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© Recent studies have hi;ghiighm& many inefficiencies in the grain

storage, handling and transport industry {Royal Commission into Grain

Handling and Storage (RCGH) (1988), Blyth, Noble and Mayers (1887},

Kerin (1985)). However, these studies have focused mainly on spatial

issues concerning the level of cex;trali’saticn of handling facilities
and intermcdal ::onpetition. and have paid 1ittle attention to che
optimal mix of ﬁsechmingies at receival points, or the ‘total level ni‘

‘storage that should be available to cope with a fluctuating annual
harvests. This paper applles a theoretical model which was presented at

last year's conference to examine the optimal level and mix of storage
technologles. After outlining the basic features of the model and
discussing the various graln storage tecismologies and costs, the
2fficient combinalion of storage ty~¢ 1g identified. Our optimal
criteria are then cqnpamd with th. s~ttal level of s,tora.ge at & nunber

~ of sites in Eﬂﬁt@m Austmnay and thn *-efficiencles of the qm‘rgpt,

‘Systcu are highlighted,

The T!Womtical Hodel

The grain storage investment problem is like un optimal inventory
probles in which there is o trade off Jatween the vont of providing
extra storage khich may not os neeccd with the oo st of not havin,
enough storajfe in a year of high  roductisn. It 1s also simils= %o the
peak load prisblems faced in publc utilis®:sw. =~ where the 53t of 2.t
having enough storage iz like t™2 Iopz In &n ,yunes suplus associnied
with not having enough capacity to aset 211 rewund, We present a model
which was bated on a modified version of Cre: nnd Kieindorfer's
investment model for public utilities with divirse 'technology and
fluctuating demand (Crew and Kleindorfer 1976) .

" The model examines the optimal amount and type of Storage that
should be constructed at a site. In the siuple version of the model it
is assumed that all of the grain that is harvested is stored in the
country, apart from some grain that might be shifted to the port as an
emergency option. This is an oversimplificut.on as number of sites
handle a volume of grain that Is larger than the physical storage
capacity, with a substantial railing out programme during the harvest



‘ ;f‘pepiad Never-thelesf:, it is a reasonable assumpt‘cm for most sites,
 because the rail system could not shift the grain to the port during
L the 6 week har'vesi: penlcd uithouh requix'ing grossly uneconomic extra

i cap&city‘ﬂonsgqu@nkw, thy mssusption that there is an upper bound of

upity on the turncwer of giain (grain received/sturage capacityi is
valid for most country sites. o
The mvestuent wdel aims to minlmise the éxpected cost of staring

gmin* where the demand for grain storage is defined by the fluctuating

annual production level, and the costs of storage include the marginal

. costs of capital (B ), marginal operating costs ('b_ll as well as a

fallure cost, which is a function of the level of excess demand. There
is a cholice of technologies available, which are characterised by an

inverse relationship between capital and operating costs. Hence there

is a trade off between investing in .,capiitai' intensive technology, and
investing in technology that has low capital costs but high operating
costs. While the capital intensive technology may cost much less where
demand is certaln, the trade off becomes increasingly important as
expected utilisation decreases, so that the labour intensive storage is
better for dealing with the extra demand created in pesk harvest years.

A detailed explanation of the model is giver in Brennan and
Lindner (1988), buc the the basic results for the most simple
assumptions (constant marginal and average costs) can be demonstrated
dtagramsatically. We distinguish between capital intensive (permanent)
and labour intensive (temporary) storage by the subscripts p and t,

" while fallure of storage capacity to ca*er for storage demand in a

given year is denoted by the subscript f. The expected use of a
marginal unit of storage (le. the probablility that demand for storage
is greater than or equal to that level ci‘ storage capacity) is denoted
by the cumulative density function Q(K ) = f' Mq Jdg .

