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THE ROA D NO T TAKEN 

Two roads diverged in a yellow wood, 
And sorry I could not travel both 
And be one traveler, long I stood 
P�d looked down one as far as I could 
To where it bent in the undergrowth; 

Then t ook the other, as just as fair, 
And having perhaps the better claim) 
Because it was grassy and wanted wear; 
Though as for that the passing there 
Had worn them really about the same, 

And both that morning equally la3r 
In leaves no step had trodden bla�k . 
Oh, I kept the first for another day! 
Yet knowing how way leads on to way, 
I doubted if I should ever come back . 

I shall be telling this with a sigh 
Somewhere ages and ages hence: 
Two roads diverged in a wood, and I 
I took the one less traveled by, 
And that has made all the difference . 

Robert Frost 



ABS TRA C T  

The features o f  short production runs in spray­

drying plants o f  the New Zealand Dairy Industry were 

examined and some methods developed to help improve 

productivity in dealing with them. 

In particular a survey was carried out of the 

managers o f  all spray-drying plants in order to establish 

quantitative and qualitative in formation on short production 

runs. It was found that short production runs could be 

classi fied into those caused by interruptions to runs, such 

as mechanical breakdown, those caused by specification 

changes, and those caused by the decision to run the plant 

for a limited period, usually as a result o f  the limited 

milk available for processing. 

The e f fect o f  capacity utilisation on spray-drying 

plants and the costs o f  smoothed milk flow were examined 

and it was found that smoothed milk flow could not be 

justi fied on economic grounds alone. 

The occurrence o f  short runs due to speci fication 

changes in other industries is documented as are methods 

to overcome their costs. It was concluded that the ma jor 

e f fects in spray-drying plants were likely to be through 

set-up cost and learning behaviour. However, it was 

found that neither o f  these seriously a f fected cost o f  

powder manufacture, short production. runs due to 

speci fication changes were dealt with without excess costs 

over normal manufacture. 

The relationship between run length and energy 

consumption and run length and processing rate were 

examined and quanti fied. A computer based management 

in formation system was developed to assist in the control 

o f  costs in general and short production r�ns in particular 

lD spray-drying plants. 
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CHAPTER ONE 

INTRODUCTION 

The primary alm of this research is to find means 
to bring about improvements in productivity in spray­
drying plants of the New Zealand Dairy Industry. In order 
to give an appreciation of the focus of the work, the 
relationship between productivity, management and the 
other factors of production will be explained. 

Productivity is the ratio between output and input 
and may be a measure of the use of land, materials, pl�nt, 
machines, the services of men or all of these things. 
Many people have been misled into believing productivity 
exclusively concerns the productivity of labour. Product­
ivity as discussed here involves making the best use of 
all available resources. In order to increase productiv­
ity it is necessary to increase output with the same inputs 
or to reduce input for the same output. In a manufacturing 
enterprise, the manager is responsible for ensuring that 
the best possible use is made of all resources. 

The manufacture of a product is the result of the 
input of a large number of resources. Efforts to improve 
productivity are based on the precept that some of the 
inputs are in fact superfluous. Tne goodscould be 
manufactured without them. Such superfluous resource 
uses include work added as a result of defects in design 
or specification, inefficient management practices, 
ineffective time added by the worker, or even inefficiency 
due to some cause completely outside the manufacturing 
unit. 

In order to increase productivity, action must be 
taken by management, with the co-operation of workers 
together with extra scientific or technical knowledge. 
The results of the action will be a reduction in the 



2 

unnecessary use of resources, thereby achieving improved 
productivity. 
The Short Production Run 

New Zealand, as much as being the "Land of the Long 
White Cloud11 is the land of the Short Production Run. Its 
population is relatively small and is geograp�ically 
isolated into even smaller markets. New Zealand Industry, 
in attempting to satisfy the needs of its highly educated, 
affluent and diverse population, is often involved in 
manufacture of short production runs. High costs per unit 
of production are incurred by setting up specialised 
machinery, tuning the machinery and operators to high 
standards of quality and conformity of production, and then 
running for a comparatively short period. Capital is tied 
up in specialised plant, a higher level of skill is required 
to meet the demands of change, and many overhead costs are 
multiplied& 

It was considered by Scott ('1) that "central to the 
consideration of production costs is the question of the 
short production run. The portion of the cost (of an 
article) arising from the cost of setting up a production 
facility, is large when there is a low volume of production. 
A traditional New Zealand problem has been the magnitude of 
this type of cost • • •  ". 

In a discussion on the optimum variety of products 
for a firm, Easterfield (2 ) suggested that there ·was a 
number of costs that would rise with variety irrespective 
of the quantities produced, such as the cost of an extra 
item in the catalogue, an extra place in the store, an extra 
set of drawings or specifications, and an extra set of jigs 
or tools. However, be considered the most �mportant cost 
effects to stem from the consequential chan5es in batch 
size with changes in variety and the resulting effects on 
direct production costs and methods. 

Thus it can be seen that short production runs can 
cause low productivity in industry in general and that they 
have long been a feature of New Zealand Industry. 
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The New Zealand Dairy Industry 
The New Zealand Dairy Industry remalns one of the 

country's leading exporters, accounting for about 16% of 
all export receipts in the year to JQne 1980. Milk powders 
represent just over one quarter of this with an export 
earning of $222. 8 million in the same period. This compris­
ed 21, 173 tonnes of Butter Milk Powder CBMB, 172,052 tonnes 
of Skim Milk Powder (SMP) and 61,39 8 tonnes of Whole Milk 
Powder (WMP). Additionally, 4,200 tonnes BMP, 5, 600 tonnes 
SMP and 5,900 tonnes of WMP and condensed milk, were 
supplied to the New Zealand market. (3) 

Recently, the short production run has become a 
feature of the traditionally high volu�e, export-oriented 
Dairy Processing Industry. With the reduction of access to the 
traditional market, Britain, the New Zealand Dairy Industry 
has been forced to seek new markets. No longer is it 
possible to manufacture huge volumes of similar product for 
one insatiable market. Plants intended for such application 
have had to adapt to change. 

A shift has occurred in the Dairy Industry from a 
production orientation to a market orientation. In seeking 
to sell dairy products in new market places, it has been 
necessary to adapt products to the needs of the customers. 
This has been particularly so in the case of milk powders. 
There has been a ma jor effort to increase the value of each 
tonne of milk powder sold by improving quality standards, 
packing and presentation, formulation of speciality products 
for individual markets, promoting New Zealand as a seller of 
bulk powders to specification, and promoting sale of consumer 
brands of New Zealand milk powder and baby foods. 

"New Zealand has now moved into the position where 80% 
of milk powder products and 85% of skim-milk powder are of 
the special formulation kind. The New Zealand Dairy Board 
offers 40 specifications of skim milk powder, 30 specificat­
ions for baby foods and special fat bearing products, and 18  
specifications for whole milk powder. The New Zealand Dairy 
Industry produces the biggest range and the biggest volume 
of specification powders of any international seller." (4) 
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As a result of a greater nu�ber of product specifications, 
there will be a reduction in production run length. Short 
production runs in terms of product specification will 
occur. 

In addition to the specification change aspect of 
short production runs there is another short production 
run problem of concern. New Zealand dairy farming has 
long been LL.YJ.usual in its ability to winter animals out of 
doors with minimal supplementary feed. This has made a 
significant contribution to the low cost of milk products. 
However, the corresponding necessity to suit the cow's 
lactation cycle to the availability of feed has also had 
ramifications in low capacity utilisation in dairy process­
ing plants, leading to a high proportion of short production 
runs in terms of daily running time. 

With the expected pressure on capital resources ln 
the short and medium term future due to energy related 
development projects, the cost of low capital utilisation 
in dairy processing plants needs re-assessment. 

Understanding of short production run problems is 
not merely a matter of concern for spray-drying plants but 
is relevant to the whole spectrum of New Zealand Industry. 
However, spray-drying plants have been traditionally 
involved in long production runs (in terms of product 
specification ) and thus practice in this area may be sub­
optimal. Additional pressures have been placed on the 
traditional practice of low capacity utilisation so that 
the opportl.mi ty has arisen for tJoe examination of its 
effects in the spray-drying plant. 

Rather than the technical characteristics of plant 
items this research is concerned with the way the plant is 
used and the reflection of that on productivity in its 
widest sense. It is intended that improvements in product­
ivity be brought about in the existing situation. Thus 
studies must be made with data that is already collected 
or readily available in spray-drying factories. Such an 
approach ensuies a true, real result for it is well known 
that the very measurement of a process changes the process 



itself. Additionally such an approach ensures the 
practicabilities of obtaining such a result in practice, 
in spray-drying plants. 

The problem of short production runs can be viewed 
from a positive aspect. It is a feature of the production 
activities of New Zealand's competitors too, and thus an 
improvement in New Zealand's ability to deal with short 
production runs may give an advantage over competition. 

This research examines the occurrence of short 
production runs in spray-drying plants and seeks methods 
of improving the ability to deal with them, in the factory, 
so that they incur minimum cost. 
Content of thesis 

Bearing in mind the vital role of the manager in 
productivity improvement and focussing on the activities 

1 2 inside the spray-drying factory ' the occurrence,features 
and costs of short production runs are to be examined with 
t he intention of determining means to increase productivity. 

The occurrence of short production runs in other 
industries are to be studied in order to establish testable 
hypotheses with regard to the occurrence of short runs in 
spray-drying plants. These hypotheses and other questions 

are to be tested by means of a survey of the Industry and 
studies in some individual spray-drying factories. 

The spray-drying plant is part of a wider production, 
processing, marketing system. The causes of short runs may 
originate in these other parts of the system. Thus the 
production and marketing aspects are to be examined in 
light of their effect on short runs in the spray-drying 
plant. 

The spray-drying plant itself is to be the main focus 
for this research and the effects of the external influences 
on it, as well as the effects of future technological change 
are to be examined. 

1 .  A dlstinctlon is made between the spray-drying factory 
which comprises all the spray-drying equipment on one 
site and the spray-drying plant which comprises one 
process, including one evaporator and one dryer. 

2. A brief description of a�ray-drying plant is 
included in Appendix 1 . 
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In particular the relationships between energy 
cor..sumption and run length 
length are to be studied. 
deal with short production 
proposed. 

and processing rate and rQ� 
Finally some measures to 

I run problems are to be 

. r��' 
1 .  The term 'production� is used interchangeably 
throughout this text to mean 'the uninterrupted processing 
time during one day' and 'the period, sometimes comprising 
many days, over which a specification of powder is 
produced without interruption by c hange of specification' 
or both of these meanings. 
The context will indicate the sense. 
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C HAPTER TWO 

THE SHORT F?.ODUCTION RUN IN INDUSTRY 

2 . 1 THE COI'il\JONALITY OF HETHODS OF MANAGEl'vJ:ENT 
OF PRODUCTION 
Although in its widest sense production may involve 

the creation of goods and se:r·vices, in this 8tudy 
pi·oduction will be used synonYJ!!ously v.rith ILanufacture. 
Thus production invo::_ves, the intentional act of making 
articles by :::1eans of ph;ysical labour or ruachinery. 
Production involves a change 1n the form of an. input that 
results in increased utility to the user. 

The articles produced can vary from marbles to 
missiles, the people involved can vary from a family group 
to the employees ·of a multi-national company, the 
production rnr:H�hinery can vary from a potters wheel to a 
complex computer controlled factory. As Riggs_ (1) states, 
"Despite apparent differences in raw materials, generat.ing 
processes, and ultimate output there exist many similar­
ities. These mutual considerations form the basis for 
production studies by which the resources of nature are 
conserved and made more useful. 11 

The management of production involves the co-ordin­
ation of the inputs to the production process to meet pre­
determined objectives. If there was a perfect production 
system then it could be expected that all orders would be 
carried out exactly as planned and there would be no need 
for follow-up and control. This is seldom the case. 
There are always disturbances that enter the system and 
cause problems. Orders a�e misunderstood, purchased parts 
do not arrive on schedule, breakdowns occur, workers are 
sick and so on. Thus management involves both planning 
and control. The manner of action of the production _ 

manager is represented diagrammatically in Figure 2 . 1 . 

It was stated by Wild (2) that 11It has been found that 
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management of transformation processes is, to some 

extent, independent of the technology involved.11 

11Problems of location, layout, stock control, scheduling 

and replacement are important features of (all) these 

systems.11 

INPUT 

Planned j 
Action. 
Input is 
regulated 
to meet 
objective 

FIGURE 2.1 

DISTURBANCES 

PRODUCTION 

PROCESSES 

FEED BACK 

CONTROL 

� OUTPUT 

\__ 
Comparator. 
output is 
compared 
with 
objective 

The manner of action of production 
management 

Naturally, the problems encountered by a production 

manager in the manufacture of soaps are different, at 

least ln complexity and relative importance, from those 

faced by the production manager of a metal-working 

foundry. Nevertheless, all managers must deal with the 

co-ordination of men, machinery and materials in order to 

meet the production objective. 

Thus a study of the occurrence and features of a 

particular management problem, the short production run, 

in a number of production systems can indicate possible 

effects and solutions in a production system which has not 

previously been examined. An examination of the novel 

industry with an awareness of such effects and solutions 

can confirm or reject them ln that particular case. Thus 

the examination of the occurrence of short production runs 

in.other industries assists in the formation of testable 

hypotheses with regard to the production system under 

study. 
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2 . 2 THE OCCURRENC E OF SHORT PRODUCTION RUNS 
Short product ion runs occur in many typ e s  of 

industry . They result from the us e of manufacturing 
equipm ent t o  produce goods in a smaller volume t han it 
was originally int ended t he equipm ent should produce , or 
in a sma ller v o lume than is normal . There is an imp l i ed 
ineffici ency as a result of the s hortness of t he product­
ion run and a cons e quent cost of product ion above the 
mlnlmum . 

East erf i e ld (3) ln a discus s i on on opt imum vari ety ,  
not ed that bat ch size  ( i . e .  run l ength) app eared t o  affect 
cost through t hree main eff ects : 

1 .  t hrough allowing diff erent technical 
processes  t o  bec ome econ omic; 

ii . thr ough the spreading of overheads ;  
iii . t hrough le arning . 

He suggest ed t hat as batch s i ze increased , more specialised 
p lant and machinery , with higher init ial and/or s et-up cost 
became economical . Als o the flexibi lity of p lant ne eded 
could be reduced . 

Wit h respect t o  spreading of overheads be s aid that 
the idea that each batch wi ll incur some s et�up cost that 
must be abs orb ed by it was widely underst ood,  alt hough 
f ew firms had c osts recorded in such a way as t o  make such 
a distributi on of cost pract icable . 

The learning eff e ct; or cont inued reduct i on 1n 
labour c ont ent p er unit with increased product i on vo lume , 
is said t o  occur as a re sult of t echnical progre s s  during 
a run , such as the invent ion and introduct ion of· new 
t echniques , reduced average cost s f or organis ing 
product i on and_great er manual dext erity brought about by 
experience ( 4) . 

Addit ionally , East erfield ( 5 )  discuss ed t he eff ect 
of variety on st ock-ho lding, sugge st ing that t he t otal  
s af ety st ock held wi ll t end to  ris e  with the  number of 

1 .  For a m ore complete descript ion of the learning 
eff ect , s e e  Chapt er 6 .  
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varieties. 

As stated above, runs are short only 1n relation 
to the capacity of the plant. Plants tend to be large 
because of the expected economies of scale. These 
ex�ected economies were described by Pratten (6) as 
arising from indivisibilities, economies of increased 
dimensions, economies of specialisation, economies of 
massed resources, superior techniques or organisation of 
production, the learning effect, and economies through 
the control of markets and supplies. 

However, the extent of the consequences of any of 
these features of manufacturing in terms of cost will 
vary depending upon the particular technology involved. 
For example, in a highly labour intensive type of 
industry, such as white-ware assembly, learning effects 
could be expected to be appreciable, whereas they would 
not be so evident in a fully automated transfer line. 

In this chapter the classification of manufacturing 
will be related to the effects of short production runs 
and measures used to deal with them. 

2 . 3 CLA SSIFICATION OF MANUFACTURING SYSTEMS 
Prior to the industrial revolution almost all 

manufacture was performed by master.craftsmen who 
manufactured each item individually. In the 1 8th century 
the French Academy of Sciences ' .classic work "The 
Description of Arts and Crafts ", described the manufacture 
of pins using the division of labour and specialised tools 
to reduce production costs. Among other effects, this 
lowered the required skill level. The adoption of. 
standardised parts was exemplified by the gunsmith, Eli 
Whitney, who manufactured flintlocks with completely 
interchangeable parts (7). Thus the important principles 
of standardisation of components and division of labour 
were established, enabling the development of mass 
production systems. 

Woodward ( 8 ) in a study of 1 00 firms which was 
concerned with the relationship between organisational 
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structure and production technology, arrived at a 
classific ation system, in which a differentiation was made 
between t hose firms making integral products an� those 
making dimensional products, measured by weight, c apacity 
or volume. Dimensional products, such as chemic als, were 
m anufactured by process production. 

Both dimensional and integral products could be 
manufactured in a continuous, or mass production fashion 
or in a b atch fashion. Additionally a distinction w as 
m ade between products which were of a one-off kind and 
t hose where production was standardised. This 
classific ation is shown in figure 2 . 2 

INTEGRAL 
PRODUCTS 

PRODUCTION 
ENGINEERING 

CLASSI�ICATION 
(Production of units to ? 
(customer requirements. ) JOBBING 

(UNIT AND (Production of prototypes. ) 
(SMALL (Fabrication of large ) 
(BATCH (equipment in stages. 
(PRODUCTION (Production of small 
( (b atches to customer orders) 
( ) 
( LARGE ( Production of large SBATCH 
(BATCH AND ( batches. ) (MASS ( Production of large ) (PRODUCTION (  batches on assembly lines. 

( M ass production. MASS 

( ( Intermittent production-of BATCH 
D IMENSIONAL (PROCESS (chemicals in multi-purpose 

(PRODUCTION (plant. 
PRODUCT S ( (Continuous flow production MASS 

( (of liquids, gases, and 
( (crystalline substances. 

FIGURE 2 . 2 Production Systems (After Woodward ( 8)) 

A classification similar to that of Woodward but 
more closely focussed on t he relationship between run 
length and production system was made by Wild ( 9 ) . 
Production w as classified as jobbing, batch or m ass, the 
three groups overlapping. Pure jobbing production most 
closely corresponded to Woodward' s "Production of units 
to customer requirements". It involved absolute 
intermittent production, which comprised t he m anufacture 
of unique items with absolutely no repetition. M ass 
production in its purest form most closely corresponded 
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to Woodward 's "Continuous flow production of liquids, 
gases and crystalline. substan.ces". It involved the 
continuous production, twenty-four hours per day and 
365 days per year of a single type of item. 

Wild further subdivided mass production into 
quantity production and two types of flow production. 
Quantity production involved the_mass production of 
single-piece items or components, perhaps destined for 
use in the manufacture of more complex products. Examples 
of such production would be the use of a drop forge or an 
injection moulding machine. 

Flow production depends upon a product flow for the 
manufacture of the product. · Items produced are U$ually 
the result of a long series of complex operations, often 
involving other types of production. Flow production is 
most easily achieved for materials that flow naturally, 
such as oil and other chemicals. This type of production 
Wild called Flow Process. Hard discrete items must be 
made to flow and provision must be made for the inter­
changeability of parts. This type of production Wild 
called Flow line. 

While no one classification system can deal with . 
every production system in that there are, for example, 
mixed systems of dimensional and integral product 
manufacture such as brick production or pharmaceutical 
manufacture, a combination of these classification 
systems can provide a basis for discussion of the effects 
of short production r uns and methods to deal with them. 1 

The different production systems will involve varying 
proportions of contribution to the production process by 
the different factors of production, men, materials and 
machinery. Thus measures to deal with the dis-economies 
of short production runs in different types of production 
will involve techniques to deal with the most problematic 
factor (s). 

1. See Figure 2.3 
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Decreasing sophistication and 
specialisation of equipment 

The Production Continuum 

2.4 BATCH PRODUCTION 
Batch production, as discussed here, involves the 

movement of a given quantity of items or material 

-

through a number of process steps and the total volume 
emerges simultaneously at the end of the production cycle. 
According to New (10 ) , batch production can be classified 
as having either functional or group organisation. 

Under functional organisation the.production 
facilities are grouped together by type. For example, . all 
the lathes are together in a department separate to all 
the milling machines and so on. This has been the classic 
method of batch production. 

Group organisation or technology involves the set­
up of a group or cell of facilities to produce a range of 
items with similar facility requirements. The items 
produced in a cell may not require all the facilities .of 
the cell but they are chosen so that the minimum of re­
setting is required between different items. 

Despite group technology having been a recogn�sed 
system of manufacture since the turn of the century, most 
United States plants are still fu_nctionally organis.ed, 
according to Teresko ( 1 1 ) . This results in high in­
process inventories, long production time, and slow 
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response to orders. He suggests that group te�hnology 
has enabled improvements in engineering design, 
manufacturing engineering, materials control, production 
and job enrichment. Group technology is also highly 
amenable to use in Computer Aided Design and Computer Aided 
Manufacture systems and is said to be 11the underlying 
organisational principle of the computer-integrated 
m anufacturing system of the future11. (12) 

A flexible manufacturing system that is completely 
automated is described by Hutchinson and Wynne (13) and 
a similar development in West Germ any is described by Bey. (14) 
The system comprises a large number of direct numerical 
control machines, served by an automated materials handling 
system, and an on-line computer system which manages both 
the numerically controlled machines and the materials 
handling system. Such a system is said to possess many of 
the advantages of a fixed-sequence, high-volume transfer 
line while attaining the inherent adaptability of tradition­
al job-shop operations. It is said to be able to h�ndle 
volume and variety at relatively low costs. 

Another group technology approach advocates the use 
of robots and a hierarchy of.cornputers. Black (1 5) states 
that Boeing estimates.that such a centre for. the production 
of sheet-metal parts could reduce production-time labour. 
by 80%, and s�t-up labour by 90%. He suggests that mass­
production efficiencies will be attainable in plants where 
short runs are the rule and volumes are high enough to 
justify 11flexible11 automation. 

Rathmill et al (16) predict that the future desire 
for greater variety will mean that manufacturing in the 
future will not be dominated by mass production QUt will, 
of necessity, involve batch production. However, 
Toffler (17) opposes this view in describing the great 
variety of products possible to produce by modern (mass 
production) technology. He gives an example of the 
possibilities in that it was calculated that by using all 
possible combinations of styles, options and colours 
available on a certain new family car there were 25 million 
different versions possible. 
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·Batch production.systems will undoubtedly have an 

important role to play. Rathmill et al predict that 

future batch production systems will have the following 

features: 

l. High importance attached to capacity 

utilisation; 

ii. Variability in demand will result in a 

deg�ee of variability in both product mlx 

and component requirements; 

iii. Product demand for batch generally small 

to medium sizes; 

lV. Levels of coillponent complexity co�rnensurate 

with those of today; 

v. Extreme importance attached to the environment 

and the role of the industrial worker. 

vi. Greatly diminished availability of highly 

skilled labour; 

Vll. Marked reduction ln cost of data processing 

aLid storage. 

They suggest that the major disadvantages of 

functional layout will be overcome by the use of computers 

to control work in progress and flow discipline. The 

major advantage of.functional layout is in its flexibility 

ln terms of meeting variable requirements and the ability 

to quickly re-route work when required. 

The advent of numerically controlled machines has 

meant that short runs c�� be produced efficiently. A 

Numerically Controlled machine user is quoted as saying 

"It means never having to do a one-off .again. We can 

keep. the tape and it becomes automated. We have put our 

expertise on that job on file. " ( 1 8 )  
Small, autonomous N.C. work areas within large 

machine shops can be used to produce short runs of items. 

For example, a plant which received an original order for 

several thousand parts is requested to produce a further 

200 . Although parts were turned out at one every twelve 

seconds on the large lines, it would require two days to 

set up. A Numerically Controlled machine may take as 

long as five minutes per part but the set-up time is only 

thirty minutes. ( 1 9 ) . 
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In discussing product ion c ontrol in metal working 

fact ories , Moor.e and Jablonski (20) observe that short ­
run orders waste both man and machine t ime because they 
cause so many set-ups . Staff on piece work do not like 
them because they cannot get int o the swing of production 
and earn bonuses , and short runs t ake an undue amount of 
producti on control work. They suggest that strategies 
to deal with short-run product ion could be: 

l. put them through a miniature short ­
run factory; 

ll. put t hem through the company's 
experimental shop; 

lll. put t hem t hrough the t oolroom or 
maintenance department's machine shop; 

iv. sub-c ontract them outside. 
Short-run sheet-metal forming methods used in the 

aircraft industry are described by Noble (21). Because 
aircraft component s are not mass-prod�ced in terms of 
numbers , yet require a high degree of precislon and 
repeatabili ty, the aircraft industl'Y has developed such 
techniques as deformat ion by short bombardment , explosive 
forming which eliminates the need for a press , f luid 
t ooling and cast ing in eutectic alloy of the too l  inside 
the press , and infinit e�y variable tooling to avoid high 
t ooling costs. 

'Ihe use of superplastic aluminium alloys in 
oanufacture of artic les from sheet bas improved shcrt 
product ion run economics by a substant ial reduct ion ln 
t ooling cost m1d leads t o a marked decrease in lead t imes 
between order and delivery of goods . An example is given 
of the t ooling costs for a vehicle such as a Range Rover 
with fourteen body panels which would cost about £1.5 
million using c onventional t ooling but only about £50 , 000 
using superplastic aluminium. This material is most 
suitable for run lengths bet ween 1000 ��d 5000 but can 
compete s erious ly between 50 and 50 , 000. (22) 

Spincast ing is a t echnique highly suited t o short 
producti on runs . It has a long hist ory in the fields of 
dental a:r:..d jewelry metalwork but recent advances in new 
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silicone rub8ers , used for the moulds , have enabled it t o  
be ext ended to the production of zinc and even aluminium 
articles . �he cost of a c omplete spincasting system is les s 
than the cost of many individual dies produced for high­
pressure diecasting . It is extremely quick in that 
production of part s can be made on the same day as a 
product is conceived. Using a high-temperature z1nc alloy 
the moulds can stand up t o  hundreds of casting shot s 
although only 20 t o  30 shots of aluminium . ( 23 )  

These methods o f  coping with the short production 
run involve means of avoiding the chief cost of the short 
production run in the batch production situation , the set­
up cost . Set-up invo lves the use of the scarce resource 
of skilled labour and represents p ot ent i a l ly productive 
time v!hen the plant is idle . Means of avoiding or 
reducing the set-up cost as discussed above, involve : 

1 .  Changing the organisational pattern t o 
one which enables short runs to be made 
more easily through improved communication , 
s implificat ion of planning and labour 
f lexibility1 . 

ii. The use of increased capital in the 
form of flexible aut omat ion using comput ers 
and direct numerical control machines or 
robots with a computer-controlled material­
handling system to provide ability to change 
rapidly and easily , with a small on-going 
labour content . 

iii .  The use of individual or small groups of 
numerically c ontrolled machines where set-up 
t ime is eliminated because the set-up is 
st ored in a readily retrievable form . 

1 .  T�resko ·(1 1 )  3�ates t hat the grouping of workers as 
a consequence of group technology makes them tend t o  
become expert on all the equipment in their cell . He 
says 11 Almost magically set-ups that once required 
skilled people are done routinely by anyone in the 
work cell .  1f 



19 

iv . The use of unc onventional .methods of 
manufacture which avoid high tooling 
cost . 

v .  The use of a different material that 
allows the avoidance of high tooling 
cost s for more c onvent ional materia�s . 

Vl . The use of a sub-contract or who lliay 
use many orders from different firms 
or different product ion tec�niques t o  
attain ec onomies . 

Int erest ingly , t he examples of the spincasting 
technique and the aluminium forming above, s how that 
Easte::'field ' s  comment s t hat increasing batch s i ze allows 
different t ec��ical processes to become economic can ,  
in fact , be a process which occurs with both decreased 
volume as well as increased volume . 

2 .5 MASS PRODUC T I ON 
Mass production is ' . . . .  methods of organising the 

manufacturing processes s o  as t o  attain high rates of 
product ion at decreas ing unit cost n .  (7) 

Flow-line product ion ,  involving the manufacture 
of discrete items , and f low-process product ion , involving 
the oanufacture of dimensional products wil l  be discussed . 

Flow-line production 
This type of mass production involves the 

manufacture of discrete , integral items . 
product ion involves the use of t�e line 
organisat ion1 which is highly dedicated 

The process 
t;ype of 
to t he 

of 

manufacture of one or a small number of product s . Low 
unit cost is achieved by specialisation and production of 
large vo lumes , thus when it is necesscry t o  produce s hort 
runs , dis-ec onomies occur . 

1 . Line organisation is described by New (10) as having 
the characteristic of unidirectional f low through facilities . 
The line is specific t o a single it em or a s et of physically 
very s imi lar items and in general all the items require all 
the facilities on the line. Complex resett ing is required 
when t h� line is changed between different iterr& 
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Th e c lassic examp l e . of rr,as s production is the 

manuf acture of mot or cars . f·1ass product ion was first 

brought to wide not i c e  as Ford made innovat i ons result ing 

in great ly redu c ed unit c ost in his product i on of " Mode l T "  

cars in t he e arly 20t b c entury . Ford ' s  first as s emb ly 

line was u s e d  f or the manufacture of :wagnet o s . With one 

workman doing a c omp l et e  j ob ,  he c ould assemb l e  from 

t hirty t o  forty :t,)ieces  in a nine-hour da;y , t hat is about 

20 minut es e ach �a�net o . When the  as s embly was sp lit int o 

twenty-nine op erat i ons , t he as s emb ly t iQ e  was cut t o  

t hirt e en minut es t en s ec onds . The height of t he l ine was 

rais ed e i ght inches , cutt in g  t he t im e  to s even minut es . 

Fu�t her deve lbpment s cut �he t ime t o  five oinut es p er 

magn et o . As t he resu lt of such princ iples b e ing applied 

th::'oughout t t.e product ion pl�oc ess , t he cost of the 

"Model T 11 f e l l  from $780 in 1 91 0  t o  $290 in 1 924 . ( 24) 

In :rres ent -da;y p la_"YJ.t s manufacturing c o sts p er c ar have been 

relat ed t o  output per year . ( 25 )  'Ec onomies result t hrough 

use of more aut omat ed t o o ls for as s emb ly , reduction in 

init ial c os t s  ( Qevelopment ) per c ar , purchas ing e c onomies 

t hrough larger orders f or bought out mat erials , c omp et it ion 

among such supp li ers and the reduct i on in p er uni t  capi� al 

cos� . P�&t t en ( 26) has estimat e d  t hese economi es as 

list ed in T ab le 2 . 1  f or a UK manufacturer produc ing a 

s ingle :wode l at varying l evels of output o n  one s it e . 

Output ( thousands/year) 1 00 250 500 1 000 

Initial c os t s  for mode l £m 1 5  20 28 38 
C osts per vehic l e . 

Initial c os t s  38 20 1 4  1 0  

Mat erials & c omp onents 
b ought out 265 250 240 235 

Labour ( direct & indirect ) 1 02 90 86 83 

C ap it a l  c harges for f ixed 
& working c ap it a l  60 _.22 50 48 -- --

Total e x-works c ost 465 41 3 390 376 

Index 1 00 89 84 81 

TAELE 2 . 1 I l lustrat ive est imat e s  of C os t s  and Sc ale 
in car manufacture 

( Aft er Pratt en ,  1 971 , p 1 41 )  
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When small vo lum e s  of vehicles  must be  produc ed 

very diff erent t echniques to tho s e  of the large 

manufacturers descri b e d  abovs , must be us ed . Norbye ( 27 ) 
gives an examp le of a West G erman firm which sp ecialises 

in manufacture of sma l l  volumes of sp e c i a l  vehic le s . The 

product i on of such vehicles  is achieved eco:::1omically 

throu gh sp ecial t echniques and measures such as : 

1 .  Product ion machiner;y is quickly 

adjustab l e  over a wide ra�ge ; 

1 1 . St and ard machine t o o ls ( not sp ecial  

purp o s e  e quipment int ended for 

proc e s s ing grsat sr nu�bers 1n 

short er t ime ) ; 

iii . Us e of f ibreglass body pane ls ; 

1v . Short , s low-moving ass embly lines ; 

v . Us e of m odular des ign unit s and 

modular c onst ruct i on ; 

vi . Us e of b ought-in engines , gear­

boxes and other c omp onents . 

The aircraft as s emb ly industry was t he s c ene of t he 
dis c overy and quant =._ .:' i c ati on of the l e arning curve . 

Studi es  of aircraft ass emb ly showed that the fourth p lane 

required only 80% as much direct labour as the s e c ond , 

the eighth plan only 80% as much . as the fourt h and so  on . 

( 28) . Thus in aircraft as s embly , short product ion runs 

bear t he p enalty of additi onal l ab our cont ent per unit . 

It has been shown that learning rat e is proport i onal 

to labour input p er lb of aircraft ( 29) . Thus it would 

be exp e ct ed t hat le arning c urves would be most apparent 

in product ion. pro c es s es with high lab our c ont ent .-. 

N everthe l e s s , Hirscbmann ( 30) has shown that t here is 

evidenc e to suggest that learring curves occur even 1 n  a 

f low-pro c es s  indust ry , such as o i l  refining . 

Tt a u s e  of m e as�Te s  t o  increas e  the rat e of 

learning of ass embly work ers as us ed in the e lect ronic 

ass embly industry was r eport ed by Young and Tanner ( 31 ) . 
A syst em of modular product i on s t at ions was us ed t o  
provide f lexibi lity t o  meet changing demands . They cl aimed 

a 35% hi gher rat e o= s et-up us ing modular production 

st at ions . A s eries of phot o graphs of the first p i e c e  
s amp le was made at various st ages o f  ass emb ly , tbe it em 
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numbers froo _ the parts list were bal2_ooned out from the 
phot ogra?hs . Alt ernat ively an ass embly drawing was 
used. On the drawi ng a starting point was ident ified 
and a line was drawn t o  eaGh successive part . I n  
ass embly o f  wire harnesses , tape recordings were used t o  
give instructi ons . It was found tbat operat ors could 
lay wire satisfactori ly 30% quicker - than previous ly , 
when writt en inst�uct ions were used . 

It was suggest ed by Keggerreis ( 32)  that a 
relative ly short cyc le t ime should b e  used in assembly 
operati ons to improve learning rat e . However he also 
suggest ed that t oo s�ort a cycle t ime would lead to 
fat igue . He stat ed that conve;yor c;yc le t imes should fa.ll 
t.etween '1 5  seconds minimum and 3 '1 /2 minutes maximum . 

Product design c an play a rol e  in eas ing the costs 
of short production runs . Probi ne ( 33 )  report ed �ethods 
used at Fisher and Paykel ' s  whit e-ware assembly plant . 
He described how their 1 1  models of refrigerat or us ed 
o�ly 4 basic doors and 2 depths . The chest-type models 
were made to the same folds as t he vertical mode ls . Tre 
use of ABS plast ic with expanded foam insulator 
e liminat ed cost ly welding and meta l-forming us Gd l n  

refrigerators manufactured overs eas . Sizes were also 
designed for maximum utilisat ion of container spac e as 
a large proportion of production was for export . 
Additionally Fisher and Paykel us ed small comput ers t o  
alt er machine s ettings to enable the rapid changeover 
from one product to another on the same product ion 
line . ( 34 ) . 

A pharmaceutical packaging factory maintained 
efficiency despit e runs varying from 5 , 000 to 1 00 , 000 

units by : 
l .  Keeping plant floors and layout s 

open , for fast , easy shifts of 
- ope-rat ions ; 

l l . Keeping line mechanisat ion at a 
minimum qy resisting the t emptation 
to add equipment which in the long 
run would reduce versat ility . 
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i i i . Having an on-go ing training 

programme for .crews and sup ervi s ors 

so t hat anyone c ould do any j ob ( 3 5 )  

Einbinder ( 36 )  report ed t hat a c osmet i c  packaging 

c ompany minimi s ed the c ost of s et-ups by ensuring t hat 

there were suffici ent lines t o  enab l e a new run t o  b e  

s et -up before a crew bad to  move t o  t h e  line . The firm 

also put gre at emphas i s  on ensuring the line was s et up 

c orrect ly , p oint ing out t hat "Th e addit i onal t ime of the 

s et-up man is far outwe ighed by t he man-hours of s everal 

op erat ors wast ing t ime or doing unnec essary wo::r:k t o  

c omp ensat e  f or a bad s et-up . " 

In f low- line product ion invo lving the manufac:!:;ure 

of c omp l ex product s  such as aircraft , product i on-p lanning 

t o  ensure t hat all  res ources are c o-ordinat ed is a highly 

c omp lex proc e s s . This c an be  furt her c omp ounded by short 

product i on runs . \Vart erbury ( 37 )  rep ort ed t hat Lockhe ed 

use a highly s ophist i c at ed comput er-b as ed p lanning syst em 

cal led. " G enp lan "  t o  generat e manufacturing pro c e s s  p l ans . 

Measures t o  deal with s hort production runs in 

f low-l ine product i on are aimed at r educ ing the s et-up 

c ost and increas ing t he rat e  of le arning of op erat ors as 

well as r educ ing t he c omp li cat ions of t he p l anning t ask . 

The s e  ob j ec t ives were met through : 

l .  Use of f lexible non- specialis e d  
machinery ; 

i i . Subst itut ion of labour for c ap it a l  

input s t o  increas e f l exibility ; 

i i i . Use  of modu lar unit s in des ign and 

product i on . 

lV . U s e  of photographs and other 

pict orial methods to increas e the 

rat e of learning . 

v .  U s e  of t an e  rec ordings t o  increas e 

the rat e of learning . 

vi . Selection of a�propriat e  cyc le  t ime 

to minimise  the eff ect of l earning . 

vii . St andardisat i on of part s t o  mini�is e 

s et -up c ost s . 
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v111 .  Se l e ct i on of �at erials which have 

low t oo ling cost . 

1x . Training staff t o  improve f l exibi lity . 

x .  Us e o f  c omput ers t o  ass ist in c omp lex 

product ion p lanning . 

