above 40 per cent) the difference is virtually non existent,
;1but in the 3,000 bushel refrigerated air store for example the

I.R.R. ranges from 4.5 per cent to 10.5 per cent as the plann-

- ing horizon moves between 8 and i2 years. .

30

Changing‘the planning horizon really means altering the
economic lives of the capital assets. Thus replacement of

 stores and equipment is assumed to be required at 8 and 12
- years when the planning horizon is shortened and lengthened

respectively.




CHAPTER 8

FUTURE PRIPE CON IDDRATLONS

The previous chapter tests the sensitivity of the
calculated proflt crlterion to changes in discount rate,
decision criterion and 1ength of planning horizon. It has
been noted above that another factor which would certainly
affect economic feagibility is the set of price assumotlons
used. Ideally then, a test of the sensitivity of proflt~
ability to changes in returns should also be done, especially

 the premium between C.A. stored apples and normally stored :

o apples.

Problems ex1st however even in spemfylnb the
:directlon of movement of apple prices let alone the magnltude.
A complex simulation model would probably ‘be required to
account for even a reasonable proportion of possible changes.
'Hence thls chapter merely examines factors likely to aftect
the price of apples and as a result, assumes ‘that there will
be a slowly declining percentage premlum between C. A. and

normally stored fru1t.31

. ‘Pasour and Oldenstadt32 have llsted the factors
affecting annual supply and demand for apples, and_these are
discussed below in the Australian context. '

8.1 FACTORS AFFECTING APPLE SUPPLY '

(a) Total Apnle Productlon

Table 6 indicates that N.S.W. apple productlon is
1ncrea31ng steadily.

‘This increase has been the result of the introduction
of dwarf rootstocks and other technical lmprovements, giving a

31

showed that the C.A. premium in the U.S ecreased by about
20 per cent over a five year period, and data from Orange
orchardists who felt that the present premium of $0.80 per
" bushel case would decline over the next 10 years as the
quantity stored under C.A. rose., :

: Pasour, E.C. Jr. and D. L. Oldenstadt, FParm Prices of Apples
for Canning and Freezing, U.S.A. -61, (U. S D.A: '
Rgricultural e onomic Report, No. 3%, 1963) . B

This is based on Thomas and Jensen, 09.01t., P. 8, who
S.A.
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higher density of trees per acre. Acreages have been fairly
‘gtable. Survey results indicated that more than 20 per cent
of apple trees in the Orange distriCt are non-bearihg; so
production will continue to increase. PresentAprofitability'
levels will ensure that this tendency will remain for some

years.

. A general decline in apple prices would seem to
be the logical outcome of this expected increase in total
production, although the extént of this fall will also
depend on other supply forces and demand parameters. The
effect on C.A. prices will largely be determined by the

|

proportion of apples~étored'unde} C.A. conditions.

PABLE 6.

H.S.W. Apple Production (1965-73) 33

Production Annual % Cumulative
(*000 bus.) Change % Change

2988

2924

3324

3287
- | - 3980

1970 3783
1971 4016
1972 3635
1973 f 4131

.

|
1.2
+10.0
+3302
+2646
+34.4
+21.7
+38.3

%
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(b) Quantities Stored in C.A.

- U.S. studiesst reported that the most likely
proportion of apples stored there to be C.A. stored was
1ikély to reach about 25‘pér cent while'Carrol35 felt that
the’prdportion in Australia would reach about 40 per cent
mainly bedguse of more suitable varieties. The present N.S.W.

33 , . :
N.S.W. Department of Agriculture, Division of Marketing and
Economics, Production and Marketing of Fruit, (Sydney: Jan 1974).

French, B.C., The Long-Term Price and Production Outlook

for Apples in U.S.A. and 1ii.chigan (Michigan State university,
ﬁepar%ﬁenf T KErIcuT%uraT Rconomics: Technical Bulletin

(0}
No. 225, 1956).