An efficiency frontier which depicts the cosb amil&sing
combination of investment as a function of expected utilization of
capacity is illustrated in Figure 1. The vertical axis represents the
prected cost of the marginel unit and is a function of utilization
(B + Q(K )b }. Utilization is shown on the horizontal axis and is equal
to 1 at the left hand side of the figure, and as we move across the



figure, 1t reduces to ‘zei'o':.; Note that utilization is inversely related
to the total amount of storage, and If we had knowledge of the
 production c.d.f we could draw the save diagram mapped onto a
horizontal axls showing marginal expected costs as 3 function of
' imreasing capacity‘
B* 2(x" )b

m
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Figure 1: Efficiency !?mﬁti&r

The nature of the trade off can best be seen Yy reference to the
kinks in the diagram, which correspond to the first order conditions
derived from the mathematical model (Brennan and Lindner 1888}, These

Invest in permanent (capital intensive) storage up to the poinc
where ritio of the savings in capital costs and the extra operating
costs associated with using temporary storage are just aqual to the
sarginal utilization of cnpacity (B E )/(a - b )= O(K )

and similarly,
Desist from furthsr investment In storage at very low éxpected



DN

utilisation levels as it is cheaper io bear the high cost of
infrequent failure, This condition is witten ‘
Bﬂb b]sé(!ﬁﬂc} '

Stomge Technology in Vestern Australia
There are four major types of storage technology used in westem

Australis. They are {(in order of decreus!ns capital Ix;tensity) -

Vertical, Horizontal, CLS bunker and nonCLS bunker storage. Vertical
and ‘!w.;/fzqnﬁ&.l storage types both have high capital costs and are
charscterized by being totally closed structures with fixed machinery

_for inloading the grain and outloading onto rail. By its nature

vertical storage has much lower operating costs, s the grain outloads

‘via gravity. However, the capital cost of this storage type is higher.

At the other extreme, there is bunker storage, which is simply a
bitumen pad onto which grain is dumped, contained by corrugated iron
walls. The inloading and outloading of this type of storage is very
Iabmw intensive and also involyes covering the grain with PVC
sheeting. A more capital intensive version of this storage has some

~ fixed machinery (a Conveyor Loading System) which reduces some of the

inloading costs. , : :

Supply failure may be accommodated by a number of means - the long
lead time between planting and harvesting a crop means that the bulk
handling authority can prepare for supply fatlure In advance. Supply
failure options include transport optiors such as providing extra
storage at country sites by railing some of the grain to the port
during the recelval period or diverting denvwi&s to snother site

where there is space avallable.

However, transport options are limited by the capacity of thc
transport system in the peak period, and the consequent peak load
costs. An aliernative method of meeting supply failure involves the

 construction of additional bunker storage prior to harvest in an

emergency year, We call this supply fallure option ‘emergency storage’
in the following analysis.



g cupzm Costx

e Options

) Work by the Royal Commission indica;tes that there are dmlinmg
average construction costs associated with cnnst:ruqi:in,g permanent.
storage facilities (RCCH 1988}, From this work we can derive warginal
and fixed costs =7 =% construction of vex'tical aﬁd norizontal storage.
Marginal costs are amortized to mt;‘lect. an annual value, and fixed
umual saintenance costs are added. In order to take account of the
ei‘t’eqt of segregation, capltnl costs are scaled up to reflm:t the cost
of an effective unit of storage capacity, by 5% for vertical storage
{Kerin 1985) and 15% £or horizontal storages (Co-operativa Bulk
Handling Ltd. (CBH) 1988). Costs are shown in Table 1. There is no
evidence on the shape of the construction st of bunker storage, but

~ we assume that average costs approximate marginal costs, apart from the .

fixed costs sssociated with cunstmung the cbnveyor system, in the
case of ﬂLS bunker 8tomge

; Merginal Cost  Fixed Cost
‘vertical 4,938 51230
horizontal  2.307 38320
cls bunker 2003 - 3810
noncls bunker  1.441 .