FloH-proc es s  product ion 

F l ow process product i on invo lves the cont inuous 

or s emi-c ont inuous manufacture of dimensional p roduct s .  

It is  the most rec ent ly developed form of product i on . 

It is hi ghly capit a l  int ens ive and requires relat ive ly 

hi ghly skilled op erat ors . Examp les  of sucb product ion 

inc lude the manufact�re of chemic a ls such as sulphuric 

aci d ,  c ont inuous f erment at i on proc ess to produ c e  alcoho l , 

print ing pro c esses us ing w eb-f ed pres s es and many food 

product i on processes . 

Wo odward ( 38 )  r ep ort e d  that in t he study of 1 00 

firms , c l as s ified as in Figure 2 . �  ( where proc e s s  

product i on c orresponds m o s t  c los e ly t o  f low-process  

product i on ) � the  f o l l owing em erged : 

1 .  t here was more de legat ion of authority 

in proc e s s  than other typ e s  of product ion ;  

1 1 . t he lengt h o f  the line of c ommand ( number 

of leve ls o f  hi erarchy)  was great est in 

p roc ess product ion ; 

iii . t he span of c ontrol  of the chief exe cut ive 

was great est in proc ess  production , he 

act ed as a chairman rather than an 

authorit ari an f i gure ; 

1v . t he prop ort i on of turnover in wages and 

s alaries was l east in proc ess  product ion 

and industrial relat ions were genera l ly 

b etter , probab ly due t o  less  t ension and 

pres sure , smal l er working groups and 

small spans of c ontrol in middle management ; 

v .  the rat i o  of managers t o  t otal p ers onnel 

was much gre at er in pro c e s s  indust ry 

( 1 : 8  proc e s s , 1 : 1 6 large batch and mas s , 

1 : 23 unit ) . Addit i onal ly managers were 
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bett er qualif ied wit h  a large 

proport ion of graduat e s  in l ine management . 

vi . There was a great er proport i on of indirect 

labour t o  direct labour in proc e s s  product i on . 

vii . There was a great er prop ort i on of c l erical 

and administrat ive labour to manual l abour 

in proc e s s  product i on . 

vi i i . There was a larger numb er of ski l l ed workers1 

in proc e s s  and unit produc t i on t han large 

bat c h  and mas s product i on . 

Learning behavi our has b e en obs erved in f low­

proc e s s  product ion . Baloff and K enne l ly ( 39 )  report ed 

that in a rec ent study of process  st art-ups in t he st e e l  

industry , st eady st at e  productivity was reached t hat was 

1 . 6 t o  1 1  t imes gre at er t han the average product ivity of 

t he f irst mont h  of op erat i on . Hir s chmann ( 30 )  report ed 

t hat over a p eriod of t en years , t h e  t ime required t o  

put a Whiting ref inery f luid cracki ng unit on- stream 

dropped t o  l e s s  than half the t ime initially r e quired . 

The c ot t on indust ry in Brit ain was p l agu ed by a 

great vari ety of sp ecificat i ons and c ons equent short 

run l engths according t o  Robson ( 40 ) . He suggest ed t hat 

ec onomies  c ould be  ac hi eved from a reduct i on of vari ety 

by : 

i .  reduc ing administrat ive and 

c lerical exp ens e s ; 

i i . reduc ing t he amount of s t o ck holding 

necessary ; 

i i i . reduc ing t he t ime when machine s  or 

men were idle t hrough difficult i e s  

i n  dovet ai ling one order into another ; 

lV . reduc ing the proport i on of time sp ent 

in machine s ett ing as against machine 

running ; 

1 .  There was s ome prob l em in obt aining the ski l led 
operat ors neces sary as although they were oft en 
highly skilled in t hat s ituat i on , they - were not 
rec ognised as ski l l ed out s ide t he firm . 
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v .  by p ermitt ing an opt imum deployment 

of lab our and more generally , of a l l  

t he f act ors of product ion . 

In addit i on he sugge s t ed t here may b e  a saving from the 

increas ed ski l l  of management and op erat ors l eading 

t o  an improved f l ow of output and a reduction in fault s . 

In the past , gravure-print ing has been restri c t ed 

t o  us e in largest c irculat ion in t he pub lishing f i e ld 

and longer runs in p ackaging due t o  a great ext ent t o  

the cost of the gravure cylinder . However , a new 

gravure cylinder product i on proc es s , r eport ed by Purdy ( 41 )  

has reduced t he c ost of cylinder manufacture by ab out one 

half . The cylinders also  t ake significant ly l e s s  t ime 

to engrave t hus mak ing it p o s s ib le to produc e short 

runs more ec onomically . 

The re lat i onship of various proc ess and product 

p aramet e rs t o  run l engt h  in a napt ha cracking heat er has 

b e en examined by Mo l ( 42 ) . The end of a run c an b e  

caus ed b y  c oking o f  t he cracking c o ils o r  by f oul ing of 

the transfer line exc hanger . Mol  examined t he 

re lationship of f i lm eff ect and tub e-wall t emp erature , 

f e edst ock , out l et t emp erature , out l et pressur e , di lut i on 

st eam ,  c o i l  des i gn and s i z e , burner typ e  and layout , 

tube mat erial , and t ub e  l engt h  and arrangement t o  run 

length and was ab le  t o  rec ommend op erating strat egies t o  

improve run lengt h. 

M easures t o  deal with short product ion runs in 

f low-pro c es s  product i on must deal wit h  t he high s et -up 

c osts and improve l e arning rat e where possib le . 

Addit ionally , M o l ' s  art i c l e  indicat ed a run- length 

f eature unique t o  t hi s  typ e of manufacture : the int er­

action of t he mat erial and t he pro c es s  plant . 

There is re lat ive ly litt le  publ ished inf ormat i on 

dealing with t hi s  c lass of product i on and s o , b e aring 

in mind t he sp ec ial natur e  of t hi s  product i o� m ethods 

t o  bring about s o lut i ons t o  t he short product i on run 

prob lem must b e  extrap o lat ed from other f orms of 

p roduct i on or be comp let e ly nove l . 
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2 . 6  SHORT RUNS IN SPRAY DRYING PLANTS 

The c ommonality of many prob lems in a wide range of 

manufacturing has b e en discus s e d .  In all s ituat i ons a 

product i on manager mus t  p lan and c ontrol to  m e et ob j ect ive s . 

He must c o- ordinat e m en , machinery and materials in t he 

fac e of unexpect ed dis t urbanc e s  in order to  manufacture a 

s at isfact ory product . 

Spray drying p lant s are different from _ the other 

typ e s  of product ion t hat have b e en dis cus s e d .  There are 

a number of f e atures t hat mak e  t hem diff erent . T he s e  

inc lude : 

i .  The s easonal p att ern of milk flow . 

Manufactur ing is dependent on the product ion 

of the raw mat erial whi c h  occurs in a s e as onal 

pat t ern wit h a peak of t wice the average f low . 

ll . Perishab i l ity of raw mat erial . 

The s hort life  of t he raw mat erial due t o  rapid 

microbiol o gi cal att ack makes st orage 

impract i c ab l e  and nec e s s itates  prompt 

pro c es sing . 

iii . A re lat ive ly small labour f orc e . 

A small number of p e op l e  are respons ible 

for t he m a j or port ion of t he process lng . 

iv . Limit ed variat ion in p l ant and product . 

All raw mat erial must pass through the 

bas i c  st eps of s ep arat i o n ,  evap orat i on ,  

drying and p acking . To bring about variat i on 

minor p l ant it ems are added in vari ous 

c omb inat ions and f low r ates  and t emp eratures 

alt ered . 

v .  Limit ed p l ant running t ime . 

The plant ' s  running t im e  is limit ed by s c a l e  

bui ld up in t he evap orat or and microb i o logical 

growth so t hat f or practical purp o s e s , a l arge 

p art of it must be c le aned c omp let e ly every 

24 hours . 

Vl . Raw mat er i a l  and product are both f luid . 
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vii . A high prop ort ion of c o st is f ixed . 

The labour c o st is fixed . Plant must b e  

staffed t o  handle thep eak flow an d  because o f  t he skil l  

invo lved c annot readi ly b e  shed and replaced . Also plants 

are oft en in are as whi ch do not have a ready lab our market . 

There i s  a daily cost of st art-up , shut down and c leaning 

regard l e s s  of vo lume of product , with t he evap orat or 

c onsequent ly running f or s everal hours without product . 

Finally , t he p l ant it s e lf is an expensive maj or s ingle 

it em and p art s c annot be  readily s hed or ac quired t o  alt er 

c apacity . 

The s e  f e atures and others dis t inguish spray drying 

p lant s from other t yp es of product i on . However , spray 

drying p lant s also have many s im i l arit i e s  with other types 

of product i on . The ir s ophisticat ed process  t echn o lo gy ,  

high cap it al , and low lab our c ont ent and free-f l owing 

product and raw mat erial app e ar t o  be a c las s i c  c as e  of 

a flow-p ro c e s s  industry . However , they als o have f eatures 

of batch t yp e s  of product i on . There i s  a l imit e d  volume 

t hat can b e  pro c e s s ed before c l e an ing , t here i s  a daily 

start-up and s hut-down , and t he e quipment is r e l at ive ly 

general p urp o s e in t hat all t��ee maj or typ e s  of product , 

n ame ly SJVJP , WJVJP and BMP can be  pro c e s s ed in the one p lant 

with only minor addit i ons and c ontrol alt erat i ons . 

It must b e  c onc luded t hat product i on in spray drying 

p lant s i s  a hybrid process  and short production runs may 

invo lve p rob l ems and draw s o lut i ons from a vari ety of 

typ e s  of manuf acturing . 

From t he study of bat c h  product i on it . was c onc luded 

t hat s et -up c o st w.as a major fact or in short runs . An 
examinat i on of s et-ups in spray drying plant s must b e  

made t o  det e rm ine if t his i s  the case , and i f  t he t ime 

t ak en for s et -up is a crit ical factor . If s et-ups proved 

t o  be a probl em c ould flexible aut omat ion or c omp�t ers be  

of as s i s t anc e ?  Could t he use  of  unc onventi onal e quipment 

or proc e s s e s  avoid such s et-up c o s t s  or c ould t he Dairy 

Board organis e  t he all ocat i on of orders diff erent ly t o  

att ain e c onomies ? 
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In f low- line product ion , measures to deal wit h 

short product i on runs are aimed at increasing the rat e of 

learning as w e l l  as reducing set-up c o st . Does  learning 

behaviour oc cur in spray drying p l ant s ?  Could t he 

subst itut ion o f  labour input s for c ap ital e quipm ent increas e 

flexibi lity? C an the op erat ors b e  t rained b ett er t o  adapt 

more e as i ly t o  changing product sp e c if ic ations , can 

c omput ers b e  used t o  ass ist in c omp l ex product i on p lanning? 

Flow pro c e s s  product i on studi e s  indicat e d  t hat in 

thi s  typ e of product i on there is an int eract i on betwe en 

the p l ant and the mat erial . Can this relat i onship be  

quant if i e d ,  c an it  be  used t o  produ c e  short run s  more 

effic i ent ly ? Can advant age be t ak en of the different 

management structure in t hi s  typ e of proces s ing in order 

t o  improve short run e c onomies ? 

Many que st i ons have b e en p o s ed by this study of the 

oc curren c e  of short runs in other industri es . They have 

indic at ed where t he p rob l ems of short runs l i e  and where 

to l o ok f or s o lut ions . Only a det ailed study of spray 

drying p lant s c an re s o lve t hese que st ions . 
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CHAP�·ER THREE 

THE OCCU1L�ENCE OF SHORT PRODUCTION RUNS 

IN SPRAY .DRYING PLANTS 

3 . 1 PREPARATION OF Tfl_E SURVEY 

Introduct i on 

It was c ons idered nec es sary t o  undert ak e  a survey of 

the occ urrenc e of short production runs in spray drying 

plant s of the  New Zealand Dairy Industry be cause t he 

inf ormat i on s ought was not avai lab le from any other 

s ourc e . It was des ired t o  det erm ine : 

l . How s hort production runs c ould b e  defined . 

l l . What caused sh ort product i on runs . 

i ii . How many short product ion runs oc curred . 

lV . I f  short product i on runs were s e en t o  be  

a p rob lem in t he fact ories . 

v .  What problems were caused by short product i on runs . 

Vl . What might be the p ot ent ial m eans for improvement . 

The survey was c arri ed out in two part s . A writt en , 

p ostal qu estionnaire was fo llowed by an int e rview . The 

result s are pres ent ed here in t hat order b e c au s e  t he 

questions asked in e ach cas e  were resp ect ive ly quant it at ive 

and qua l it at ive , providing a natural c lass if i c at i on . 

Familiar i s at i on with the Industry 

In order t o  det ermine t he b e st method of s e ek ing the 

informat i on and t o  be  f amiliar with the t e c hnical nature 

of the Spray Drying Industry , a number of vis its  w ere 

made t o  Spray Drying Fact ories where t he probl ems of 

short p roduct ion runs were dis cus s ed with vari ous staff 

memb ers . In addit i on t he op erat i ons of a spray drying 

fact or y  were obs erved at first band by att ending s everal 

shift s w it h  p lant st aff . In addit ion s hort product i on 

runs in spray drying p l ant s were di s cussed with Dairy 
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Board , Dairy Research Inst itut e and Mas s ey Univers ity 

st aff . 

Pre l iminary Dat a Analys i s  

A pre l iminary analys is of t h e  di stribut ion o f  

product i on run lengths w a s  ab le  t o  be  made o n  dat a 

provided by the Dairy Board . ( 1 ) This was done wit h the 

aim of assist ing in the underst anding of the dat a 

requirement s for the prop o s ed survey . 

The Dairy Board dat a c ompris ed mont hly product ion 

st at ist i c s by fact ory and by specifi c ation for the 1 978-79 

s eas oL . It enab l ed s om e  est imat es t o  be made of the ext ent 

of s hort product i on run o c currenc e due t o  c hanges of 

sp ec if ic at i on . 

There were s ome imp ort ant point s  immediat e ly raised 

with regard to  the inade quacy of  t hi s  Dairy Board dat a :  

i .  Product ion which f ai led t o  m e et specificat ion ( and 

t hus was not submitt ed t o  the Dairy Board) was not 

inc luded . 

ll . It was not possib l e  t o  det erm ine whet her a product 

specificat i on ( and henc e a run ) had b e en produc ed 

de liberat e l y  or as a result of a re-clas s ific at i on 

of t he product . 

iii . In the cas e of f act ori es with more than one p lant , 

it did not dist inguis h  which p lant was used . 

iv . It did not indicat e  whether t he t onnage f or a 

month was produc ed as one run , as a number of runs , 

or as part of a run ext ending int o  more than one 

mont h . 

The data was analys ed under a numb er of assumpt ions . 

Bri e f ly ,  the c onc lusions re ached were that : 

l .  Generally t here app eared t o  b e  the great est number 

of short runs in Sl\'lP and BlVJP product i on ,  fol lowed 

by WMP ,  fol lowed by t he prot ein group . 

ii . If it was assumed t hat fact orie s  only used their 

smal l e st drying p l ant , t hen this as sumpt i on 

result ed in a s im i l ar distribut ion t o  that which 

would b e  obt ained if it was ass umed t hat groups of 
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s imilar specificat i on were produced as one 

product ion run . 

iii . In WMP and prot e in group s , the distribut ion of run 

lengt hs did not c h ange with t im e  of year . With SMP 

and BMP groups there was an inc reas e in average run 

l engt hs during the f lush p eriod , with short er run 

l engt hs in July-August and February-March-Apri l . 

lV . St andard specifi c at i on product s  exhib it a different 

run l engt h dist ribut i on t o  non- standard sp ec ificat i ons . 

There was a l arger prop ort i on o f  short runs and very 

long runs in the s t andard spe c ific at i ons . 

v .  There were s ome c omp anies that produc ed a different 

prop ort ion of s hort runs t o  t he indu9try average . 

vl . The dist ribution o f  run lengths was . as foll o ws : 

2 5  t o  50% of a l l  runs were l ong runs (> 1 50 hours ) 
45 t o  60% of a l l  runs were short rQns ( 1 5- 1 50 hrs ) 
1 5  t o  45% of a l l  runs were extreme ly short runs 

( < 1 5  hours ) 
( The p erc ent age dep ended on what assumpt ions were 

made . ) 
This analys is indi c at ed t hat it was l ik e ly t hat 

large numb ers of re lat ive ly short runs were occurring . 

It also  showed the n e ed t o  c o l 2 ect inf ormat i on in such a 

way as t o  e l iminat e t he as sumpt ions t hat _ were nec e s s ary 

as a result of the inadequacy of this dat a . 

M et hod of Dat a C o l lect ion 

There are two rec o gnis ed methods of dat a c o l lect i on 

for t hi s  typ e  of s ituat i on , the int erview and the writt en 

questionnaire . 

The I nt erview 

The int ervi ew has t he advant age of as suring a high 

resp ons e rat e ,  ensuring t hat t he resp ondent is ab le  t o  

supp ly a resp onse t o  t h e  c orrect ly int erpret ed que st ion , 

enab ling t he eA�ress i on of vi ews that may not have been 

p o s s ible in a writ t en f orm , and enab l ing the int ervi ewer 

t o  mak e  an asses sment of t he authority of the view . 

It has t he dis advant ages of t ak ing a great de al of 

t ime and exp ens e in phys i c ally vis it i ng the respondent s . 
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I t  is als o sub j ect to b e ing af f e c t e d  by stres s ,  s t rains 

and other fact ors aff e c t ing t he int e r v i ewer and t h e  

r e s p ondent . 

T he Writt en Que s t i onnaire 

The advant ages o f  t he writt en que s t ionnair e  are 

t hat it is a re lat ive ly i nexp ens ive f orm of dat a c o l le c t ion , 

t he r e s p o ndent c e.n c omp l et e t he que s t i onnaire at h i s  l e i sure 

and each r e s p ondent is p r e s e nt e d wit h a s t andard i s e d ,  

unemot i onal s it uat i o n . 

The d i s advant ages are t hat it d o e s  not a l l o w  t he 

r e s p ondent the fre e dom t o  exp r e s s  hi s v i ews as w e l l  as t he 

int erv i e w , it has l e s s  l ik e l ih o o d  o f  b e ing c omp l e t e d  due 

t o  t he lack of p ers ona l c ont act , it must b e  r e lat i ve ly 

s hort and i t  must b e  c l e ar ly worded t o  avo i d  m i s - int erp r e t ­

at ion and amb i guit i e s . ( 2 )  

It was dec i ded t hat a c omb inat i o n  of the t w o  

t e c hnique s would b e s t  m e e t  t he ne eds of the r e s e ar c h . 

As t here w e r e  only t hi rt y- s ix f act o r i e s  in the I ndus t ry , 

a succ e s s fu l  survey would r e quire an ext raordinar� ly h i gh 

r e s p ons e rat e . Thus t he p ro m i s e of a p e rsonal v i s it aft er 

t he writt en que s t i onnaire was an inc e nt ive t o  c o mp l et e it . 

Addit i ona l ly , t he inf ormat i o n  r e quir e d  c l early f e l l  int o 

t wo group s . 

Quant it at ive inf o rmat i on c ould b e s t  b e  c o l l e c t e d  by 

t he writt en que s t i onnaire enab l ing the resp ondent t o  

p e rform any nec e s s ary c al c u l at i o ns o r  c o llect i o n  o f  

inf o rmat i o n  at his l e i sur e . Writ ing would als o b e  

m inimis e d , t hus a l lowing a great e r  vo lum e  o f  inf ormat i on 

t o  b e  c o l le c t ed in a s hort e r  t im e . I t  was de c id e d  t o  us e 

a small p o rt ab le t ap e  r e c o rd e r  t o  c o l l e ct t he re s u lt s  o f  

t h e  int ervi e w  que s t ionnaire t o  a l low a free-f lowing , 

natural c onversat i on t o  o c cur , f ac i li t at ing t h e  exp r e s s i o n  

of ideas . ( 3 )  

C onstruc t i o n o f  Que s t i onnair e s  

B e ar ing in mind t he f ac t s  t hat were r e quired t o  b e  

det ermined ,  l i s t e d  ab o v e , a long l i s t  of que st i o ns was 

g ene rat ed . They were aimed at t he p r o duct i on manager of 
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each fact ory as b e ing a unique indivi dual in each fact ory ,  

who was in a posit i on t o  b e  aware of the t e chnical nature 

of the p lant ' s  op erat ion as we l l  as having knowl e dge of 

wider managem ent is sues . ( 4) 

In order t o  reduc e the questions to  a manage ab le 

numb er and ensure that the right questions were ask ed , 

wit hout dup licat ing inf ormat ion alre ady availab le , the 

list of que st ions was pres ent ed t o  Dairy Board T e c hnical 

s t aff , Dairy Re s e arch Inst itut e  st aff and others , f or 

crit icism . 

Wit h the he lp of this criticism ( 5 ) ,  the 

que st i onnaire s were prepared for pi lot -t est ing . It was 

f e lt that it was not de s irab le  to us e more ·than one fact ory 

f or this purp os e , 1n vi ew of the small t ot�l p opulat ion . 

This was done and the qu est i onnaires were t hus c orrect ed 

and final i s e d . 

Method of C arrying Out Survey 

An introduct ory lett er , emphas is ing t he imp ort anc e 

of the que st i onnaire , indicat ing the expect ed t im e  of 

c omp l et ion , and t hat s om e  us eful resu lts would b e  

returned t o  t he respondent , was prepared and endors ed by 

Dr Sanders on , Assistant Direct or of the Dairy Re s earch 

Inst itut e . 1 

The int roduct ory l etter ,  a long with the 

questionnaire booklet1 and a return address ed and st amp ed 

enve l ope were mailed at t he beginning of Apri l  t o  a list 

of product i on managers , prepared with t he he lp of Dairy 

Board Techni c a l  st aff . ( 6 )  This dat e was cho s en t o  

coinc ide wit h  the end of the p roduction s eason , p erm itt ing 

t he c ollect i on of dat a from the past s e as on whi l e  it was 

fresh in t h e  minds of t he managers , and at a t ime of t he 

year when t heir work load would be  exp ect ed t o  b e  low . 

The require d  c omp let ion dat e was April 2 5t h . 

When approximat e ly two-thirds of the quest ionnaires 

bad b e en returned preliminary r esult s w ere calculat ed and 

e ach respondent was s ent a c opy with a l etter exp re s s ing 

1 . See App en dix 2 for c opies  of lett ers and book l et . 
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t har�s and p rop os ing an int ervi ew dat e . Remindsr l ett e rs 

and addit ional quest i onnaire b o ok l e t s  were s ent t o  t ho s e  

fact ori es whi c h  had fai l e d  t o  return quest i on�aire s . A 

f e w  days prior t o  the prop o s ed int erv i ew , each product i on 

�anager was c ont act e d  by t e l ephone t o  confirm or r e - arrange 

t he int erview . 

Ext ent of R e sponse 

C om"J l et e d  writt en ouest i onnaires were rec e iv e d  from 

t hirty-one f act ories . In addi t i on the results from t h e  

one fact ory u s e d  as a p i lot -t e st were inc luded . Two 

f act ories ind i c at ed t hat t h ey did not wish t o  c omp let e 

t h e  que st i onnaire as t hey were current ly involved s o l e ly 

in cas e inat e  manufacture , and one fact ory did not re s p ond . 

Int ervi ews were c omp l e t e d  at thirty-t wo fact ori e s  

( inc luding t he p i lot ) . A t  t wo fact o r i e s  the s t aff were 

unavai lable for int erview for a p er i o d  about t he prop o s e d  

visit t ime , and one fact ory was not v i s it ed becaus e o f  

it s geographi c a l  i s o lat i on . 

3 . 2 RESULTS OF WRITTEN QUESTIONNAIRE 

Int roduct ory Not e 

This s ect i on c ont ains t he result s of the writt en 

qu est ionnaire on s hort pro duct i on runs in the New Zealand 

( Dairy) Spray Drying Industry . The f i gures refer to t he 

1 979-80 s e as on and are t he r esult of t he data supp l i e d  

from thirty-two of the t hirty-five fact ories i n  the 

Industry . 

Some quest i ons have a s e ct i on r e c ording s t at ist i c s  

o n  11 Est irnat e 1 1 ,  "Product i on R e c ord" , or 1 1No Answer 11 

r e sp ons es . The s e  were u s e d  t o  indi c at e  the degr e e  of 

r e l i ab i lity of the result s l i s t ed in t hat quest i on . The 

"No Answe r "  c at egory inc ludes t ho s e  r e sp ondent s who d i d  

n ot t ick e ither t h e  11Pr o duct i on Rec o r d 1 1 o r  the " Est imat e 1 1  

b ox ,  as w e l l  as t h o s e  who did not �ns w er the quest i on . 

Resp ons es t o  quest i on one were not listed here 

b ecaus e insuff i c i ent r ep li es were made to draw a 

r epr e s ent at ive descript i on of the s i z e  of plants ln the 

. d ' 1 l n  U S 0 1', • 
1 . An �na l y s i s  of t he c ap ac ity of p l ant s is  made in Ch . 2. 
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Quest ion 2 

What is y our def init i on of a Short Product ion Run? 

Results 

Twenty-four r e spondent s defined a Short Product i on Run as 

b e ing a p eriod of less  t han one day ' s  run ( up t o  24 hours ) .  

The s hort e s t  p eriod c ons idered t o  b e  a short run was one 

hour . 

Six respondent s  defined a short run as being a p eriod of 

great er t han 24 hours run but less than a week ' s  run . 

No respondent s defined a Short Run as being gre at e r  t han 

a week . 

Two respondent s did not answer t his quest ion . 

Quest i on 3 
Are there any p art icular product sp ecs  that invo lve 

Short Product i on Runs ? P leas e spec ify and not e why . 

Product Sp e c  

Butt ermilk 
Powders 

Yeast P owder 
Goat s ' milk p dr 
Lact ose  Perm e at e  
Lact albumin 

Baby Foods and 
local mark et 
product s 

Reas on that it is produc ed ln 
Short Runs 

Small quant it ies avai lab le f or 
proc e s s ing and s hort st orage l if e . 
One r espondent indicat ed prob lems of 
out of spec . on f lavour as a r e sult of 
two days storage before pro c e s s ing . 
Insuf f icient st eam t o  dry butt ermilk 
on r o ller plant , t hus do Short Run on 
Spray Drier aft er casein manufacturing 
is f inished . 

Small quant it ies  avai lable f or 
proc e s s ing at any one time 

Small market requirements and 
limit at ions on as s oc iat ed p lant . 

Agglomerat ed 

Health Foods 

t yp e s  Dep ends on Dairy Board Mark et ing 

Expiry dat e on product 

Some Skim Milk 
Powder Sp ecs  

Various 

Fouling of Evaporat or 

Trials and t est runs 
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Quest ion 4 

Are there any product sp e c s  that are p art icularly 

difficult t o  produc e a Short Run of? Pleas e spec i fy and 

not e why . 

Result s 

Shortne s s  of run was f e lt t o  magnify yield loss e s . This 

was esp e c i a l ly imp ortant wit h high va lue produc t s . 

Some He alth Foods were c onsidered difficult t o  produce in 

Short Runs b e c aus e of t he length of t ime taken f or Prot e in 

and various analytical Tests ( up to 6 hours ) .  

Prob lems c ould also  b e  exp eri enc ed wit h Skim Milk P owders 

of restrict ed WPNI b e c aus e of t he lag time betwe en 

production of powder and result s  from WPNI t est s . 

Two respondent s  f e lt t hat any product was· difficult t o  

produc e i n  a Short Run b e c aus e of the need t o  11 s et t le 

p lant and obtain result s  1 1 • 

Aft er product ion of runs of Butt ermi lk Powder ( usually 

short ) probl ems were s om et imes  exp eri enc ed wit h f atty 

powder in t he plant ( when produc ing SMP ) . 

Some Babyf oods were c ons idered diff icult to produc e in 

short runs b e c aus e of the unc ert ainty of the quality of 

s ome of t he non-mi lk ingredient s . 

On butt erm i lk powder the  evap orat or produces a surp lus of 

c onc entrat e becaus e it was des igned f or Skim Milk . A ls o , 

the drier overloads t he t ransport syst em . 

On product i on of instant p owders , there is a product ion 

of about 1 /2 t onne of non-inst ant product each st art-up/ 
s hut-down . This loss  i s  magnifi ed in Sb ort Ru�s . There 

is also t he s ett ling down of st aff . 

Questi on 5 
Below are l ist ed s ome p o s s ib le c aus es of Short P:roduct i on 

Runs . 
I Add any c aus es not list ed 

II Not e b e si de each how many Short Runs 

are c aus e d  by it p er y ear .  
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Est imat e 1 4  Production Rec ord 8 No answer 1 0  

Result s 

Ranking of caus es of Short Produc t i on Runs 

Rank 

1 

2 

3 

4 

5 

6 

7 

C aus e 

Trials , t est runs 

Se as onal variat i on 1n mi lk quant ity 

s�all order a l l o c at ed fact o ry by 
Dairy Board 

Management dec i s ion 

Fai lure t o  m e et product spec 1n 
e arlier run 

Seas onal vari at i on in milk qualities  
and prop ert i e s  

Se asonal variat i on 1n m i lk  quality 

No . of 
respondents 

1 7  

1 4  

1 1  

8 

7 

6 

4 

Ot her fact ors which were f e lt t o  caus e Short Product ion 

Runs were : 

mak ing show powder = 

normal Butt ermilk P owder Manufacture = 

no or poor r efrigerat i on e liminating skip- a-day 
pick up , 

smal l order c aus ed by local s a l e s = 

small amount of c onc entrat e avai lable to  dry = 

local market cust omer requirements . 

In quest ions 5 and 6 ,  it w as diff icult to est ablish just 

how many Short Runs were c aused by any one fact or becaus e 

respondent s had wide ly diff ering views . As a result an 

arithmet ic average would have b een me aningless . Inst e ad 

the c aus e s  were ranked in the order of the number of 

resp ondent s t hat not ed t hi s  f actor t o  be a caus e of 

Short Product i on Runs . 
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Quest ion 6 

Below are list ed s ome p o s s ible  caus es of int errupt ions t o  

product ion runs . 

I Add any causes not listed 
I I  Not e bes ide each caus e how many occurrenc es 

of it t here are per year .  

Est imat e 1 5  Product ion Rec ord 1 0  No answer 1 1  

Results 
Ranking of caus es of int errupt ions to product ion runs 

No . of Rank C ause respondents 

1 Failure of e lectricity supp ly 
( ext ernal ) ; 

2 Failure ll1 p lant ( mechanical ) 

3 Failure in p lant ( e lectrical ) 

4 Boiler breakdown 

5 Wat er shortage 

6 Lat e tankers .caus e run out of milk 

7 Failure of fue l oil to  arrive in t ime 

8 Fai lure ln ext ernal gas supp ly 

Addit ional c aus es of int errupt ions to runs were : 
product funct ional  causes ( inst ant problems ) 

b locked driers 

st aff 
product mixing problems from batch to batch 
out of spec· product caus es 
negligence 

Question 7 

29 

28 

26 

1 9  

1 2  

1 0  

3 

1 

Approximat e ly how many product runs p er annum are made of 
each of the f o llowing run lengths in hours ? ( exc luding 

start-up , shut-down and c leaning) 

Est imat e 1 1  Product ion record 1 1  No answer 1 0  
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Results 
Average number of runs in c l ass 

P-3 4-9 1 0-21 22-29 30-49 50-74 75-99 1 00-149 1 50-240 
1 6  1 3  20 5 25 3 4 2 1 

�-----days---------, r1 -
�
1 I 22;35 I 2� 

Number of responses us ed t o  calculat e above result : 1 2  

Quest ions 7 and 9 were beset with s ome  prob lems of 
definition and understanding . Some respondents did not 

realise that what was want ed was the t ot al run lengths 

rather than the daily run l ength . Also , a large number 
of respondents answered c orrect ly in t erms of the 

definit ion in s aying they made a diff erent run e acb day 

becaus e of the daily product ion of buttermilk powder . 
A sp ecial exclusion should have been made for Butt ermi lk 
Powder in the definition .  
Thus , only those fact ori es t hat did not product butt ermilk 

p owder gave the statistics  t hat were required . This 
accounts f or the small number of fact ori es used in the 

result s displayed . 

Quest ion 8 
Approximat e ly bow many days per year would daily running 

t ime be of t he f o llowing lengths in hours? ( exc luding 
st art-up , shut-down and c leaning) 

Est imat e 1 1  Production Record 10 No answer 1 1  

Results 
Industry average number of days spent at a particular 
run lenrlh 

1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  13 14 1 c  1 6  17 1 8  
0 1 2 4 5 6 '? 1 4 1 9  1 2  1 6  22 5 9 13 21 1 0  38 

����;12�,
2
�12�1 

2
�1 

Average number of days p lant is running : 260 

1g 
1 1  
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Question 9 

How m a.ny production runs of each spec that has been 

produc ed have been made in the last year? 

Result s  
Mult i-plant fact ories nearly always run more than 1 p la.nt 

on t he same spec . 

One respondent did use one plant for SMP only and one plant 
for WMP only . Two , thre e or four runs were made of about 

1 4  specificat i ons per plant during the year . 
The average nu�ber of diff erent specs  produced per 

p lant was 8 .  

The average number of different products ( e . g . W� , SMP , 
BI\'1P are three ) produced p er plant was two . 

ThE average number of runs per specification was three 
( in those p lant s where butt ermilk did not caus e daily 

spec changes ) . 
One fact ory , using their small evap orator-drier for t he 

local market , did an average of four runs of each of 
eight sp ecifi c ations . 

Quest ion 1 0 
\f.hat is the average numb er of specs produced in • . • •  

Estimat e 8 Production reco�d 1 7  No answer 7 

Results  
For the industry , the average number of specs produc ed 
p er plant was as follows : 

a day 

a week 

minimum 

1 . 2 

1 . 3 

average 

1 . 6 

1 . 7 

maximum 

2 . 4  

2 . 8  
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Question 1 1  
Approximat e ly what would the average daily runnlng t ime 
be  ( in hours ) for each of the following months ? ( exc luding 

st art-up , s hut-down and c leaning) 

Estimate  1 0 Production record 12 N o  answer 1 0 

Result s 
Average dai ly running t im e  for t he industry each month is 

Jun Jul Aug Seu Oct Nov Dec Jan Feb Mar �pr Mav 

. 6  2 . 2  8 . 8  1 3 . 6 1 6 . 4  1 7 . 1  1 5 . 5 1 3 . 4- 1 1 . 8  10 .4 7 . 1  4 . 8  

Question 1 2  
Wbat is the maximum t ime your evaporat or can run between 

washes ru�d on what spec? 

Estimate 1 1  Produc"!:; i on record 1 8  No answer 1 1  

Results 
Average �lJaximum Time evaporat or can run between washes 

is 1 9 . 5 hours 
Short Maximum Time is 7-8 hours on a low beat SMP 
Longest Maximum Time is 50 hours on spec 600 . 

Quest ion 1 3  
How long do es it take on average t o  • • • •  

Estimat e 9 Production record 8 No answer 1 5 

Results  
Average time t o  p erform t he following tasks ( SSMP) were : 

hr mln 
St art up evaporat or 0 44 
Start up drier 0 27 
Sbut dow� drier ( exc luding c lean )  0 20 
Shut down evaporator ( inc luding CIP )  2 00 
Wash dri er ( full wet wash) 2 50 
Wash fluid beds 2 45 
Wasb eye lones 4 20 
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Quest ion 1 4  
How frequent ly are the followin g given a full wet wash? 

Result s  
On SMP the f ollowing are given a full wet wash as follows : 

dri er dai ly : 1 2  2 days : 1  3 days : 1  4 days : 1  
we ekly : 7 less oft en : 7 

f luid b eds monthly or more frequ ent ly : 6 
2-6 t imes/year : 3 1 /year : 1 

cyc lones monthly or more frequ ent ly : 1 0  
2-6 t imes/year : 9 1 /year : 5 

In general , c leaning app ears t o  be .  s imi lar or wit h 
gre ater fre quency on vMP and other product s t o  the above . 

Question 1 5 
On which product and product sp ec changes do t he .fo llowing 
not need t o  be cleaned? (Pleas e  list indicating 
sp ec ificat i on to sp ecificat i ou )  

Resu lt s  
Evap orat or . The evap orat or do es not need c leaning on 
changes from : 

whey p owder t o  SMP or B�W 
SMP t o  BMP and vic e  vers a 
SJV[J? t o  WMP 
BMP t o  WMP and vic e  vers a 

Two respondents s aid they do not change spec during a 
day ' s run , t hat is t o  s ay ,  they change at the end of the 
day and therefore the evap orat or is washed anyway . 
One respondent always washes the evap orat or between specs 
as a matter of company p o licy . 
Drier . The dri er is s aid not t o  need cleaning on 
the above spec changes and als o from : 

WMP t o  half cream � owder 
half c ream p owder to SMP 
low t o  high fat p owder and vic e  versa 
SMP t o  SMP 
low l actose t o  high lact o s e  
cas einat e  t o  WMP 
WMP t o  SMP 

One respondent said both drier and evap orator are usually 
c leaned bef ore a spe c  change . 
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Question 1 6  1 

Approximat e l;y how much chemical is u s ed each t ime the 
f o llowing i s  washed? 

Est imat e  1 0  Product ion record 6 

Re sult s 
C aust ic us e ( kg of NaOH) 

s ilos 
st andardis ing ves s els 
s ep arat ors 
drier 
f luid b eds 
evaporat or 

kg 
. 48 
. 1  
. 78 
. 8  
. 3  

2 . 0  
c onc ent rat i on us ed was from 1 t o  3 . 5% 

Nitric use ( kg of Nitric Acid) 
kg 

s i los . 34 

st andardis ing vess e ls 
s eparat :;rs . 25 

drier 0 . 0 
f luid beds 0 . 0 
evap orat or . 52 

c onc entrat ion us ed was from - 7 5 to 396 

Sanit i z er et c .  us e 

n 
8 
1 

1 0  
6 
2 

1 0  

n 
3 

7 
5 

5 

8 

No answer 1 7 

U s e  of sanit i zer and other addit ives app ears t o  vary 
wide ly in typ es and dosage rat es , inc luding whet h er it 
i s  app lied at all . 