35 _ : S ,
Carrol, E.T., "Controlled Atmosphere Storage of Apples",

Australian Journal of Refri eration, Air Conditioning and
Heating, 23 (1), (Hovember 1969), DPe 20=22, -
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C.A. capacity of 894,000 bushel cases repreaents 26 per cent
of the 3,454,700 bushel case total cool otorage capacity,
'implying that about a quarter of apples stored are under

C A Thus growth in the construction of C.A. facilities can
‘be expected for some time, and C.A. prices should decline
slightly as the quantity of C.A. stored: .apples increases,

: _ A major 11miting factor is to get enough fruit. of
'hlgh enough quality to warrant using C.A. storage. Higher
quality apples should brlng higher returns, but 1ncreased

' use of C.A. storage will alter the distribution of
quantities of apples marketed through the year. This
“redistribution effect should act to decrease C. A. prlees,_
so the overall effect should be fairly neutral. -

(c) Legislatlve or Co—operative Marketing

Many growers interviewed saw the need for some form
ef'marketlng body to take charge of the whole apple marketlng
‘process. They saw this body not just as a marketing tool to
organize selling of apples throughout the year, but also as
the instigator and regulator of a hallflnsurance scheme, an
'1nformation gervice, an advertlslng and promotional programme,
and legislation setting C.A. fruit standards. Some states
in the U.S.A. already have such lawsa36 Consumers would be
protected and the reputation built for high quallty in C.A.
apples would tend to increase prices paid. ' :

(a) Technologlcal Advances

~ The development of gas-tlght contalners, and some
method of malntalning a low 0 atmosphere within the contalners,
could revolutionise exports of C.A. apples. Greater quantities |
diverted to. the export market may tend to raise C.A. prices
v sllghtly on the domestic market. '

Storage of apples for processing would ease some of
the pressure. on the fresh apple markets, although a recent
feasibility study on this concluded that such a move would be

uneconomic at present 37

36
To qualify for a "C.A." label, apples must be stored unﬂer
a 5 per cent, 02 level or less for at least 90 days, with the

5 per cent attained within 20 days of room seallng.
37

-Layton, R.A., An Economlic and Marketin Feasiblllt Study .
f a Proposed Apple Processing Plant at gran e,y (ﬁnisearcﬁ,
T N. § W.: Syd 19687 . _ ,

University o . ydney,




(e) Overall Supply Effect
_ Generally, the dominance of increasing production and
increasing construction of C.A. stores indicates a decline in
apple prices together with a decrease in the C.A. margin, |

8,2 FACTORS AFFECTING APPLE DEMAND

(a) Exports |
The effect on Sydney wholesale apple prices of the
recent curtailment of traditional European markets is expected
to be minimal. Increasing exports to other markets, especially

- South-East Asian nations, does have a large impact on Sydney

wholesale prices, as the major proportion of these exports

come from N.S.W. Currently, exports are mainly refrigerated
‘air stored, but C.A. stored apples are increasing in populafity‘
‘as technical developments make containerised C.A. storage

feagible.

_ N.S.W. exports will féce heavy competition from
‘other countries displaced from European markets and from
countries which have devalued against Australia in recent
years, but overall the expansidn in exports plus an expected
increase in price obtained for exported apples should relieve
some of the downward pressufe on apple prices noted‘in'8Q1.‘

(b) Population Changes
_ Gruen38 estimated that'Australian'po?ulation should
increase at an annual average growth rate of between 1.8 ~ 2.3
per cent to 1980, Combined with a steady per capita consumption
of‘fresh‘apples, we can expect marginal increases in C.A.
apple consumption in line with populatioh movements. |

~ Many of the migrants coming to N.S.W. originate in
European countries where C.A. apples have been commonplace
for'many‘years. Their influence could raise N.S.W. prices for
C.A. apples to some smell degree. |

| Another factor is the rapid increase which has taken
place in processed apple products. " Thus some supplies usually
destined for the fresh fruit market will be channelled into
processing with a consequent positive effect on the prices

of C.A. apples.

38 ,
- 'Gruen, F. et.al., Lon%-Term Progections of Agricultural '
Supply and Demand ustralia 1 To 1980 (Monash University,

Department of Lconomics: October 1966).
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(c) Quality of Fresh Apples

The N.S.W. Department of Agficulture regularly
‘conducts field days to make growers aware of the dis-
advantages of poor quality fruit belng stored and

' marketed as C.A., since only fruit which is initially

‘sound will have an extended 1life under C.A. storage.

Quality as well as price affects consumer demand. One

U.S. study of demand factors for fruit and vegetables found. ..
nthat in fresh fruits and vegetables, quality is the first
consideration and price is somewhat secondary". 39 Hence

"the combined effects of C.A. storage on better quality
apples should tend to reise the price of this fruit.