Operating Costs
While the RCGH work mdicntcd that grain receival points may have

declining sverage operat:ing costs, cost curves for different storage

types were rot examined. Kerin also provides evidence on declining
average operating costs, but noted that it was mainly due to the fi_,xed
costs associated with opening a facility. As we don't have any
information on marginal costs it is necessary to use average operating
costs. Despite the observed shape of average cost curves in recent
literature, the error assoclated with using average costs to represent.
marginal costs is reduced because many of the fixed costs associated
with opening a site (weighing, sampling) do not depend on storage type,
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‘and are nssessed 'mdependanﬁiﬁ in our data. Costs are based on those
presax;tud in CBH's subiissinu te. the RCGH. In aﬁdition, an extm cost
of queuiw is added to the cost of inlqading into nonCLS bunker
stamge, to allow for the effect of the slower rate of inloading grain
,mtq: this storage type. The outloading of grain from bunkey sioraggs
" onto rail generally makes use of the machinery at.tacheq‘ ~0 pernanent
= fstomes, so the costs of using bunker storages are h!g e where there
| are no permanent storages at the site, as slow portable «slevatcrs must
be used. Operating costs are shown in Table 2.
: The marginal cost of supply failure is likely to be an’ tncreasing
kmnctioxx of the level of excess demand, because of the limited
availsbility of low cost options (such as diverting to a neighbouring
site) and the effect of pezk transport costs. For simplicity we
represent the cost of supply fallure as the cost of building extra
storages In a peak year but it should be noted that this is likely to
overestimate the average cost of supply failure, because of the
availability of transport alternatives, and the fact that emergency
storage can be pulled apart and used at another site in another year,
reducing ef‘fecti\m capltal costs. Consequem;ly, our results will err on
~ the slde ot‘ overestimating total opf.inal investment.

TABLE 2: OPERATING COSTS OF GRAIN STORAGE $/tomse

Vertical .998
‘Horizontal 1.400
~ NonCLS Bunker 5.012

Supply Failure  14.012

+ penalty of $1.011/t for outloading CLS and nonCLS bunker
storages if there are no permenent storages at the site.

Effficisnt Storage Types
It can be seen that ‘t‘he »options avanabla satlsi‘y the condif;io‘ns;

S A
»
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storage technologies are efficiemt gptians. as shmm by th& ef‘ficiemy
i’rent;ieﬁ in Figure 2.° :

; vm;mx stm-un .

' The efficiency fmnmv shows that the storage msiml cost nne
v for ‘vertical storage always lies above the other Iines, inﬁlcanng that
1t not an efficient option. However, it is mﬁsible that vertical
storage {because of its faster outloading rate) might schieve cost

e}
.2
: % ; va |
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Figure 2: Efficiency Fruontier Showing Least Cost
Cambination of Storage Types

savings in railing the grain, making it relatively more efficient when
compared to the other storage types. From work done by the RCGH on the
gt‘ch.t of different outlosding rates it appears that the difference in
rail costs for grain that is ralled from vertical stome facilities
and other storage types might be as high as as Siltonna Houwsver, even
after accounting for a penalty associated with using horizontal
storages, the ratio of the difference in capital and operating costs is
equal to 1.75. This implies that vertical storage is an inefficlent
technclogy for a once a year cperation,




‘production, a mm turnover level will be

Nota though that while vertical storage is not #rfiaiﬂnﬁ when
considered solely as a storage option, its relatively low cperating

 costs mean that,it may be the best alternative where high handiing to

capacity ratlos are achievable. In last year's conference peper we
developed the follewing efficiency criteria for investaent where a
hng, handling to cam!w ratic « was possible: :

‘ m»«ﬁ;xﬂz b}s ad(ek ) :

This impii*u that a turnover level of at least 1.75 would be
necessary to Jjustify investment in vertical storage if storpge ugi% to
be fully utilised. certain. However, because bi‘ ﬂve variabiiity of
ecessary to justify
wrticai::mg& For example, investment in ventxul storage to meet
all production in 50% of years would require a turnover level at lesast

'3.2. Obviously, this turnover level would be Impossible to apply scross

all sites because of the high pesk load costs it would !mpose on the
transport industry. This indicates that vertical storage is not an
efficient option ss a country storage alternative, mlthough it may be
an nrt"iciam’: alternative at siubterminals or high throughput sites.

Horizontal Storage

It can be seen from the efficlency m:xtiw that horizontal
storage 1s an efficlent option and should be used to mect the majority
of storage demend, If provided at an optimal level, it should satisfy
all demand In 7 out of 10 years. This rerult is independent of the
variance of production at a site, which mess that the optisal storage
capecity will be relatively larger (and aveérage costs will be higher)
at those sites where production Is more variable - this 1s because it
is merginal costs not average ~ofts, thut determines optimal investment
criteria, and a minimisation of merginal costs ensures a minimisation
of total and average costs.