1 .  Volumes and c on c entrat ions of cleaning mat erials us ed 
appeared to vary great ly . When kg of act ive ingredi ent 
were calculat ed ,  there were diff erenc e s  of up t o  1 000 
t imes b etwe en some p lru�t s . In order t o  arrive at an 
average figure , only those responses t hat app e ared t o  be 
in c los e agre ement were us ed.  The f i gur e , 1 1n 11 , i s  the 
number of re spons es that were us ed t o  calculat e t he 
average . 
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Question 17 
How long ln addition to normal start-up , shut-down and 
c leaning does it take to change • . .  

Est imat e 1 2  Production record 3 No answer 1 3  

Results 
Specificat i on changes within one product type : 
Change ( hrs )Longest Average 
Agglomerat ed to 

non-agglomerated 
603 to 672 
low heat t o  medium heat 

6C2 to 652 
600 to 672B 

Product typ e 
\-lMP to SMP 
vlMP to BMP 

672B to 800 
SMP to Wl''IP 

changes : 

Wl"'P to caseinat e 

6 4 
6 4 
2 1 . 5 
1 � 75 
1 . ·  - 75 
1 - 5 

16 1 2  
- 7 - 5 

1 - 33 
- 5 - 33 

1 - 33 
- 75 

1 . 5 1 
1 6  

Minimum 

2 
,..., 
c. 

1 
- 5 
- 7 
. 1 67 

1 0  
. 1 67 
. 25 
. 25 
. 167 
- 33 
- 75 
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Question 1 8  
How man;y staff per shift are there on . . • •  

Results 
Funct ion No . per plant 
Supervisory . 6C 
Separat ion . 61 
St andardis at i on . 64 
Evaporat ion . 88 
Dri er . 78 
Packing off 4 . 99 
Boiler - 74 
Lab 1 . 4-Ll-

Question 1 9  
How many shifts are run of . . • .  

Result s  

Normal at neak at end of season 
Process staff 2 . 37 2 . 59 1 . 82 
Packing staff 1 . 38 1 .  51 1 . 1 6  

Quest'ion 20 
Do y ou have any special arrangements for staffing , 
e . g . extra c lean-up staff not covered by the above 
questions , if so , please describe? 

A number of factories have at least one extra person 
involved in c lean up . 

Question 21 
What perc entage of tot al off-specification product would 
you attribut e to Short Product ion Runs ? 
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Result s  
Esti�at es o f  off-spec product due t o  shcrt runs r anged 
from none t o  1 00% as f o l lows : 

O% 1 0  
0-1 0% 9 

"1 0-1 5% 1 
25% 1 
50% 2 
90% 1 

1 00% 1 
No  answer 7 

3 - 3 RESULTS OF THE INTERVIEW QUESTI ONNAIRE 
Introduct i on 

This s e ct ion c ont ains the result s of the int erview 
questi on�aire pres ent e d  t o  p owder product ion managers of 
thirt�� wo factori es by the author during June and July 
1 980 . The result s are prec eded by a t able list ing the 
qu estions and the � orresp onding inf ormat ion s ought . 

TABLE 3 . 1  INTERVIEW QUESTIONS AND THE INFORMATION SOUGHT 
Int erview Que st i on 
1 . 

2 .  

3 -

4 .  

What are the ob j ect ives 
of the c o�p any? 

How do you judge how 
we ll t he s e  ob j ect ives 
have b e en met ? 
How do e s  the c ompany 
evalu at e t he e c onomics 
of run length? 

What me asures are t aken 
to deal with short runs ? 

What was sought 
Does the manager have a 
c lear idea of what h e  is 
trying to achieve ? ��at is 
he trying to achieve ? 
Is the res earch going t o  
he lp him ? 
Is there any feedb ack 
c ontro l ?  What f orm does 
it tak e ?  
Does the c ompany evaluat e  
the costs of short runs ? 
vfuo do e s  it ? How i s  it 
done? I s  the comp any aware 
of the exc ess cost s of 
short runs ? 
Are there any nove l 
s o lut ions to the prob lem 
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6 .  

7 -

8 .  

9 .  
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How l ong is the minimum 
dai ly running t ime your 
fact ory v10uld run and 
why? 

vlliat measures are t ak en 
t o  deal with s hort dai ly 
running t ime? 
Do you divert �ilk t o  
other units s ometime s  or 
rec e ive m i lk  from them , 
and on what occasions ? 
Who dec ides on the 
fact ory ' s  product ion 
p lan? 

How does t he c ompany 
decide which spray dried 
product s  it would like 
t o  produc e ?  

1 0 .  Are there any p art icular 
specs t hat your comp any 
is bett er at produc ing 
than most other compani es 
and why ? · 

1 1 .  What is the maximum 
p eriod milk c an  be he ld 
b efore pro c e s s ing it ? 

1 2 - How long can the p lant 
be shut down before it 
requires addit i onal 
c leaning prior t o  
st art-up ? 

1 3 .  What quantity t ested by 
the lab takes longest t o  
t est and i s  most oft en 
reason f or out of sp e c ?  

1 4 .  Do you prop os e any 
alt erat ions t o  p lant 
capac ity , how much and 
when? 

��at are the fact ors t hat 
caus e a plant t o  b e  r�n for 
a s hort peri od e ach day ? 
What idea has the manager as 
to what is unec onom ic ? Are 
effort s made to maxirri s e  
dai ly running t ime?  
Are there any nove l 
s olut i ons t o  this prob lem? 

Is this used as a m e ans of 
increas ing daily running 
t ime?  How much c o- op erat ion 
is t�ere between c omp ani es ? 
Who does ? How much s ay has 
the product ion manager? 
vlhat s ort of fact ors a::r:'e 
t ak en int o ac count ? 
How big a p art do p lant 
economics p lay in de ciding 
the products?  vfuat are the 
other f act ors ? How much s ay 
do es the comp any have?  
Does t he ffianager know if 
his c ompany has advant ages 
over others ru�d exp loit it ? 
Are such advant ages us ed in 
det ermining what product s 
are produc ed? How much 
spec ialisation is t here ? 
How long can it b e  held? 
I s  t his us ed t o  he lp 
increas e dai ly running t ime? 
What problems c an  it c aus e ?  
Do es ho lding milk c ause  
extra p lru1t cost s ?  

What t akes longest ? 
What caus e s  most prob lems ? 

Is there a trend t o  more 
flexibl e  or bigger p lant s ?  

1 5 .  Do you int end t o  divers ify Is the present p att ern of 
the product spec range producti on likely to change?  
y ou produc e and if s o , Is the ability of p lant s t o  
int o what areas ? produc e a vari ety of 

produ.ct s going t o  c ha�1ge ?  
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1 6 .  Do you have doc.ument at i on Do the O.fJerat ors k:::1ow hovJ 
on how t o  s et up the p lant to get the r • l ant on spec ? 
for diffErent specs , who Is t b e  inf ormat i on kept 
writ es it and who is it up t o  dat e ?  
avai lab l e  t o ?  

1 7 . vfuat would be  the advant ages ru1d disadvant ages if • • . .  

l .  Supp ly of milk is \\.'hat advant ages and 
c onst ant throughout dis advant ages does this 
the y e ar have ? Is it p o s s ib l e ?  

wnat c an be done? 
i i . Indivi dual spray 

d�ying fact ories 
s p e c i alis e in 
making onl;y 2 or 3 
sp ec s . 

ll l .  Reduc e t ime of st aTt 
up , s hut-dov.m and 
c l e an by one hour? 

'1 8 .  What area do you f e e l  
ho lds most p ot ential 
for effici enc.;y improve­
rn.:mt in spray drying 
p lant s ?  

ditt o 

A:r·e managers aware of 
this c o st ? · Are they doing 
anyt hing about it ? 
What c an b e done? 
What i s  wrong at present ?  
How c ou ld it be itnp roved? 
Is this res e arch import ru1t ? 
What e ls e  should b e  done?  

Ansv1e�:s to  the  int ervi ew quest i onnaire . 
1 .  Wha t are the ob j ect ives of the c o::npany ? 
Answ ers t o  this quest ion inc luded t h e  following : 
a .  T o  maximis e  the retur:1 t o  th� farmers through 

eff ic i ent pr·oduct i on . 
b .  Payout 
c .  '.ro produce  a mi lk product whi ch will give the 

b est return t o  the farmer . 
d .  Short T e rm . T o  ec onomically process milk t o  

provide mm::imurn return t o  t:ae sha.reholders . 
Long Term .  To ec onomically proc8ss what ever 
products are produc ed on the lo.nd around here . 

e .  To  m anufacture the best product we can 1-vi t b  tbe 
e qu ipment we ' ve got . To be as viable as p o s s ib l e . 

f .  To  m aximis e  return t o  the farmer and. s ec ondary are 
the l ong t erm maxim.isat i on of return to .farmers 
and we :r:·ecognise a role in providing emp l oyment . 

g .  T o  maximi s e  long t erm profitab i lity ru1d t o  
pres e rve identity ( vs nearby larger c ompany ) . 
T o  b e  in specificat i on (powder p lant ob j ective ) . 
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h .  N one . Current ly in proc ess of merger talks . 
l .  T o  process  milk as cheap ly as possible t o  give 

m aximum return . Welfare of st aff , t o  make it more 
t han j ust a j ob .  Quality , yie lds , c ost s and staff . 

j .  T o  make good quality powder . 
M o st respondent s answered in t erms of maximis ing 

payout t o  the supp liers . A very small number went on to 
re lat e  t hat to what had t o  be done in the p lant , in t erms 
of maximi s ing us e of resourc es and minimising c osts . 
Some resp ondents ' resp ons es were not as wide ranging as 
were exp e c t e d .  Many respondent s put an artificial limit 
on the s c op e  of their possib le act ion .  Some limit ed 
t hem s e lves  to exist ing t echnology , e . g . answer ' e ' ; others 
limit ed t hems e lves t o  proc essing m i lk or product s of the 
land . 

There was litt le evidenc e of market orientat ion . 
Some spok e of quality as an ob j ective but this was more 
re lat ed t o  payment from the Dairy Board than to t he 
product s '  ac c eptability in the market p lace . No  one 
ment i one d s atisfact ion of consumers as be ing part of 
their ob j e ct ive .(This is p erhaps less s urprising .than it app ears 1n 

t hat the Dairy Board is t he market to the c omp ani es.) 
2 .  How do you judge how we ll these ob j ect ive s 

have been met ? 
Most resp ondent s answered that they c ompared their c ompany 
payout with that of other c ompani e s  in a s imilar position .  
N ZCDC has rec ent ly b egun t o  use a m onthly report ing 
syst em on s everal fact ors of product ion , c omp ared with 
predict e d  leve ls .  All  NZCDC managers s aid that t hey 
t hought t his was a good syst em . 
Four other c omp ani es have s ome form of monthly report . 
The remainder have none . 
Some resp ondent s ment ioned "perc ent premium grade' as 
b e ing the ir measure of performanc e . 

3 .  How does the C ompany evaluat e the economics  of 
run length? 

The f o llowing are examp les of answers rece ived t o  this 
quest i on . 
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a .  The c ost ac count ant s go t o  work . They ask me for 
informat ion on st affing , t onnes p er day , and 
comp o s it ion of product . They f ind out what the 
Bo ard is going t o  pay and work out if it's go ing 
t o  be e c onomic . 

b .  It dep ends on the premium p ayment s . If it ' s  going 
t o  be s omething big lat er o n , t hen we ' d  definit e ly 
do it . 

c .  We have never had any small orders from the 
Dairy Board . 

d .  We ' ll make it providing the Board pays the c ost . 
e .  We s e e  a spin off in do ing s hort runs in that we 

want the Board t o  s e e  we ' re prepared to manufacture 
the s e  product s .  

f .  Small t onnages are uns ett lin g .  St aff have a 
re luct ance t o  change from we ek t o  week . Oft en a 
change is to the detriment of quality . 

g . We have a good c ost ing syst em for diff erent part s 
of the fact ory . We put in st eam m et ers and power 
met ers on rec ept ion , s eparat ors , c as e in w ash , 
c as e in dry , evap orat or and spray drier . Costs are 
broken up int o wash-up and actual running . We 
est imat e chemic al c onsumpt ion and drying rat e . 

h .  . • . • .  and c ost out t he diff erence in direct and 
indirect costs ( from a st andard product ) . . . .  

l .  We ' re st i ll grop ing in that are a .  We have the 
inf ormation on costs  we ' ve ac cumulated over the 
past f ew years . We us ed to do s hort runs t o  
p leas e  the Dairy Board , but n ow we don ' t  do it 
b e c aus e it ups et s  t he whol e  op erat i on ,  st aff , costs , 
t otal  inc onvenienc e . The eff ect on morale is a 
thing you can ' t quant ify . 
There are a ma j ority of p lant s that do not get 

asked t o  do short runs . Of tho s e  t hat did short runs , 
most r e spondents answered that they as s e s s ed the c ost s 
and c omp ared this wit h the pric e the Dairy Board was 
prepared t o  pay .  Some fact ories have a very good idea of 
their c ost s in det ai l . Others can 
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only us e the c ost s incurred the last t ime the product 
was made . 
The costs are usually as s e s s ed by s omeone other than the 
powder product ion manager , either a higher manager or an 
acc ountant . 
Only one resp ondent ment i oned the addit ional indirect c ost s 
due t o  produc ing a s hort run . 
Some c omp ani es ment i oned that their wi llingness t o  produc e 
short runs was as a r e sult of their des ire t o  b e  s e en by 
the Dairy Board as a suit able c omp any t o  produc e high 
premium , non-standard product s .  

4 .  What measures are taken t o  deal with· short runs ? 
In general discuss ion on quest i on 3 pre-empt ed t he rais ing 
of this quest ion . 
One measure that was ment ioned was the product i on of two 
months ' requirement s at the end of the first mont h ,  in one 
run . Thi s was only p o s s ib le where it fitted with s hipp ing 
deadlines and t ime c onstraints . 
One respondent said that he was unwil ling to produc e less 
than a ful l  day ' s  run of a product . 
Respondent s s aid that it would b e  most undes irab le t o  do 
short runs at the p e ak of the s eason , when capacity was 
stretched . Short runs should b e  s cheduled for non-pe ak 
t imes if at all pos s ib l e . 

5 . How long is t he mlnlmum dai ly running time your 
f act ory would run , and wt�? 

2 - 3 
3 - 4 
4 
4 - 5 
5 
6 
6 
8 -1 0  

1 0  

hours 
hours 
hours 
hours 
hours 
hours 
hours 
hours 
hours 

2 t imes a week 
2-3 t imes a week 

2 t imes a week 
2 t imes a week 
3 t imes a week 

( on 1 p lant of 2) 
Most managers s aid t hat running time was not the main 
crit erion for c ont inuing or ceas ing product ion . 
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The reas ons were as f o ll ows : 
a .  How much maint enanc e o r  capital works had t o  b e  

done during t h e  shut-down . 
b .  Depends on the s eas on and whether we have met our 

market c ommitment s . 
c .  C an ' t  tip the mi lk down the drain , thus pro c es s  it . 
d .  Quality drops off s erious ly . 
e .  Rat i o  of prot e in t o  lact ose alt ers (prot e in 

inc reases , lact o s e  decreas es ) making it more 
difficult t o  achi eve the des ired solubi lity and 
inst ant prop ert i es . 

f .  Must pro c e s s  t he t own mi lk supp ly anyway . 
g . It might b e  cheaper f or the f act ory · t o run at a 

loss  than freight the mi lk e l s ewhere . 
h .  Prefer t o  d o  a s hort , sharp burst of product i on 

each day t o  give c ont inuity of work for the staff . 
l .  Tanker c o l l ect i on det ermines when bi-dai ly 

production s t art s . 
j . It is a head off ic e decision . 
k .  Prefer short running time at the st art of the 

s e as on t o  get any prob lems of new plant or modific­
at i ons s ort ed out . 

Most managers try t o  run the p lant as long as p o s s ib l e  
when they d o  run . Thi s  depends t o  s ome ext ent on the 
milk c o llect i on rout in e . Most fact ori es do not have 
refrigerat ed silos whereas mi lk is refrigerated on the 
farm . 
Plant s produc ing WMP would not do s o  on a bi-dai ly b asis 
because of t he danger of flavour prob lems due t o  the 
quality drop on st orage . These were t he plant s that s aid 
they would not run l e s s  than 1 0  hours p er day ( on WMP ) . 

6 .  What measures are taken t o  deal with short dai ly 
running t ime ? 

Most comp anies  ran every s econd day or with a lower 
frequency during t he ends of the s eas on . Some groups of 
c ompanie s  c o- operat ed t o  process all t heir butt ermilk or 
milk in one f act ory . Some respondent s s aid t hey used 
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their c as ein fact ory to handle the small volum e s  of low 

quality milk that were available at the s eas on ' s end . 

Fact ories  that had mult ip le plant s s aid it was - possible to  

us e f ewer t han the  maximum number of  p lant s or  1 p lant of  2 .  
However ,  t his strat egy was limit ed in NZCDC plants becaus e 
of t he e o- generation of e lectricity . There were two 

problems . 
1 .  

2 .  

Importat ion of electricity was nece s s ary 

if less than full st eam was us ed . 
Large volumes of low pres sure st eam ex 

the turbo-alt ernator had t o  be exhaust ed 

to  atmosphere inst ead of being us ed for 
drying if only say 1 of 3 p lants was run . 

These prob lems result ed in it being c onsidered more 

economic t o  run all plants for a short t ime rather t han 

one for a long period . 

Another problem was t hat boilers become less efficient 

when produc ing much less t han their int ended leve l of 
st eam product ion . 

7 . Do you divert milk t o  other pro c e ssing unit 

s omet imes , or receive milk from them , and on 
what occasions ? 

NZCDC do es  divert milk to  what ever fact ories it consider s  

would bring t he best return from it . Mat angi has a 
virtually c onstant mi lk supply as a result of t his . 
Te Awamutu had it s maximum milk int ake of the y e ar ln May 

when all t he other fact ori es had shut down . There are a 

number of problems at Te Awamutu caused by t his . 
Some c ompanies do divert milk at t he end of t he s eason 
as ment i oned above . 

There are s everal companies t hat are s o  isolat ed 

geograp hi cally that it would be a very expens ive operat ion 

t o  divert milk to  other fact ories . 

A possib le reason for diversion of milk is  a maj or break 

down . Most factories have other plants within t he c omplex 

that could t ake t he m i lk if the spray drying p l ant broke 

down . 
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8 .  Who decides on the fact ory ' s  product ion p lan? 

Companies submit a p lan t o  the Dairy Board of what their 

propos ed product ion would be , bas ed on standard products . 

The c ompany als o submit s a p lan of product ion invo lving 
non-st andard product s  it would like t o  produc e .  The Dairy 

Board t hen t e lls t he c ompany what products it c an produc e .  
This may change t hrough the season as orders f or non­

standard product s  change . 
The p lan submitt ed t o  the Dairy Board is prepared by t he 

General Manager , Sup ervis ing Manager o,r the Chi ef Execut ive , 

who is  s enior t o  the Powder Product i on Manager . The 

product ion manager may have some say in the submiss ions 
and in t he final detailed arrangement of theproduction 

within monthly p eriods . 

9 .  How does the c ompany dec ide which spray dried 

products  it would like  to  produc e ?  

The .maj or f act ors deciding which product s are t o  b e  
manufactured are : 
l .  The c ap abilities of the p lant and the availabi lity 

of alt ernat ive processing p lant s ( t o  make different 

typ e s  of product ) .  
l l . Dairy Board product differentials . 

The Dairy Board p ays the c ompanies princip a l ly on 
-. 3 b as es : 

a .  J.l-1anufacturing c ost allowanc e .  The average 

manufacturing cost of a product through t he 

industry is paid t o  manufacturers of that 
product on a p er tonne bas is . 

b .  A payment for t he milk on a c ents per k i logram 

of milkfat bas is . This payment can be m odified 
by the addit ion of a differential , int ended t o  

encourage the product mix that the Dairy Board 
r e quires . For examp le , in the 1 980-81 s eason , 
c as e in was t he desired product and it r e c e ived 
an additional 5c  per kg of milkfat over the bas e 

pri c e . Skim m i lk powder was not required s o  it 

was paid only t he bas e pric e . 

c .  Inc ent ives and grade premiums 
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iii . Costs relative t o  other companies . Becaus e the 

Dairy Board pays average c ost s , if there are 

c ompanies produc ing the same product , one of whom 

has a significant advant age t hen the average l S  

lower and the c ompany without that advant age might 
be re luct ant to make that product . 

Other fact ors that aff ect whether a comp any wil l  produce a 

product inc lude the s e asonal variat ions in milk c omposit ion 

and quality , als o the rat e  of throughput of the product . 

1 0 . Are there any p articular product specs your company 

is  better at produc ing that other companies  and 
why? 

About one third of respondent s s aid that their fact ory was 

not part icularly bett er than others in any resp ect . 
Some said they had a minor advant age with respect to  a 
part icular spec and buyer .  

One resp ondent said they had an advantage in produc ing 

high energy c ont ent products becaus e of the availabi lity 
of cheap c oal . 

Two respondents said that their plants ' ability t o  
manufacture high bulk dens ity product was an advant age . 

One respondent said that as his fact ory was set up t o  
handle products that required standardis ing , t his  was an 
advantage in the product ion of standardis ed product s .  

1 1 . What is the maximum p eriod milk can be he ld 
before proc essing it ? 

Est imates of how long milk c ould be he ld before proc essing 
varied from two days t o  about s ix days . Many c ompanies 
c ollect m i lk on a bi-dai ly bas is throughout the s e as on to 

reduc e transport costs . 
It was not ed that overs eas , collection may be onc e every 

f our days or a week but it was f e lt that in New Zealand , 
holding milk for up to  s ix days was only possible  with 
extremely good quality milk as produced in the f lush 

p eriod.  

The view was express ed that t own milk was of bett er 

quality and t hus could be kept for longer than fact ory 
supply milk . 
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It was exp e c t ed t hat quality would improve with t he 

introduct ion of t he st andard p lat e c ount t est . 

Most resp ondents said t hat it was best to hold milk on 

farms b e c ause vats were refrigerat ed whereas some fact ory 

silos were not . Also , if there was a problem such as an 
industrial st oppage , the effects of dumping many individual 
tanks of milk was not as great as t hat of a fact ory silo . 
How long milk could be held also dep ended on the acidity 
specs of t he product manufactured ,  and the product it self . 
Manufacturers of WMP were re luct ant t o  hold milk at all , 

whereas casein was less critical . 

Most fact ori es did use t he ho lding over of milk t o  

increase daily running t ime . 

1 2 . How long can the p lant be  shut dowri before it 
re quires addit ional c leaning prior t o  st art up ? 

Most resp ondents answered that 24 hours t o  t hree days or 

great er shut down required an addit ional evaporat or c lean 

prior to  st art up . It was felt t hat driers could be 
c losed up f or 1 -2 we eks before needing a wet wash prior 
t o  start up . 

Some p lant s were washed with acid or sanitizer before 
st art up as a matt er of c ours e . 

1 3 . What quality t est ed by t he lab takes longest t o  
t est and is most oft en reas on for out of spec ?  

Table 3 . 2  Quality Test Problem Are as 
Longest t o  t est Most oft en reason for 

out of spec 
Yeast and mould 4-5 days C o liforms 
Bact eria 3 days Bact eria 
WPNI 3-5 brs Fat 
Oven moisture 5 brs Moisture 
Vitamins 1 week Scorched particles 
Viscosity 1 week So lubi lity Index 
Foam t est 3 week Microbiological 

Wettability 

Yeast and Mould , Bact eria and WPNI were list ed at most 

factories as t aking longest to t est . The times given t o  

p erform thes e t ests were all within the ranges given . 
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The last f our it ems in the '' longest to test " list were 

given by individual resp ondent s . 

The cause which result ed in " out of spec"  most frequent ly 

was microbiological . Scorched p art i c les - were mentioned in 

t hree c as es . The remainder were isolat ed occurrenc es . 

1� . Do you propose  any alt erat i ons to  plant cap acity , 
how much and when? 

Ninet een respondents s aid they did not int end to increas e  

capacity . 
Three resp ondent s said t hat planned upgrading would 
result in increas es up t o  1 0% . 

Other posit ive respons es were : 
a .  Pos s ibly .  The ( smaller) dryer is very old . We 

could rep lace it by increas ing t he capacity of t he 
( larger) dryer . 

b .  An exercise  is  being looked at t o  install s econdary 

drying . It is exp ect ed this would increas e throughput 
20-25% . 

c .  No . But if we ' re s hort of anything , it ' s  a p lant ' t o 

give us a small t hroughput . . . . .  t he economic s  are not 

there to go out and buy one . 

d .  I f  t h e  increas e i n  milk supply c ontinues next year , 
we will have t o  c onsider it . 

e .  We would like t o  have a bigger dryer because we st ore 

concentrat e now . 

f .  Yes . About f our t onnes  per hour , 6 effect with 
- mechanical vapour rec ompression ( possibly) . 

To handle our p eak and effluent problem . 

In general there appears t o  be litt le change or investment 
planned . However , obvious ly such a matt er would be 

highly confident ial and t hus it is difficu lt to  say 
whether there will be  maJ or c�anges . 

At pres ent under c onstruct1on at Wait oa are two p lants 

for manuracture oi· wney produc-es and baby roods . 
'l'here app ears -e o  be exc ess  c apac1ty in Taranaki . 
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1 ·c: 
_./ o Do you int end t o  divers ity the product sp ec range 

you produc e ,  and if s o ,  int o what are as ? 

Two respondent s s aid t hey were int ending t o  inst all 
equipment to a llow t hem t o  produc e high heat/heat st ab l e  
S�W . One not e d  t hat there appeared t o  be a trend away 

from low heat powder t o  high heat/heat stab le SMP . 
Three respondent s ment i oned the possibility of produc ing 
whey product s .  
Two resp ondent s s aid it was possible t hey would mak e  \'IMP . 
One fact o:ry was in the process of obt aining equipment t o  

allow it t o  manufacture inst ant powders . 

It appears t hat more fact ories int end t o  change t he kind 

of product the;y produce t han their c ap acity . Changes are 

t o  high heat/he at st able SMP , \IJIVIP , Inst ant Powders and 
t o  whey-bas ed p owders . As t his does not in general 

i.nvo lve coLJ.p let e new plant s , it can be said t hat exist ing 
plant s are bec oming more f lexible . 

1 ·6. Do you have docum entation on how t o  set up t he 

p lant for different spec s , who writ es it , and t o  whom 
is it availab l e ? 

Most plant s use log books from the previous t ime a 
product was made t o  he lp in s etting t emperatures , f low 

rat es and pressures t o  be us ed.  
Some p lant s have additional informat ion in t he f orm of  a 
p lant manual or c ard index systems referring t o  
individual spe c ificat ions . These are usually kept up t o  

dat e by one pers on , such as t he plant chemist , t he s enio� 
f irst ass istant or the p owder manager . 

Spec changes are supervis ed by the p owders manage� or a 
s enior op erat a� in s everal p lants . 

It app ears t hat ope�at ors do have acc e s s  to information 

on how t o  get the  p lant on spec . However , c hanges  from 

9eason t o  s e as on and within a season , render logged set 
points approximate guides only . 
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1 7 .  i .  Supp ly of milk t o  the fact ory l S  c onst ant 
t hroughout the year .  

Most respondent s s aid they thought even milk product ion 
throughout the year would be advant age ous . The f o llowing 
reasons were given : 

1 .  Invest ed c apital would be reduc ed 
2 .  Ec onomy of op erat i on ( no short runs ) 
3 .  St aff b enefit from s et rout ine 
4 .  Reduced management worries 
5 .  St affing leve l c onst ant and opt imal 
6 .  St aff ful ly ut ilised 
7 .  St aff don ' t  want overt ime , this would 

r ender it unnec essary 
8 .  Reduced transport c ost s through OJ::t iJlisat i on 

of p att ern of c o llection 
9 .  C o st more e as ily c ontro lled due to s imp le 

c omparis on with st andard 
1 0 . C omposit i on of mi lk stabilised 
1 1 . Machinery not s itt ing idle and det eriorat ing 

during wint er break 
1 2 .  Predict ab i lity 

The following were given as dis advant age s : 
1 .  At least one month ' s  shut-down required 

for maint enanc e 
2 .  Farmers don ' t  want t o  mi lk c ows in wint er 
3 .  The maximum return to the farmer is t o  chas e 

the avai lab le feed 
4 .  C ost of divers ion o f  milk when maint enance 

re quired 
5 .  St aff like a break from shift work 
6 .  Some product s have diff erent rat es of 

thr oughput . 
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i i . I ndividual spray drying f act ori es sp ec iali s e  
i n  making only two o r  three  product specs . 

Advant ages 

Quality more c onsi st ent­
higher premlum 

Wouldn ' t  he.ve t o  k e ep 
alt ering p lant 
C ould f ine-tune the p lant 

C ould t ai lor staff leve l t o  
needs . At pres ent have t o  
c at er f o r  product wit h 
maximum numb ers of st aff 
Reduc ed c ap it al out lay 

Simp lifi ed st ock ho lding 

Dis advant ages 

Change in market c ou ld 
re sult in lack or excess 
of e quipment 
How t o  pay out t o  
c ompanies 
Inab i lity to produce s ome 
products at c ert ain t imes 
of the year 
Management f ind it 
invigorat ing t o  do 
s omething new occas ionally 

A change seems t o  do the 
p lant good 
Los s  of vers at i lity in 
st aff 

It i s  p o s s ible to sp ec ialis e to s ome ext ent at 
pres ent . For examp le , Mid Northl and D . C . produc es S�T 
and BMP at Maungataoroto a.n.d WMP at Maungatap ere . 
About half the respondent s were in f avour , in princip al , 
with the idea but the main barrier was c onsidered t o  b e  
t he sharing out o f  NSPO premiums . 

iii . Reduc e t ime of st art-up , shut -down and 
c lea.n.ing . 

Two resp ondent s didn ' t  think it would be an advant age t o  
reduc e t his t ime . 
The remainder thought it would be an advantage . Some 
made suggest ions as t o  how t o  reduc e t his time . The s e  
vJere : 

" 
a .  Improve plant des ign to reduc e f ouling and 

build-up :' 
" 

b .  Every year I cut more doors , ho les and 
" 

windows in the p lant. ( t o  improve acc e s s  
and e ase of inspect ion) 

c .  "At f irst we us ed t o  wash t he whol e  plant but 
now we only wash the crit ical part s . 

" 

d .  '' We have tried processing 1 .  5 days milk at 
a t im e .'' 
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.. 
e .  Some c ompanies are bringing out CIP unit s 

that inst ead of boiling them ( evap orat ors ) 
under running c onditions , you just C IP them . 

, 
o�e reGpondent f e lt that maj or .Eprovements c ould be made 
in devis ing CIP syst ems for the anc i l liary � lant 
associat ed with the dryer which at pres ent has t o  b e  
dis-as s emb led and c le aned by hand . 

1 8 . Which area do you f e e l  provides most pot e�t ial for 
effi c i ency improvement in spray drying p lant s ?  

Evanorat ion 
Eff ect ive in- line st andardis at i on 
Addit i onal eff ect s 
Revers e osmos is as t he first e ff ect 
Evaporat or solids - s o lubility l imit s too t ough 
Mechanical recompres s i on 
More s op hist icat ed c ontrol s yst ems 
Milk straight from s eparat or t o  evap orat or 
Short en st art-up , shut -down t im e s  of evaporat ors 
and dryers 
Desi�n of p lant for - reduc ed fouling 

- longer running at gr eat er 
throughput 

- prevent heat loss e s  
Ec onomies o f  s c a l e  f o r  evaporat ors and dryers 
Much longer runs - 5 days 

Drying 
Heat ing inlet air 

Direct firing 

wit h  Q-dot matrix from exhaust 
- evap orat or c ondensat e  and 

radiators 

Reduc e st ack loss e s  - b etter r e covery syst ems 
In-line mo isture metering 
Flexible dryer to do all products  
Increas e dryer in let air temp erature 
Increase role of s e c ondary drying 



Packint; 
Aut omat ed packing line 
Bulk packs 
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Bett er bag-'lrJei ght c ontrol 
Other Are as 

Training program f or op erat ors 
Improved instrument at ion 
Five days n er we ek manufacture 

Use  of che aper energy s ources , e . g .  wood chips 
Improve ke eping ab i lity of powder 
Twenty four hour mi llc c o l lect i on 
More rap id microb io logic al t e s t s  
Use  o f  heat pump s 
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CHAPTER FOUR 

ANALYSIS OF THE OCCURRENCE OF SHORT PRODUCTION RUNS 

4 . 1  INTRODUCTION 
In s ett ing out t o  c o llect information from the 

Spray Drying Industry , the f o llowing quest ions were to b e  
answered ; 

l .  What is a short product ion run? 
l l . How many short product ion runs are there ? 
iii . What are the caus es of s hort production 

runs ? 
iv . What are the effect s of short production 

runs ? 
v .  What can be done to deal with short 

production runs ? 
In this chapter what has been le arnt ab out the 

above quest ions is summaris ed and the proposed c ours es 
of act ion are pres ented . The inf ormat ion is brought 
t ogether under the headings of the thre e princ ip le 
typ e s  of s hort product ion run in spray drying p lants , 
namely : 

i .  Int errupti ons t o  production runs . 
i i .  Short product ion runs caus ed by 

sp ecification change s . 
iii . Short daily running t ime . 

A further s ection deals with p oint s not falling within 
thes e sp ecific headings . 

4 . 2 INTERRUPTIONS TO PRODUCTION RUNS 
Int errupti ons to product ion runs caus e short runs 

as the result of a failure . The ir occurrence is random 
and unexpected.  

Int errupt i ons t o  runs may cause losses ln s ome or 
all of t he fol lowing areas : 
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1 .  Damaged e qui�ment ; 
ii • . Cost of c leaning mat erials ; 
iii . Labour idle during repairs ; 
1v . Labour c ost in c lean-up ; 
v .  Los s  o f  product ; 
vi . Los s  of  raw mat erial ; 
vii .  Eff luent disp osal c o sts ; 
vii i . Divers i on costs of material unabl e  t o  

be pro c essed ; 
1x . Administ rat ive costs ; 
x .  Lost rec overy of overheads ; 
xi . Additi onal st art-up c ost ; 
xii . Energy c osts while p lant stands by . 

In Table 4 . �  a more detai led breakdown of the 
frequency of occurrenc e of each of the maj or caus es of 
int erruptions is given . The range of occurrenc e of 
each of t he caus es is given . Means inc luding and 
exc luding the highe st value are given t o  indicat e  its 
eff ect on them . 

Caus e Range 

Fai lure in p lant 
( mechanical ) 

300-2 

Failure in p lant 
( electrical ) 

� 50-� 

Failure of 
e lectri city 20-2 

No . of factories ) Mean 
wit h � � Oc currenc e 
Occurrenc e 

28 36 . � ( inc . 300 ) , 
24 . 6 

26 � 7 .  7 ( iiic • � 50) , 
� � - 95 

29 7 . 6 
supply ( ext ernal ) 

Boiler bre akdown 50-� � 9  5 - 9 ( inc . 50 ) , 
3 - 9 

Lat e tanker causes 
run out of milk � 2-2 � 0  2 . 0 

Wat er shortage 5 -� � 2 0 . 72 
Others � �  2 . 0 

Total 5� 

TABLE 4 . � : Occurrenc e of int errupt ions t o  
Product ion Runs 

; 



71 

It should be not ed t hat of all f act ori es , only 
one did not suffer at least one elect ric ity s upply 
failure during the year . The oc currenc e of wat er· s hort ages , 
whil e  of a r e lative ly l ow mean o ccurrenc e ,  did aff ect 

'1 1 2  fact ories at least onc e . 
The main point that aris es from the c lo s e  study of 

the o ccurrenc e of the various int errupt ions t o  runs , i s  
that t he caus e o f  int errupt ions varies great ly from one 
plant t o  another . The large ranges of frequ ency of 
occurrenc e indicat e  this . vfuat is a s erious problem in 
som� p lant s is not even c ons idered a p roblem in others . 
Conc lus ion 

Alt hough the oc currenc e of int errupti ons t o  runs 
is high on average in all p lants , t he reasons f or the 
int erruptions vary great ly from p l ant to plant . 
Measures t o  deal with such problems c ould not b e  
generalis ed throughout t he industry exc ep� t hat it 
appe ars t nat : 

i .  More th orough programs of prevent ive 
maint enanc e may be warrant ed ;  

ii . Elect rical di stribut i on authorit i e s  
should be  c onsult ed t o  improve t he 
c ont inuity of supp ly . 

In order t o  as s es s  the viabi lity of prevent ive 
maint enanc e programs , m anagement informat ion would be 
required indicat ing the e�� ent of pres ent loss e s . This 
c ould b e  a problem as , as will be dis cussed b e l ow ,  
management informat ion syst ems are not well deve lop ed 
in spray drying p lant s . Losses  caused by fai lure ln 
electric ity supply are in s ome c a s e s  p artially 
rec overab le wit h regard t o  product losses but n ot the 
other c at e gories not ed above . ( 2) Improved acc e s s  t o  t he 
magnitude of such c osts may assist in the ir rec overy 
from e lectrical distribut ion authorit i es . 

1 .  Pratt en ( 1 )  not ed that one of t he dis- ;:; c onomies of 
scale was the supply of wat er .  It app ears t hat this may 
be a limit ing fact or in further growt h  in the s i ze of 
some spray drying p lants . 
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4 . 3  SHORT PRODUCTION RUNS CAUSED BY SPECIFICATION 
C HANGES 
Although short product ion runs c aused by spec ification 

changes oc cur for a number of reas ons they are de liberat e 
acts , under t he direct c ontro l of management . 