(d) Promotion

The maintenance of a high C: A, premlum in the U.Se
n,,,was probably due to a hlgher demand curve being estab-
lished for C.A. apples, reflecting their higher quality and

also a vigorous advertising and promotion campaign... .
One conclusion of a recent study41 was that N.S.W. apples‘
were suitable for some form of promotional programme. As

- yet no co~ordinated promotlon of C.A. apples has taken

place, but the higher quality aspects of C.A. apples should
make them more.sultable for promotion, If adopted this ‘would
tend to stimulate‘demand and encourage higher prices,

(e) Oversll Demand Effect

, Combining the above factors, the most likely result
is that the demand curve will be shifted upwards, negating
most of the downward effect on prices of an outward

movement of the)supply curve.

39

A Folz, W.E. end A.C. Manchester, The Changing Retail Market
for Fresh Fruits and Vegetables (u.S.D.A.: MarEeEing Research
Reporf No. 417, Jduly 1§§ P :

40 .

Storage to the Apple and Pear Industry", in Proceedings of
an Extension School on C.A. Storage of Apples and Pears,

omnson, J.F., "The Significance of Controlled Atmosphere

Boyer, R.A., Co—o erative Advertising of A les in a
Competitive Environment - A Cade otudy Of the fii In Area
(Unfversify of New Eﬁéianﬁ, ArmIEaTe‘ unpuEIisEeE .

’dlssertation, 1970)




8.3 CONCLUSIONS ON_FUTURE PRICES

Any prediction about the future is fraught with

danger, but weighing up the evidence given by an analysis
of supply and demand factors however leaves us with the
 impression that the prices of C.A. apples will tend gradually

downward over the period of the planning horizon. Short—'
term disturbances in output and in requirements will
dbviously produce variations around this trend. In line

with this absolute price'deCline, the premium for C.A. fruit
will also probably fall to some lower though still profit-
able level. ' o ’




CHAPTER 9

 CONCLUSIONS -

The conclusions of this study of alternative
-storage poss1bilities for the Orange area are fairly N
straightforward and can be segregated into three sectlons.

1. Selecting a discount rate of 10 per cent, a planning
horizon of 10 years and a Net Present Value decision
criterion, and using the.assumptions of Appendices II-IV,
~we found: ‘ '
(a) r efrlgerated air storage is ba31cally profitable for
~all but the smallest room size studied;

rigid room C.A. storage of apples is highly:profitable-
;snd a better inVestment‘than refrigerated»air_storage
for comparable room sizes. Choice of generator system
and scrubbing apparatus, and whether the room is
leaky or gas-tight, marginally affects profitability;

modified C.A. storage inVestments yield economicr
returns (higher than those of comparable refrigerated
‘alr storage rooms), and choice of generator system
affects profitability slightly;

(d) economies of gize 1n storage rooms were not eVident.

2. Net Present Value curves,obtained by varying the discount
'~ rates (and holding the planning horizon constant) showed
that in the range of 1-30 per cent, profitabilities of
‘all stores varied inversely with the discount rate, but
’only the 3,000 bushel refrigerated air store fell to
unprofltable levels., For a discount rate greater than -
3 per cent for 6,000 and 10,000 bushel rooms, it is ’
profitable to convert existing refrlgerated alr storage

}to plastlc tent C.A. storage.:

The economic fea31b111ty of the storage systems were also
examined using an Internal Rate of Return criterlon, and
the results were unchanged.

Shortening the planning horizon decreased the profltabil- 1
;ities of the storage systems analysed, and vice versa -
_for lengthening the planning horizon, but the relatlon-
'shlps between the systems remained unchanged.
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3o A quick examination of factors affecting the future supply
~ and demand for C.A. stored apples concluded that the price
of these apples will trend gradually downward over the 1
 period of the planning horizon. Concurrently, the premium
for C.A. fruit will also probably fall to some lower though

S etill profltable 1evel.

It should be stressed again that the above conclusions
only relate to the spec1fled assumptlons and parameter values,
hence any deviation from these will affect the results. Also
the choice of storage systems, even though based on survey
results, is obviously only one such comblnatlon, so again aﬁy
- deviation from these systems w111 alter the conolusions_

reached.<




APPENDIX I

GENERATOR SYSTEMS

(i)' Flushing_ Generators

| With this system propane gas at pressure is combusted
w1th normal air, removing all but 2 per cent-3 per cent 02

and producing about 12 per cent CO2 The excess 002 is
1ecrubbed down to the requlred level and the- resultant gas 1is
flushed through the C.A. room by a small fan. Portion of the
room atmosphere is exhausted by another fan and the process '
.cont;nues. Flgure 4. giVes detalls of this. system.