CLS storage
An sxaxination of the efficiency frontier shown in Figure 2
However, it should be noted Lhat where the demand for storage is



low and required capscity is small, fixed costs of horizontal storage
may meun that average costs are higher than the average costs of CLS
bunker storage whii h is the the second cheapest option at full
utilization. This situation may wrise where receival points are very
saall, or where there 1s & need to expand the capacity ar an existing
receival pamh to meet increases in demand.

mu and Mﬁh storage

According to the costs siwwn in Tables 1 and 2, and the ctﬂchmy
frontier represented in Figure 2, tis~ both nonCLS and Emergency ,
storage are part of the efficient set. Lonx term iinvestament in nonCLS
bunker storsge is considered » better option thess evergen. ) storsge at
ut{lisation rates larger than 1S%. At lower expected utilisation rates
 the bulk handling authority is better off waiting until it knows there
Will be excess dessnd and mmtmtim bunker storage before the sesson
apens.

Before discussing the snalysis of Western Australia skﬁmg the
effect of fixed costs on the optimal Investment criteris mre discussed.

Effect of Fixed Costs
Where opbimal capscity Is ssall, avertge costy of permanent
facliities zmm high due 15 the f1xed cost of lnvestmsas. ;“ it
Mﬂqimt; s m average mts ai‘ »t.ha i{um mp.ltti inbamiam
facilitles may be lower than those of permanent facilitles. Hovever,
while high fixed costs make persanent facilities appear costly al low
capucity levels, “dere is an adiltional cost assoclated with using
bunker storages when thare are no permenent facilitfes at the site,
because the outloading rate iz slowed. Figure 3 shows a comparison of
the expected averuge costs of Investing In horizontal storage ulth
those of Investing In CLS bunker storage at a range of mean receivals. ,
The effect »* Fixed costs imply sharply declining average costs for
horizontal stovage facilities, and the high everage costs at saall
capacity levels mean that It is chesper to use temporary facilities
(CLS bunker storage) when expscted receivals are lower than 12£000t.
However, Judgira from the sharply declining average costs, as well as




the higi fixed costs of setting up a site 1t is obvious that the real
~ issue might be whether or not receival polnts of such low sizes are

 Justified. The issue of the optimel location and size of receival zones
1% beyood the scope of this amlysis. T

Invogtsent under Production Growth : ,

© The use of bunker storage (as an alterpabive to constructing an
additional horizontal storage facility) to meet small capscity
increases due to demand growtli is relstively wore atiractive as there
is no penalty assocliatad with outloading bunker storage, as thore
already exlists one permanent storage at the site,

 ¥e calculate that an additional horizontsl storage shouldn't be

o PMERAGE COST (8/1)

W

“x“ﬁmamm,&a. STOHAGE

_CLS BTORAGE

5 SRV S . Lo S R — I »-n»-
0 5 10 15 20 25 30
MEAN RECEIVALS ('000t)

zrigum 3: Average Costs of Grain Storage
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: cohstr&cted at a site we unless capacity expansion requirements to
meet demand increases are in excess of 30000t. (:qnsequc:txtly our
static analysis, which x’gmres the effect of demand growth in the WA
grain gr-ouing industry may overestimate the optimal level of permanent
s“l;omge, that would have occ;m*ed ina dymr&ic envimhment.‘ The effect
of demam growth or; our msultﬁ is discussed later.

A COKPABISGK OF' ACITJ‘AL smw LEVELS : ‘ ‘

‘ The following analysis 1ooks at the optiml levels a,nd ﬂix Of
?st.orages from a static sense, and compares then to the attual capacity
of ° age at selected sites In Western Australia. The ﬂi’fif:iemy
costs, levels of over or under investment are all measured relative to’
the statlc optinal case.

- One of the diﬁ'ﬂcuties in coxnp ring the mdel to the actual
atorage levels in weate:m Australia, iy dealing with the ialling oi‘
grain during harvest. There is some scope for hauling grz«in out during
the harvest period, and this has two effects on our nodel. Firstly,
there are a number of sites that use rail in most years, and the

‘turnover of graln through the receival polnt is greater than one.
Secondly, the ability to use rail to shift grain during the barvest
period #% those sites expér‘*ienclng a peak dem year lowers the cost
of *supply failure'. The inclusion of rall in mzr model cannot bu done
simply, it requires spatial considerations about the optimal allpwation
of rail capacity to different sites (which will increase turnover at ‘
~ some sites and could lead to Justification of Vertical storage a. 2 few
sites). It also requires an eminatiqn of the use of rall in meeting
supply fallure, and the correlauon between supply fallure at difi‘enunt
sites.