Managers defined short product i on runs in t erms of 
the number of hours of such a run . Sixt een resp ondent s 
defined t hem in t erms of a p eriod of less  than t en hours , 
thus showing an apprec iat ion of addit ional c os t s  involved 
in an extra plant c lean . Four respondents def ined a 
s hort run as b eing in the p eriod 20 t o  48 hours , thus 
again showing an awarenes s  of c leaning c ost and 
addit i onal p lant s et-up c o st . A further four respondent s 
defined a short run as b e ing a p eriod frolli two t o  s even 

• days . This last group may c onsider that there i s  s ome 
learning eff ect evident or non-opt imal p lant running 
during the first few days of a run . 

It was found that there were on average 1 4 . 6 runs 
p er p l ant p er year , with an average of 5 . 5 sp ec ificat ions p er 
p lant , in other words about 3 runs per specifi c at ion . 
The out st anding fact ori es in t erms of the numb ers of 
spec ificati ons and runs produc ed are shown in Tab le 4 . 2 

Fact ory 

C ambridge 
N . Wairo a 
K aipara 

No . of 
specs . 

8 
1 1  

1 4  

No . o.f 
runs 

42 
35 
37 

l\o . of Average run 
plant s length (day.s) 

1 6 . 02 
1 6 . 2  
2 9 . 0 ( on one ' 

p lant ) 
Te Rapa 
Midhirst 
K erepehi 

TABLE 4 . 2  

25 
6 

28 

75 
24 

42 

Fact ories  with 

3 1 0 . 4  
1 1 1 . 25 
2 1 2 . 4  

short run l engths 

The ;>roduct ion run l engths given in Tab l e  4.  2 can 
b e  c ompared with the Industry average of 17 . 8 days . 

C ambridge produced 28 runs of 4 sp ecific at ions . -
All  the s e  were agglomerat ed and t hree were inst ant 
p owders . The maj or differenc es b etwe en them were in the 
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vitamin additions and a different bulk dens ity for the 

non-inst ant specificat ion . Also , one had a lower fat 

c ont ent . Changes between thes e sp ecifications would 

involve re lat ively minor adjustment s . All p owders 
produc ed were whole m i lk p owders . 

Northern Wairoa produced 23 oi its �uns on 

3 specifications that were almost identifical exc ept for 

the pre s enc e of vit amins and different fat levels . A 
further 7 runs were of spec ifications t hat were ident ical 

exc ept f or t he pres e�c e or abs enc e of vitamins and lecithin . 
Changes within these groups of spec ifications would not 

require maj or changes t o  p lant or product ion methods . 
' . 

Thus , in these two fact ories c ases , t he number of 

short runs would effect ively be reduc ed and t he run length 

correspoudingly increas e d .  
Kerepehi appeared t o  produce a large variety of 

diff erent specifications although producing a relat ively 

small numb er of rm1s of e ac h .  I t  als o  us ed one plant t o  
produc e s olely skim milk powders and another t o  produc e 

whol e  m i lk  p owders and preparat i ons . 
Te Rap a  had the most c omp lic ated productio� pattern , 

produc ing whole milk and special preparations on one 

drier , skim milk and who le milk on the second , and all 

three typ e s  on the third dr·i er . 
Although Cambridge and Northern iJJairoa app eared t o  

have a s hort average rtm length,  they pi·oduc sd a number 

of specifications which were quite similar ,  thus 
minimising t he eff ect s of specification changes  and 

effe ct ive ly increasing t he ir ru� lengths . 

Taranaki ' s I"lidhirst Plant did prod-ace a variety of 
product spec ifications but t he average run length appeared 

to be quit e long . 
Kerepehi produc ed a wide variety of products with 

only a f ew runs of eac h .  
Kaipara produc ed a wide variety o f  specifications for 

the local market , this acc ount ed for only 1 5-20% of their 
total production and a small old p lant was us e d .  
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Te  Rap .a eas i ly had the great e st variety of 
sp e c if i c at ions produc ed in t he one fact ory an d would 
be made sub j ect to the effects of short runs . 

Thus t he ranking in the ordGr of product i on of 
short runs would be : 

1 .  Te Ra:IJa. 
2 .  Kerep ehi 
3 .  Kaipar·a 
4 .  ::'-1idhirst 
5 .  C ambridge and Nort he rn Wairoa 

Thus it c an b e  conc luded t hat snort producti on runs 
du 3 t o  s p ec ificat ion changes are like ly t o  o e  & major 
f act or ln only a small number of p lant s although c:. small 
numb er p e r  year may oc cur in a large number of p lant s . 

occur : 
Short prociuct i on runs due t o  sp ecific at i on changes 

l .  To meet market requirement s ; 
ii . Because  of fai lure t o  meet sp ecifi cation 

in an earlier run ; 
iii . Becaus e small vo lumes of a co�p onent 

( e . g . whey ) are availab le at a t ime ; 
lV . As tri als and t e st runs are c arri ed out . 

Some fact orie s  are willing t o  do short product ion 
runs b e c ause t hey s e e  this as a demonstration of their 
c omp et en c e  to t he Dairy Board and hop e t hat t he Dairy 
Board wil l  thus allocat e  that fact ory non-st andard 
spec if i c at ions with premiums . 

�he eff ect s of the s hort product ion run due t o  
a change o f  specific ation fall int o s everal group s . 
First ly , t here is  the time taken t o  phys ical ly change the 
layout of t he p lant . This may vary from pract i cal ly no 
t ime at all  in the c ase of s ome sp eeifications t o  s everal 
hours , as in t he change from a s imp le SMP sp ecification 
t o  Q� inst ant i zed,  aggloiTerat ed ,  whole milk sp e c ification . 
The actual changes t o  the p lant are not cost ly but the 
t ime t aken t o  do s o  c ould be import ant at the p eak of the 
s eas on or when capac ity was stret ched t o  its l imit . 

In s ome c as es it is necessary t o  wash t he p lant 
when c hanging specifications , for examp l e  from a high f at 
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t o  a non-fat product . Suc h  a wash c an magnify y i e ld 
losses in addit i on t o  incurring the energy , c l eaning 
mat erials and other c o st s . However , such changes during 
a day ' s  product ion are normally avo ided , the wash 
c o inc iding wit h  the normal daily was h .  

There can b e  s ome quality c ontrol problems in 
product ion of short runs in that s ome sp ecificat ions 
require t est s t�at t ak e  s everal hours to perf orm , for 
example , various · analytical tests and wl"ley prot e in 
nitrogen as s ays . Host microbiologi c al t ests take s everal 
days . Thus , by the t ime a t est has been comp let ed,  a 
large prop ort ion of the run may have been manufactured . 

Some resp ondent s f e lt t hat s hort product i on runs 
were uns ett l ing t o  st aff as w e l l  as detriment al t o  quality 
and that it t o ok t ime t o  ' s ett l e  p lant and obt ain result s ' ,  
imp lying reduc ed rat e and effici ency of process ing at the 
c ommenc ement s  of runs . 

Some product sp ecif ic at i ons required addit ional 
st aff in the packing s ect ion and it was felt undes irable 
t o  produc e s hort runs of the s e  sp e c if ications b ecause of 
the c omp licat i ons and exp ens e invo lved in emp loying such 
staff . 

Where possible , changes were made from low f at t o  
high fat products .  For examp le i n  t he daily manufacture 
of butt ermilk p owder on a p lant normally produc ing SMP , 
the butt ermi lk was produc ed at t he end of the SMP run . 

In one cas e  two months ' product ion of a spec ial 
product spec ificat ion was made at t he end of one and 
beginning of the next month but t his was only p o s s ible 
when it f itt ed with shipping deadline s . 
Conc lus ions 

From the informat ion above a number of c onc lusions 
may be drawn with regard t o  p o s s ib le measures t o  deal 
with short production runs c aus ed by specific at i on 
changes and areas that require furt her invest igati on . 

i .  The principal c ost s of s hort product ion runs 
appe ar t o  b e  in plant c le aning , low quality and sub­
opt imal proc e s s ing rat e s .  The c ost of sett ing up t he 
plant may not be large , providing t here is adequat e 
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c apacit y available to process  the milk in addit i on to the 
t ime sp ent on s et up . However , where addit i onal c osts 
are incurre d  becaus e of milk divers ion to another plant or 
even another f act ory due to strained c ap acity , t hen this 
should be c ons idered t o  be a short production run c ost . 

l l . The ext ent of the c osts of p lant c le aning and 
the re lat ionship between sp ecificat ion c hange and proc e s s ing 
rate and s p ecificat i on change and qualit y ,  should be 
invest i gat ed . 

i i i . Spec ificat i on changes were s aid t o  b e  
1 1uns ett l i ng to staff 1 1 • This c ould mean that l e arning 
b ehaviour o ccurs through a run . Addit ionally l e arning 
behaviour was imp lied in s ome definit ions of s hort 
product i on runs . Thus the occurrence of learning b ehaviour 
ln spray drying plant s should be examined .  

iv . Product charact erist ics requiring the longest 
t ime t o  t es t , that is microbi o logical charact erist ics , 
are also  the most c ommon reas on for out of sp e c ification 
p roduct . A small run of product c ould b e  c omp l et e  before 
it s microbi o lo gical charact erist ics were taken . Addit ionally 
1 1 fai lure t o  meet sp ec ificat ion in an earlier run 11 is a maj or 
caus e of  s hort product i on runs . Thus methods t o  ensure 
microb i o logical acc ept abi lity and improved sp e e d in met hods 
of microbi o logical t e sting should b e  s ought . 

v .  The market ' s  demands , transmitt ed thr ough the 
Dairy Board are the overriding caus e of s hort p roduct ion 
runs due t o  spec ification changes . 

4 . 4 SHORT DAILY RUNNING TIME 
Short dai ly running t ime is a result of the 

seas onal p att ern of milk product ion on dairy f arms which 
supp ly N ew Zealand ' s  manufacturing mi lk industry . Ideally 
proc ess ing p lant s · would run 24 hours a day , 365 days a 
year in order t o  minimise f ixed c ost s per t onne of product , 
but in t he p ast it has always been more economi c  from a 
syst em p o int of view t o  have proc e s s ing p lant s under­
utilised f o r  large p ort ions of the year in order t o  
minimis e f arm c osts in milk product ion . 1 

1 .  See Chapt er 5 for a more c omp let e des cript i o n . 
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Alt hough s ome c ompani es are able to  smoot h  milk 
supp ly t o  their spray- drying p lant s by taking m i lk from 
other supp ly areas and c los ing down other fact ori e s , this 
is possib l e  only wit h t he larger c ompanies . The milk 
produc ing c ow st i l l  wags the fact ory tail as s e en in 
Graph 4 .1 which shows t he average running t ime of a l l  spray­
drying fact ories for each month of the year . It c an be 
seen by c omparing the average dai ly running times with the 
milk product ion each month that t here is no appreciable 
smo othing eff ect evident in the industry average , in other 
words , such smo othing must only o c cur in a small  number 
of fact ori e s . 

As c an b e  s e en from Graph 4 ,  the -.rolume of mi lk 
available f or process ing bui lds up rapidly and t ap ers off 
more s lowly . Thus at t he end of the s eason re lat ive ly 
small vo lum es · of mi lk must b e  proc s s s e d .  The minimum t ime 
a plant was said to be run for was 2 to 3 hours twi c e  a 
week . Mi lk is usua lly he ld on the farms becaus e t he farm 
vat s are refrigerat ed ( and fact ory silos are general ly not ) . 
It i s  c o l lect ed as infrequent ly as pract icable t o  minimis e  
transport c o st s . This is part o f  t he reason f or ho lding 
t he milk , in additi on t o  the dis - e c onomies of proc e s s ing 
a smal l vo lume . 

The decision must b e  made as t o  when the vo lume of 
m i lk  is insufficient t o  warrant pro c e s s ing . The reas ons 

.fo r- . - - - . given by managersAcont inuation or cessatlon of production 
were generally not re lat ed t o  pro c e s s ing economies . 1 

No manager s aid that production c eased becaus e 
product ion c ost s were t o o  high . 

Most c ompanies do run every s ec ond day or with a 
lower frequency in order t o  keep proc essing vo lumes as 
large as p o s s ible . In fact ories with s everal p lant s , 
only one of two p lant s was run t o  increase run length 
( in s ome c as es ) . 

One group of c ompanies c o- op erat ed by transport ing 
all  mi lk t o  one fact ory for pro c e s s ing during the wint er , 
t hus enab l ing the others t o  c lo s e  down , however , t here 

1 .  See int erview quest ionnaire , que st ion 5 .  
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are s everal c ompanie s  so i s o lat ed geographically that 
t his is not feasible . 

It i s  c onsidered des irable t o  manufacture s ome 
product s  at non-p eak t imes of  t he year becaus e of t heir 
reduc ed throughput . For examp le , when caseinat e  is dried 
t he rat e  of t hroughput is 23-26% of the rat e of t hr oughput 
of medium heat skim m i lk p owder . 

It was c onc luded from the re sp ons es t o  quest i ons 8 

and 1 9  of the writt en quest ionnaire that some fact ori es 
emp loy suffi c i ent st aff to man thr e e  shift s and most man 
two shifts , exp e ct ing op erat ors t o  work overt ime at t he 
peak of the s eason . Packing is normal ly a one�shift 
op erat ion but where inst ant p owder is produc ed , it is 
necessary to pack product straight from the dri er , with 
no st orage , t hus requ iring extra st aff . 1 

C onc lus ions 
Proc e s s ing in spray-drying f act ories do e s  c lo s e ly 

c onform t o  the s e as onal patt ern of milk product i on . 
Although some me asure s  are taken t o  increas e running t ime 
at the ends of the s e as on by st oring milk and running the 
p lant less  frequent ly ,  no firm ec onomic crit eri on i s  us ed 
for det ermining when a product i on run is not ec onomic . 
Product i on managers n e ed t o  b e  given informat ion that 
will enable such a decision t o  b e  made on the basis of 
ec onomic informat ion in addit ion to the more qualit at ive 
reas ons now us ed . 

Addit i onally , product ion managers see a number of 
advant ages in a smo other milk f low t o  the fact ory . ( Se e  
responses t o  quest ion 1 7 i of t h e  int ervi ew questionnaire . ) 
A calculat ion of the eff ect s on the c ost of p owder 
product i on of the s eas onal pattern of mi lk product ion 
may ass i st ln as s e s s ing t he overall s ituat ion . 

4 .5 ADDITIONAL INFORMATION 
The f o l lowing p o int s aros e  from the int erview 

quest ionnaire result s : 
i .  Most managers saw t he ob jectives of t he 

c ompany in t erms of att aining the highest pos s ible return 
t o  the suppli ers . None of - the respondent s ment ioned the 
1 .  This may not b e  the c as e  with the · increasing us e of 

bulk b ins . 
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satisfaction of c onsumers as being part of their 

ob j ect ive . Thus it must be  conc luded that product ion 

managers in spray-drying plant s are highly producti on 

orient ed .  ( Probab ly as a result of t he Dairy Board ' s  posit ion.) 
ii . There i s  very litt le formalised management 

informat ion which allows t he c losing of the management 
1 c ontrol loop . Most managers relied on the annual 

st at ement of accounts as an indi c at i on of performance . 

C learly this i s  a c as e  of 1 1too litt le and too  lat e  1 1 • 

The annual acc ounts ref lect the result of a great number 
of management decisions and are produc ed aft er t he end 
of the s eas on when it is t oo lat e t o  take any c orrect ive 

act ion . Product ion managers in spray-drying plant s are 
in great need of management information that is det ai led,  

immediat e and regular to  enable t hem to control the 

plant to meet p ayout ob j ect ives . 
l l l . The cost of producing powder is as s e s s ed 

on an " average for t he seas on" bas is , however at 

different t im e s  of the year the true cost per t onne 
varies becaus e fixed costs , such as t hat of st art-up and 

shut-down , should be c arried by a greater or l e s s er 
volume of product . The economies of producti on runs are 

generally not ass es s ed by t he product ion manager . If 
the producti on manager was readily ab le to ass e s s  t he 

cost of runs , he would be in a bett er posit ion t o  t ry 

new strategies t o  reduce costs . 

l v .  A lt hough companies are able t o  suggest t o  
the Dairy Board what t hey would like t o  produc e ,  t he 
Dairy Board i s  in the deciding p o s it i on and t hus is  able 

to allocat e  runs to fact ories . 
v .  Modificat ions to p lants will make t hem 

more flexible . Thus more plants wi ll be in a posit ion 
to  produc e a great er variety of spec ifications in future . 

Vl . In many factories o ld log books are used 
to  help s et up the plant to  produc e a different 

1 .  See Figure 2 . 1  
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specific at ion . If such dat a were kept in a sp e cial book 

or f ile , a more thorough and c omplet e  record c ou ld be 

kept , avo i ding more pit falls of the p ast and t hus 

enabling sp ecification changes t o  occur more smoothly .  

vii . While many t echnological changes were 

suggest e d  as having p ot ent ial for effici ency improvement , 
no respondent ment ioned the possibi lity of management 

its e lf as b e ing a pot ential area for improvement . Thus 

t his are a  of research t aps what , for production managers 

in spray-drying p lant s , is a novel sourc e .  

4 . 6  SUMMARY 

Int errupt i ons to Product ion Runs 

The large. variat ion in the frequency and occurrenc e 
. of t he various caus es of int errupt ions t o  product ion runs 

from fact ory t o  factory , leads t o  the conc lus ion that no 
one measure c an have a significant effect on t he industry 

as a who l e  unless it be extremely general . Thus measures . 
t o  deal with t his type of short production run in 
particular s hould not be sought in t his res earch ,  except 

in t hat m e asures such as improved management inf ormat ion 
and QD awareness by product ion managers of fixed cost s  

may cont ribut e to  effort s  t o  deal with such . problems by 

assist ing in the evaluation of alt ernatives . 
Management Informat ion Syst ems 

It has become apparent t hat production managers ln 

spray-drying p lants are poorly s erved with management 
informat ion . Only one company had a monthly management 

reporting syst em in operation . Thus managers are not in 

a posit i on t o  make opt imum decisions with regard t o  the 

mode of op erat ion of t heir p lant . 
Addit ionally t o  the reas ons above , the basis for 

decisions t o  c lose plants at the end of the s e as on did 
not inc lude economic factors relat ing to the c ost of 

short dai ly running t ime . Improved availability of 
informat i on should enable t he decision to be  made on a 

, more info rm ed basis . 
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Capacity Ut ilisat ion 

Most managers f e lt that there were gains t o  b e  made 

in t he fact ory t hrough elimination of the s eas onal 
patt ern of m i lk f low . However , many of the s e  gains were 

difficult t o  quant ify , such as bett er planning , improved 

labour ut i lisat ion , improved labour re lations . An 
ass essment of the pot ent ial gains in processing cost 

through increas ed run length and possible c apital .c ost 
savings , c ould be made t o  enable a more quant itat ive 
ass essment t o  b e  made . 

Start-up and Shut-down 
The m a j or c omponent of cost due to  a s hort 

production run of all typ es was the start-up and s hut­
down c ost . It has b e en estab lished that this proc ess  

takes  on average 2. 7 5  hours . The ext ent of the c onsumption 

of c leaning mat erials and the labour cont ent have also been 

estab li s hed . · Thus if an estimat e c an be made of energy 

consumpt ion , the cost of start-up and shut-down c an be 
det ermined , enab ling the effect of run length ( daily-

running t im e )  on product costs t o  b e  made . 
Specificat i on Changes 

It was found t hat t he principal costs  of specification 

changes were in p lant c leaning , low quality and sub� 

opt imal pro c es s ing rat es .  It was f e lt that . op erat or -
learning may 4ave be�n a fact or in c ausing the - latt er two 

cost s . Thus quality , op erat or learning and proces s ing 

�at es at t he c ommenc ement of runs s hould be invest igat ed . 
Ext ernal inf luences 

The o ccurrenc e of s hort production runs in spray­
drying p lant s is  large ly as a resu lt of the eff ects of 
ext ernal influenc es . The market transmits its needs 

t hrough the Dairy Board . The s eas onal patt ern of milk 

product ion is a result of the s e arch for eff ic i encies in 

t he product ion of milk . The very size  of the p lant 

its e lf has an effect on run length because what may b e  a 
short run in a large p lant will  equally be a long run in 

a small p lant . The basis for t he occurrence of s hort 
runs must b e  examined if it is des ired to  optimi s e  the 
performanc e of t he syst em as a whole . 
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C HAPTER FIVE 

THE EFFECTS OF SOME ASPECTS OF DAIRY INDUSTRY 

INFRASTRUCTURE ON THE SHORT RUN PROBLEM 

5 . 1  INTRODUCTION 
In t his chapt er t he int eract ions of t he spray 

drying p l ant with the wider product ion , processing , 
market ing syst em wi ll  b e  discussed in so far as t hey 
aff ect t he occurrenc e of s hort product ion runs . 1 It has 
been s hown t hat short product ion runs in the plant are 

largely caus ed by ext ernal fact ors . 

The effect of the  s easonal patt ern of product ion of 

mi lk is to cause short dai ly running time for a large 

proport ion of the year and cons equent poor p lant 

utilisat ion . The reas ons for t his patt ern of producti on 

and t he costs of producing milk in a smoothed flow wi ll 

be discus s e d .  
There have been a great many changes in t he market 

for New Zealand ' s  dairy product in the last 30 years � 
The ext ent of these market changes and their reas ons , as 

we ll  as the Dairy Board ' s  role will -be discussed in order 
t o  show how they result in the occurrenc e of short runs 

in t he spray drying p lant . 

5. 2  THE DETERMINANTS OF NEW ZEALAND ' S  PATTERN OF 
AGRICULTURAL PRODUCTION 

In order t o  underst and the reasons for t he s e asonal 
patt ern of milk product ion an appreciation of t he 

agricultural economic forc es must be  gained . 

Prior to  1 890 dairy product ion was large ly limit ed 

by local consumpt ion but with the advent of refrigerat ion 
there oc curred rapid e conomic progress with the development 

1 .  For a more detailed analysis of thes e fact ors 
See App endix 5 .  
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of trade wit h the Unit ed Kingdom in meat , woo l  associat ed 

with lamb production and dairy products . 

New Zealand was able  t o  grow crops such as wheat , 
and livest ock product s ,  b et t er than Northern Hemisphere 

countries  becaus e of a more favourable c limat e . It had an 

absolut e advantage in bot h .  However , New Zealand ' s  mild 

wint ers m e ant t hat l ivest ock did not have t o  b e  exp ensively 
hous ed s o  addit ionally New Zealand had a comparat ive 

advantage in l ivest ock production . ( 1 )  

The highest returns p er acre were enj oyed by dairy 
product s but dairy product i on required more than 40 inches 
( 1 000 mm) of rain p er year with a good distribut ion over 

summer . It also required f lat or gent ly undulat ing land 
which c ould be ploughed t o  enable sowing of the correct 

gras s e s  and c lovers and easy t errain to fac ilit at e  the 

daily transport of m i lk to t he fact ory . Large areas such 
as Nort hland , South Auckland , Bay of Plenty , Taranki and 

Southland were suitable . The main f eature dist inguishing 
New Zealand ' s  agriculture is the low labour us e p er unit 
area . In the format ive stages there was plenty of land 

available  with relat ive ly litt le labour . This along with 
a progressive and enlight ened educat ion syst em which 
made farmers rec ept ive t o  new ideas _ and techniques led  t o  

a highly efficient farming patt ern . 
The returns det ermine t he us e of agricultural land . 

They are dependent on prices rece ived versus c osts of 
product ion .  Costs of product ion are low bec aus e of the 

high efficiency discuss ed above and .the seas onal patt ern 
of milk producti on . Becaus e cows are not milked in wint er 
there is . no need to purchase expensive grain supplement s 
for f e e d .  The nec e s s ity for continuous cropping , which 

exhaust s soil fert i lity and requires t he us e of expensive 
nitrogen fert i li s ers , is avoided . Thus the s easonal 

patt ern of milk producti on is det ermined. 
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5.3 C OMPARISON OF COSTS OF SEASONAL MILK PRODUCTION 
WITH SMOOTHED PRODUCTION 
In order t o  as s e s s  the like ly costs if it was 

required t o  smo oth milk f low t o  avo id short dai ly running 
t imes in t he proc essing p lant , a c omparison was made 
between c osts on the average fact ory supply f arm , and 
those on the average t own milk supp ly farm , which supp lies 
a re lat ive ly c onstant vo lume of mi lk throughout the year .  

The addit i onal costs on the t own milk f arm were as 
a result of : 

l .  The necessity t o  st ore a greater vo lume 
of f e ed for wint er in the form of hay 
and s ilage , and supp lement this · wit h 
other f e eds such as grain . 

i i . The addit ional labour c ont ent in m i lk ing 
and rearing calves for t welve months of 
the year . 

i i i . The addit ional c ost of �unning the 
m ilking shed and farm e quipment for 

.twe lve months of the year . 
iv . The use of a " run-off " area t o  rear 

dry st ock which may b e  s ome dist anc e 
from the main farm . 

v .  The great er number of st ock transact i ons 
as great er c ontro l over st ock numbers 
is required . 

The c ons e quenc e of these  addit ional c ost s was . that 
town m i lk farm costs were $41 , 245 as opposed t o  _$24 , 1 00 
on t he fact ory supp ly farm . Gross i�c ome was $60 , 788 on 
the t own milk farm as opposed t o  $37 , 384 on the �act ory 
supp ly f arm . ( 2 ) When a c or�ection was made t o  e quat e the 
number of c ows on each farm , the f act ory payout nec essary 
t o  provide income t o  the t own milk farm was 1 . 7 t imes 
that of t he f act ory supp ly farm . 

This means that in order t o  j ust ify a smoothed milk 
supp ly t o  t he fact ory , the increas ed payout would have 
t o  b e  1 . 7 t imes the pres ent . This is obvious ly a crude 
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e st imat e because if this was all t hat was required then 
f armers now involved in fact ory supp ly would b e  c lamouring 
t o  bec ome t own supp ly farmers . Nor i s  the addit ional 
management ski ll in t own milk supp ly t aken int o ac count . 

5 . 4 PRESSURES CAUSING A HIGHER PEAK MILK SUPPLY 
Re c ent ly , it has b e en suggest ed as being advant ageous 

t o  f armers t o  undert ake management pract ic es which caus e a 
sharp ening in the p e ak mi lk supp ly and a reduct i on in the 
length of the annual period of mi lking . Such p ract ic es 
may c aus e a further wors ening in t he c apacity ut ilisation 
of milk proc es sing p lant s . C onc ern at such a t rend has been 
expres s ed by the New Zealand Co-op erat ive Dairy Company . ( 3 ) 

The normal lact ation p eriod has in the p ast last ed 
for up t o  t en months from the dat e of calving . However 
Campbe l l  ( 4 ) has suggest ed that c ows s hould b e  dried off 
earlier if necessary , to ensure c orre ct body c ondit ion 
and liveweight at calving . This is exp ected t o  c omp ensat e 
for t he reduced lact at ion length by increas ing t he output 
immediat e ly aft er calving . This strat egy is also  cons idered 
advant ageous in t erms of a reduc ed neces sity t o  make hay or 
silage f or wint er f e ed .  The grass i s  inst ead f ed t o  the 
c ows in spring , t hereby increasing peak product ion . 

C ampbe ll also suggests that there are a number of 
advant ages t o  the f armer in a more c onc entrat ed calving 
p eriod . The c hore of calf raising is c ompre s s ed , better 
s e lect i on of r ep lac ement st ock i s  enab led becaus e of more 
s imi lar livewe ight s  at the same t ime , and s imp l ified 

11 
grazing management is brought about because the mob of 
drys '' i s  e liminat ed more quickly . 

For the s e  reas ons , and the fact that a single fact ory ln 
s erve s  a limit ed geographical area/ which the opt imum 
calving dat e is like ly t o  b e  s imilar f or all s upp liers , 
the p e ak of milk supp ly in s ome f act ories has b e en 
increas ing and the tai ls reducing . For the s e  reasons 
New Zealand Co-operat ive Dairy Company has s ounded 
warnings , Rangitaiki P lains Dairy C ompany off ers 
incent ives for smoother producti o::1. , and the diff erenc e 1n 
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) 
calving dat es betwe en 'I'aranaki and Kiwi Dair;y C o:opani es 
supp li ers was an import ant c ons iderat i on in their merger . ( 5 )  

5.  5 'J�HE MARKEr FOR MILK POWDERS 
From the inc ept i on of large s cale dairying in N ew 

Zealand , t he c hi ef market has been t he United Kingdom . 
Durine; t he two World Wars Brit ain and New ZeaJ ai!d had an 

expor t  
agreement whereby almost all New Ze aland ' s Adairy produc e 
was c ompuls orily purchas ed by Brit ain . It was not unti l  
1 954 that thi s  agreement ended . In 1 950 the Brit ish market 
account ed for 96% of hutt er . 89 . 5% of chees e e.nd 78 . 7% of 

e x por t '  1 dried and c ondensed milkA sales . 
Changes in the market have large ly been f orc ed upon 

New Zealand by the entry of Brit ain int o the E . E . C .  with a 
c ons e quent diminut i on of the vo lume of product able t o  b e  
s o ld there . The changes i n  t he mi lk p owder market have 
b een as fo llows : 

l .  The main market has changed from Brit ain t o  
Malays ia and the Phillip ines . No mi lk p owder 
is now market ed in Brit ain .  

ii . There has b e en a great expansiQn in the 
market fop ·milk . powders from 70 , 000 t onnes 
in 1 960 to 200 , 000 tonne s  in 1 979 - ( 6 )  

iii . There has b e en a great divers ificat i on in 
market de st inat i ons . Principal areas are now 
South East As i a ,  Japan and Central and South 
America .  Market s  have b oth increas ed in 
size  and numb er . 

iv . There has been a spect acular growth in the 
market for fat:-b e aring m i lk p owders which 
has grown nine-f o ld from 1 960 to 1 97 9 . ( 6) 

v .  There has b e en a growt h . in the variety of 
sp ecificat i ons produc ed . From the s ituat i on 
where most product was Qf a standard nature , 
des i gned for one market , in the 1 97 7/78 
s eas on 85% of all . skim milk powder was of the 
non-standard type . ( 7 ) 

These  changes have b e en as a result of a number of 
c omp lement ary reas ons . There has b e en a growth in the 

1 .  Derived from New Zealand Official Year Book , 1 953 
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rec ombining trade as develop ing c ountries in t ropical areas 
have inst itut ed pub l i c  he alt h  programmes invo lving milk . 
There was a c ons e quent need t o  suit the product t o  local 
t ast e s . The vagaries of t he int ernat i onal market for milk 
products have result ed in effort s t o  diff erent i at e  New 
Zealand product from t he large vo lumes of cheap , subsidis ed 
product by producing to  cust omer specifications . There has 
b e en a growth in the us e of who lemilk powder as a c onsumer 
product and for recomb ining . It has f ound mark et s  as 
infant m i lk foods , in health foods and pharmac eut icals , 
and has rep lac ed liquid milk in s ome areas becaus e of t he 
reduc ed nec essity f or r efrigerat i on . The deve lopment of 
whole mi lk powder mark et s has c o inc ided with the need t o  
find an out let for f at as a resu lt of the c ontract ing 
Brit ish market . 

Thus the milk p owder market has great ly increas ed in 
size  and c omp lexit y , l e ading t o  t he necessity t o  manuf'acture 
smaller vo lumes of more sp ec iaJ_is ed products t.o 
sp ecif i c at i ons t o  suit individual cust om ers . 

5. 6 THE NEW ZEALAND DAIRY BOARD ' S  EFFECT ON SHORT RUNS 
The Dairy Board i s  t he administrat ive head and 

export market ing agency of t he manufacturing dairy indust ry . 
The Board is emp owered t o  ac quire or c ontro l all dairy products 
which are to b e  mark et ed overs eas . The Board pas s e s  on t he 
returns f or s ales t o  t he manufacturing c ompanies , less  
marketing c ost s , and t he c ompanies in turn distribut e 
returns t o  the milk s upp liers , less  proc essi�g cost s . 

Having rec eived orders from the market , t he Dairy Bo ard 
is ab le t o  allocat e  t hem t o  the c ompanies . This allocat i on 
is bas e d  on p lans of what t he c ompani es would lik e  t o  produc e 
submit t e d  by the c ompani e s  in t he light of product 
diff erent ials s et by t he Board . The Board als o t akes int o 
account t he c ompany ' s  past performanc e ,  itB t echnic al 
c apability , t he previous prop ort ion of non-standard produc t s  
and the need t o  spre ad exp erti s e  and risk . 

C omp licat i ons c aus ing .s hort production runs may aris e  
b ecause of a cust omer changing his order , or the requirement s 
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for s ome �ilk p owders t o  b e  of limit ed age 
�' _ . .  when shipped . Many c onsumer products must b e  canned 
and so product ion runs must fit wit h the canning p lant•s 
schedule .  Any off-sp e c ification product result s in 
further s hort runs t o  make up the short fall and further 
comp licat ions with the c anning p lant . 

The syst em of allocat ion of orders may it s e lf caus e 
short product ion runs or c ert ainly lead companies  t o  b e  
willing t o  produc e what may be une c onomic s hort runs . The 
Dairy Board encourages t he product i on of non- st andard 
product s by off ering a premium t o  c omp ensat e  f or the diff icult ies 
met in c omp lying with a special specification . Payment s are 
based on average manufacturing cost s of the industry , thus 
encouraging efficient manufacture . C ompani es s e ek t o  
manufacture products i n  which they are re lat ive ly efficient 
and t hus are able t o  pay a higher return t o  f armers . Thus 
they are ab le t o  attract suppli ers from a l ower paying 
c ompany . 

The lower paying c ompany then de.sires t o  increase it s 
payout and s o  s e eks t o  manufacture non-standard product s .  
In order t o  prove it s abi lity t o  do s o  t o  the Dairy Board 
it is willing t o  manuf acture short runs . If it is ab le t o  
obtain orders f o r  non-st andard product s it suc c e eds in 
rece iving high premiums and prevent ing its c omp et it or from 
obt aining thes e premiums . As a result the producti on proc ess  
may not b e  t he most efficient pos s ib le , and short runs may 
result if the p lant is large . 

5 -7 C ONCLUSION 

It has b e en shown t hat the pres sures t o  produc e 
short production runs in spray drying p lant s ari s e  from 
both the produc er and the market , and to a much smaller 
ext ent , the syst em of distribut ion of orders . 

The ec onomics of dairy farming det ermine the 
s easonal patt ern of product ion . The need t o  diff erent iat e 
t he product in the fac e of c ompet it ion and t o  s at isfy 
individual cust omer ne eds has led t o  a pro liferat i on in 
product sp e c ificati ons . 
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The result of t hese  eff ect s has been t he undeniab le 

nec e s sity for short production runs in t he fact ory .  From 
the market p oint of vi ew the reasons for short run 
product i on are c omp e l l ing beyond the abi lity of t he New 
Zealand D airy Industry t o  change . However , the c ontrol of 
the pat t ern of product ion is in the Industry ' s  hands . 
The dec i s i on t o  change must be bas ed on economic grounds . 
Thus in t he next chapt er the costs of the s e�s onal patt ern 

of product i on in the f act ory wi l l  be exam ine d ,  and methods 
deve lop ed t o  as s ist in the det erminat ion and c ontro l of 
t he c o s t s  of short product ion runs . 
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C HAPTER SIX 

THE EFFECTS OF SHORT PRODUCTION RUNS IN THE 
SPRAY DRYING PLANT 

6 . 1  INTRODUCTION 
The product ion manager of a spray drying p lant must 

ensure that milk produc ed on f arms is processed int o milk 
p owder t o  meet the ob j ect ive of maximis ing payout t o  the 
supp liers . 

The manager has litt le f l exib ility in t erms of 
e quipment , which is a large , s ingle , indivisible p lant . 
He has litt le c ontrol over mi lk supply as he must proc ess 
what ever arrives each day . It has been shown that this 
fo llows a s e as onal patt ern and t he p lant must b e  s i zed to 
handle a p eak milk flow that i s  more t han twice t he average 
flow . It has als o b e en shown t hat the demands of t he 
market must be followed in order � o  maintain New Zealru�d ' s  
comp et itive position and. thus t he :pres sure t o  produc e 
sbort runs of vari OlJS specificat i ons .is beyond his c ontro l . 
He has n o  c ontrol over t he exp ort market as all int eract i on 

· with the exp ort market is  handled by t he Dairy BoaT·d . The 
normal market forc e s  app ly t o  product ion for t he New 
Zealand c ons,.liiler , but this is a small proport ion of the 
t ot al market . 

The product ion manager ' s  t ask invo lves . p lanning and 
c ontrol of c osts by the c o-ordinat i on of men , mat eri als 
and machines in order t o  maximise  returns to members of 
t he co- op erative . In s o  doing he ensu:r·es the long-term 
survival of his c ompany in t he fac e of c omp et it i on from 
others , b oth in New Zealand and on the world market p lac e . 

Thi s study is c once::-ned with the effect s and the 
c ontrol of the eff ect s of s hort product ion runs in spray 
drying p l ant s . An examinat i on of t he oc currenc e of s hort 
rQns in other industries and an examinat ion of other 
parts of t he production syst em , have led to a number of 
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questions and c onc lus i ons with regard to pos s ib l e  c ours es 
of act ion . The princ ipal areas t hat are sugges t e d ,  are 
as foll ows : 

i .  Set-up c ost . From batch and flow l ine 
product i on studies it was learned that s et-up c ost was 
c onsidered t o  be an imp ortant fact or in the c ost of short 
product i on runs . However , the survey indicat ed t hat on 
many sp e c if icat i on changes there is virtually no s et-up 
nec essary and when there is , it invo lves the re- arrangement 
of s ome minor p lant it ems . This invo lve s a relat ive ly 
short p e riod of time and would only be import ant where 
cap acity was hard pre s s ed such as at the peak of the 
s e ason . 