" FIGURE

' Flushinvaenerator System |

é,ont31de;eir

e ———

——  propane gas

IR generator/scrubber
Plan of . | - TN
C.As room ! : SO

o alternate position""’x
A1 for lime scrubber

eihaust gas

-—

‘ Two makes of flushing generators are used in the
Orenge district. The Tectrol wit, the first generator
‘available in- Australla, was the most expensive, and was
generally regarded as economlcally ineff1c1ent operating
on a room of less than 10,000 bushel capacity. An activated
charcoal scrubber was incorporated in the generator. This-
type of generator is no longer on sale, but has been included
in the analysis to give at least an ex Eost ‘idea of 1ts
'profitablllty.

A low cost "open flame" generator was developed by

engineers of the Department of Agriculture. to enable smaller

orchardiste to own and operate c. A._fac111t1es. It is used
 primarily in conjunction with a dry slaked lime scrubber.
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-Full details of this generator have been descrlbed by

HOl li gale 42 : 3 :

Historically orchardists in the Orange area have
used the open flame generator for small rooms (in the 5,000
bushel range) and the Tectrol unit for larger installations.
The bushel capacity which can be controlled by a generator
does however depend on the.gas—tightnessfof the room. Thus
an open flame generator could probably handle, for example,
five 5,000 bushel gas-tight tents just as effectively as a
Pectrol could service one 10,000 leaky room, simply because
a leaky room needs almost constant generation of the required
atmosphere. Gas-tight rooms on the other hand only need
atmosphere control after opening for filling or emptying.

(ii) Recirculating Generators

With thls gystem air from the C.A. room is passed
through the generator, where it is mixed with a flow of Dropane
‘gas under pressure, and combusted over a catalytic burner.

The resultant gas of 2 per cent-3 per cent 02 and 12 per cent- v
13 per cent 002 then flows back into the C.A. room under a
low pressure fan. Excess CO2 is scrubbed out and the process

continues, Plgure 5 gives details of this system.

Recirculating generators are technically more
efficient for achieving and malntalnlng C.A. condltlons then
flushing generators, chiefly because less propane gas is
required. Details have been described by Holligan.43 The
recirculating generator used in the Orange area is the Capco,
whlch historically has been used on medium to large stores.
Again, however, controllable capac1ty is p031t1vely related
to the gas-tightness of the room, SO0 larger stores can be
atmospherlcally controlled easily if the room is reasonably

gas—tight.

42
Holligan, P.J., An Open Flame Controlled Atmosphere

Generator op._cit.y p. 1.

43 ' IR .
Holligan, P.J., (personal communication), op.cit.
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FIGURE 5

Recirculeting Generator System

outside——»_;___ - }f, v —— =» exhaust
el B T R gas44'*

Plen of
Co A" room

dry lime } - [f o 7e' o _v'éenerator

scrubber

44 :
This outlet is used only for pressure equallsatlon and for
tlushing the room prlor to marketlng.




APPENDIX II

GENERAL ASSUMPTIONS ‘

The following agsumptions relate to all alternatives

‘examined'

(1)

(2)

(3)

)

(5)

(6)

(7)
®

' torage space to or from other store operators)

The orchardist stores only Delicious, Jonathan and Granny
Smith apples in his store, and in the ratio 2:1: 1.

The orchardist fully utilises his capaoity with his
own fruit (i.e. no allowance is made for rental of

45

Constant real prices hold for the period of the planning

horizon.

Average size and quality of the stored fruit are constant
for the period of the planning horizon.

Agents commissions, transport costs and other marketing
charges are agssumed the same whether the fruit is stored
or not. | | ’

Losses due to breakdown while in storage are assumed

negligible, as are the 1ess tangible benefits of orderly
year-round fruit marketing. :

A year is from March to February.

Construction of new stores, modifications to existing
space, and erection of plastic C.A. tents begin in year
0 and are completed within that year. A1l operations

commence in year 1.
Expended life of existing stores being converted to C.A.
is assumed negligible. '

Stores are filled in Maroh—May, and no stored_fruit is
gold before Julye.