In view of these problems, this analysis is restricted ta those
sites which have historically not used rail in the receival period
because the assumptions about turnover being restricted to one and the
high supply fallure cost are reasonuble. Consequently, 80 out of a
total 190 sites were chosen for an anglysis of the efficlency of past
decision making procedures,

11
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! lﬁeuuring Production Varm* ion

The intex‘pretation of historical data to infer f.‘ut\xra wmiabiiity
1. grala deliverdes is mede more difficult due to increases in acreage
levels over time as a result to new land clearance, as well as the

‘ @ffect of policies which have resulted in changes in the spatial
. distribution of receivals over tiwe, Because of these problens, we

adopted a more pragmatic approach to estimating preduction variation,
based on simulating & distribution for deliverier at a given tite by
multiplying ¢ historical yiel& distribution with a function that
represented expreied acreuge variation. Becouse of limited potuntial
for new land clesrance, it wag thcught. that recesit acreage levelsw would
be more indicative of future production. The variation in acreage was
simulated by assuming that price variex hy about 20% (Sarris and
Freebairn 1983), and that own price supply elasticity was about .6
(Hall and Menz 1735, Myers 1882). These distributions were thought to

~ be the best available estimates of likely Tuture p‘rodmtlm varfation,

Optimal Iumt-ent Levels ag a Proport:ion of Hean Pro&ucuon
When applying our investmwent rules to our distribution functions,

it was found that total optimal storage (defined by the point .85 on

the production c.d.f) was about 1.25 to 1.45 times the mean production
level, depending on the varlance at a particular site.

Efficiency Costs in Western Australis

Figire 4 shows the number of sites having excess and deflicient
total storage, us well as the combination of storage types. Of the 30%
of sitss classed as having too much permanent storage, half the sites
proved too be so small that no construction of permanent storage should
have takern place. Deficiencies in permanent storage were more common,
and werz observed at 70¥% of sites. However, deficlencies iw permanent
storazge kere pore than made up for by bunker storage investment in wany
cages, At least 7¢ “f the sites r -mined had too =uch total storage
aithough the 2. .«.. .2vel of over investment may be larger as we have
overestimated supply Tailure costs. The volume of over-investment was
generany larger than the volume of under investment when measured as a

B

12



% of the cptlml. gee Table 3, and costs -of over mvestnem: were
‘higher, with average efficlency costs being $1.59/t (about 20% higher
than optimal). There was a large degree of varﬁa.tion jn the size of
efficiency costs (the difference between actual and optimal costs, in
$/t), Figure § shows aesficiem:y‘ costs plotted against the total level
of over investment. With the exception of 6 sites, a general linear
trend can be seen between efficiency costs and the level of over ‘

~ investment. Those sites that have twice as much storage ‘as they need
have an expected efficlency cost of about $3/t, which is about 504
higher than the optimal cost. The six sites that lie vutside the trend
showing much higheri effictency costs are those sites that have vertical
storage, which is inefficient where turnover 1s restricted to one. The
average efficiency cost of those sites having vertical storage wes
about $5.33/t. This is nearly double what the costs should be.

However, apart from the sites having vertical storage, the

EXCESS | ~ DEFICIENT
TOTAL TOTAL

STORAGE 57 STORAGE 23

"~ o

EXQESS DEFICIERT EXCESS DEFICIENT

PERMANENT 28 PZAMANENT 34 PERMANENT 3

j

psamueur 20

J

EXCESS DEFICIENT EXCESS DEFICIENT .excEss DEFICIENT
BUNKER 5§ BUNKER i7 BUNKEHR 84 BUNKER 8 BUNKER 12 JUNKER 8

Figure 4: Number of Sites Having Excess / Deficient Storage
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IABLE 3: wwwwmm&:&_

ANERAGE EPFICIENCY cosTs: thoseiwith;too‘much«stﬁragg‘ $1.58/t
~ those with not enough storfige § .76/t