It c ou ld b e  c ons idered that the daily st art -up , shut­
down and c le an. is a s et-up c ost . Cert ainly it must be an 
imp ort ant p art of the spray drying p lant ' s  c ost structure 
as it has b e en shown that it takes an average 2 . 7 5  hours 
per day . 1 Addit ionally it is a feature of both s hort 
dai ly runnlng t ime and some specif i cation changes . For 
these r e as ons c loser invest igation was c ons idered 
nec essary . 

i i . Le arning b ehaviour . In f low l ine product ion , 
the learning process is considered t o  be an imp ort ant part 
of short product ion run cost s . Addit ionally s ome fact ory 
managers indicat ed that they cons idered learning behaviour 
occurred in t he wake of a specific ation change . 
Specif i c at ion changes were s aid t o  be 1 1uns ett ling t o  staff '' 
and le arning b ehavi our was imp lied in some def init ions 
of short product ion runs . Thus the oc currenc e of learning 
should b e  examined . 

i i i . Seas onal patt ern of milk f low. Proc e s s ing in 
spray drying fact ori es has been s hown t o  c lo s e ly fo llow 
the s eas onal patt ern of milk production . Thus c osts are 
incurred b e c aus e of the c ons e quent low capacity ut i lisation .  
Product ion managers s aid that they saw a numb er of 

1 .  Short Product ion Run writt en que st ionnaire , Question 
1 3 .  
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advant ages in a smoot hed milk f low ot her than the gains 
from b et t er c apac ity ut ilisat ion . However , the s e  were 
difficult t o  quant ify . C ert ainly any argument to change 
t he syst em must be bas ed on economic crit eri a .  Thus 
c alculat i on of the gains from smo othed milk f low in t he 
fact ory may as s ist in as s essing t he who le s ituat i on . 

iv . Management inf ormation . It has b ecome 
app arent that there is very lit t le formalis ed management 
informat ion avai lab l e  t o  product ion managers in spray 
drying p lants . This informat ion i s  necessary t o  c omp let e 
the c ontrol  loop s o  that management of the p lant can be 
c arried out effectively . This wi l l  b e  discus sed further 
in Chapt er 7 -

In t his chapt er s et-up c ost in t erms of the dai ly 
st art-up , s hut-down and c le an ,  l earning behaviour and 
t he c ost s of the s e as onal pat t ern of milk f low \vi ll be  
examined , in order to  indicat e m9ans f or the control  of 
the c ost of sbort product ion runs in spray dr·ying p la...'1t s .  

6 .  2 SPRAY DRYING F'ACTORY COST STRUCTURES 
In order t o  det ermine the eff ect s of short runs on 

f act ory c osts and t he like ly eff e cts of any strat egies 
to deal with them , it is nec e s s ary to have a knowledge 
of t he broad fact ory c ost structur e . Such inf ormat ion is 
pub lished by each f act ory in t he ir annual report s , usually 
under a s eries of s imi lar cat egory headings , s o  t his data 
was us ed t o  est ab lish an indust ry average c ost structure . 

This method of as s essing c o s t  structures does have 
s ome weaknesses in that : 

1 .  It is not cert ain just what was inc luded for 
each cat e gory . 

ii . No acc ount is t aken of t he diff erenc e b et we en 
what should have b e en us ed and what actually was us e d .  

iii . In t imes o f  inf lat ion , c o s t s  do not ac curat e ly 
reflect units of input . 

However the maj or advant age of t his data is t hat 
it is readi ly , and pub lic ly avai lab le and the alt ernat ive 
of obtaining det ai led inf ormat ion dire ct ly from each 
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fact ory is still open to  the crit i c i sms above ( even if t o  
a lesser ext ent ) and it would b e  a mammoth task , out of 
prop ort i on to the gain from it . 

The dat a chos en was t hat for the f ive s eas ons 
1 974-75 t o  1 978-79 . The inc lusion of a company was 
det ermined by the ready availabi lity of dat a .  A group of 
1 6  c ompanies c ompris ing 24 f act ori e s  from a t otal of 3 5  
in t he industry , was c omp i l e d .  Dat a was not us ed from 
s ome c omp anies b ecaus e dat a was not report ed in a 

suffici ent ly det ailed form , c ost s f or cas e in were inc luded 
in t he acc ount or t he c ompany had not produced WMP or .SMP 
during t he peri od in quest i on . There were s ome anomalies 
ln t he dat a that was report e d :  

l .  Some c ompanies did not inc lude such it ems as 
eff luent disposal , t anker c o l lect i on c osts , Dairy Board 
Levy , and Farm Dairy Instruction c o st s or at l e ast did not 
list them under s eparat e heading s.  

ii . Some c ompanies did inc lude such it ems as 
promot ional expens es , f arm vat depreciation costs  and ot hers 
under separat e h e adings . The s e  it ems were omitted . 

i i i . Some c ompanies inc luded costs of r o ller process  
powder in  the account but as  the vo lume was usually less 
than 5% of the t otal  t his was ignored.  

lV . Some c ompanies divided t heir acc ount s int o 
SMP , BMP and WMP . In the s e  cases  t he SMP acc ount was 
t aken as being repres ent at ive and the total t onnage used 
for calculat i on of the 1t i lisation index . 

v .  New Zealand Co-op erat ive D airy Company 
inc luded c ondens ed mi lk in the p owder product i on c ost s but 
this was ignored as b e ing negligib l e  in c omparison t o  
powder producti on . 

vi . Three comp ani e s  inc luded dat a that was from 
more than one f act ory , thus their c ontribut ions to the 
average were we ight ed by the appropriate number of 
fact ori e s . 
Method of Calculat ion 

The data was c o l lect ed under a s eries of cat egori es 
and then c onvert ed to do l lars per t onne and percentage of 
t ot al c o st . 
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The do l lars p er t onne for e ach c at egory in the 

1 978-79 s eason were averaged and the perc ent age cost 
structure was c alculat ed as disp layed in Tab l e  6 . 1 . 

Cat egory 

Tot al inc ome 
Milk c e llect i en 
Wages 
Mat erials 
Fue l/p ower/st eam 
Slmdry 
Deprec iation 
Repairs , mt c a, c onsumab l e  stores 
Rat es 
Insuranc e 
Eff luent disposal 
Cart- ag-e-
Handling �Dd storage 
Grading 
Administrat i on 
Direct ors fees  and exp ens e s  
Audit 
Int erest 
Farm dairy instruct ion 
Dairy Board Levy 
Total cost 1 

$/t onne 

577 . 1 
30 � 9  
40 . 3  
1 1 . 3  
58 . 7 

5 . 8  
24 . 3  
23 . 2  

0 . 6  
1 . 8 
0 . 9  

1 5 . 5 
8 . 5  
2 . 3  
6 . 3  
0 . 6  
0 . 2 
6 . 1  
0 . 1  
0 . 9 

237 . 4 
Tab l e  6 . 1  1 978-79 Season, average costs in 

dollars - per t onne and perc ent 

% t otal  c ost 

1 3 . 0  
1 6 . 9  

4 . 8  
24 . 7 

2 . 4 
1 0 . 2  

9 � 8  
0 . 3  
0 . 8 
0 . 4  
6 . 5  
3 . 6 
1 . 0 
2 . 6 
0 . 3  
0 . 1  
2 . 6 
0 . 0  
0 . 4 

1 00 . 0  

The p erc ent age . .  c ost . structure for each c ompany for 
each of the five years was calculat ed and the average for _ 
each year was calculat ed along wit h a five-year average 
of thes e . ( See Table 6 . 2 ) The average t otal c ost p er 
t o��e for each of t he f ive years was used t o  calculat e  
an inflat ion index for t he industry . This i s  disp layed 
in Table 6 . 3  

1 N o te t ha t  t o t a ls �  sums o f  i tems due t o  r o unding 
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Wages 
Milk c o l lect ion 
Deprec iat i on 
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Repairs , Mt c e , conslrnabl e  
st ores 

Mat erials 
C art age 
Int erest 
Remainder 
Tot al 

Perc ent age 
cost st ructure 
5-yr % bas is 

21 . 7 
1 7 . 4  
1 5 . 1 
1 0 . 9 

9 . 0  
7 . 8  
6 . 0 
2 . 4  
9 . 7 

1 00 . 0 

Perc ent age 
c ost structure 
78/79 $/t onne 

bas is 
24 . 7 
1 6 . 9  
1 3 . 0  
1 0 . 2  

9 . 8  
4 . 8  
6 . 5  
2 . 6  

1 1 . 5  
1 00 . 0 

Tab l e  6 . 2 :  Overall average perc ent age cost structure 

r?4-75 75-76 76-77 77-78 78-79 
Average c ost/t onne 1 38 1 50 1 88 21 4 
I ndex 1 00 1 09 1 36 1 55 ' 
Annual change in inde:x - +9 +27 +1 9  
Annual c hange ln cost - 9% 25% 1 4% 

T ab l e  6 . 3 :  Spray drying factory inf lation rat e 

C onc lus i on 

221 
1 60 
+ 5 

3% 

It c an b e  s een t hat the c ost structures calculat ed 
in both ways are very s imilar . Energy has increased in 
imp ort anc e rec ent ly . Mat erials have decreas ed in s hare . 
In f act it i s  only as a result of N ZCDC ' s  high mat erial 
c o st t hat t hey remain at 4 . 8% . If N ZCDC were c ount ed as 
one fact ory inst ead of s even , then the average mat erial 
c ost would be 2 . 1 % . 

Five maj or it ems ac count for almost 7 5% of t otal 
c ost s in spray drying f act ories . Mi lk co l lect ion costs 
are not an area where a spray drying fact ory producti on 
m anager c an have inf luenc e but the remaining four , 
Energy , Lab our , Deprec iation and Repairs c ert ainly are 
under his c ontrol . 
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6 . 3  C OST OF START-UP AND SHUT DOWN IN A SPRAY 
DRYING PLANT 
The c ost of st art-up and s hut down , inc luding 

c le aning of the spray drying p lant has been ident ified as 
a maj or c ost c omponent . It is a feature of both the s hort 
product ion run due to s eas onal m i lk f low variat ion an d in 
changing sp ecificat i on .  Thus an as s e s sment of it s cost 
i s  imp ort ant in estab lishing the c ost s of short production 
runs . 

The cost was est imat ed us ing the result s of the 
writt en que stionnaire as well  as other sourc e s  which are 
indicat ed.  
Lab our Cont ent 

dryer 
evap orat or 
sup ervisor 
boi ler 

Numb er per p lant 1 

0 . 78 
0 . 88 
0 . 60 

0 . 74 
3 . 00 

Start up of evap orat or takes 44 mlnS 
St art up of dryer t<?-kes 27 m ins 
The maximum wil l  be us ed,  i . e .  3/4. hour 
henc e st art-up t akes 3 X 3 /4 == 2 1/4 man 

Shut down of dryer t akes 20 mins 

2 

hours . 

Shut do�TI of evap orat or t ak e s  2 hours ( inc . c lean )  
The maximum wil l  b e  us ed i . e .  2 hours 
henc e shut down takes 3 x 2 == 6 man hours 

Tot al 8 1/4 man hours . 

1 .  Lab our c ont ens e st ab l ished 1n Written Questionnaire , 
Que stion 1 8  ( Chapter 3 ) . 

2 .  Times t aken est ab l ished in Writt en Quest ionnaire , 
Que stion 1 3  _( Chapt er 3 ) . 
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Cleaning mat erials 
1 The drier is w�shed on average onc e per week . On a 

per day bas i s , this is a consumpt i on of : 

us ing : 

1/7 x 0 . 8  kg of 1 00% c austic2 

The evaporat or is washed eac h  start-up , shut down 

2 kg of 1 00% caust i c  

and 0 . 52 kg of 1 00% nitric . 
Fluid beds are washed so  infrequent ly that mat erials 

consumpt ion is 
Total 

negligible . 
2 . 1  kg of 1 00% caust ic 

0 . 52 kg of 1 00% nitri c . 

Energy 

Average energy 3onsumption on start.:...up , shut down 
at t he Pahiatua Plant of the Tui C o-operative ·nairy Company 

is : 
Oil  2920 litre p er st art-up , shut down and c lean 

Electric ity 3064 kWh per st art-up , shut down and c lean 

Adjusting this t o  t he indust ry ' s  average sized p lant 
and c onvert ing it to S . I . energy units : 

1 . 86/2 . 70 X ( 0 . 04 X 2920 + 0 . 0036 X 3064) 
= 88 . 1 GJ per st art-up , shut down and c le an .  

Alt ernat ively ,  from Vickers and Shannon ( 1 ) ,  
measured energy requirement for proc essing proper for 

skim milk p owder is : 

Fue l 1 3 . 04 GJ/t onne 
Electricity 0 . 4 GJ/tonne 

Average s i ze dryer is 1 . 86 t onne/hr 

Assuming the dryer us es 40% and the evaporat or 60% 

of  t he energy and assuming rat e of consumpt ion on start-up 

s hut down is the same as in process ing then : 
Evaporat or us es : 

( ) -1 -1 2 . 7 5  x 0 . 6 x :  1 3 . 04+0 . 4 X 1 . 86 hr . GJ . T . T . hr = 41 . 2  GJ 

1 .  Washing frequency estab lished in Written Quest ionnaire , 
Quest ion 1 4 , (Chapt er 3 ) . 

2 .  C onsumpt ion of c leaning mat eria ls estab lished in 
Writ t en Questionnaire , Quest ion 1 6  ( Chapt er 3 ) .  

3 .  The s ourc e  of this estimat e wi l l  be  dis cus s ed in 
chapt er 7. 
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and dryer us es : 

( 0 . 75 + 1 /7 X 2 . 8) X 0 . 4  X 
-1  -1  1 3 . 44 X 1 . 86 hr GJ . T  . T . hr  

Thus t otal 
= 1 1 . 82 GJ 

53 GJ p er start-up , s hut 
down and c lean . 

It wil l  b e  assumed that t he energy consumpt ion is ln 
fact c lo s e  t o  the figure calculat e d  from the Tui data 
b e c aus e the second figure does not allow for bringing the 

p lant up to temperature and r u o n ing c lea n i ng equ i pme nt .  _ ,  

Thus a figure of 80 GJ is probably realistic . 

Energy Consumpt i on = 80 GJ p er start-up , s hut 
down and c lean 

Product and raw material losses 
Parkin ( 2 )  est imat ed that 

s o lids in a spray drying p lant 

kg 

average losses  of milk 

were as follows : 

St art-up 
Shut down 

CIP 
Tot al 

Mid range 

m i lk so lids 
40 - 1 1 2  

1 00 - 250 

1 20 - 240 
260 - 602 

430 
Summary of costs of st art-up and s hut down 

Quant ity Approx . value in 

Labour 
C le aning 

mat erials 

Energy 
Milk solids 

8 . 25 man hours 
2 . 1  kg 1 00% caust ic ) 
0 . 52 kg 1 00% nitric ) 

acid ) 

80 GJ 
430 kg 

Approximat e total value in 1 980 prices 

1 980 prices 

80 

7002 

2603 ( skim mi lk )  
i s  $1 094 . 

1 .  Est imat ed from c ost s given ln a pers onal c ommunicat ion 
from R .  Nielson of NZDRI . 

2 .  Est imat ed from energy costs in a pers onal communicat ion 
from P .  Read of Tui C o-op Dairy Co . 

3 .  As suming a SMP price  of $600/t onne . 
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6 . 4 LEARNING EFF:EX:TS IN SPRAY DRYING PLANTS 

From the examinat ion · of short - product ion runs in 

other types of industry , discuss ed in Chapt er 2 ,  it was 

found that one of the maj or effect s of short product ion 

runs was dis- economi es  of learning in terms of init ial 
low labour product ivity and pot ent ial poor quality . 

It is a we ll known truism that 1 1pract ice makes 

p erf ect 11 • This is as true in an industrial s ituat ion as 

e ls ewhere . The effect in industry has been quantified 

and given the name 1 1 l e arning curve 1 1 • It was first 
not ic ed in t he aircraft ass emb ly industry t hat the fourth 

p lane required only 8J% as much labour as the s econd , the 
eighth p lane required only 80% as much as the fourth , the 

f ifti eth p l ane required only 80% as much · as the twenty­
f ifth ,  and s o  on . ( 3 ) . 

The learning curve model is a power funct ion 
re lationship between manufacturing product ivity and 

cumulat ive product output of the form 

where 

y = a x b 

y product ivity 
x cumulat ive product 

a and b are p aramet ers of the model . 

The possibi lity of ult imat e ly reaching a st eady st at e  

level o f  product ivity is not recognis ed in the mode l ,  but 
in pract ic e it has b e en shown that a steady st at e  is 
eventually reached. ( 4 ) . 

The rat e  of improvement with t ime has b e en linked 

t o  the - proport ion of l abour cont ent in the j ob .  The 

higher the labour c ont ent , the great er the rat e of 
learning . In a paper suggest ing a method for evaluat ing 

the los s  in learning b etween product ion runs , Anderlohr 

( 5) list ed five fact ors as being the component s of 

learning economies . The s e  were p ersonnel learning , 
supervisory learning , c ont inuity of production , methods 

and special tooling . 
However , both Hirschman ( 3 )  and Baloff and Kennelly 

( 4 )  suggest that the occurrenc e of learning behaviour is 
not restrict ed to ass embly type industries . Examp les 
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were given of improvement s  in the c apacity of p etro leum 

refineri es  over a numb er of years , increas es ln 

product ivity occurring over periods up to 43 months ln 

st art-ups of st e e l  industry plant s and also s imilar 

occurrenc es ln glass , p ap er and electrical products 

industri es . 

Thus it was suggest ed that l earning behaviour may 

have been evident in spray drying p lants . Pos s ible areas 
f or the occurrenc e of l earning behaviour would. be in p lant 
start-up at the beginning of the s eason and in product 
specification changes . The former wi ll be dis cussed 

i� t he next chapt er . 1 The occurrenc e of learning in 
product spec ificat ion changes c ould be evident in t erms 

of t he diminished occurrenc e of �uality problems as 

operat ors become more f amiliar with a product . It would 

be expect ed that the spread of a proc ess variable would 

decreas e as an operat or brought the p lant under bett er 

c ontrol through learning , An examp le of the s ort of 
result expected if l e arning behaviour were occurring is  

shown in Graph 6 . 1 . 

Variab l e  -
.6 

.6. 
- l:s - -

.6 

Time 

Upper Limit 

Target 

Lower Limit 

Graph 6 . 1 : Theoret ically expect ed result of learning 
behaviour 

1 .  See s ect ions 7 . 2 and 7 : 3 
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Examinat ion of learning behaviour ln spray drying 

fact ories  

Dat a on  a range of  variables was avai lab le from 

three fact ories . Thes e were Te Rap a ,  Matangi and Pahiatua . 
The dat a compris ed hourly readings of fat , moisture , 
prot e in and t otal s o lids ex- evap orat or at the Matangi 

fact ory , hourly readings of belt p owder moisture and 
dens ity at Te  Rapa , and hourly fat and moisture at 

Pahiatua . This dat a was p lott ed in a s imilar f ashion to 

Graph 6 . 1 . 
The data and results are summarised in Tab le 6 . 4 .  

In five of the fourt e en runs studied ,  t here 
appeared to be  s ome evidenc e of improvement . However , 

t his was ln each cas e in only one of the variab les studied . 

Thus in only five of twenty- seven c as es was there any 

evidenc e of learning behaviour , and in two of thes e cas es 

it was only in the first six to  eight hours of the run of 
t hree days . In two other c as es there was learning 
behaviour on each of t he two days as the t ot al solids leve l 

was in each cas e  brought from a value which was t oo high 
t o  b eing under c ontro l . Thus this learning was not 
nec essarily ass ociat ed with the change of specificat ion . 
It may have been a daily oc currenc e ,  a feature of t he way 

in which the p lant was operated.  
Thus it  was conc luded that this  data did not 

support t he hyp othesis t hat learning b ehaviour occurs 

aft er a spec ificat i on change in terms of improvement 
in op erat or c ontrolled variables . 
Relationship between product , failures and day in run 

Dat a was examined on the dai ly occurrenc e of 
• 

qual ity failures for a c omp let e s e as on ( 1 978-7 9 )  for t he 

Midhirst spray drying p lant . This was examined for the 
relationship between f ai lures and the day number of the 

run . Thus all failures on the f irst day of runs were 

summed , all fai lures on t he s ec ond day of runs , and so on . 

Then the tot al number of first days was summed , the 

number of s econd days and s o  on . Failures were e)�res sed 

as a p erc ent age of t he number of days , for example there 



Fact or;y 

Mat angi 

Te Rapa 

Pahiatua 

Tab le 6 . 4 

Product Dates 

. 900 20 , 21 Sept . 78 

900 '1 7 , '1 8  Nov . 78 

S . M . A .  '1 5 , '1 6  Dec . 78 

Rennet whey 4 , 5 , 6  Jan . 79 

S � M . A .  '1 5 ,  '1 6  Feb . 79 
900 '1 , 2 ,  3 Apl . 79 

900 9 ,  '1 0 Aug . 79 

802 9 , '1 0 , '1 '1 Oct . 7 9 
930 '1 5 ,  '1 6  Oct • 79 

803 '1 7 , '1 8 Oct • 79 
M30'1 '1 8  Oct . 79 
802 26 Oct . 79 
934 27 , 28 Oct . 79 

82'1 5-'1 8  Sep . 79 
6- '1 4  Sep . 79 

Variables 

Moisture 
Prot ein 
Fat 
Total s o lids 
Moisture 
Prot ein 
Fat 
Total so lids 
Moisture 

Fat 
Moisture 
Total so lids 
Moisture 
Moisture 
Protein 
Fat 
Total solids 
Moisture 

Be lt moisture 
Be lt moisture 
Be lt dens ity 
Be lt moisture 
Be lt moisture 
Be lt moisture 
Be lt moisture 

f"loisture 
Fat 

Evidenc e 

Start -up each day 

Start-up each day 
Improves through the period . 
Range decreas es 

Contro l on first day ' s  st art 
First day 

Rap id contro l on st art up 

. Range converges 

Results of examination of various runs for learning behaviour . 

___:, 
0 
I\) 
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Numbe 

of 
5 

faii e s  6 
3 6 L 6 6 
2 6 
1 6 L 6 D. 
0 

4 5 6 7 8 9 1 0 1 1  1 2  1 3  14 1 5  
Day of run 

GRAPH 6 . 2 :  Number of failure s p er day vs day of run 
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were s ix fai lures on the f irst day of a run and there 

were 29 f irst days . Thus on 6/29 x 1 00/1 = 20 . 7% of first 

days there was a failure . This enabled a comp arison of 

the prop ort ion of fai lures on each day as runs progressed . 
The result s were disp layed in graphs 6 . 2  and 6 . 3 .  

It was c oncluded that although the tot al number of 
f ailures on first days of runs app eared to be high, when 

c onsidered as a proportion of the t ot al number of first 

days , it was not . Thus it c ould not be said t hat quality 
f ailures occurred as a result of sp ecificat ion change , 

nor was t here an appreciable  decre as e in the proportion of 

failures as runs progress ed , that is t o  say , learning 
effects in t erms of improved quality were not evident . 

C onc lus ion 
The evidenc e examined did not support t he hypothes is 

t hat learning behaviour o ccurs aft er specificat i on changes 

or that specificat ion changes caus e poor quality . It is 
suggested that learning eff ects are not evident in this 
s ituation because op erat ors are us ed to contro l l ing all 

t he variables that can be alt ered in changing from one 
specific at ion to another . The situation that occurs 
when t he specificat ion is changed is not appre c iably 
diff erent from the s ituat ion which occurs each  day when 
there is no specification change . Routine changes 
b etween various spec ificat i ons inc luding from who le milk 

to skim or butt ermilk products are just that , rout ine . 
Changes t o  p lant variables must b e  made when c leaning , 

shutting down and st art ing up , thus operat ors are us ed 
t o  c ontro l ling the p lant . Their learning behaviour has 
occurred during training . 
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6 .  5 CAPACITY UTILISATION IN SPRAY DRYING FLA.WI'S 

One of the . effect s of the s eas onal pattern of mi lk 

f low on spray drying p l ant s which was discussed in Chapt er 

4 ,  is a l ow c apacity ut ilisation which theoret ically would 

be expected to result in increas ed c osts  to dairy companies . 
This is c ert ainly the c ase  in the brick industry . Bower ( 6 )  
reported that cost of product ion p er brick at one third 
cap acity was 1 . 61 t imes  the cost when t he plant was 

operat ed at full capac ity . He attribut ed this t o  the high 
fixed op erat ing c ost . High fixed op erat ing cost is als o a 

feature of spray drying p lants as already not e d .  
The re lationship between c apac ity utilisat ion and 

cost in spray drying f act ories was examined by us ing 

pub lished data on cost s and volumes of product ion from dairy 
c ompany annual report s . 

It was exp ect ed that the cost per tonne would be 
reduc ed as t he p lant was more highly ut i lised as the greater 

t onnage from the same p lant would result in a reduc ed fixed 
cost per t onne of product , and cons e quent ly a lower total 

c ost . 
Method 

A ut ilisation index was calcu lat ed based on the 

as sumpt ion that the maximum t ime availab le to factories was 

1 1  months of 20 hours per day , that is 6 , 680 hours . 
Thus : 

Ut i lisation Index = 
Annual Product ion in tonnes 
Rat ed c apacity per hour x 6680 

C osts v1ere brought t o  a common basis by dividing by 

an industry inf lation fact or , 1 bas ed on the average industry 
c o sts in each  year . 

The data for five years was examined . The first 

m ethod of det ermining whether such a re lationship exist ed 

was to examine each c ompany ' s  figures  to see if the lowest 
ut ilisat i on corresponded with the highest cost and/or the 

1 .  The inf lation factor was describ ed in Tab le 6 . 3  
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highest ut ilisat ion c orresponded with the lowest c ost . 

The result s were summarised in Tab le 6 . 5 .  

Company Highest Cost 
& Lowest 
Ut ilisat ion 

Bay of Is lands 

Cambridge Yes 

East Tamaki Second lowest 

Hikurangi Second lowest 
Kaip ara Yes 

Manawa-cu Yes 

Mid-Nortnland 
Moa 
N . Z . C . D . C . 
N . Wairoa Yes 

R . P . D .  
Taranaki 
're .A wamll_b .J Second low<?st 
Tui V o c  -'- '-' � 

Waimea SGC O:::J.d lowest 
\'Jest land Yes 

Vic e 
Versa*  

Second 
Yes 

Lowest cost 
& Highest 
Ut ilisation 

Yes 

Y es 

Yes 

highest -· 

Second highest -

Second highest 
Yes 

Yes 
Second highest 

Vice 
Versa* 

Yes 
Yes 

-x es 

* Note : Vic e versa means highest cost and highe st 
ut ilisat ion or lowest cost and lowest ut i lisat ion 

respect ively . 
Table 6 . 5 :  Summary of results  showing relat ionship 

between cost per t onne and capacity 
ut i lisat ion 

It c an be s een from Table 6 . 5  that five c ompanies 
have some  obvious t endency to the reverse of t he eA�ected 

situation with e ither high costs c oinciding with high · 
uti lisat i on or low costs c oinciding with low ut i lisation.  
One company app ears to be unaffect ed either way and the 

remaining t en s how a c lear t endency to high c o st with low 
uti lisat i on and low cost with high uti lisation . 

Att empt s were made t o  regress the utilisat ion index 

on the c ost per t onne in the case of both the c omplet e  data 
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A 2 points coincide 

A 3 point s coincide 

1 . 0 

0 . 8 

0 . 6 
b. � � 

Uti lisa l on � 
A �  � � � 
� M � 

0 . 4 .c:A � � � 
Index � 

� .£:, .AA � � � 
D. M � � ..6A6 � � � � �  

� A � b.  � D.  � L:l D. 
0 . 2 � D. M D. 

� D. 
D. D. 

D. 
� 

0. 0 
60 96 1 32 1 68 204 240 

Cost ( $/t onne ) 

GRAPH 6. 4 : Utilisat ion Index vs cost per t onne 
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and the dat a of the t en companies that did app ear to follow 

the expect ed relationship . However these were unsuccessful , 

with extremely low values of the coefficient of det erminat­

ion occurring in both cases . Thus a numerical re lat ionship 
c ould not be established . 

A p lot of ut ilisation index versus cost per t onne 
was made . ( Se e  Graph 6 . 4) .  It is  int eresting t o  not e that 
no company had a high c ost assoc iat ed with a high 

ut i lisat i on index althougb many had lovJ costs as soc iated 

with low ut i lisation indic es . This phenomenon may be a 
result of the application of average castings established 

in large vo lume producing years t o  low volume producing 
years . The mass of data does bear out the· expect ed 

re lationship to a limit ed ext ent . 
Discuss i on and Conc lus ions 

This study had s ome numerical pr·obleEJs because of 
the assumpt ions on which it was bas ed  not nec es s arily 

b eing true . The costs from year t o  year may be affect ed 
by fact ors other than the cap ac ity utilisat ion or the 
rat e of inf lat ion . For example , a change in the energy 

s ource powering the spray drying plant could have maj or 

effects , or mere ly a change in the product mix . The 

latter must have occurred with the growing volume of 
production of wholemilk p owders discussed in Chapt er 5 .  
Also the inf lation index is an average and though based 

on the c ombined eff ect s in all plant s , may not accurat e ly 

reflect t he actual situat ion in any individual p lant . 

The eff ect of fixed c osts may vary widely from p lant t o  

p lant . I n  old p lants , t he c apital c omponent may be very 

small or in relat ive ly new p lant s it may be extreme ly high. 

Addit ionally it is  possible  that there were 

s ome anomalies in the bas e  dat a due t o  variat ions 1n 

c ost allocation syst ems from c ompany to company . 

It does app ear that there is  a strong relat ionship 

in individual fact ories b etween c ap acity ut ilisat ion 

and cost -p er t onne but it i s  diff icult to quant ify the 
t he relat ionship in general . 
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6 .  6 COST EFF:EDTS OF SEASONAL MILK FLOW IN SPRAY 

DRYING - PLANTS 

Introduct ion 

Virtually all dairy .fo.rms in New Zealand are managed 

around a syst em of pasture grazing . Except for farms on 
which mi lk is produc ed for liquid c onsumpt ion , the whole 
herd is mat ed to calve during a short p eriod in t he early 

spring , in order t o  fit their f e ed requirement s as closely 

as possible with pasture growt h ( 7 ) . The herd does not 
produce any milk at all for a p eriod of about two months 
ln wint er .  

Mi lk production in most c ows reaches a peak 8 t o  
1 2. weeks aft er calving and then gradually falls unt i l  

milking c e as es 250-300 days aft er c alving ( 8 ) . It has 

b e en shown that in some  c ircumst anc es  an even short er 
producti on season can be more profitable  t o  farmers 

because of lower drought rlsK and the possibi lit i es of 
alt ernat ive uti lisation of res ourc es . 1 These fact ors 

result in a milk product ion patt ern where peak product ion 
is about twice the 1 2  month average . 

Eff ects of the s eas onal patt ern of milk f low are 
f e lt in the downstream product ion and market ing act ivit ies . 

In the product ion area , s eas onal effects are as 
f o llows ( 9 ) : 

1 .  Milk and product quality problems in early and 
lat e  s eas on . 

2 .  A throughput limitat ion at the peak of the 

s eas on , reduc ing flexibility to  respond t o  

market opportunit ies and p o s s ibly affect ing 

quality due t o  product ion pressure . 

3 .  A limit ed s e ason for manuf acture of s ome  
products and an inability to  make  some  

products at all  ( s ome che e s e  typ es ) . 

4 .  Mediocre cap ital e quipment ut ilisation . 

5 .  Wint er maint enanc e is pos s ible and limit ed 
back-up equipment is required . 

1 .  See Chapt er 5 and Appendix 5 
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Capital c osts form the most visible part of these 

problems , acc ount ing f or 1 0- 1 1 % of t ot al milk p owder 

manufacturing c ost s . ( 7 )  Capacity uti li�at ion in whole 

milk powder p lants has been est imat ed a c  only 24 . 6% and 

at only 29 . 8% in skim m i lk p owder p lants . ( 1 0)  This is 
part ly due to s eas onal effects , and part ly due to exc ess  

installed c apac ity , p e rmitt ing company diversif i c at ion . 

It was est imat e d  that on average , spray drying 

fact ories run 1 0 . 1 4  hours per day ( over 1 2  mont hs ) 1 thus 
c apacity ut i lisat i on is  less than 50% and capit al c ost per 

t onne of milk p owder i s  more than twice what it c ould 

Ult imat e ly be. 
The eff ect of the seas onal production patt ern on t he 

market is p o s s ibly more serious . As our product s  b e c ome 

more specialised we develop a c loser re lat ionship with t he 
c onsumer and the c ost of an inability to  meet his 

requirement s for p art of t he year may be high . ( 9 ) 

CI.'he effects  of the s eas onal patt ern of mi lk on spray 

drying fact ory costs 
In order t o  evaluat e t he cost eff ects of t he 

s easonal p att ern of m i lk f low on spray drying p lants , two 
c omparis ons were made . In t he first comparison , a p lant 

running t he average number of hours per month as f ound ln 

t he Writt en Quest ionnaire , question 1 1 , except f or a 
c omp let e s hut down in June was compared with a t he oretical 

p lant running 20 hours per day , with a one mont h s hut down 

which was s ized s o  as t o  process the s ame volume of milk .  

Time Average Theoret ic al 

Hours ln year 8760 8760 
Hours runnlng 3677 6680 
Hours running as % 42 76 

of hours in year 

Si ze of plant 
To process the s ame volume of milk in the great er 

1 .  Bas ed on Writt en Quest ionnaire , Quest ion 1 1  
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time t he t he oret ical plant wo�ld be 

the size  of t he average p lant . 

Capit al c ost  of theoret ical plant 

3677 
6680 = 0 . 55 t imes 

Us ing t he "0 . 6  rule " 
Cap it al c ost of theoretical p lant 

capit al c ost of the average p lant . 

Energy c onsumed during c leaning 

0 .  55 . 6 

1 . 0 

0 . 7  t imes the 

As sum ing one p lant clean and start-up/shut down per 

day in both cases then : 

Tot a l  hours c leaning etc 334 x 2 . 751 

= 91 8 . 5 
As suming the theoret ical p lant uses only . 55 t imes 

as much energy p er hour then energy consumed in c leaning 

is : 

{ Units are hours of 
average p lant energy 
c onsumpt i on) 

Average 

9 1 8 . 5  
91 85 · + 3677 

Total energy c onsumpt ion is reduc ed by 

91 8 .5 - 91 8 . 5  X .55 1 00 
91 8 . 5  + 3677 X --1--

Theoretical 

91 8 . 5  X . 55 
91 8 . 5  X . 55 + 3677 

9% 

( Assuming t hat the same vo lume of milk wi ll take the 
same energy t o  process in both plant s . )  

Labour 
Pro c e s s ing st aff would need t o  be increas ed by one 

shift in t he theoret ical p lant becaus e the p lant will  be 

op erational 24 hours p er day inst ead of a peak of 

1 7 . 1  + 2 . 75 = 1 9 . 85 hours , which would be handl e d  by two 

shifts . 

Thus labour cont ent would be 

An increas e of 23% .  

Average 

8 

_2 
1 3  

Theoret ical 

1 1  

_2 
1 6  

1 .  Average t ime on st art-up , shut down and c le an is 
2 . 75 hours from Writt en Quest ionnaire , qu est ion 1 3 .  
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Milk collect i on c ost s 

Bec aus e the peak would be reduce d ,  fewer t ankers 

and drivers would be required to  handle it . Thus the 

same t otal  volume of m i lk  would be picked up by 55% of 
t he exist ing tankers and drivers . C osts attribut able to  

t anker c ap it al cost and drivers ac c ount for 46% of milk 
c o llect ion costs thus mi lk c ollect ion costs would be 

reduc ed t o  
. 55 x 46 + 54 = 79 . 3% of pres ent 

Total Cost 

:Energy 

Wages 

1 C ost , $ p er tonne 
in average p lant 

Milk collect ion 

58 . 7  
40 . 3 

30 . 9  

Depreciat ion 
2 Others 

24 . 3  
83 . 2  

237 . 4  

in theoret ical 
plant 

53 . 4 
49 . 3  
24 . 5 

1 7 . 0 
80 . 8  

225 . 0 

There is a reduction of about 5% in t otal 
CO$t per t onne in the theoret ical p lant . 

Discussion 
There may be other eff ects which should b e  t aken 

int o acc ount but are likely to be more difficult t o  
quantify . Thes e inc lude : 

l .  Where p lant s are charged f or electric ity on 
t he basis  of their p eak load this would be reduc ed in 

t he theoret ical p lant . 

ii . Many p lant s already emp loy three  shifts . If 
an increase  in labour was not nec e s s ary t hen cost p er 

t onne would be about 9% lower in the theoret ical plant . 

i i i . A  steady f low of m i lk  t o  t he fact ory would 

allow an even work cyc le for all emp loyees for a large 

p ortion of the year ,  enabling holidays t o  be tak en when 
required and enab ling the emp loyment of a regular work 

1 .  Bas ed on figures for 1 978-79 s eas on given in 
Tab le 6 . 2 .  

2 .  Reduct ion in "Others " is a result of changes in 
insuranc e and int erest . 
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f orce for t he packing gang . 

iv . Plant management and operation would b e  b ett er 

ab le t o  be opt imised because of the comparability of one 

day t o  the next and predictability of future condit i ons . 

Second comparis on 

In t he s e c ond comparis on , the average plant 
described above is c ompared with a p lant of ident ical 

c apacity ut i lised 20 hours p er day for 1 1  months . This 
s ituat ion c ould arise where a company was faced with the 

opt ions of c lo s ing down an o ld fact ory and bui lding a new 

p lant or f itt ing the m i lk supp ly int o an existing p lant 

by smoothing the flow.  Thus in addition t o  cost s avings 
t hrough bett er uti lisat ion of the existing plant , a c ompany 
would be s aving the c apital and overhead c osts of a 

c omplet e  new fact ory . 
The t hroughput of the highly ut ilised fact ory would 

be 6680 
3677 

p lant . 