45

Renting storage space to either orchardists is often a very
profitable sideline. '




~ APPENDIX III

COST ASSUMPTIONS

: (i)~}RefrigeratedvAir,Storage Costs ($)

Room Size:(Bushei$), -

6,000

10, 000.

‘Total

$/Bus.

Total

$/Bus.

A. Capital Costs

Store Erection’

|Refrigeration Equipment

{Fork Lift

FPruit Bins - '
Additional Capital Exnendlture

9,600
2,000
6,000
3, 600

600

1.60

«33
1.00
. +60
"~ «10

16,000
3,300
6,000
6,000

1,000

1. 60
¢33
.60
060
.10

TOTAL

21,800

3.63

32,300

3.83

B. Annual'operating Costs

Repairs and Malntenance
Labour ' :

Insurance

7 Per %ent Interest on Capltal Cost
. a

Coolant, Electricity for Refrlgeratlon ﬂ

408
654
225
180

1,526

,068

.038]

680
969

300
2 261

225

- .0868

TOTAL

0 2,993| .

4,435

1" : o
Notes on Appendix III are .on page 46,
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APPENDIX III (CONT.)

 (ii) Modified Room C.A. Storage Costs ($) (b)

, Room Size (Bushels)

3,000 6,000 10,000

Total|/Bus.| Total|/Bus.| Total| /Bus.

A. Capital Costs o

Room Modifications ' - «133
Plastic Tents - 850] . 0167
|Generators - Capco . ’ 417

- Open Flame 950 «160
Lime Scrubber . 75 .013
Gas Analyser ‘ 100 017
Thermometers ' - 150 .025
LPG Cylinders (c) 100 .017
DPA Dipping Equlpment - 500 ' . 083
Oxygen Apparatus -100| 017
Water Tower (d) ' 250 .042

|PoTAL - Capeo | 5,225 ) .93
= Open Flame 3,425 ’ 063

B. Annual Operating Costs

Coolant, Electricity
for Refrigeration
Capco costs - LPG
- Electricity
Open Flame -~ IPG
' " = Electricity
Lime Scrubber
DPA dips or wraps
Gas analyser
Thsurance
Labour
R & M - Capco (e)
- Open Flame

7 Per Cent on Capital
- Capco ,
- Open Flame

TOTAL - Capco (f)
- Open Flame
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APPENDIX III (CONT.)

(1ii) Rigid Room C.A. Storage Capital Costs ($)

Room Size (Bushel)

15,000

10,000

- 1motal

/3&8(

Total

/Bus.,

Store Erection
Refrigeration Equipment
Tectrol Generator Scrubber
Capco Generator
Capco Scrubber
Lime Scrubber
Gas Analyser
Thermometer
Water Tower =- Capco
- - Tectrol

LPG Cylinders
DPA Dipping Equipment
|0xygen Apparatus’
Fork Lift :
Fruit Bins

111,000

3,300
8,000
2,500
100
100
150
250
250
100
500
100
6,000
6,000

1.100
¢333
«800
0250
«150
+010
2010
.015
025
"« 055
»010
- 050
.010
600
.600

15,000
5,000
8,000
2,500

1y 500(

130
100
150
250
550
100
500
100
6, 000

1.000
333
533
<167
.100
.009
.007
.010
.017|

1,037
. 007
«033
.007
2400
. 600

TOTAL - Tectrol

| 35,800

3.580

44,500

2,970

- Capco with"
~ Capco Scrubber

131,500

3.150

40, 200

2.680

" = Capco "without"
Capco Scrubber

130,100

3,010

38,830

2.590




44.

APPENDIX ITT (CONT.)

(iv) ngid Room C.A. Storage Annual Operating Costs for
Gas~tight Room () ‘

Room Size (Bushels)

10,000 15,000
Total |/Bus. | Total |/Bus.