 AVERAGE % CAPACITY DIFFERENCE BEIWEEN ACTUAL AND OPTIMAL:
| over investment . 33% |

under mveatm o

efficiency costs are Iargely explaimd by the total 1e‘0¢1 of over
invéstment., Différences in the =ix of permanent and Yunker storage can
explam davlations about the trepd line, but are n@t very sigmflcaut.
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Figure 5: Efficlency Costs as a Function of Total Overinvestment
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mm fact t:an be expiainad by, ’the rgla.tive £3,atness of the efﬁciency
frontier in the vicinity of f'he trade off point between bunker and
. horizoata,l storage. f‘om(ersely, the efficiency i‘l‘antler shows that the
*mréical dit’z’en’ncu in the iims showling marginal costs is very large
for Vemical storage, and *f’ﬁ is also large at the extrene rlght of the
‘diagram, whers expected utilization tends to zero. “These explain the -
signifjcance of vertical storage. and of tqtal over investment in
"detersining the level of efficiency at the miqus sites, '

& fummary of total expendimm on capital and operating costs is
_shown In table 4.

o

,ABLE&.. mwm&mwam

OPTIMAL ~ ACTUAL X DIFFERENCE
TomL ceTTAL. sm3 sae =t
e
- TOTAL COSTS 12,218 13,952 O

It can be seen that at an aggregate level, the total expenditure on "
both capital and variable items as larger than it should have bien.
This {s hecouse there was exceusive expenditure on the wrong "
technology, high capital cosﬁs can be explalined by the occurrence of
vertical storage and the gem;mi level of over investment. Operating
costs are also higher because of the cost of supply failure on those
sites which didn't have enough storage, as well as the high zost of
‘using bunker storage where permanent should have been used.

The evidence of capltel over expenditure is in contrast to the
observation that many sites didn’t have enough permanent storage.
Iadeed, the bulk handling industry could have reduced both capital and
oparating costs by investing in more permanent storage and following a
more efficient decision making process for determining total storage
ievels. A possible explanation for the level of under investment in
permanent storage 1s that there has been significant growth in demand
since the storages were constructed, In many sites in Western
Australia, there is only one perment storage type, which in some
cases werc constructed as early as the 1970"s. There have been



. LT . o ) i
 gubstantial increases in receivals ut many sl’éfés since the 1970's, due
to increasing land clearance, us well as increasing croppins, capacity
due to the introdnctinn of legum crops, which can repiace pasture
rotations. It wa.s shown xn the discussion on fixed costs that it is
difficult to Jjustify constvuctim of an additional permenent storage,
due to the high fixed cost, unless demand increases were in the order
of 30000t. Consequently, investment dscisions made in the dynamic
growth environment mway include a higher level of bunker storage in the
optimal set, due to expanding production. Historical data on receivals
sim the time of cunstructiun of the perment facility at a site were
exanined to see If there was a rexatianahip between demand growth and
tm level of over investhent, As can be séen 1:1 Flgura 6 tzmm is nome

40-pmduution grawm (’Ooct}f :

3o

L S

~o“‘,‘.» XTSRRI SIS SeeIe PSS e
-40 =30 -20 ~10 o 10 20 30

deficient storage ('000t)

Figura 6: Deficlencies in Permanent Storage Compared to Production
Growth that Occured Since Construction of Original Storage
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_relatfonship, but demand grouth doesn’t consistently explaln the
observed level of under or over investment in permanent storage at many

_ sites. Another explmi:xon for the diversityr»of the results is that the

expecmtivns of decistou makers say have varjed at the time of
tn\mstmnt. B )d :
A maible uxpm:mtmn fox* the Qbsemd level oi‘ over inmtuent
“in total shangg nlghg be that the CBH expect i‘ux’ﬁhev growth in
;pmauctton over future years. For this axplmuou to be valid, there
also would mad to be over investment. in the technologies that have
hiwhwﬂxed costs, On the contrary, the actuul large levels of
ovcx*-izwe&tnnﬁ were In the form of bunker storage. An alternative
explanation for the a;;pnrent level of over Investment in WA might be :
that decisions makers perceive the costs of supply failure to be higher tha
shown here. By examining the actual investment levels we can derive
estimates of an implied supply fallure coat., ’
As shown in an earller section, the 1nvestwnt decwion for Iong
tern storage capa‘ci’ty continms until the marginal utilisation of the
last unit of storage 1s eque 1 to

f(be-b ) “me}

By rearmgeuent we can calculate hapned faﬂure costa to be
br = {B ¥ b 5{1:‘ “t}llﬂlﬁ““l)

Table 5 shows implied failure costs, a.nd we can *uee‘!‘:hate more
than half the sites had hplied supply fallure costs that were much
 higher than any reasona.ble estimate of supply fauure costs, It is
unlikely that &hese high values have anything to do with the grower's
evalmtion of the eost of supply failure. ‘