= 1 . 8 t imes the throughput of the exist ing 

Gains would be made in fixed costs , energy 
c onsumpt ion on c leaning , milk collection cost s and 

labour costs . 
Fixed Cost s 

Depreciat ion 
Rat es  

Insurance 

Eff luent disposal 

Administration 

Direct ors ' fees and 
exp ens es 

Int erest 

Tot a l  

$/t onne 
24 . 3 

0 . 6 

1 . 8 

0 . 9  
6 . 3  

0 . 6 

6 . 1  

40 . 6 
The s e  c osts would be spread over 1 . 8 t imes the 

t onnage so c ost per t o nne would be reduc ed to 

4�:� = 22 . 6 $/tonne 
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Energy c onsumption on c leaning 

Total hours cleaning etc 

This is current ly �9='1�8�·�5--��� 3677 + 9'1 8 . 5 
t ot al energy c onsumpt ion or 

20 
"J OO X 58 . 7 

= 

= 

X:. : 

= 

334 X 2 . 75 

9 '1 8 . 5  
'1 00 
-'1- = 20% of 

'1 '1 . 74 $/t onne 

Thus energy c ost p er t onne would be reduc ed t o  

1�:�4 + 0 . 8  x 58 . 7  53 . 5  $/tonne 

Mi lk c o llect ion costs 
Obvious ly if a great er volum e  of mi lk is t o  be  

c o llect ed  then collect ion costs wi l l  be  higher . However , 
the prop ort ion of collect ion cost s attributable to  drivers 
and t ankers will go up only by 

20 
'1 7 . '1  '1 . 1 7  times , becaus e 

exist ing t ankers and drivers wil l  b e  bett er ut ilis ed .  

Thus '1 . '1 7  t imes the c ost will b e  distribut ed over 1 . 8 t imes 

the volume of milk ,  so the cost p er t onne of product will  

b e  reduc ed t o  
1 . 17 X 0 . 46 X 30 .9 9 . 24 $/t onne 1 . 8 

= 

( from 1 4 . 2  $/t onne ) 
and the t otal c ollect ion c ost wi ll  b e  

9 . 24 + 0 . 54 X 30 . 9  = 25 . 9  $/t onne . 
Labour costs 

The 23% increas e ln labour c alculated for the 

previous c omparison would occur but would be spread over 

1 . 8 t imes the volume of product thus cost of labour would 
b e  reduc ed t o  

1 . 23 X 40 . 3  
'1 . 8 

Total c ost per tonne 

Energy 
Wages 
Milk c o llect ion 
Fixed c osts 
Others 

Total 

Seas onal patt ern 

58 . 7 
40 . 3 
30 . 9 
40 . 6 
66 . 9  

237 . 4  

27 . 5 $/t onne 

Smoothed f low 
(1 . 8 times the milk) 

53 - 5 
27 . 5 
25 . 9 
22 . 6 
66 . 9 

'1 96 . 4  
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Thus there would be a reduct ion in cost of about 

17% in . that p lant . The savings in t erms of not operat ing 

an addit ional p lant of 0 . 8  t imes the capacity of the present 

plant are briefly est imated as follows : 
$/tonne 

Fixed costs 40 . 6  

Energy 1 1 . 7  

Labour 40 . 3  

Milk co llection 1 4 . 2  

Total 1 06 . 8 

Not es 

All fixed cost s 

All energy in c leaning et c . 
All labour ( addit ional labour 

already allowed 
for) 

All fixed cost + drivers 
wages 

This saving would be on . 8x of the t otal 1 . 8x t onnes of 

the smoothed plant so  t he saving would be an addit ional 

0 . 8 I 1 . 8 x 1 06 . 8 = 47 . 5 $/t onne . 

Giving a t otal s aving of 88 . 5  $/t onne or 37 - 3% o·f the 

original cost p er t onne . This would mean that returns t o  

the farmer could b e  increased from 577 - 237 240 $/t onne 
t o  329 $/t onne1 

Conc lus ion 
It appears that t here are s ignificant gains to be 

made in s ome s ituations by smoothing the milk f low t o  a 
fact ory . The result s  show that a de liberate change t o  a 

smaller fact ory would not be  warrant ed in view of the 
exp ected re lat ive ly small s avings . The second c omparison 
shows that if a company were in such a situat ion as 

described , it c ould have exp ect ed t o  pay out an addit ional 
44 c ents per kilogram of m i lk fat ( approximat e ly and 

assuming the powder produc ed  was whole milk p owder) . This 

would have been about an additional 3 5% . 
Whether such a change would be warrant ed would depend 

on the unique c ircumst anc es of a c ompany and the cost and 

willingness of suppliers t o  respond . Although it is 
probab ly not warrant ed throughout t he industry , · it is  
possible that in  some s ituat ions t his mode of op eration 
1 .  Not e that all figures are bas ed on 1 978-79 s e ason 

averages listed in Table 6 . 1 . 
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may b e  worthwhile . 

6 .7 SIMULATION OF SMOOTHING MILK SUPPLY 

Introduct i on · 

In the exist ing manufacturing milk supp ly industry , 

all herds are ins eminat ed to calve about the s ame dat e to  
coinc ide with the spring avai labi lity of pasture . Naturally 
t his leads t o  a sharp peak in the milk supply , and 

fact ories  must be s iz e d  to  handle this peak .  

One method of smoothing the milk supply would b e  t o  

do as in t he town m i lk industry where individual farmers 
smooth their own milk supp ly . An alt ernative , discus s ed 
briefly here , is if a fact ory ' s  c omplet e dairy herd ( all 

suppliers ) was split int o  a number of groups with different 

calving dat es . This would have the following effect s : 

l .  Peak supply t o  the fact ory would be reduc e d .  

ii . Supply t o  the fact ory would be smoothe d .  

iii . C osts t o  s om e  farmers would b e  incre as e d .  
I n  order t o  demonarat e the effect on c apacity requirement s  
of such changes in t h e  patt ern of m i lk  production , a small 

comput er s imulation model was prepared . 

Simulat i on 

% of 1 
herd peak 

1 00 -

75 -

50 -
25 -

j a s o n d j f n a m j 
month 

Here the milk supply c ommences two months before the p e ak  

an d  cont inues for s ix months aft er the peak , but the s e  

p eriods c an be s elect ed on each run o f  the mode l . 
gr>mps 

If the fact ory s herds were split into two; Wl th peaks 

in Oct ober and February , milk supp ly patt ern would b e  as 
follows : 



% of 1 

herd p e ak 

1 00 -

75 -

50 -

25 -

1 1 7  

j a s o n d j f m a m j 
month 

totaJ:-milk 
supp ly 

It can be s een that p e ak supply now occurs in February but 
that it is reduc ed t o  two-thirds of the peak values of one 

herd . Comput er print outs of these  two situations are 
given be low . Note that the x and y axes are int erchanged 

from the above two figures . 
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Invest igat ions 

It c an be s een that the program allows the herd to 

be sp lit int o any number of groups with each peak of the 
group sp ec ified.  Thus it was pos s ib le to inves t i gat e such 

questions as : 

i .  If the herd were split int o a number of equal 
groups with equal p eriods between them , wbat 

effect would this have on the patt ern of milk supply? 

Groups Max Min Range Range as % of Max 

2 

3 
4 

6 

Table 6 . 6  

flow flow f low 

50 1 6 . 67 33 . 33 66 . 7  
44 . 4  22 . 2 22 . 2 50 

37 . 5 29 . 1 6  8 . 34 22 

33 . 3  33 . 3  ·.o 0 

Results summar� - Egual groups at egual 12eriods 

ii . What would be  the effect on the peak f low of 
splitting the ·herd in tw&7£'JH:)Sseparat ing calving 

dat es by less than six months ? 

separat ion months 
1 

2 
3 

4 

5 

6 

peak value 

91 . 67 
83 . 33 
75 . 0 

66 . 7 
58 . 3 

50 . 0 

Table  6 .7 Result s  Summary - Two herds at various 
s eparations 

iii . What would be the effect if the herd were 
g:oouns split int o thre �;wl�n 2/3 calving normally 

and 1 /3 at a lat er dat e ?  

months lat er 
1 
2 
3 
4 
5 

Table 6 . 8  Result s  

peak value f low 

88 . 88 
77 . 77 
66 . 67 
66 . 67 
66 . 67 

peak month 

Nov 
Dec 

Oct , Jan 
Oct 
Oct 

Summary - One t hird of herd calves  
lat er . 



1 20 

C onclusion 

The s e  illustrat ions show that it would be possible 

to _ quickly evaluat e the eff ect on p lant capacity 

requirement s of a number of alt ernat ives with the result 
that a smaller number of schemes could be chosen for more 

detailed analys is . 

6 . 8  CONCLUSION 

A number of features and cons e quences of various 

types of short product ion run in spray drying plants have 

been examined.  

The examination of c ost structures in spray drying 
plants and the cost of the dai ly st art-up , 9hut down and 
c lean led t o  the conc lus ion that the control of energy 

must lead t o  improvement s in t he c ontrol of cost effects 
of short production runs in spray drying plants . 

The occurrence of learning behaviour was examined in 

order t o  determine if there were advers e consequenc es 
from specificat ion changes .  Learning behaviour was considered 

to be  ins ignificant in its effect on a ·n�ber of product 

qualit i e s . ( It s eff ect on proce s s ing rate remains t o  b e  

examined. ) Additionally i t  was found t hat there was no 
disc ernible relat ionship between run length and quality 

problems . As many quality problems occurred on t he nth 
day of a run as t he first . 

It was found that spray drying p lant cost s do respond 

t o  c apacity ut ilisation . It was est imat ed that c ons iderable 

savings c ould b e  made in product ion costs in c ertain 

situat ions through smoothed milk production . A method of 

estimat ing the effects of various manipulations of calving 

date on t he c apacity ut ilisat ion of a fact ory was proposed .  
As was indicat ed in the introduct ion t o  t his chapt er , 

the nec e s s ity f or management information in the spray drying 

plant is great . It has been shown here that contro l of 
energy is an important factor in all types of short run 

cost s . In the following chapt er , t he behaviour of a p lant _ 
in consumption of energy and the c ontrol of energy and 

other plant costs will be  examined . 
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CHAPTER SEVEN 

CONTROL OF THE EFFECTS OF SHORT PRODUCTION RUNS 
IN SPRAY DRYING PLANTS 

7 . 1 INTRODUCTION 

The costs that a production manager i s  able to 

control are limited.  The maj or components he is able to  
influence include the utilisation of milk , 1 energy , and 

plant . The labour force is  relatively fixed although 

good management can avoid some overtime cost . In such a 
capital int ens ive s ituation , flexibility with resp e ct t o  

labour i s  limite d. 
It has been shown that the maj or cost component 

under the manager ' s  c ontrol is energy. It has als o been 
shown to be the maj or component of start -up , shut -down and 

cleaning c ost , which i s  in turn of importance in the costs 
of short production runs . A study of energy in a spray­

drying plant also reflects actions of operators and their 
eff e cts  on the plant , thus refle cting efficiencie s  in 
general . A model permitting the predi ction of energy costs 
at various daily running time s , for various individual 
spe c ificaions will enable a manager to make s oundl� based 
decisions on the strat e gy of operat ion of the pla�t . Any 
costs of unusual actions such as changes of spe cification 
should be refl e cted in energy consumption. Thus there are 
many reasons for its study. 

The rate of pro cessing ln spray drying plants is  
als o  a key factor in determining p lant effici ency. It  
answers the question 1 1 Is the plant being use d  at the highest 

feasible capacity? 11 Production rate has also been indi cated 

as being an area where short production run effects are 

reflected. It has been suggested that short runs result ln 

a reduce d  rate of processing . Thi s effect must be s eparated 
!rom others in order t o  test the truth of the hyp othesis . 
1 .  Losses  caus ed by waste of product and mat erial have been 

studie d  by NZDRI staff ( 1 ) and will not be considered 
here . 
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Thus a model of processing rate should glve insights into 

the true effe cts of run length . 
Study of energy and proce ssing rate in spray-drying 

plants should lead to enlightened management practices . 
In order to maintain such eff e ct s  a regularly and 

fre quently based management informati on syst em must be 
provided .  Sp ecifi cally with regard t o  this study , managers 

need such informati on in order t o  be able  to assess the 
viability of preventive maintenance programme s  and assist 

in re covery of losses  due to power cuts from ele ctri cal 
distribution authorities . Also such information would 

enable the use of economic criteria in determining when a 
plant should be closed at the end of the seas on . 

Development of a computer-based  management 
information system was carried  out as a means of demonstrat ­

ing how such a tool could be us ed  by a producti on manager 
in his continuing efforts to control producti on costs . 

7. 2 DETERMINATION OF THE RELATIONSHIP BETWEEN 
ENERGY CONSUMPTION AND DAILY RUN LENGTH 

. Introduction 

Data was collected by the staff of Tui Dairy Company ' s  
Pahiatua plant on the daily consumption of oil and 
electricity . As the spray-drying plant was the only plant 

on site the data was of a suitable form to enable an 
investigation to be carried out to  relate the energy 
consumption per unit of product with the daily run length . 

As the first step in this pro cess  a mode l of the 
relationship between energy consumption and the milk volum e  

entering the plant was created . Thi s  was us ed as a basi s  
for the calculation of the energy c onsumption per unit o f  
product at various daily run l engths . 

The data concerns five different product specifications 

produced since early December 1 978 , including four of skim 

milk powder and one whol e  milk powder . 
The plant comprises  a Weigand evaporat or and Niro 

dryer with fluid bed s e condary drying and a rated capacity 
of 2 . 7 t onnes of powder per hour . The air heater and the 

boil ers are oil fired. 
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The Mode l 

In all cases  it was assumed that energy consumption 

could be des cribed by a fixed component and a variable 
component . The fixed component would repres ent energy 
used  for start-up , shut -down and cleaning of the plant 
and any other loads that did not vary ln proportion to 
the volume of milk processed.  

The variable component would vary in proportion 
to volume of milk pro cessed and would include the energy 

us ed  for evaporation , drying and separation and associated 
pumps and any other loads that varied in proportion to the 
volume of milk proces s ed . 

Thus the model was of the form : 

y 
= Bo + B1 X1 

where , for example 

y = total oil  consumption in litres 

B1 = rate of consumption of oil per litre of milk 

B0 = fixed volume of oil consumed in litres 

x1 
= volume of milk pro c e s s e d  in litre s 

It was assumed that : 
1 .  The efficiency of consumption of energy was 

invariant within each product run . 
2 .  The model was a true representation of the 

situation . 

3 .  Factors causing variation from the average ln 

energy consumption occur at random , their 

effect evening out over the period of a run 
of several days . 

4 .  There was one start -up and shut -down per day 

with no mid-run rinse s . 

M ethods of Calculation 
l .  Calculation of the terms in the model 

The actual data did not fal l exactly on a straight 
line but had a certain amount of s catter,  due to  random 
occurrence s . (See graph 7 . 1 ) Thus a techni que had to be 

used  to determine a line , the mode l , that best fitted the 
data .  A mathematical technique known as the "method of 
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least s quares " was used.  This technique minimi s e s  the sum 

of the s quares of the distance s  of the data points t o  a 
line . A computer packaged called " Minitab" was used t o  
perform these calculations . 
Data was available on : 

1 .  The plant running time . This is the time when 

the plant is actually manufacturing product , excluding 
start -up , shut -down and cleaning . 

2 .  The raw milk volume in litres . This i s  the 

milk that arrive s  at the factory from the farm . The raw 

milk must subse quently be separated into a fat fraction 

and a skim fraction . Then if whol e 
milk powder is t o  be  produced the fat and skim are 

re combined with a controlled fat content . · 

3 .  Oil consumption of boiler and burner in 
litres per day. 

4 .  Ele ctricity consumption in units ( kWh ) p er day . 
Some data was also  available on the volume of powder 
produced per day. However , p owder is  only packed off t o  
the neare st pallet each day so i t  was not certain within 
!. 75 tonnes how much powder was produced in a parti cular 
day. 

Regressions were performed on 
1 .  Time versus raw milk volume 
2 .  Boi l er oil consumption vs raw milk volume 

3 .  Burner oil consumption vs raw milk volume 
4 .  Total oil  c onsumption vs raw milk volume _ 

5 .  Ele ctricity consumption vs raw milk volume 

The results are displayed in Table 7 . 1 .  

ii . Energy consumption p er unit of product 

Once mode l s  of energy consumption were obtained ,  it  
was possible to  expre s s  the results in a more useful f orm 

by calculating energy consumption per unit of product at 
different daily production run lengths . This enabled  the 

costs and advantages ( in terms of energy) of operating the 

plant according t o  various strat e gi e s  to be s een . 
The fixed c omponent of energy consumption o ccurs 

without the manufacture of any product , therefore its cost 
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must be borne by the product that i s  made . If only a 

small volum e  of product is  made , then the fixed component 

per unit product will be high . If a large volume is  made , 
the fixed component per unit will be low . Thus , the 

longer the daily run length , the smaller is the fixed 
component per unit , and the l ower is the total energy 
consumption p er unit of product . 

To calculate the energy consumption per unit , the 

equations derived in the first part of this  study were 
use d. An average yield for each sp e cification was 
calculate d  by dividing the t otal wei ght of product in a 
run by the t otal raw milk volume used in that run . 1 

For example , the calculations were as follows : 
Spe c . 633 , total oil consumption per unit of product 

Yield = 0 . 084'/ kg/£ 

From table 7 . 1 , oil  consumption = 0 . 0279 x raw milk vol 
+ 21 74 

The amount of product from a particular volume of milk l S  

found by 
t otal product ( kg)  = milk volume x . 0847 

Thus , oil  �onsumption/ 
kg = 

e . g . for raw milk vol = 

oil used/kg = 

= 

0 . 0279 x raw milk vol + 21 74 
ravl milk vol x 0.0847 

70 , 000 litres per day 
0 . 0279 X 70 , 000 + 21 74 

70,0()0 X 0.0847 
5 £/kg 

In practice  thes e  calculations were performe d  by 

means of the " Minitab'' computer package . Summaries  of the 

results are shown in Graphs 7 . 2 , 7 . 3 ,  7 . 4 .  
Spe c  

607 
633 

600 

821 

Yie ld kg/1 000£ 

83 . 829 
84 . 709 
89 . 337  

1 23 . 25 

TABLE 7 . 2 :  Yield of product per litre of raw milk 

1 .  See Table 7 . 2  
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Variability of the Data 

As has already been not e d ,  there was a certain 
amount of variability in the data . The following reasons 

were suggested for maj or variation in the re corded data 
values from the regression lines . 

Higher than expected oil consumption . 
Failure to  clean air-heater tubes 
Held-over milk also pro cessed 
Operator less  skilled than average 

Cleaning of dri er or fluid beds 

More cleaning of evaporator than usual 
Breakdown causes running on water 

Lower than expected oil consumption . 
Operator more ski lled than average 

Less cleaning than normal , e . g. just caustic wash 
Milk held over for pro cessing next day 

Higher than expected ele ctri city consumption 
Cle aning of drier or f luid beds 
Running drier on water while waiting for 

evaporator 

Extra refrigeration load due to 
- left on overnight 
- humid conditions effect on cooling tower 

Lower than exp ected ele ctri city consumption 
Refrigeration left off 

General 
Milk quality variation with time of year or 

weather 

Read meters at wrong t ime  of day 
Oil tank level variati on due to 

- air t emperature 
- oil  delivery causing change in t emperature 

Discussion on results of re gression analysis 
In general , all relat i onships studied  showed a 

high correlation except the burner oil vs milk volume . 
There was also low corre lation in the relationstip between 
boiler oil consumption and milk volume for spe c . 821 . This 

i s  the sp ecifi cation that has been produced most recently 

and thus this may indi cate that the boiler meter is becoming 

l e s s  accurate . 



1 33 

Burner oil consumption 
From the Results Summary , Table 7 . 1 , it can be 

s e en that the c o -efficients of determination were lowe st 
for burner oil  consumption . This i s  because it i s  measured 
indire ctly. It is the difference between t otal oil 

consumption and boiler o i l  consumption.  Thus there are 

cumulative errors from the s e  s ources plus it is a relatively 
small (num erically ) quantity s o  that the error represents 

a high percentage of the quantity. 
Time vs milk volume 

In the cas e s  of spe cifications 600 and 633 , the 

constant term is  not statistically significantly different 

from zero . This means that all the time spent running the 
plant results in consumption of milk in proportion to that 

time . However , this i s  not true for specificaions 607 and 

821 . Here the constant term i s  significantly different 
from zero , in other words , part of the running t ime cannot 
be attribute d  to processing milk. This time must be 
attribute d  to a daily non-productive effort s uch as a mid­
run rinse , or runnlng on water.  The significance is  not 
extremely high so it may be that this unproductive time is  

of the order of � t o  � hour p er day. 
It i s  intere sting to note that different specifications 

appear to be proc e s s e d  at different rates . However , the 
differences are not sufficient to warrant planning on thi s  

basis . 
Electricity consumpti on vs milk volume 

The re gre ssion line for specification 633 shows 

the most surprising result . There appears to be very little 
fixed consumption of e l ectricity with a very high variabl e  
rate o f  consumpti on . This may be attributed to the 
dependence of the regres sion line on four extreme value data 
points . It s e ems unlikely that the actual fixe d consumption 

of electricity would be so small in comparis on with the other 
three products . 
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Sp ecification 82'1 

This i s  the only whole  milk powder in the study. 

With the higher proportion of solids arriving at the 
evaporator in the production of whole milk powder , the 

evaporator must be " turned down" , that is to say ,  less  
evaporative capacity is re quired and thus less  steam .  It 
is found that in fact variable  consumption of oil is  only 
slightly lower than the skim milk products . (S e e  graph 7 . 3 )  

when 

total 

This is because 
( i ) The evaporator operates  less efficiently 

turned down as there are great er heat loss e s . 
( ii ) The conc entrate l S  evaporated to a lower 
solids p ercentage thus increasing the drier ' s  load. 

The drier is about ten times less  efficient than the 
evaporator.  

Note in Table 7 . 1  that the rat e of oil consumption 

in the burner is  appre ciably higher in the us e of 
spe cifi cation 82'1 than the skim milk powder spe cifications . 

Specification 672 

On analysis of the data for specifi cat ion 672 , 

for whi ch there were 3'1 data points , regre ssion e quations 
betwe en raw milk volume and energy consumption could not 

be found . Also  relationships between time and energy 
consumption were not found except in the case of burner oil 
versus t ime . In this case there was an excellent correlat ­

ion. It has been suggested1 that the lack o f  relat ionship 
is due to the extensive and varied plant cleaning times 
re quired on this product . The burner oil is  closely related 
to the running time be cause the drier is nottnvolved in 
extensive cleaning , that is  to say ,  its fixed c omponent is 
small anyway. 

Ele ctricity consumption on non-product days 

Near the end of the s eason the evaporator and drier 
were operated once every two days . It was thought that the 
pattern of electricity consumpti on on these days may give an 

'1 .  A. Wolland , Personal Communication 
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indi cation of how much of the fixe d and variable 

consumption could be attributed to separation , tanker bay 
and refrigeration . 

There was no variable component evident thus 

indicating that the above factors form only a small part 

of the variable e l e ctricity load. The average consumption 
of ele ctricity was 2 725 . 3 kWh . This  accounts for a large 

proporti on of the t otal fixed e l e ctricity consumption , 
1 6% for specification 600 , 55% for sp ecification 607 , and 
66% for specification 821 . 

How the models can be used.  

The models derived should be  used cautiously,  

with due consideration to the fact that they are only mode l s  
and bas e d  on certain assumptions . Also , it should be noted 

that : 
( i ) Extremely short run l engths and long run 

lengths were not encount ere d ,  thus calculations in the s e  
regions are theoretical extrapolations . Information within 
the range of the original data is more reliable . 

( i i ) The differences  between specifi cations are not 

proven t o  be different from the variations we could exp e ct 
to find from one run t o  another of the same spe cification . 
Thus such differences should be re garded cauti ously. 

The models  were based  on the raw milk volume  so  that 

they could be used  in a predi ctive fashion . The expect e d  

daily milk flow i n  a p arti cular period may b e  predicted 
with som e  accuracy from past data . Thus , knowing the 
exp e cted  milk volume , it would be possible to predict , with 
the help of the model s , the expe cted consumption of oil and 
ele ctri c ity for each of the specifi cations studied , and also 
the t ime re quired to pro c e s s  the milk . 

For example , 
How much oil and e l e ctricity will be re quired 

to process  354 , 000 litres of milk into spe cification 633 
on one day? 

From Table 7 . 1 , the co-efficients are : 



where 

= 

= 

0 . 0279 

2 1 74 

1 36 

y = oil  consumption ln litres 

x1 = volume of raw milk in litres  

thus y = 2 1 74 + 0 . 0279 X 354 , 000 

; 1 2 , 000 litres 
Similarly , it i s  found that 
electric power 

consumption 
= 292 . 8  + 0 . 0321 X 354 , 000 
� 1 1 , 600 kWb 

And it i s  found that 
t ime taken = 0 . 999 + 3 . 22 x 1 0-5 x 354 , 000 

= 1 2 . 4 hours , plus start-up and shut ­
down 

Further , the models were used  to determine the 

consumption of oil and electricity per unit of product at 
various levels of daily milk flow . This energy 
consumption per . unit of product can be predi cted at 

expe ct e d  daily milk flows . For example : 
What would be the additional cost in energy of 

producing 1 20 t onn e s  of specification 821 in s ix days of 
20 tonnes  versus three days of 40 t onnes ?  
(Milk f lows of 1 60 , 000 litres /day and 325 , 000 litres per 
day respectively , f ound by using yield factors in Table 7 . 2 ) 

( i ) Oil Consumption 
From Graph 7 . 2  

At 20 t onnes p er 
At 40 tonne s  p er 

Thus oil cost per kg ·.)f 
= . 42 

= 

day , oil 

day , oil 

product 
- - 245 

. 345 

. 075 X 
7345 

= 22% higher 

consumption 

consumption: 

is  

X 
1 00 
-1-
1 00 
,_,---

is  

is  

. 42 litre s /kg 

. 345 litre s /kg 



1 37 

(ii ) Ele ctri city consumption 

From Graph 7 . 4 . 

At 20 tonnes per day ( i . e .  1 60 , 000 litres ) 
electricity consumption is . 42 kWh/kg. 

At 40 tonnes per day ( i . e .  325 , 000 litres ) 
electricity consumption is . 31 7  kWh/kg. 
Thus ele ctricity cost p er kg of product l S  

Conclusion 

.42 - • 31 7 
. 31 7  X 1 00 

= . 1 03 
. 31 7 X 1 00 

= 32% higher 

Fixe d and variable energy consumption were 

determined for thre e skim milk powder sp ecifications and one 
whole milk powder specification . Based on this , the energy 

consumption per unit of product at various daily production 
volumes was found. The results indicated that the rate of 

energy consumption per unit of product may vary greatly 
depending on the volume of raw milk available . The effects  
of  varying daily run length on energy consumption are readily 
predictable .  

7 . 3 FACTORS AFFECTING THE RATE OF MILK PROCESSING IN 
A SPRAY-DRYING PLANT 

Introduction 
Processing or production rate is  central to the 

question of whether a plant is being run at minimum production 
cost . Processing rate could be expected to refle ct plant 

and operator failures in terms of a reduced rat e . 

A fixed relationship between rate of processing and 
other factors would enable the prediction of costs and thus 

a plan of operations to  minimise  costs . 

In one of the two plants studied  data was not available 
on rate of production be cause of imprecise production volume 
figures . Milk volume into the evaporator was recorded as 
was the time the evaporator was processing milk , thus a 

study of processing rate could be made . 
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It was exp e cted  that the rate of proce s s ing would 

reduce with increasing runnlng time because of f ouling of 

the evaporator . 

The following questions were examined. 
i .  What was a suitable model for the relationship 

between pro cessing rate and processing time ? 
ll . 

iii . 

What were the eff e ct s  of specification on 
pro c e s s ing rate ? 

Were there any s e asonal effects on processlng 
rat e ?  

iv . What were the eff e cts of changes of 
spe c ifi cation on proce s sing rate?  

The first s e t  of data examined was that from Tui 
Dairy Company ' s  Pahiatua plant . 
The re lationship betwe en rate of pro cesslng and 
processing t ime . 
The seas on ' s  dat a .  

Three methods were used  to  smooth the s eason ' s  data 

ln order to simplify the dis covery of relationships between 

processing rate and processing time . These were : 
1 .  Tukey Median Smoothing. 

The point s  p lotted  are the medians of the 

current point , its  predecessor and its suc ce s s or . 1 

2 .  Moving Average . 
A f ive -point moving average of the current 

point and its f our succeeding points is plotte d .  
3 .  Cumulative Sum . 

The cumulative sum of difference s  from the 
mean value is plotted . 
Tukey Median Plots of milk processing rate and pro cessing 

time ( Graph 7 e 5 )  
Points noted were as follows : 
i .  In a large number of case s , pro c e s s ing time 

was clearly inverse ly proportional to proce s s ing rate e 
i i .  In some cas e s  processing time and rate did not 

appear to affe ct e ach other , for example , days 69 -83 , 

91 -92 , 1 03-1 1 0 . 
1 .  For a more complete des cription see  Tukey ,  W . T .  

ExP loratory Data Analys i s ,  Philippines , Addis on Wesle y ,  
1977 
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iii . From day 1 1 9  to 1 57 ,  although there was a 

gradual reduction in proce s s ing time , rate was not 

affected , although it appeared to respond to daily 

fluctuations . 
Moving Average Plots of processing rate and processlng 

time . ( Graph 7 . 6 )  
It was clear from an examination of the s e  graphs 

that processing rate was highly sensitive to  processing 
time in an inverse relationship . Additionally the 
following points were noted :  

l .  Rat e  was fairly constant despite an increase ln 
processing time during days 69 to 85 . 

ii . An increase in rate occurred despite an increas e 

in processing time during days 93 to 1 00 . 
iii . 

lV . 

Pro c e ssing time on days 88 to 90 corresponded to 
that about day 1 02 ,  yet processing rate was 

appre ciably lower . 
The reduction in processing time day 1 39 t o  1 52 

did not correspond with an increase in pro cessing 
rate . 

v .  At  the commencement of  the run of  spe cification 
823 from day 1 84 onwards the steady increas e  in 
daily running t ime  did not correspond to a decrease 
in rate initially . 

Cumulative Sum plots of processing rate (Graph 7 . 7 )  
The cumulative sum pl±s1 caused almost too  much 

smoothing of data . Within any sp-e cification run it was 

difficult t o  notice changes in the rate of processing . 

Thus it was certain that pro c e s s ing rate was primarily 
affected by the spe cific ation processed.  At every change 

betwe en whole  milk and skim milk spe cificat ions there was 
an obvious change from a rate  below to above the mean or 

vlc e  versa . 
The plot of proc e ssing time showed int eresting changes 

1 .  Cumulative sum plots are of most value in showing 
changes in the mean . A steady gradient indicat e s  
that the data concerned had a relatively constant 
mean .  
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of slope in the periods 86-1 1 8 ,  1 1 9 to 1 57 and 1 84 to  1 98 .  

Initial Conclusi ons 

Behaviour apparent in the moving average p l ot s  was 

not apparent in the Tukey Median Smoothing graphs . For 
examp l e , the s lopes in the moving average p lots from day 

86-1 1 4  were not evident in the median plots . 
The cusum plots caused excessive smoothing which 

di s gui s e d  all but maj or changes .  
Techn i que s such as Moving Average and Medi an  Plots 

are complamentary and may emphasise different point s . 
Conclusions must take into account information from all 

source s .  
It can be concluded from the above plots that : 

l .  Processing rate changes markedly from specificati on 
to specifi cat i on , e specially Skim to Whole Milk 
and vice versa . 

ll . Short term variations in processing time are 

reflected in pro c e ssing rate , in an inverse fashion . 

iii . In s ome cases  processing rate lS not affe cted by 
l ong term variations in processing time . Possible 

cause s  for this c ould be that production rate was 
partially determined by the op erators p erception of 
exp e cted  processing time , and that the operator 

comp ensat e d  for falling rate by altering other plant 
variables . 

Model Building 
From the examination of the smoothed dat e , it was 

determined that there was an inverse type of relationship 

between pro cessing rat e and pro c e s s ing time . Prior to more 
detaile d  examination of the data specification run by 
spe cificat i on run , a theoreti cal basis for a model relating 
pro c e s s ing rate with pro c e ssing time was sought . 
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In an evaporator , the rate of heat transfer , and 

hence evaporati on can be quantified by the e quation : 

q = u . A .tlT 

where q is  the rate of heat transfer 
u is the overall heat transfer co -efficient 
A is  the heat transfer area 

6 T  i s  the temperature drop . 
The overall heat transfer co-efficient , u ,  i s  

strongly influenced by the design and method o f  operation 
of the evap orator . 

The overall re sistance to  heat transfer , R ,  l S  the 

sum of f ive individual resistances : 
i .  steam film resistance : 

i i .  s cale resistance inside the tubes :  
iii . s cale resistance outside the tube s :  

lV.  tube wall resistance : 
v .  resistance from the boiling l i quid .  

The overall heat transfer co -efficient i s  the 
re cipro cal of t he overall resistance 

l . e .  u = 1 
R 

In most evaporators , and . especially those handling viscous 
materials ,  the resistance on the liquid side control s  the 
overall  rate of heat transfer to the boiling l i quid .  ( 2 )  

Assuming the properties of the milk remain constant 
throughout a run , then the scale resistance inside the 

tubes control s  the overall rate of heat transfer to the 
milk. 

It has long been established ( 3 )  that for true s cale 

formation , the overall co -efficient can be expre s s e d  as a 
function of the boiling time of the form 

1 
2 u 

= 

where tb is  the time of boiling , s e conds 

a , b  are constants for the p articular system 
u has dimensions kW/m2 . K  

® 

If Q is  the t ot al heat transferred during boilin g time , 
tb then from C2) 



q = 

S1Jbsti tuting @ in @ 
A � T 

Int egrating between 0 and Q and 0 and tb ' then 

Q = ( 2A � T/a )  (c atb + b )0 . 5  - g .. 5 ) 
let k 2A � T  = ---

a 

then Q = k ( atb 
+ b )0. 5 - k b0 . 5 ® 

Q2 = k2b + k2 ( atb 
+ b )  - 2k2b0 · 5 

( at + b )0 - 5 
b 

® 
Now Q i9  the total heat transferred in time , tb ' s o  Q is 

2roportlonal t o  
;the total volume of milk processed in time tb as each 

unit volume of milk re quired an equal amount of energy 
to reduce its moisture content to the re quired value . 

Thus Ra ex: where R is  the average rat e of a . 

and R a 

R a 

Q2 

Equating the 

1 1  2 2 k . Ra . tb 

R 2 k2 
= 

kiT" a 

= 

2 
= 

= 

processlng 

V is the total volum e  
processed i n  t ime tb 

G) 
right hand side of ® and G) 

b0 . 5 ( a  tb + 
k2b + k2 ( a  tb 

+ b )  - 2k2 
= 

�:4) 0 . 5 ] 
�� + a + b - 2 (ab + 

tb � 0 tb b b 

b )0 . 5 
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The final term is ignored because if b <1 then 
a term in b2 will be smaller than b ,  tb-4 will be 

-3 significantly smaller than a term in tb • 

Thus 

R 2 a = 

= 

2b 
tb 

0 . 5] 
2 ( ab

) 
tu- 5 
b 

Using the binomial expansion 

2 0
.
5 t _ ( k a ) 1 + 

b 
- k" tb 

atb 

® 

= Ek2 a )0.. 5 t + 
k" t b 

b 
2atb 

( J0. 5 1 . 5 

- � + (__£__) -at \atb 

ignoring t erms with powers of tb less 0 . 5  0 . 5 
= ��:) � - c�t0 + 

than 

b 
2atb 

312 

E 2�/ ·
5 [ o 5 

= :.. :
b
o:5 

b0 . 5  + b 

Hence 

R 
c1 

+ = 

to="5 a 
b 

1 . 5 j 
g_5 t 2" a • b 

c2 + 

tb 

� 

c3 + 

�5 
b 

2 0.5 t 1'.5 a • b . 

+ 

@ 
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Determination of the ' best ' model 

The e quation , � '  derived above is an approximation 

of the real situation . In order to arrive at a model of 
the relationship that has an ade quate degree of accuracy , 

and the great e st s implicity s everal models involving one , 
two and three terms in tb were tried.  The values of R2 

are given in  Table 7 . 3 .  

Period 

1 05 -1 1 8  

1 1 9 -1 38 

1 39-1 57 

1 69 -1 80 

1 84-1 97 

1 05 -1 1 8  
1 1 9-1 38 

1 39 -1 57 

1 69 -1 80 

1 84-1 97 

R =BO+B1 a . ·--

t- _0 .  5 
b 

76. 8 

91 . 4 
67 . 0 

96. 7 

64. 1 

E =BO+ B1 x a 1 
t

-z­
b 

75 - 9 
92 . 2 

71 . 4  

9 7 . 1 

60. 6 

Model 

R =BO+B1 a --t-b 

76 . 5 
91 . 8 
68 . 6 

97 . 0 

63 . 0 

R = BO+B1 a ;--u.-5 
b 

+ B2 
tb 

87 . 6 
92 . 1 

74 . 4 

97 - 1  

68 . 6 

R =BO+B1 a -
t 1 . 5 

b 

76. 2 

92 . 0 
70 . 1  

97 - 1 
61 . 8 

R = BO+B1 
a �5 

b 

+ B3 
t -1'.5 

b 

78 . 0 

92 . 1 
74 . 2 

97 . 2 

67 . 4  

+ B2 
tb 

Tahle 7 . 3 :  Values of co -efficient of determination (R2 ) 

for various regressions of pro cessing rate on 

proc e ssing time . 
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2 Values of R are clearly highest on average for the 

two factor regre s s ion ,  thus this model can be said to bes t  

fit the data . However , for the sake o f  simplicity , the 

model Ra = BO + B1 x 1 /tb would be chosen be caus e the R2 

values are not significantly lower than any of  the higher 

or lower powered s ingle factor models and only slightly 
less  t han the two factor mode l . 
An examination of individual specification runs 

An examination was made of the data within each 
individual spe cifi cation run and compared with the simple  

linear mode l , processing rate = BO + B1 x 1 /processing time . 
Anomali e s  noted above were examined in greater detail . 
The re sults of the regres sions are shown in Table 7 . 4  
and graphs 7 . 8  and 7 . 9 .  

Spe c .  633 7/9 t o  2 3/9 ( Day 69 to 85 inclusive ) 
This was the first run of the s eason . Points 

appeared to be s catt ered .  Pro ce s s ing rate varied as much 

as 40% within one hour ' s  difference in processing time . 