‘|Coolant, Electriclty 680 | .068| 1,020 | .068
| for Refrigeration o - :
“|Tectrol costs - LPG 134 | 014 206 | .,014
- Electq 123 012 185 .012
,;Capco "with" - LPG - 49 20051 T3 . 005
o - Electq 110 -0011 163 : 0011
Capco "wmthout" - LPGI 49| 005 731 005

. ~~Elect 20| .002| 30| .002
|Lime Scrubber S 167 | 017 250 | 017
|DPA dips or wraps 100 .010| 150 010
- |Gas Analyser : 15 | .002 15 . 001
~ |Insurence. 500 | +050 750 | .050
~ |Labour ‘ 1 450 | 045 450 | .030
" IR & M - Tectrol 1 074 | +107] 1,333 | .089
' - Capco "with" | 945 | .095| 1,206 | .080

- Capco "with- ‘ o
out" 903 | .090| 1,164 | .078

7 Per Cent on Capital| _ _

. : e T80t101 2§5067 0251 3,115 0208 .
- = Capco "yl th 2,205 | .221}| 2,814 | .188 ’
. = Capco "with- o .
: out" [2,107 | .211) 2,718 | 181

- Tectrol 5,582 558 | 7,224 <482 ’
- Capco "with" [5,054 | .505| 6,641 443
= Capco "with- : - :
‘ Out" 4,991 "0499 5,620 0441
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APPENDIX III (CONT.)

(v) Rigid Room C.A. Storage Annual Operating Costé
for Leaky Room (§)

Room Size (Bushels)

10,000 15,000- 25,000 -

Total |/Bus.| Total |/Bus.| Total |/Bus.

Coolant, Electricity 680| .068| 1,020} .068| 1,700| .068
for Refrigeration : _ ‘ ‘ .
Tectrol costs - LPG 167| 017 250 017}  41T7| .017
- Elect. 150 015 225 .015 375 015

Capco "with" - LPG - T1| 007} 105 .007 176 .007
- Elect. | 133 .O013} ,199] 013}  332| .013"

Capco "without" - LPG 711 .007] 105| .007 176] 007
, : - Elect. 251 .003 38| .003] . 63| ,003
- |Lime Scrubber o 167 .017] 240| .017 400 .017
DPA dips or wraps ‘ 100| ,010} 150] .010 2501 +010
|Gas Analyser : 151 .002] 15| .001 15{ «001
Insurance 5001 .050, 750} .050| .1,250| .050
Labour . 4501 .045f 450] .030 450] .018
R&M - Tectrol 1’074 0107 1’333 0089 1 764 0071
- Capco "with" 945| .095{1,206| .080| 1,635| .065
- Capco "without" 903| .090} 1,164} .078] 1,596| .064
7 Per Cent on Capital ' o - b
- Capco "with" 221 2,814 | .188{ 3,815 .153
- Capco "without" 211} 2,718 181 3,724| .149

- Tectrol | .564|7,308| .487|10,337| .413
- Capco "w1th" ‘ 510 6,709 .447| 9,623| .385
~ Capco "without" «502 6 660 | .444| 9,641| .386
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APPENDIX III (CONT.)

(vi) ©Notes on some variables.

A further operating cosf of all types of storage, which
should at least be recognised, is the interest on returns

from fruit which is forgone by storing rather than
marketing immediately after harvest. This cost however

was ignored in the above analysis.
Assumed gas-tight.
Orchardists can either buy or rent these cylinders from
'~ the supplier. ‘Size‘will obviously vary with gas
requirements, so $100 can only be regarded as a rough
approximation. ‘

Water towers are only necessary to maintain gas pressure
in recirculating generators (Capco) and for flushing
genérators_in,leaky rooms. Thus they are not needed

for gas-tight tents, run by open flame generators.‘

Repairs and maintenance includes the testing of ail C.A.
rooms prior to harvesting the new season fruit, and
totals 3 per cent of capital cost. '

| This Capco system‘contains a lime scrubber, not a Capco

‘scrubber.
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APTENDIX IV

PRICE ASSUMPTIONS

Average‘Monthly-Wholesale Prices, 1967-T1 ($/Bushe1)

Delicious
(125/180)

Jonathan
(138/180)

- Granny Smith
(138/180)

|No storage +

Refrigo
storage

No storage +
Refrig.
storage

\storage

No storage +
Refrig.

3,70
2.80

1.65
- 3.36
'3057
3.59
3.59
3.70
3.98 3.
4,37 3.
4 4
5

January

- |February

- |[March

April

May

June

July

August

| September

October

- |November
December

NS .
e o

298
2.80
2,90
3.13
3.34
3633
38
30

_Uidw
w3

52
069

E NN
[ ] [} [ ] L

Storage Marketing Plan

(ii) Refrigerated Air

Month Delicious Jonathan Granny Smith

July of initial stock|

of initial stock

|September
|October
November
December
January

August. : | %

of initial stock
of initial stock

% of initial stock
% of 1n1tia1 stock

of initial stock

~of initial

of initial

"of initial
of initial

of initial
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APPENDIX IV (CONT.)