I.Bi_& 8 m ‘é&EEL.. EAI.L!&E %l‘i
% of ‘total sites

less than $20/t 43
$20/t to $50/t 22
$50 to $500/t 1

greater than $500/t 16

e ™
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: ,& Whun ?nith Other States E

. One possible explanation rov the divex.-sity in the levels and t.ypm
~of invqstnent and tha efficlency costs calculated for the differem,
sites, is the lack of competition and the serviced based nature of the

i mdustry. Inconsistency in'the decisjon making process can also be seen
between States, The combinations of the various storage types in the

- other states are shown in Flgure 6, indicating that ef:ﬂciency costs

- from suboptimal mixes of : (:omge may be higher than in WA, In
~ particular the large amount of vertical storage in the d;a,!mtw staraga

system of some states, especially South Australia suggest that '

suhstanhini inefficiencles occur in those stetes. ‘

o Moreover, while the aggregate figyres indicate that WA may have :
 the highest amount  of qvew-lnveatmnh $,n terms of total volule (Figura
T sub optimal mixes of storage type= may indicate a larger degree of

over expenditure has ncc:uvred in tlm {:onstruction of country storage
fwillties in other states.

% TOTAL CAPACITY
100 CAM‘;I

8o}
60/
prys

20

 NSW.

B verTicat  ZZHorizonTa [T BUNKER

Figure 7: Mix of Storage Types in the Country Storage ‘sgs'teus of
Verious States
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Figure 8: Grain Storage and Production

Conclusion S

Examination of the efficiency frontier for grain storage reveals that
only two storage types should be used, and these are horizontal and bunker
storage. Horizontal storage should be provided so as to store all ‘
production in 7 out of 10 years. Vertical storage 1s not an efficlent
storage 'opt‘io’n; eéxcept in cases where it gtgnt fulfill & short term
storage role such as at ports or subterminals where the turnover of grain
storage is high.

While CLS bunker storage does not appear an efficient alternative,
the high fixed costs of horizontal storage mean that CLS storage is a
better slternative to constructing a horizontal storage facility where the
required investment is small. In particular, investwent in CLS bunker
storage is an efficient means of providing extra storage where there have
been significant increases in production at = site since the initial
construction of permanent facilities.

An analysis of those sites in Western Australia that normally
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mmn a stamge role in the harvest season, revealed that the msin

‘;cmmw of inefficiency was ‘the uﬁdwhlf‘ied cqnﬁtmtlm of vertical

s‘wmma facilities. Deviations from optimal horizontal storage did not
have a very great effect on total efficlency costs, end- it 18 possible

- tmt{ deviation from the long run-cptimal determined under our static
snalisis may have been ‘warranted in a real world dynamic envircnment,

because of the high aversge cost of constructing additional permanent
structures to meet small demand increases. Apart from those faw sites
baving vertical storage, the other main cause of efficliency costs

~ seewed o be i;hmuqh over investment in the total amount of aiamga

The | lml of over investment was very large in many cases, and
corresponded to infinitely large implied amly failure mtm

it w=s also found that mean receivals were so lov at some sites, that

fnvestment in permanent facilities wasn’t Justified due to high average

costs. It wms also noted that, Judging from the shape of the average costs

 curve (see Fig 3), it is likely that the current small size of soms

receival polnts in WA is inefficient, and that the gains from
centralization will imply that horizontsl storage im justified at m
sites on a long term efficient perspective. However, the spatial issue of

the optimal size of receival zones Is beyond the scope of this analysis.
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1 Note that If the left hand side of the quation is greatsr than one,
the capital intensive storage type is not efficient, because this
implies that its sarginal cost at full utilisation is greater. le 1f
(B~ B,)/(b~ b)) > 1, then B+ b > B+ Db, hence persancat storage
is not w{iulmm

21‘!1!& figure reflects the mt diftammu M&Mn inloading mﬁm of
- 100 and smtzzm : ,
Irhis 1s intultively obvious, as the right hand s1de of the equation
still describes the expected snnusl vtilization of storage. If demand
were certain, this would be reduced to , or the nuaber of times = uait
of storage wes used during the year, consistent with the early
deterninistic mcdels of peak lusad pricing under di':em technology (Eg.
Wenders 1878). :
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