The best observable relationship appeared to  be processing 
rate e quals average pro c e s sing rat e . In other words , 

pro c e s sing rate 1s  not dependent on plant l imitations . 
This  p attern is  as would be expected in a start -up 

situati on where there are a number of unexp e cted failures 
in the p lant , and staff are re -learning operation of the 
plant after winter shut -down . 

Spe c .  801 24/9 t o  26/1 0  ( Day 86 - 1 1 8 )  
When this data was first plotted there appeared t o  

b e  a m aximum rate occurring with lovrer rat e s  each side of 
a certain t ime . However , when the data was replotted , 
indi cating the day of the . run beside each point , it was 
found that the data was initially widely s cattered , with 

a corresponding low pro c e ssing rat e and from day 1 05 

onwards a much more consistent pattern emerged ,  with clos e  
agreement t o  the model . 

This distribution of  data points 1s c onsistent with 

a learning p eriod , durin g  whi ch rate of processing 

fluctuat e d  and was determined by factors other than the 

plant ' s  limitations , followed by a period of attainment of 

the maximum rate limite d  by the plant constraints .  



Day No . Spe c  BO B'1 R2 (%) Not es 

69 -86 633 No observable relationship 0 . 2'1 

86-'1 04 80'1 No obserbable relationship 3 - 7 First part of run 

'1 05-'1 '1 8  80'1 9734 '1 79856 76 . 5 Se cond part of run 

'1 '1 9 -'1 38 633 5703 274'1 52 9'1 . 8  First part of run 

'1 39 -'1 57  633 '1 3780 '1 58290 68 . 6 Se cond part of run 

'1 '1 9 -'1 57 633 '1 6060 '1 4'1 472 55 . 7  Whole run I _:>  
+=-

'1 69 -'1 83 80'1 3 - 75 2606'1 6 97 . 2 Exclude s day '1 8'1 I \..0 

'1 84-'1 97 823 '1 3769 97856 63 . 0  

'1 99-2'1 8  633 No observable relationship 0 . 02 Excludes day of zero 
processing 

220-236 823 No observable relationship '1 4  

TABLE 7 . 4 :  Summary Qf _r�s�l ts of regres_s_:i.on __ ()f j)_!'_Oce_?_sip.g rate on '1 /pro cessing time (hr ) 
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Spe c .  633 2 7/1 0  t o  4/12  ( Day 1 1 9  to  1 57 )  

It was noted previously that during this run , 

despite a drop in processing t ime , there was no correspond­
ing increase in processing rate . When data was plotted 
indicating the day of the run beside each point it was 

discovered that the data c ould be split into two groups , 
from day 1 1 9  to  1 38 and day 1 39 to  1 57 . 

The second group ' s  points were almost all at a 

lower processing rate for a corresp onding pro cessing time 

than the first group . Possible explanations for this 
situati on are : 

Re -proces sing was occurring , resulting in 

greater t otal solids entering the evaporator 
and thus causing a more rapid build up of 
scal e , with a corresponding drop in rate . 

Operating staff deliberately reduce d  rate 
because available milk volume had dropped 
to a level where they were not re quired to 
work overtime or run the plant at maximum 
rat e  to avoid overtime . (Running times 

average 1 2 . 23 br first half , 1 0 . 67 hr second 
half . ) 

Rat e was reduc ed by st aff effort s t o  remain 

within s o lubi lity specification by reduc ing 
the total so lids leve l ex the evaporat or . 

Spec .  801 1 6/1 2  to 30/1 2  ( Day 1 69 t o  1 83 )  
This data closely follows the re gre ssion model with 

97 . 2% of the variation attributable to  the model . 

(Average processing time was 1 2 . 03 hours ) 

Spe c .  823 31 /1 2  t o  1 4/1 ( Day 1 84 t o  1 98 )  
It i s  difficult t o  find a reasonable explanation for 

the fluctuations in processing rate noticed near the 
beginning of this run . The fact that it began on December 

31 st may have some effect in that some non-standard 
procedures may have been used t o  get borne at a convenient 
time on New Year ' s  Eve , aff e ct ing that and other day ' s  
production near this time . The regression m odel used was 

calculated by excluding the f inal day ' s production ( 1 98 )  
whi ch , i f  include d ,  makes nonsense of - the data . There i s  

no apparent explanation for this . 
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Spe c . 633 1 5/1 to 5/2 ( Day 1 99 to 21 8 )  

The data points - of this run do not conform to a 

linear trend. Some days have rates far higher than 

previously exhibited for this sp ecification . One possible 

explanation that could account for this behaviour is if 

all the runs of � 1 1 . 43 hours were performed with a mid­
run rins e , not shown in the logs . 

However this would have resulted in rates 5-6000 £/br 

greater than recorded. The rat e s  recorded were 5 -6000 �/hr 
higher than predicted by using BO = 1 3780 , B1 = 1 58290 . 

An examination of logs showed only s li ght differences ln 
plant operating conditi ons to previous runs . 
Spe c .  82 3 6/2 to 22/2 ( Day 220 to 236 ) 

'I'he C.ata points appear to fall into two groups , at 

simil ar pro cessing times but widely differing rat es of 
processing . There did not appear to be reasons for this 

in t erms of the day of the run , staffing of the plant , or 
drier washing and the s e  groups . It may be that re -processing 
was o ccurring on the apparently lower rate days . 

Impli cations of the model 

It can be seen from Graph 6. 1 3  that the model chosen 
results in a form of behaviour of processing rate where the 
change in processing rat e per unit time falls off with 
increasing time . In physical terms this means that aft er 
an initial rapid drop in processing rat e , perhaps due to 
build up on the ins ide of evaporat or tubes , the rate tapers 

off to  a relatively constant lower value and further buil d  
up e ither o ccurs more slowly or aff e cts rate les s .  Thus 
any measures to keep the plant in the initial high rate 
period would result in a higher overall processing rat e .  

Effe cts of specifi cat ion 

As would be exp e cted ,  be caus e of the removal of 

cream after the volume entering the process is measured 
and its lower total soli ds cont ent , the SMP specification 
has the highest processing rate . It is  difficult to 

distinguish betwe en the processing rates of the two WMP 

specificati ons . 



In terms of the regre s s i on e quations derived for 

which there were two for specification 801 and one for 

spe cification 823 ,  the processing rate for specification 

823 is lower than that for 801 up to 1 1 . 9  hours in one 
case and 20 . 8 in the other cas e . 

The average pro cessing rate s  for the whole season 
for each specifi cati on were 2201 8 litre /hour for 801 and 
21 1 73 litre /hour for 823 .  The average processing times 

were respe ctively 1 2 . 79 and 1 1 . 05 hours . It can be seen 
that in the real situati on , 801 was processed at a greater 
rate and for a longer time on average each day and 
therefore any corre .c  tion to a common time would tend to 

increase the separati on betwe en the two specifications . 
In practice  801 was processed at a greater rate than 823 . 

The weight of evidence suggests that specification 
801 is processed at a greater rate than 823 although the 

differenc e  may not be as great as suggested by the averages 
for the year . 

Seasonal Effects on Processing Rat e 
Apart fro� the obvious change ln daily running time 

through the season there appears to  be an effect in terms 
of the variability of data . Data does not conform to a 
linear model of processing rate at the beginning or end of 
the seas on . Possible reasons for this include : 

l .  Seasonal variation in milk properties may be 
affecting the plant ' s  ability to process the milk at an 

opt imum rate . 
ii . The operato rs may become less careful in 

attaining the maximum rate· of processing near the ends of 

the s eas on when there i s  more than adequate time available to  
process  the milk.  This may be be cause they no longer have to  

avoid overtime or they wish to continue their operating j ob 
rather th�n perform less  attractive plrut cleaning or 
maintenance tasks . 

iii . Learning behaviour may be occurrlng at the 

beginning of the season as operators re -familiarise them­

s elves with the plant . 
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Effects of Changes of Spe cifi cation 

It was interesting to note that the three runs where 

a linear model was evident for the whole run commenced with 

the following res iduals : 

Day No . Spe c . Day 1 Day 2 Day 3 Day 4 
1 1 9 633 -0 . 685 -0 . 43 -1 . 1 0  + 0 . 367 
1 �  801 -1 . 78 +0 . 699 +1 . 27 0 . 054 
1 84 823 -1 . 93 +0 . 95 -1 . 1 2  -0 . 075 

ThE seemed to indi cate that processing rate was 

below that predi cted by the model on the first day of the 
run . The average reduction in processing rate was 3 . 8%. 
However a comparison of actual and predi cted rates on the 
commencing day of every specificat ion run revealed that 

e qual numbers were above and below the predicted rate . 
Thus it cannot be concluded that change of spe cifi cation 
causes  a noticeable reduction in processing rate based on 
this data . 

Rate of milk pro cessing at Midhirst Plant 

An examination of data from Taranaki Co -op erative 

Dairy Company ' s  Midhirst plant showed that the rate of 

processing at Midhirst was independent of milk pro cessing 
time , as opposed to evidence from Tui ' s  Pahiatua Plant and 
theoreti cal expe ctations . 

The only e xplanation of this occurrence is that it 
may be a result of the practice of changing the hi gh heater 

at re gular 5-7 hourly intervals ,  a practice that was 
revealed from an examination of the factory log books . If 
this part of the evaporator was the rate -limiting step than 
rate would be effe ctively returned to maximum aft er each 
change . While  one hi gh heater was in operation the other 

was bang cleaned and so on . According to plant logs , there 
was no appreciable drop in flow rate even after 26 hours 

continuous rWLning . 
The graphs 7 . 1 0  t o  7 . 1 5 , illustrate this indepencence 

of rate in terms of product/hour and milk in/hour from 
processlng time . 
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Conclusions 

i .  Pro c e ssing rat e at Tui ' s  plant can be predi cted by 

a model invo lving the invers e - of proc e ssing t ime . A 

c on s e quence of thi s model i s  that at short dai ly rQnning 

time pro c e s s ing rat e is hi gher than l ong daily running t ime . 

l l . Pro c e s sing rat e i s  di stin ctly different from the 

skim milk sp ecifi cat i on to the whol e  milk specifi cations . 

iii . It appears that spe cifi cation 801 is p rocessed  at 

a hi gher rat e than sp e cification 823 . 
lV . There app e ars t o  be a start -up phenomenon at the 

beginnin g of the s e a s on when rat e f luctuates independently 

o f  pro c e s s ing time . Thi s phenom enon also o c curs late in 

the s e a s on . Possible  caus e s  c ould be a seasQnal variation 
. . . . a_n.d t he1 prot e ip/lact o s e  ratio  
ln mllk qualltles such as  acldlty, a1·fe c vlng evaporator 

operat i on , or staff re asons such as being in the situation 

where maximum rate processing i s  not nece ssary . 

v .  There is little  evi dence for s erious effe cts of 

change s of specifi cation on pro c e ssing rat e . It is concluded 

that such effect s , it oc curring at all , must be l imited ln 

durat ion and that t he data examined is not sufficiently 

s ensitive to det e ct them . 

vi . The result with Midhirst ' s  plant sugge sts  that there 

may be a s imple metho d  to  effe ctively maximi s e  pro ce ssing 

rat e at all time s by the use of two s et s  of high-heating 

e quipment . 

7 . 4 COMPUTER-BASED MANAGEMENT INFORMATION S YSTEM 

The studie s  of pro c es s ing rat e and energy consumption 

already di s cussed have shown t hat it i s  possible t o  use 

factory data to make predi ctions and to  perform analyse s  o f  

p a s t  p erf ormance . Obviously such informat ion i s  o f  most 

use when applied re gularly and frequently by a production 

manager ln his task of planning and control . 

The prime re qui site of such information for the 

production manager is  immediacye He must be abl e  to  be ln 

a position to  lmow what has happ ene d  and to take action to  

correct it . Informati on on the past month ' s  performance 

whil e  better than an annual revl ew , i s  still too remote . 

If a manager can s e e  that a problem has occurred the previ ous 
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day he can search out the cause and find it easily whi l e  

i t  i s  still fre sh ln p e op l e ' s  minds . The evidence may be 

sti l l  in exi st ence . A ct i on - t aken with such immediacy c an 

start paying off immediate ly . 

The best way of provi ding such immediate informat i on 

i s  through the use of a computer . Thi s save s time in 

tedi ous calculat i ons and can be pro grammed to show up 

excepti onal behavi our . In order t o  demonstrate that such 

inf ormation could be provide d  on a re gular and fre quent 

bas i s , computer programme s  were written for Tui Dairy 

Company . 

These  programs were de s i gned t o  assist principally 

in the control o f  energy consumption . As has been shown , 

energy consumption compris e s  the l argest single item of cost  

in  a spray-drying plant . However , there are addit i onal 

reasons f or the study of energy . Besides be ing the lar ge st 

s ingle c ost in the factory , it refle cts behavi our in other 

areas . For exampl e ; i f  it was not i ce d  that the previous 

days energy consumption on plant cleaning was exc e s s ive l y  

high it could mean that the plant was operat ed poorly , 

causing additi onal burn on of product to normal . Thus 

energy informati on point e d  to a staff problem and a result ­

ing l o s s  of mat erial as we l l  as the excessive use of 

ener gy itself . Obviously such o ccurrences are not evident 

from the energy data without the action of the producti on 

manager but the energy informati on allows him t o  take action 

in the c ontrol of such problems . 

Two sui t e s  of programs were written . The f irst s et 

enabled the relat ively aut omati c  creation of two typ e s  of 

rep ort of immedi ate and obvious appl i cation . The s e cond 

suite of programs enabled a more inve stigative appro ach t o  

b e  taken , involving more effort o n  the part of the pers on 

operating the p rograms , and the manipulation of less  

sp e cialised i nformati on . 

Energy report programs 

These  programs were written t o  produce two report s . 

The first report was intended t o  be p roduced daily t o  show 

energy c onsumption re l at ive to e xp e cted value s ,  and the 

1 . See  al s o  the sub -s e cti on entit l e d  " Variabi l ity in the 
data"  in the s e ction on energy . 
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second was a ten -dail y  report cal culating a number of 

ratios  in line with fi gure s current ly produc e d  by the 

pro duction manager for use by the company s e cretary . 

The programs were written so that a p er s on with no 

previous experi ence with c omputers could run them . Thi s 

was done by using a menu syst em s o  that the p erson was 

pre s ente d  with a small number of choices at e ach step and 

errors could be det e c t e d  and corre cted eas ily . 

The requirement s in t erms of data were asked for 

item by item by the c ompute r  and the operator was then 

abl e to generat e the re quired reports . Examp l e s  of the 

two rep orts are given in app endi c e s 3 and 4 .  
Daily report 

Daily c onsumpt i on of ele ctri city , oil ln the boi l ers , 

oil in the air heater and t otal o il , as we ll as time 

uti l i s at i on are rep ort e d .  The consu�ption o f  each of the s e  

i s  given per kUogram o f  product and per litre o f  raw mi lk . 

A graph of consumption of the variable versus raw milk 

volume for the previ ous t en days , showing the re gre s sl on 

line, i s  given . The l at e s t  point i s  marked by an 1 1 L' ' . The 

percentage diffe rence of the lat e s t  point from the value 

predicted by the re gr e s s i on line is also given .  

Ten da ily report 

The ten daily report can ln fact be us ed to summarls e  

data from any p e ri o d  sp e c ified from one day t o  the year ' s  

pro ducti on .  I t  summaris e s  a number o f  variable s  and rat i o s  

by product sp e cifi cat i on run , and al s o  gives the t otals for 

the peri o d  sp ecifi e d .  The items reported include : 

pro duct manufacture in kg of product 

milk used for e ach sp ecificati on run ln litres 

a summary of t otal start -up , shut down , 

pro c e s s ing and running time 

milk pro ce s s ing rat e in l itre /hour 

o i l  consumption s  p er hour of pro c e s s ing time , 

p e r  hour of rQnning t ime , per kilogram of 

p ro duct , p er l itre of milk 

e l e ct ricity consumpt i ons as per the o i l  

c onsumption ratios 

a summary of t otal e le ctricity and oil  costs . 
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yi elds of product in t erms of kg of product 

per ki l o gram of s olids and kg of product per 

litre of milk in . 

This enables  c omparis ons to be made between 

sp ecifi cat i on runs of the var1ous product spe cifi cati ons . 

Manipulative programs 

The manipulat ive programs were written to enabl e  

the production manager t o  perform inve stigati ons into 

trends in the energy data by providing a qui ck and 

re lativel y  simple method of de aling with the l arge volum e s  

of data involved . 

The data for the energy management pro grams l S  

s tored in a large array in the comput e r . The manipulative 

programs enable operations to be p e rf ormed on data in a 

s imilar array. 

The commands caus e operations t o  be p erf ormed on 

c olumns of data between spe cified rows , thus enabling 

s e l e c t i on of individual product sp e cification runs to be  

made . ( Rows correspond to  days in the year whil e  variabl e s  

corre spond t o  columns . ) 

The range of c ommands inc ludes the fol lowing 

add 

s ubtract 

mult iply 

divide 

l o g  ( bas e 1 0 )  

l o g  ( natural ) 

rai s e  t o  any sp e ci f i e d  exponent 

s e t  data 1n a column from the keyboard 

generat e data ( se quenti al int e gers or a 

c onstant ) into a c olumn 

move s e ctions of data from one column t o  

another 

print the sp e cifi e d  c olumns 

c opy data from the energy pro gram ' s  file 

plot  a graph of any two co lumns and 

opt i onally include a sp ecified regress 1on 

l ine 

p erform s impl e  linear regres s i on or 
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multiple  regre s s 1on 

p lot a Tukey median smoothing plot or a 

c umulative sum plot . 

An exampl e  of the power and ease of us e of such 

a suit e  of pro grams woul d be if one c olumn of 250 it ems 

had to  be divided by another and the re sult p lotted 

agains t  a third c o l� the commands would be : 

DIVIDE COLUMN , 7  BY COLUMN , 9  AND PUT THE RESULT IN 

COLUMN , 1 0 . THE DATA IS BETWEEN ROWB , 27 AND , 277 

PLOT C OLUMN , 1 0  A GA INST COLUMN , 8  FROM ROW , 2 7 T O ,  2 77 

This c ould be shortened to  

DIV , 7 , 9 , 1 0 , 27 , 277 

PL0 , 1 0 , 8 , 27 , 2 77 

Thus it can be s e en that l arge volum e s  of inf ormati on can 

be handl ed both qui ckly and eas i l y .  

7 . 5 CONCLUSI ON 

The key f e ature of short production runs is  that 

they are short in t ime in a part i cular plant . Thus the 

relat i onship s b e tween energy and t ime and pro c e s sing rat e 

and t ime have b e en examined.  

The manner of o c currence of energy consumpt i on and 

the rat e of p ro c e s s ing were mode ll ed in order t o  enable 

managers t o  make predi ctions about costs at various running 

t imes  and thus c ontrol them and t o  examine the effects of 

change s of spe cifi cat i on . It was c oncluded that costs  are 

aff e ct ed gre atly by running time but that sp e cifi cat i on 

chan ge s ( as opp osed to  spe cifi caions thems e lve s ) c annot be 

c onsidered to caus e appre ciable effects . 

The c ontrol of costs by a p roduction manager re quires 

informat i on t hat i s  timely , con c i s e  and accurate .  A method 

of provi ding such information was dis cussed.  This method 

should re sult in e c onomie s  in general but will  als o  show 

the costs  of short production runs of all t yp e s  and enabl e 

their better contro l in the spray-drying fact ory. 
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CHAPTER EIGHT 

THE EFFECTS OF TECHNOLOGICAL CHANGE 

ON SHORT PRODUCTION RUNS 

8 . 1 INTRODUCTI ON 

The occurren ce of short production runs in spray­

drying plants has been exaillne d  o n  the basis of the pre s ent 

s ystem . Measure s  to deal with short producti on runs have 

be en di s cuss ed. It i s  int ended that this study wil l  prove 

useful both at pre s ent and for s ome t ime in the future . 

Neverthe l e s s , no syst em remains unchanged through time and 

the importance and oc currence of short runs may fall or 

ris e  as t e chnol o gi cal changes o c cur . 

Although it  i s  likely that the mult ipl e -eff e ct , 

thermo -compression falling-f i lm evap orat or wil l  remain the 

main contributor to e ffi ci ent mi lk drying for many years ( 1 ) 

and the spray-drye r  in one form or another wil l  remain the 

other maj or pro c e s s  c omponent , there are a number of l e s s  

maj or t;hanges that are likely to  o c cur which may aff ect 

short production runs . Thes e  change s wi l l  be as a result 

of the continued eff ort to in creas e effi ciency through 
t e chni cal progre s s  and as a r e sult o f  increas ing external 

pre s sures such as t he rise in energy cost . Thus the 

eff e c t s  on short producti on runs of the change in s i ze of 

plant s , the introducti on of new t e chnology such as 

me chan i cal vapour r e c ompre s s i on , reverse o smo s 1 s  and 

comput ers will be examined here . 

8 .  2 MECHANICAL -VAPOUR RECOMPRESSION 
-

A modern approach t o  op e rating e c onomy ln dairy 

evaporators is the use of Me chanical Vapour Rec ompression 

or MVR . The use of MVR ,  whi ch involves the me chani cal 

compre s si on of vapour evolved for re -us e as the heating 

medium , eliminate s  r e j e ction int o cooling wat er of the 

l at ent heat of vap ourisation of the steam suppl i e d  to a 
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multiple  effe ct unit and i s  therefore very eff i cient . It 

is n ot a new t e chnology in other fields but has not been 

use d  until re cent ly i n  the dairy f i e l d  be caus e of fears 

about the reliabil i ty of compre s s ors and its relatively 

high capital cost . 

As wel l  as saving energy the use of MVR has the 

following advantage s : 

l .  If an evaporator has t o  be run at less  than 

full capacity , for examp l e  in the drying of WMP , the 

energy consumption of a conventi onal plant is reduced at 

best , l inearly with capacity . That of MVR plants i s  

reduced nearly as the s quare o f  capacity . Thus an MVR 

plant would be of gre at advantage in a plant that was 

re quired to produce a variety of product sp e cifi cations . 

l l . An MVR plant operate s  at a singl e boiling 

t emp erature , whi ch for most dairy app li cations could be 

68 ° C .  This would reduce deposits  due to prot ein 

denaturat ion by reducing the vi s cosity of the concentrat e 

and thus increas e run l ength before c leaning , the higher 

t emp erature ( than s ome effe cts ) also reducing the risk of 

bacteriologi cal growt h . 

More recent ly , an improvement in the p erformance 

of compres sors has p e rmitted the us e of two or thre e 

effe ct s  within the compression cyc l e , thus enabling a 

reduction in compre s s or s i ze and conse quently cost , 

although increasing the operating t emperature range ( 2 ) . 

8 a3 REVERSE OSMOSI S 
The pro c e s s  of Revers e Osmos i s , RO , involves the 

removal of water f rom milk by use o f  a membran e , p ermeabl e  

only t o  wat er and other small mo l e cul e s .  It has the 

advantage of consuming f ar l e s s  energy than evaporat ion , 

and would enable the r emoval of up t o  the first 50% of 

milk ' s  water content . The potential  use s  for thi s pro c e s s  

o f  c oncern here are on -farm con centration t o  reduce 

transport , refrigerat i on and storage costs or factory 

concentration of whol e  or skim mi l k ,  thereby reducing 

the evaporat ion l o ad and costs . ( 3 )  
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If RO was u s e d  f or on -farm conc entrat ion , it 

woul d perm i t  a gre at er volu� e  of milk t o  be stored before 

c o l l e ct i on and thus l e s s  fre quent pro c e ssin g at t h e  ends 

of the s e a s on ,  thereby increasing run l ength . If R O  was 

us e d  in t he factory e nergy c o s t s  for c l eaning would be 

reduced as w e l l  as operating c o s t s , t hus reducing a maj or 

comp onent of the c o st of short runs . 

8 .  4 ENERGY DEVELOPMENT· S 
Be caus e of the increas ing real price of energy and 

the relatively l ow t e mperatures r e quired in many proce s s e s  

in spray-drying p lant s , it i s  likely that energy 

cons ervat i on devel opment s wil l  o c cur rapidly . However , 

not all t he s e  will n e c e s saril y  cause any change s in the 

relative e c onomi c s  of short production runs . 

One devel opment which could pre clude e l e ctrical 

s upply fail ures in p l ant s is the adopti on of e o -gen e rat i on 

syst ems . The N ew Z e aland Co -operative Dairy Company has 

for many y e ar s  generat ed a large proportion of i t s  

e l e c tri cit y  r e quirements from coal fired steam turbine s . 

A new che ap s olirc e  of energy i n  the f orm of natural gas 

has renewed int ere s t  in the app l icabi l ity of e o -generati on 

t o  spray-drying p l ants .  

Vi ckers ( 4 )  f ound that the most attractive 

prop osition involve d the burning of gas in a turbin e , 

thereby driving an alternator . The spent gas was then t o  

b e  used e ither dir e ctly or indirectly i n  the heating o f  

air for the spray dryer . 

If s uch a development were t o  be undertaken in a 

factory with s everal p l ants , a c areful analys i s  of c o s t s  

should be made i n  v i e w  of the f a c t  t hat in such a factory , 

the pre s ent system allows the use of f ewer p l an t s  t o  

increase run l ength when milk supp ly l S  re duced . This 

method of ope ration r e sults in a saving in s t art -up , 

shut -down and c l e aning costs . A e o -generat i on system 

sized t o  supply a l l  p lants may not run effi c i ently when 

supplying f ewer than the maximum number of p!_ ant s . 

The introdu c t i on of wood chip burning plan t s at 

Hikurangi and Reporoa has significantly re duced energy 
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c o s t s  in t h e s e  spray-drying p lant s . Est imat e s  of the 

redu ction in Bikurangi ' s fue l costs vary froo 70% to 80% ( 5 ) . 
Thus such factori e s  are in an advantage ous p o s i t i on in 

the manufacture of energy int ens ive pro duct s and product 

spe cifi cation changes involving p l ant cleaning would not 

be s o  c o s tly . 

8 . 5 Cm'iPUTERS PJ\D CONTROL 

A great deal has been l earnt about control of 

evaporat i on and spray dryers by both di gital comput ers 

and di s crete contro ll ers of vari ous typ e s  in r e c ent 

studi e s  at N . Z . D . R . I . ( 6 ) . Thi s informati on wil l  enabl e 

improvement s  in the c ontrol of p lant s to meet the lncre a s ­

ingly complex spe cifi cations and thus assist in the 

manufa cture of short producti on runs . 

The introduction of comput er-bas e d  s e quenc e  

contro ll ers promi s e  a s s i stan c e  i n  t h e  effici ency with 

whi ch st art -up , shut -down , and c l e aning can be carri ed out . 

( 7 ) . Thi s should he lp in the r e ducti on of costs of both 

short daily running t ime and tho s e  sp e cification change s 

involving a p lant c l e an . 

The advent of the Dairy Board ' s  c omput er network 

should a s s i st in r e du c ing the admini strative co sts of 

short production runs . A l s o , by permitting a qui cker 

turn around of inf o rmat i on and p roviding earli er and more 

ac curate informat i o n , the allo cation of orders could be 

improve d  and some short runs avo ide d . ( 8 )  
8 . 6 EVAPORATOR C LEANING 

It has been s hown that a maj or factor in all typ e s  

of short production run i s  the c o s t  of start -up , s hut -down 

and c l e an of the p l ant , and p art icularly the c l e aning of 

the evaporator . Thus any measures to reduce the cost of 

c l e aning the evaporat or are i mport ant from the p o int of 

vi ew of short producti on runs . 

Currently in New Zealand , the cleaning practi c e  

f o r  evap orators involves t h e  c ircul at i on o f  c l e aning 

s oluti ons while maint aining vacuum . A method of C IP of 

fal ling f i lm evap o rat ors is now ava i l able whi ch avoids 



maintaining vacuum . It involves the installation of fixed 

spray nozzles  in the vapour lines ,  tube · chests and 

separator s e ctions . 
Advantages of this system include improved cleanli­

nes s  and slightly reduced cleaning time , and of most 

importance , at least 50% reducti on in energy consumption 
as a result of cleaning the plant in a shut -down condition. 
( 9 )  

The main disadvantage i s  the additional capital c ost 
of such a system but it has been estimated that energy and 

other cost savings whilst cleaning in this manner will 
offset  the cost of the system within three years even if it 

is installed after the commissioning of the evaporator . ( 1 0 )  

8 . 7 .CHANGES IN THE SI ZE OF SPRAY DRYING -PLANTS 
- ·Many of the -

·
changes · initiated in the New Zealand 

Dairy Industry in the past 30 years have been as a result 
of the change to tanker collection of whole milk. It has 

result ed in the need to process skim milk and in the 
ability to transport milk over greater distances , thereby 
allowing the amalgamation of co -operatives to  achieve 
proc e s s ing e conomies of scale . The increase in size of 
factorie s  has permitted the use of plants of greater 
cap acity , thus resulting in a trend towards shorter 
production runs . An order for 1 8  t onnes of product may 
take only four hours t o  produce on the biggest plant in 

the industry whereas it would take more than 1 8  hours on 

at least one quarter of the plants .  
Since 1 963 there has been a steady ris e  in the 

ave rage size  of evaporator and dryer in the New Zealand 

Dairy Industry. Average dryer capacity has ris en from 

827 kg/hr in 1 963 to 1 858 kg/hr in 1 976 . 1 Since 1 972 

there have been 1 8  dryers installed each with a capacity 
of great er than 2700 kg/hr. As would be exp e cted , the 
pattern of growth of evaporators closely follows that of 
dryers . ( 1 1 ) 
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The e conomi e s  p ermitted by thi s  increase i n  plant 

size  as  a result o f  tanker collect i on of milk aris e  from 

a number of factors . Thes e  include e conomi e s  from the 

c entrali sat ion of a ct iviti e s  as well as the e conomie s  of 

s cale in the plant its elf . 

Centralisation of A ctivit i e s  

This concept involves the c o lle ction of t h e  total 

range of dairy p ro c e s sing p lants on the one site , for 

instan c e  including butter , AMF , powde r , cas ein , caseinat e , 

che e s e  and whey processing.  The adv�tages of thi s  

arrangement include : 

i .  The facility f or maximum product divers ification , 

enabling the company to gain the gre at e st return f or its 

milk . 

i i . Reduced l abour costs due to e conomi cal use 

of gre at er me chani s at i on in pro c e s s ing and s torage . 

i i i . Introduction of better instrumentat i on and 

contro l e quipment in the plant and l aboratory without 

dupli c at ion . 

iv . Larger companie s  can aff ord better t e chnical 

staff . 

v .  Pro c e s s ing and service e quipment are n ot 

dupli c at e d  and are better utilised . 

vl . Sup ervi s i on of milk c o l l e ction ,  st orage , 

t ranspo rtation and handl ing of consumable goo ds i s  

s imp l ifi ed.  

vii .  Maint enan ce i s  reduced be c ause there are 

fewer buildings and items of e quipment . There are great er 

p o s s ibilities of  training. 

viii . Whey proc e s s ing i s  made e c onomi c be cause of 

the l arge quantities  available at o ne site . 
ix . Company administration costs  are reduced and 

communicati on problems are reduce d .  ( 1 2 ) 
Be cause there i s  the ne e d  f o r  full diversif i cation , 

all product arriving at the plant must be able to be 

handle d  in any individual pro c e s s . Thus the spray-drying 

p lant must have the capacity t o  handle milk f rom the 

e quivalent of a number of small er plants that the complex 
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replac e d ,  and to achieve the maximum economies of s cale , 

as des cribed below , should be a large single plant . 

Economie s  of s cale in spray-drying plants 
In general there are a number of reasons for 

economie s  of scale . Thes e  include indivisibilities , 
the e c onomies  of increase d  dimensions , the economies  of 

spe cialisation , the economies  of massed res ources , 
sup erlor techniques of organisation of production , the 

learning effect , and e conomies through control of market s . 
( 1 3 )  

In spray-drying plants , the e c onomies of scale 

were examined by O ' Dwyer ( 1 4 ) . He found that both labour 
and capital costs declined with s i z e  of plant in the 
range studied from 0 . 7 tonne/hr to 3 . 3  tonne /hr . In 
particular it was not ed that labour costs in terms of 
operators were invariant with t he s i ze of plant . 

A commonly use d  s cale factor for capital in process  

industri es  is  the " 6/1 0 · Rule " . The capital cost  of  a 
larger plant is  found from the capital cost of the smaller 

plant by multiplying by a ratio of the large to  the small 
plant capacity , raised to the power of 0 . 6 . In the case 
of O ' Dwyer ' s  data the power appeared to be approximate ly 

0 . 8 for both capital and operating cost , thus although 
economie s  are not as great as in general , they are still 
signifi cant . 

In a further study , O ' Dwyer ( 1 5 )  suggested that 

the e conomie s  of size should - be looked at from a broader 
point of view and that it would be found that the limits 
on s i z e  of plant were set by the balance between i ncreases 
ln transport costs in milk collection and the scale 
economie s  gained. 

It has als o  been noted in this study1 that a 

number of plants suffered water shortage s .  This may be 

a further limit to  continued expansion in the case of 
New Zealand spray-drying plants . 

1 .  Written Questionnaire , Question 6 .  
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It app ears likely that many of the smaller , older 

plants will be replaced by larger plants be cause of the 

economies above . Already there has been a " searching 
study" of dairy industry organisation in the South 
Auckland , Waikato and Bay of Plenty areas , with the 

optimum re -organisation path app earing to be the change 
to six maj or companie s  instead of the eleven existing at 
present . ( 1 6 )  It i s  possible that there will be further 
increases in the size  of  individual plants if collection 
costs are reduced by such a change as the introduction of 
Reverse Osmosis plants on farms . 

Thus it can be expected that the average length 

of runs in terms of plant running time will decrease 
further in future as a result of both increases in 

te chnical efficiency and organisational changes . 
-

8 . 8 CONCLUSION 
Changes  in t e chnology in spray-drying plants 

appear to be likely t o  be  of a developmental nature rather 

than res ulting ln a c omplete radical change . Nevertheles s , 
the . occurrence of s hort runs appears likely to be affected 
in a number of ways . 

The use of improved control methods along with 
mechanical vapour recompre s s i on may lead to the ability to 
make longer runs un-interrupted by plant cleaning . The 
concentrati on of milk by Reverse Osmosis could enable the 
storage of greater volum e s  before processing thus assisting 

in this regard. 
The consumption of energy in spray-drying p lants will 

undoubte dly receive greater and greater att ention . In so  
doing care should be taken that the flexibility of spray­

drying plants should n� be compromised. Those  plants with 

access to low cost energy will be in a strong position t o  

b e  able t o  change spe c if icati on as re quired and will enj oy  

lower costs  of short daily running time . The pre s ent cost 

of  many s hort production runs could be  reduced by improved 
methods of evaporator cleaning.  

The  trend t o  larger and larger plants has been 

shown to be strongly motivat e d ,  thus even if orders remain 
of s imil ar t onnage s , run length in terms of hours will be  

reduced in future larger p lants . 
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CHAPI'ER NINE 

SUMMARY AND C ONCLUSIONS 

In all types  of production , from unlque , 
intermittent production to pure c ontinuous production , 
the process of production re quires the co -ordinati on 

of men , materials and machinery t o  reach the desired 
obj ective . A study of the problems and s olutions 
to short production runs in industry in general can 

thus lead to the e stablishment of hypotheses  with regard 
to the industry in question , the Milk Spray-Drying 
Industry in New Zealand . 1 

The spray-drying industry appeared to be a hybrid 

class of industry , containing some of the features of 
flow process production and some features of batch 
production .  In these  typ e s  of industry , it was found 
that short run problems involved the high set -up cost , 
learning behaviour and the interaction betwe en plant and 
the processed material . 2 

Thus the que stions were posed as to whether set -up 
cost is  important , if l earning behaviour occurred ,  and 
whether the interaction between plant and material had an 
important effe ct in spray�ying plants and if any or all 

of the se  proved to be the case , if the measures used in 
other industries t o  deal with such s ituations could be 

applied to spray-drying plants . 

In order to characterise short production runs in 

spray-drying plants a survey was undertaken of the spray­

drying industry. It was found that . .  short production runs 
in the spray-drying industry could be classified into 

those caused by interruptions t o  runs , tho s e  caused by 
deliberate specification changes and those  resulting 
1 .  Section 2 . 1 
2 Q  S ections 2 . 4 ,  2 . 5 ,  2 . 6  
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from the s easonal pattern of mi lk production . 1  

Short product i on runs caused by interruptions to  

runs were f ound to average 51 per plant per year . Their 
reasons were many and what was a maj or problem in one 

plant was not even consi dered in another . Preventive 
maint enance programme s  may be of some assistance in some 

case s  and greater reliability in electricity supplies  

would also be  advantageous in many cases . Because of  the 
diversity and highly variable frequency of the causes  of 
failures , no one measure would be generally applicable 
except in that improved management informati on as to  the 
cost of such interruptions would increase awarenes s  of the 

importance and enable assessment of measures to  deal with 
such short runs . 2 

Short production runs caused by specificat i on changes 
were largely as a re sult of market re quirements .  Managers 
considered their effects to be in the time to physi cally 
change the plant , in s ome cas es  to  wash the plant , in 

resulting quality problems , and in reduced process ing rate 

as a result of uns ettling staff . Providing there was 
ade quate t ime available the physical s et -up cost was not 
great . 3 

Proc e ssing in spray-drying factories in general doe s  

closely follow the s easonal pattern of milk production 
although s ome companie s  are able to  modify thi s  by divert ­

ing milk from other collection areas . Some efforts are 
made to increase running times at the ends of the seas on 
by holding milk , however no f irm economic criterion i s  
use d  t o  determine when a production run is not economic 

and thus when the plant should shut down . 4 

Production managers saw a number of advantages to  

the factory in a smooth milk supply in addition t o  the 
obvious ones of improved capacity utilisat ion . 5 It was 

determined to ass e s s  the advantages  of such a smoothed milk 
supply in economic terms 

basis that a change will 
1 .  Chapter 3 
2 .  Section 4 . 2  
3 .  Section 4. 3 

because it  i s  only on such a 

be made . 