- (1ii) C.A. Storage Marketing Plan

Month

Delicious

Jonathan

Granny Smith

July
August
September
October
|November
December
January

% of initial stock
4 of initial stock

4 of initial stock

4 of initial stock

% of initial' stock

%2 of initial stock

%2 of initial stoc

(iv) Refrigerated Air Storage Price Benefits ($/Year)

Room Size
(Bus.)

Returns if
No Storage

Returns from
Refrig. Air Storage

Net

Refrig. Air Storage

Returns from

3,000
6,000
10,000
15,000

25,000

8,925
17,850
29,750 -
44,625
74,375

12,758

- 25,516,
- 42,525
63,788
106,313

- 7,666
12,776 ’

3,833

19,164
31,940

(v) Modified Room C.A. Sforage Price Benefits ($/year) .

Room Size
(Bus.)

Returns from

Refrig. Air Storage

Returns from
C.A. Storage

Net Returns from
Modified Room
C.A.

Storage

3,000
6,000
10, 000 -

12,758
25,516
42,525

15,241
130,482
50,801

2,483
4,966
8,276
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* APPENDIX IV (CONT.)

(vi) Rigid‘Room C.A.;Stbrage Price Benéfits ($/Yea:)

Room Size Returns if Returns from | Net Returﬁs'from
~ (Bus.) No Storage C.A. Storage | Rigid Room C.A.
— ‘ : S Storage

10,000 | 29,750 | 50,801 21,051
15’000 44,625 ‘ : 761 202 : . 319577
25,000 | 74,375 127,003 52,628
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APPEIDIN V

CAT.CULATION O N.P.V,

. As an example of how N.P.V. is derived, calculation of
the following cash flow budget for a 15,000 bushel lealky

ripid room C.A. store with Capco genecrator and lime scrubber . .
is described. ' - :

‘ Year‘ ~ Annual  Annual ‘ - Ilet Deneiits
(n) - Costs Benefits

Annual Discounted

B b A
38,830 0 -38,830
51196 31,577 26,081
5,496 21,577 26,061
5,496 - . 31,577 26,081
1660 31,577 24917
61660 3577 21917
6,660 31,577 20,517
6,660 31,577 24517
6,660 5577 211917
6,660 31,577 24,917
6,660, 35,460 | = 28,800

0

1
-2

5
2
7
8
-9

10

' Total discounted net benefits (IL.T.V.) 118,665

Annual Costs

_ . The details of the capital cost of equipment (538,830)
incurred in year O (that 'is, at the berinning of the 10 year
" period) are set out in Appendix ITI, (iii). The annual o
costs for the remaining years comprise only overating costs
(see Appendix III, (v)). Renairs and maintenance charges
are not included for years 1 - 3. _

Annual Benefits

The annuel benefits listed above (from fAppendix IV,
(vi)) represent the addibional annual gross returns from
the sale of C.A. stored apples (in this case 15,000 bushels)
over and above the gross returns from the same quantity of
apples marketed without the benefit of refrigerated or C.A.
storage (the latter are assumed to be sold at average larch.
prices). ' : T

' The relevant storage, marketing, and price assumptions
are set out in Appendix IT and Appendix IV, (i) and (iidi).

The annual benefit for year 10 (53%5,460) includes
$%,88%, the 10 per cent (of initial value) salvage value of
the equipment assumed to be sold at the end of its useful
1ife of 10 years (see chapter 4, pages 12 and 13).

The assumption of a 10 year useful life accounts for
“the adoption of the 10 year horizon, that is, the neriod
‘adopted for N.P.V. calculations. : o :




et Dencrlits

Annual net benefits = annual benefits - annunl costs,

Discounted et Benefits

P, the discounted net benefit for year n is calculated

‘as follows
_ L n
P = 1 + -
o = By (1 i)
Where B 1is annual net benefit for year n, i is the discounst
"rate (in this case 10 »er cent), n is the year of the planning
period in which the net benefit occurs.

1

Total IN.P.V.

This figure is a mcans of comparing the different systens
of storase on a standardised basfis. The relative values of
the respective .P.V.'s are used to rank the economic worth
of each of the systems. The actual dollar value of each
N,P.V. is of little significance in itself.