4 .  Section 4 . 4  
5 .  Interview Questionnaire , 

Question 1 7i .  
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It was f ound that although managers had an 

appreciation in general terms of the cost of a plant 
start -up and shut -down , they had no detailed information . 
Thus they had no  detailed appre ciation of the eff e ct of 
production run l ength on the cost of product . Production 
managers were not called upon to assess production cost s . 

Additionally it was found that production managers 

had very little formalised management informat ion available 

to them . They had no means available to det ermine the 
effects of any of a variety of factors on production cost s . 1 

A need was p erceived for both sp ecific information 
on cost relationships in the spray-drying factory and on­

going management information system to provide the necessary 
information t o  control the plant to meet obj e ctives . 

Apart from the interruptions to  producti on run , short 
runs ln spray-drying plants were brought about by external 
caus e s . The ne c e ssity for the s easonal pattern of product ­
ion i s  a result of efforts t o  minimise the cost of milk 
production by providing minimal and cheap winter f e ed and 
no housing for stock .  The peak has re cently be en further 
sharpened by res earch suggesting a shorter milking peri od ,  

condense d  calving period ,  and pronounced peak production 
are advantage ous to the individual farmer. 2 

A study was made of the relationship betwe en capacity 

utilisation and c ost of p owder production by means of data 
from dairy company annual report s . Although no numerical 

relationship c ould be found in general . there was a clear 
reduction in cost per t onne with increased utilisation 

in s ome individual companies . 3 

As a means of estimating the cost of a smoothed milk 

flow to spray-drying factorie s  a c omparison was made 
between costs on factory supply and town milk supply farms . 
It was found that in order t o  provide a similar income to  
town milk farms t o  that presently provided to them , payout 

from the dairy factory would have t o  be increased t o  1 . 7 

1 .  Interview Questionnaire , Question 2 
2 .  Se ctions 5 . 2 , 5 . 4  
3 .  Section 6 . 5  
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times its  present level . 1 

In e stimating the gains to  be made by smoothed milk 

flow to f actori es  several s ituations were considered. If 
an exi s ting plant were replaced by one with a smaller 
hourly c apacity and smoothed milk flow , still processing 
the s am e  volume  of milk in a seas on , savings were in the 
order of 5 -9% of costs of milk powder manufacture . If an 
existin g  factory were supplied with a greater volume of 
milk so t hat it was fully utilised the gain was about 1 7% 
reduction in powder manufacturing costs . If this milk was 
supplied by clos ing down an old factory and the savings 

from not needing to replace such a factory were included ,  
then cost  o f  powder manufacture was reduced by about 37% .  
This l a s t  case would increase payout by about 1 . 35 time s . 2 

Thus it can be seen that even in the best case for 
smoothed milk supply the 1 . 7 times payout i s  not reached 

and thus a smoothing in milk supply would need to be at a 

lower c o s t  to be viable on economi c grounds alone . 
The market for milk powders has change d  over the past 

30 ye ars w ith the entry of Britain to the E .E . C . There has 

been a great diversification in sp ecifications in hand with 
product destinations as new market s  have been found • . The 
total volume of powder and e spe cially fat-bearing powder 
has gre atly increased and efforts have been made to increase 
the value of powder by suiting it to individual market 
needs and also by so  doing , to differentiate it from the 

large v olumes of cheap , dumped product on the International 
Market .  Thus the number of product spe cific ations has 
greatl y  increased. 3 

It  has already been shown that set-up cost is  not a 

maj or problem in short runs in spray-drying plant s . Another 
factor that was considered to be of importance in other 

types of industry and was suggeste d  by responses  to the 
questionnaires was learning behaviour . It was expected that 
operators would improve performance in quality of conformity 

1 .  S e ct i on 5 . 3  
2 .  S ection 6 . 6  
3 .  S ection 5 . 5  
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and conse quent improved pro c e s s ing rate as a run progressed.  

A number of process  variables  under the control of 

operators were studied in data from three factories . There 
proved to be s ome appreciabl e  improvement with time in only 

5 of 27 case s  and in two of thes e  cases , it was only 
evident in the first 6 to 8 hours of the run . Thus it was 
concluded that this data did not support the hypothesis 
that learning behaviour , in t e rms of operator controlled 
variables , o ccurred after a spe cification change . 1 

The relationship between quality failures and the 

day of the run was als o  studie d  t o  determine if there was a 

· great er number of failures immediately following a 
specifi cation change . It was found that there was no 

appre ciable difference between the number of failures  on 
any day of a run . 2 

A study of processing rat e s  also confirmed that there 
was no appreciable le arning behaviour in terms of improved 
processing rate as runs progres s ed. 3 

The only situation where it did appear that learning 
behaviour was occurring was in runs near the c ommencement 

of the s e ason .  In the s e  situations processing rate did not 

conform to the pattern which was evident at other parts of 
the seas on when processing rate could be relat e d  t o  
processing time . A possible reas on for such non-conformance 
would be l earning typ e  behaviour as operators re -familiar­

ised  themselves with the plant and start -up machinery 
failures o ccurred .  However , there were als o  other possible 

explanati ons such as  milk composit ion and othe�taff rBasons . 4 

It must be concluded that learning behaviour after 

product specification change s has no appreciable effect on 
spray-drying plant costs • .  

A study of the producti on costs in spray-drying 

factori e s  reveale d  that energy was the single largest cost 
representing about 25% of the t otal . 5 The costs of the 
daily start-up , shut -down and clean were also  e stimated , 

1 .  Section 6 . 4  4 .  Section 7 . 3 
2 .  Section 6 . 4  5 .  Section 6 . 2  
3 .  Sect i on 7 - 3 
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and it was found that energy represented about two -thirds 

of t hat cost . 1 

These  factors along with the need for management 

information on the effe ct of various factors on cost that 
was dis cussed above led to a detailed study of the 

rel ationship between energy consumpt i on and the volume of 
milk processed in a day in a particular milk powder plant . 

It was found that energy consumption per kilogram of product 
did vary appreciably with daily run l ength. As a result 

methods were developed to enable the prediction of energy 
consumption p er kilogram of product at any spe cified daily 
run length ,

2 
based on data that was readily available ln a 

factory s ituation . 
The occurrence of an interacti on betwe en plant and 

the material processed in a flow proc e s s  plant has already 
been  dis cussed.  In the case of a spray-drying plant the 

critical effe ct involves the foul ing of the evaporator and 

con s e quent reduction in flow rat e , due to p�otein and other 
dep osits . This necessitates  regular cleaning of the plant . 

Thus the relationship between pro c e s s ing rate and processing 
time was �udied , 3 using data from a practical factory 
sit uation . 

It was found that a model of the form 

processing rate c onst ant a 
:+ constant b = 

pro c e s s lng tlme 

best represented the s ituati on in a spray-drying plant . A 

conse quence of this model i s  that at a short daily running 

time , processing rate is higher than a long daily running 
time but the rate of processing approaches a constant low 

level asymptotically , thus changes in proce s s ing rate at 

long running times are not appreciabl e . 

It was f ound that this model did not fit data from 
Taranaki Dairy Company ' s  Midhirst plant where processing 

rate was apparently independent of running t ime . It was 
suggested that this was due to  the frequent and regular 

1 .  S ection 6 . 3 
2 .  S ection 7 . 2  
3 .  Section 7 . 3 
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cleaning of the high heater which was practised at 

Midhirst . 

Thus it appears th� the fall off in proces sing rate 

may be reversible and thus may not be of critical 
importance in determining plant running time between 
cleaning . 

In order to control the costs in a spray-drying 

plant , the production manager nee ds information which will 
enable him t o  compare the plant ' s  performance with 

obj e ctives and thereby take the appropriate c ontrol actio� 
Such information must be timely , concise and in a readily 

usable . form . 
The fact that this information does not presently 

exist was one of the maj or findings of the Short Production 
Run Questionnaires .  The manager needs such information t o  
assess  on e c onomic grounds when the plant should be closed 
at the end of the s e as on , to assess  the viability of 

alternative manufacturing strat e gies , to determine what 
preventive maintenance measures are suitabl e , to help in 
the re covery of costs of a power failure from ele ctrical 
distribution authorities , to know when negotiating a prl ce 
what true costs are , and as stat ed above , t o  control the 
plant to m e et cost obj ectives . 

A comput er bas ed management information system 
centred on the control of energy was written to demonstrate 

how such a management tool  could be used.  Energy i s  
controlled be cause it i s  not only the single most important 
factor in the cost structure of a spray-drying plant but it 
also  reflects other costs  such as inefficient use of labour 

and product and raw material wastage . 1 

The programs written p ermit producti on of daily 
reports on energy c onsumption relative to a predicted value 

as well as .summarie s  of energy c onsumption for any spe cified 
period.  Additionally , programs were written to enable 
investigative manipulation of the data to be performed in 
order to answer " what if • • •  " questions . 

1 .  Section 7 . 4-
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By using such tools a production manager would be 

in a stronger position to control costs in general and 
tho s e  of short production runs in particular . 

In conclusion it can be s aid that short producti on 
runs due to sp e cifi cation change s are not so  costly as 

might have been exp e cted by comparison with the s ituati on 
in other industrie s . It appears that operati on of the 

flow pro cess p lant in the daily cycle of start -up , proc e s s , 
clean and shut -down , results in the operators gaining great 
skill in the c ontrol of the plant to meet whatever 
spe cifications are set . The possible permutat ions of 

problems to the operator are limited by the nature of the 

plant its elf . Thus there is  no maj or set-up cost and n o  
sub-optimal behaviour a s  a result of learning effects due 

to spe cificati on change . 
The situati on where specification change s  may be 

costly is  where capacity i s  stret ched to the l imit . Then 
the down time re quired to set the plant up for the new 
spe cification may be costly in terms of diverte d  milk and 
its possible use in a less  valuable product . Under the 
pres ent system there is  more than ade quate capacity 
available .  

Short production runs of all types in milk spray­
drying plants of the New Zealand Dairy Industry have been 
investigated and s ome measures proposed to deal with them . 
The studies were based on real factory information that was 

free ly available in the factories  studied. Thus the 
results are readily applicable to  the spray-drying fact ory 

situation throughout the Industry. It is hoped that 

implementation of the proposed measures by production 

management and the greater awarenes s  of the features and 
effects  of short production runs created by this investig­

ati on will assist in improving productivity in this 
industry . 
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APPENDIX 1 

The spray-drying plant 

The spray-drying process as used in the manufacture 

of milk powder involves the removal of water from liquid 

milk to form a product of low moisture content which is 
thereby preserved from biological and chemical degradation . 
There are two maj or items of equipment involved in this 
pro c e ss along with a number of l e s s  major but important 
comp onents . The main items are the evaporator , which 
reduce s  moisture until the product i s  approximately 50% 
total s olids , 50% water ,  and the dryer ,  which removes most 
of the· remaining moisture to  a moisture level of about 3 -5%. 

The maj or pro cess  steps are : 
l .  Standardisation . Constituent s are brought 

to a constant leve l , particularly by the us e of a 
separator to control fat level . 

ii • . Preheating. Bacteria are killed and some 

prote in is  denatured in order to  give some re quired end 
use properties to the powder . 

iii . Evaporation . Vacuum evaporation removes 
water to form concentrate at about 50% total s olids . 

iv. Drying .  Hot air is  use d  to dry droplets 
of milk to about 6% moisture . 

v .  S e condary drying .  More gentl e  hot air 
drying reduces moist�re to a final level of 2 . 5-3 . 0%. 

vi . Powder handling. Powder is transported , 
sifte d  and stored or carried to the packing off point . 

vii . Packaging . Powder i s  packed in multi-wall 
bags , bulk bins or cans . 

The maj or plant items are shown in Fi gure A1 . 1 .  
Almost all evaporators now in use in New Zealand 

Dairy Industry are of the multipl e  effect falling film 

type and the maj ority of spray dri ers are of the conical 

base type , with some of the s e  having the tall form . 

Atomisation is  by rotary atomis er or pressure nozzle . 

Secondary drying by means of fluid beds is practised in 

a large proporti on of plants . 
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Figure A1 . 1  Diagram of spray-drying pro c e s s  
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Quest ionnaire lett ers and c opy of 

written quest ionnaire booklet . 



r. 
N EW ZEA LA N D  DA I RY R ESEARCH I N ST I T UTE 
PR IVATE BAG • PALM ERSTON NORTH • N EW ZEALAND 

2 Apr i l  1 9 8 0 

De a r  S i r  

Telegrams: DAISEARCH 

Telex: Daisearch NZ3960 

Telephone: (63) 74 1 29 

Please Quote: 

S H O RT P RODUCTION RUNS OF MI LK POWDE R 

One o f  the p r ob l ems f a c in g  mos t mi l k powde r d ry i n g  comp a ni e s  i s  s hort 
p ro d u c t ion r u n s . The cos t s  of s t a r t  up and shut down pro ce dure s in 
te r ms of e n e r g y  c o s t s  and produc t prob l ems can l e ad to ve ry h igh 
cos t s  pe r t o n n e  o f  o utput whe n o n ly a s ma l l  vo lume i s  be ing produce d 
i n  a s i n g l e  r un .  

Robe rt K a y  i s  d o i n g  a Doctorate a t  !-1as s e y  Un i ver s i te on th i s  topi c a n d  
i s  s up po r te d f i n a n c i a l ly b y  the Da i ry Re s e a r ch I n s t i tu te . The f ul l  
ti t l e  o f  t h e  work i s  " An I n ve s t i g a t i on i n t o  the Co s t s  and Q ua l i ty 
o f  S p r ay Dr i e d  Da i ry P roducts d ue to S h o rt P rodu c t ion Runs , and 
Pos s i b le I mpr ovemen t s . "  \\le are a l l  we l l  awa re that the re a re 
di f f i cu l ti e s a s s o ci a te d  w i t h  s h o rt pro d u c t i o n  runs b u t  few compan i e s  
can a s s e s s w i th a c c u ra cy wh at those c o s t s  a re a n d  s o  are unab l e  to 
u se s uch i n fo rma ti on in de te rmi n i n g  the e conom i c s  of mak i n g  d i f f e re n t  
s pe c i f i ca ti o n s . Pe rh aps j us t  a s  importa n t ly we h ave n o  p i c tu re as 
to how the s e  m a t te r s  l ook ove r  the to t a l  i n d us t ry a n d  s ome a c c u rate 
d a ta c o u l d  we l l  c h a n ge the i n d u s try ' s  m a n u f a ctur i ng a n d  e ven 
m ark e t i n g  s tr a te gy . 

Att a ch e d t o  t h i s  l e t te r  i s  a q ue s t i onna ire w h i ch o f  n e ce s s i ty i s  
s omewh a t  l e n g thy . ( I n te s t s , i t  h as t a ke n about h a l f  an hour to 
f il l  i n . )  Co u l d  y o u  p l e a se a nswer i t  as a c c urate ly a s  po s s i b le and 
s e nd Rob e r t  th e comp l e te d  que s t i onna i re no l a te r t h a n  25 Apr i l .  He 
may a l so be c on t a c t i n g  y o u  re g a rd i ng a p e r s on a l  vi s i t  to f o l l ow up 
on s ome o f  t h e  i n fo rm a tion you p rovi de . 

The i n f o rma t i on th a t  you g i ve w i l l , o f  c o u rs e , b e  s t r i c tly c on f i de n t i a l  
t o  y o ur c ompan y  an d we hope to b e  a b l e  to r e turn y o u  s ome da ta o f  u s e  
t o  y o u  i n  t h e  n e ar f uture , inc l u d i ng ge n e r a l  d a t a  cove r i n g  t h e  
who l e  o f  the i n d u s t r y , whi ch w i l l  e nab l e  y o u  t o  c omp are yourse l f  w i th 
i nd u s t r y  ave r a ge s . I f  y o u  have a n y  que s t i o n s  abo ut the q ue s t i o nna i re 
o r  re s e a r c h , p l e a s e  do not h e s ti ate to con ta ct me o r  Robe r t . 



Massey University 
PALMERSTON NORTH, NEW ZEALAND 

SHORT PRODUCTION RUN QUESTIONNAIRE 

TELEPHONES, 69-099, 69-089.  

I n  reply please quote: 

Depar tmen t of I n d u s t r i a l  

Management a n d  Eng ineering 

Phone Ex t ens ion 834 

A f ew  weeks ago I mailed y ou a ques tionnaire concerning short produ c tion 
runs in spray drying p l ants . As there are such a small numb er of spray­
drying factories in New Zealand , it is vitally important that I receive 
results f rom every p l ant in the indus try . 

At the time of writing this letter , I have not received a completed 
ques t ionnaire f rom >· our company . So that analys is o f  results can get under 
way , I would be mos t grate ful if you would re turn the completed ques tionnaire 
in the very near f uture . 

I wil l  r ing you up in a f ew days t ime to check that you have no t met wi th 
d i f f i culties in filling in the questionnaire .  Also pleas e f ind enclosed an 
extra copy o f  the ques tionnaire in case you have misplaced the firs t one . 

Th ankyou f o r  your help . 

Yours faithfully , 

Rob er t  Kay 
Res earch S tudent . 



SHORT PRODUCTION RU N Q U ESTION NAIRE 

Massey University 



S H O R T  P RODU C T I ON RU N QU E S T I O NNA I R E  

Ins tructions : 

Please read the definitions below , especially noting the difference between "Production run" 
and "Daily running time" . 

In filling out the ques tionnaire I don ' t  want you to spend hours searching for and 
calculating exact figures . If such figures are readily available please use them , but if not ,  
try to make a good es timate . Thus please tick the appropriate "Es timate/Production Record" 
box beside the ques tion . 

Please write the required informat ion in the units sugges ted in the ques tion , or if you want 
to use other units , please write what they are beside the answer . 

Definitions : 

PRODUCTION RUN . Length of time in hours spent on manufacture of one product spec . , 
excluding time spent on s tart-up , shut-down and cleaning , without changing 
to another product specification . 

START-UP . Length of t ime from when plant is cold until it is manufacturing product 
( excluding cleaning) . 

SHUT-DOWN . Length of t ime from when plant finishes manufac turing product or being 
washed to when there are no further energy inputs to i t .  

WASHING. Process of removal of some products of manufacture which would o therwise 
prove deterimental to the performance of the plant by means of circulating 
a non-milk solution . 

DAILY RUNNING TIME . Total length of time spent on manufacture , excluding s tart-up , shut-down 
and cleaning time during one calendar day . 
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1 .  Please describe your plant (s) under the following headings : 

Plant Evaporator type Drier type 

1 
2 
3 

2 .  What i s  your definition o f  a short production run ? 

Actual Drier Throughput 
Kg SSMP per hour 

3 .  Are there any particular product specs that involve short production runs ? 
Please specify and note why . 

Specification Reasons for this product being produced in short runs 

in 

4 .  Are there any product specs that are particularly difficult to produce a short 
run o f ? Please specify and note why . 

' 

5 .  

Specification Reasons for difficulty in producing short run 

Below are lis ted some pos s ib le causes of short 
production runs . 

· 

I .  Add any causes not lis ted 
I I .  Note beside each how many short runs 

are caused by it per year . 

i .  Seasonal variation in milk qua�ity 

(Please tick) 

Estimate 
Production 

Record 

ii . Seasonal variation in milk qualities and properties 

iii . Small order allocated to factory by Dairy Board 

iv Management decis ion 

v Trials , test runs 

vi Failure to meet product spec in earlier run 

vii Seasonal variation in milk quant ity 

viii 

ix 

X 



6 .  

7 .  

8 .  

9 .  

3 

Below are lis ted some possible causes of 
interruptions to production runs 

I .  Add any causes not lis ted 
I I . Note beside each cause how many occurrences 

there are per year 

i .  
ii 
iii . 
iv . 
v .  
vi 
vii . 
viii . 
ix . 
x .  
xi . 
xii .  

Failure o f  gas supply ( external) 
Failure of electricity supply (external) 
Failure of fuel oil to arrive in time 
Failure in plant (mechanical) 
Failure in plant (electrical) 
Water shortage 
Boiler breakdown 
Late tanker causes run out of milk 

Approximately how many production runs per annum are 
made of each of the following run lengths in hours ? 
(excluding s tart-up , shut-down and cleaning) 

Approximately how many days per year would daily running 
time be of the following lengths in hours ? 
(excluding start-up , shut-down and cleaning) 

How many production runs of each spec that has been produced 
have been made in the las t year ? 

Plant 1 Plant 2 
Spec No . of runs Spec . No . of runs Spec . 

' 

I Es t . , 

. . 

Plant 3 
No . of runs 

' 
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1 1 .  

4 

What is the number of product specs produced in • • •  

I ' 

max .l Plant 1 Plant 2 P lant 3 
min . av. max . min . av . max . min . av. 

a week I I I 
a day I I j 
Approximately what would the average daily running time be (in hours) 
for each of the following months ? ( excluding s tart-up , shut-down , 
and cleaning ti�e) 

i 
' 

I :��.1 
I jun jly aug sep oct nov dec : jan feb mar apr ! may 

1 2 .  

1 3 .  

' Plant 1 I 

Plant 2 
Plant 3 

What is the maximum t ime your evaporat or (s)  can run between 
washes and on what spec . ?  

l l Spec.  I time (hours) 

i Plant 1 I I 
i 

' ! i Plant 2 i Plant 3 1 I 
How long does it take on average to • • •  

I 
I 

� [LbD 
SSMP SWMP Other (please speci fy) 

S tart-up evaporator 

S tart-up drier 

Shut-down drier 
(excluding clean) 

Shut-down evaporator 
(including C .  I .  P . )  

Wash drier ( full wet wash) 

Wash f luid beds ..  

Wash cyclones 

1 4 . How frequently are the following given a full wet wash ? 

SSMP SWMP Other (piease specify) 

Drier ..--- -

Fluid beds - ····- - -·  
Cyclones 

--

. . 

I 
: I 

; 
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"--
1 5 .  On which product + product spec changes do the following not need to b e  cleaned ? 

(Please lis t ,  indicat ing specification to specification) 

1 6 .  

1 7 . 

! 

i .  evaporator 
spec to spec 

I 

I 

ii . drier 
spec to spec 

Approximately how much chemical is used each time the 
following is washed ? 

caus tic nitric sanitizer other (please specify) 

silos 

s tandardising 
vessels -·-- . 

separators 

one drier 

f luid beds 
(one plant) 

one evaporator 

1silos of one plant 
I :PLEASE NOTE ' ' 
! CONCENTRATION 

How long in addition to normal s tart-up , shut-dawn and clean 
d oes it take to change • • •  

i .  from one spec to another ? 

longest 

average 

shortes t 

time 

ii.  from one product to another (e . g .  SSMP to SWMP) 

time 

longes t 

change to spec 

--=a:..:.v:..:.e:..:.r:..:.a:.=g�e-----------------r------------
shortest 1 

--

· · -

� [LK:I:::::J 
l 
i 
: ' 
I ; 
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1 8 .  How many s t aff per shift are there on • • • • •  

supervisor:y ____ ___ _  -- -�-----
separation 

plant 1 ' pl ant 2 Plant 3 
----- -

-· - -- --
standardisation 
evaporaEion 

I dryer 
I packing orr 

i ( for categories below 
in proportion to the 
that resource) 

l boiler 
lab oratory 

count tne numoer --

plant ' s  use of 

----
- --· - - --

- - --
---· - - - - . -

- - ----- - · 

- ----- - - -
caseinating and precipi tation 

19 . How many shifts are run of • • • • •  

process s taff 

packing s taff 

normal at peak at end of season 

20 . Do you have any special arrangements for s taffing , e . g .  extra clean-up s taff not 
covered by the above ques tions , if so , please describ e ?  

2 1 .  What percentage o f  total off-specification product would you attribute to 
short production runs ? 

Thank you f or your help in filling out the questionnaire . Please make any 
additional co111111ents on the research or the questionnaire. below, and return it 
to me by 25 April in the attached envelop e .  

My grateful thanks , 

Robert Kay 
( Research Student) 
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E N E R G Y  R E P O R T  F O R P E R I O D 7 S E P l U  2 2  V L B 

A >  P R O D U C T  M A N U F A C l U R E 

S P E C . 

6 3 3  

8 0 1  

6 3 3  

8 2 3  

6 3 3  

8 2 3  

8 0 1 

6 3 3  

8 0 1 

8 2 3  

6 3 3  

8 2 :-3  

I< G  D F  F' fW D U C T  

T O T  ,') L 

2 7 0 0 0 0 

1 .  ::?. 0 3 C' O E + ·:> 6  

1 . 1 2 3 �'i O E + 0 6  

1 4 1 ? 5 0  

8 W5 0 0  

9 -<1 5 0 0  

4 0 5 0 0 0  

1 7 1 2 �i 

6 :w o o  

::'i 2 7 0 0 0  

3 7 9 �.'i 0 0  

3 722 �) 0 

4 .  6 8 :=.:i 3 3 L + 0 6 

B >  M I L K R E C E I V E D  W A S  4 . 3 8 1 8 1 E + O !  L i l . R E S 

M I L K U S E D  F O R E A C H  S P E C  W A S ! 

S F' E C  M I L K I N T O  E V A P U R A T D R C L l l . � l S ) 

6 3 3  

8 0 1  

6 3 3  

B O :I. 

6 3 3  

8 0 1  

(3 2 3  

6 3 3  

El 2 3  

T U T ,� L 

C )  T I M E S U M M M{ Y  

3 . 2 1 l ��i �i E + O f.:.  
�1 • 6 ·<"! B 4 <1 E + 0 5 
l .  2 f.) ? '? O E + 0 7  

1 ,, 0 �) 6 2 1 E + 0 6  

1 .  O l 2 ::'.i �'5 L + O .S  

7 6 6 1 :=.:i O 
3 .  l 2 <? 9 0 E + o .s  

4 . 0 4 3 / 0 L + 0 6 

4 • .  IJ () 0 3 7-'E + ·:) 6 

3 . :1. / 0 6 <1 E + 0 6 

4 .  J 8 <Jl 4 0 E  ... '- 0 7  

T O T A L  S T A R T - U P  T I M E W A S  

T O T A L  S H U T - D O W N  T I M E  W A S  

1 0 1 A L P R D C E S S I N G T I M E W A S  

T O l. A L  R U N N I N G T I M E W A S  

D )  M I L K  P R O C E S S I N G  R A T E  

1 6 8 H l·� � n 1'-! n ') E f·: n G E 0 F 1 H l : / l:! n Y 
5 0 4 H F·: l' A N n \,J E r.: () U E U F �� H F;: / D ,� Y 

1 7 9 3 . 3 9 H R , A N A V E R A G E  U F  1 U . 6 / � �  

2 4 6 6 . 5 9 H R , n N A V E RA G E  O F  
., .. , .t. 1 : �  ···; "1 .1. j \• \,,• \ ... ..... . ,, 

O V E R A L L  A V E R A G E PRO C E S S I N G R A T E  W A S  2 4 4 3 3 . 1  L I T R E / H R  

P R O C E S S I N G R A T E S  O N  E A C H  S P E C  W E R E ; 

S P E C . R A T E < L I T R E / H R ) 

8 0 1  

6 3 3  

8 2 3  

6 3 3  
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APPENDIX 5 

BACKGROUND TO THE EFF:EDTS OF SOME ASPECTS OF DAIRY 

INDUSTRY INFRASTRUCTURE ON THE SHORT RUN PROBLEM 

INTRODUCTION 

The spray drying p lant is part of a wider production , 
processing and marketing syst em and its interact ions with 

the other parts of the syst em cannot be ignored . No part 

of t he syst e� is independent . The spray drying p lant 

rec eives inputs from both the market and the supp lying 
farm . The p lant rec eives both milk and a demand for the 

best possible  return from its co�operative owners . The 

plant rec eives demand for product and directions as t o  
what t o  make  from the m arket , through the Dairy Board . 

The effects of these input s on the production of short 

runs in t he spray drying plant will be  discus s ed here . 
With regard t o  t he producer ' s  effect , t h$ reas ons 

for t he exist ing patt ern of seasonal milk product ion will 
be  dis cus s e d ,  and a c omparison will be made betwe en t he 

costs in t his patt ern of f arm product ion with the cost s  of 
a smoothed milk f low , exemplified by the average Town Milk 
supplying farm-. The reasons for· a recent trBnd t 0wards a 
further increas e in t he p eak of s eas onal supply will also 
be  examined . 

There . have been a great many c hanges in t he market 

for N ew Zealand ' s  dairy products in the last 20 t o  30 years . 

The ext ent of these  c hanges and t he reasons for them will 
be  discuss ed .  The Dairy Board ' s  ro le in acting as t he 

int ermediary b etween producer and c onsumer will also be  

examined wit h  regard to its effect on the product ion of 

short runs . 
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The D eterminants of New Zealand ' s  Patt ern of Agricultural · 

Product ion 

Prior t o  1 890 . dairy production in New Zealand was 
large ly limit ed t o  the production of c hees e ,  butter and 

liquid milk for local c onsumption . With the advent of 

refrigeration in 1 890 t here occurred rapid economic progress 

as t he vo lume of dairy product ion increased an average of 
5% p er year up t i l l  1 920 , when t he main features of the 

patt ern of New Zealand agriculture were formed.  The 
contribut ing fact ors t o  t his patt ern of production were 

the us e of t he available  res ourc es and the choice of 
product s .  ( 1 )  
Us e of Res ourc es 

The main charact eristic dist inguishing New Zealand 
agriculture is the low labour use per unit area .  I n  the 

formative st ages there was p lenty of land available but 

re lative ly litt le labour . As would be expect ed by 
ec onomic principles , re lat ively more of the abundant 

res ourc e was us ed and less  of t he s c arc e resourc e , thus 

result ing in New Zealand having the highest output p er 
man but the lowest output p er unit area.  

The advent of refrigerat ion and the rapid development 

of the meat and dairy industries st art ed a trend t oward 

gre at er int ensity of l.abour per acre . This was given an 
impetus by the Liberal-Labour government in the early years 

of thi s  c entury which legislat ed for c los er s ett lement by 

providing leas ehold and easing finance .  Thus the ease of 

ac quisition of farms by farm labourers encouraged the 
adoption of one man farms which became a p ermanent 

c haracteristic of New Zealand farming . As a result , 
although land use was m ore int ens ive than pre-1 890 , it 

was still more extensive t han overs eas . 
New Zealand ' s progressive and enlightened educat ion 

syst em made farmers rec ept ive to new ideas and t echniques 

dessiminat ed by res earch and ext ens ion agencies . 
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Choic e of Products 

In order t o  understand t he reasons for New Zealand ' s  
seas onal patt ern of milk product ion , an appreciat ion of 

the alt ernative farming p o s s ibilit i es and an understanding 

of prevai ling economic forc e s  must be gained • Wool and 
wheat were the chief agricultural products before 1 890 , but 
refri geration enab led t he deve lopment of meat , dairy products  

and t he wool  associat ed with lamb production. 
New Zealand had an abs o lut e advantage , becaus e of its 

more suit able c limat e ,  in producti on of wheat and livest ock 

relat ive t o  USA and Europe .  However , t he Northern wint ers 
disadvant aged t he product ion of livest o ck there . New 

Zealand ' s  mild wint er c limat e  meant that it had a comparative 

advantage in the production of livest ock as we ll  as an 

abs o lut e advantage . 
The highest net returns per acre were yie lded by 

dairy products but sat isfactory c onditi ons for milk 

product ion required more than 40 ir.ches ( 1 000 mm) of rain 
per year with a good distribution over summer . Dairying 
als o  required flat or gent le undulat ing country which c ould 

be p l oughed t o  enable t he sowing of the c orrect grasses and 
c lovers . Easy t errain was also required to fac ilitat e  

dai ly transport o f  milk t o  the fact ories . Areas with thes e 

conditions were North and South Auckland , Bay of Plenty , 
T aranaki and Southland . 

Meat production provided t he next highest returns per 
acre . Rainfall was less  critical but good spring _growth 
was required to fatten lambs . Easy t errain was required 

for s owing gras s es . She ep were preferred because they 

provided both meat and woo l  income , beef were mainly us ed 
for pastur$ c ontrol .  The maj or m eat producing areas were 

Hawkes Bay , Waikat o , Rangitikei  and Southland . 
Meat and cropping c an be carried out in areas of low 

rainfall with dry summers . Pastures det eriorat e  due t o  
summer drought and t hey need renewal for which a cash crop 

suc h  as wheat or seed i s  us ed . Thes e areas _ were Cant erbury 

and other East ern part s of the South Is land. 
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Woo l  and st ore sheep were produc ed on hi lly areas 

with low natural fertility which were improved only with 

the advent of aerial topdressing. 
Returns 

The advent of refrigeration made t he above patt ern of 

farming p o s s ible  and the use of land in this way gave the 
highest net returns per acre compared to other products 

that could or were being produced. 

Net returns were aff ected by 
i .  the price received 
ii . t he costs  of product ion .  

I n  the p eriod leading up t o  1 920 both of t he above 

fact ors were f avourable t o  meat and dairy production.  

Wheat pri c e  whereas lamb , cheese and butt er pric es ros e 

with t he increasing population and living st andards in the 

Unit ed Kingdom . 
Cost s were dependent on 

i .  the productivity of t he land 

ii . t he costs of non- land inputs . 
New Zealand ' s  productivity of animal products is high 

because of a suitable c limat e , not t he soil whic h  in most 

areas is deficient in phosphorus and other minerals . The 
t emperat e c limat e  is suit ed t o  sheep and catt le . The 

short , mild wint ers cbviat e the need for ext ens ive hous ing 
of livest ock as in Europ e and North America and t here is no 

need t o  grow large quant ities of supplementary crops . Hay 
and s ilage are able t o  b e  us ed,  these are cheap er qecause 

cont in1 1 ous cropping exhausts soil fert i lity and . requires 
exnensive nitrogenous f ert ilisers t o  replace it . 

New Zealand s o i ls rece ive nitrogen from clover and animal 

droppings . 
Henc e productivity of land is higher and c ost s are 

lower bas ed on animal products , bas ed on p asture . Aft er 

1 920 there were a number of trends inc luding decreas ed 
labour c ont ent , increased fixed c apital in livestock , p lant , 

buildings and f ences , increased working c apital esp e cially 

f ert ilis er and the advent of a number of t echnological 

advances . 
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The current situation with regard to the advantages 

of vari ous types of livestock farming is reflected in 
Tabl e  A5 .'1 which shows the estimated gross margins for the 

'1 98'1 -82 season in the Manawatu Region . 

Farming pattern Gross M . '1 argln $ /hectare 

Town milk supply 8'1 5 . 00 
Bul l  beef (dairy bulls )2 675 . 4-4 
Facto ry milk supply 656 . 50 
Bre e ding ewe - prime lamb 432 . 90 
Breeding ewe - store lamb 363 . 22 
Prime beef 33'1 . 86 
Beef breeding 320 . 00 

Table  A5. '1 :  Estimat ed Gross Margins 1 '1 98'1 -82 s e nson 
Me..ne..v;atu Region (Source : lVJinistry of Agriculture 
and Fisheries . Cropping and livestock gross 
margins '1 98'1 /82 Palmerston North . Ministry of 
Agriculture and Fisheries . September '1 98'1 ) 

A compari son of s easonal milk production with smo othed 

producti on 
In New Zealand , the s e ctor of the dairy industry 

whi ch produces milk for li quid consumption by the local 
p opulation is distinct from the manufacturing milk supply.  

On such farms , known as " Town Milk" supplie rs , production 
is  relat ively constant throughout the year , the average 

farm pro ducing 74% of its milk to m e et a constant quota . 3 

This typ e  of farming represents about '1 0%of t otal milk 
production . 

'1 .  Gross  Margin is  defined as the t otal income from a 
p arti cular enterpris e  less the particular costs 
a s s o ciated with that enterpri se . 

2 .  A lthough Bull  Beef currently has a higher return than 
dairying ,  as do a number of cropping ventures , the 
return from such ventures is  highly variable and it is 
c onsidered that in the longer t erm , dairying is  a 
s ource of higher income . ( 2 ) . 

3 .  In actual fact some milk in exce s s  of the quota i s  paid 
at t own milk prices , thus contributing to this 74% 

but this is limited to some producer companies and is  
limited in extent . 
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Animal health 
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Breeding and herdte sting 
Contractors 
Dairy shed expens es 

Electricity 

F e ed and Grazing 

Fertiliser and seed 

Freight 
General , weed and pest control 
Vehi cle  expenses 
Repairs and maintenance 
Irrigation 

Fact ory1 Supply 

886 

914 
501 

334 
409 

654 

1 823 

2471 
234 
276 

2231+ 
2685 

Development expenditure 471 
Insurance , accident compensation LJ 33 
Rates  659 
Labour 2268 

Intere st 3345 
Rent 538 

Depre ciation 1 819  

Total Expenditure 241 00 

Tovm 2 Milk 

1 1 70 
981 
550 

904 
750 

1 1 1 8 

41 91 
2927 

471 

276 
3678 
3655 

1 40 

697 
1 1 23 
8300 

51 88 
950 

41 76 

41 245 

Table A5 . 2  : Expenditure on average town milk and factory 

supply farms for 1 9 78-79 season 
1 .  Source : New Zealand Dairy Board . An economic survey of 

factory supply dairt farms in - New Zealand 1978-79 
Wellington ,  New Zea ru1d ; 1980. 

2 .  Sourc e : Lincoln College . Agricultural Economics 
research unit . Research Re ort No . 1 08 An economic survey 
of N . Z . town mil ·producers 1 7 -7 • Canterbury , Lincoln 
College July 1980. 
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A comparlson of costs in the two types  of farming will give 

some indication of the exp ens e at this part of the total 
syst em in smoothing milk supply to factories by this method . 

Costs in each typ e  of dairying are listed in Table 
A5 . 2 • Additional costs aris e  in town milk supply under 
the listed categories for the following reasons : 

i .  Administration . A more complicated method of 
farming i s  involved with a greater number and value of 

inputs . There are a greater number of stock transactions 
and the greater us e of run-off s  s eparate from the home farm . 

i i . Contractors . Additi onal feed must be stored hence 
this includes great er hay making and silage making costs . 

iii . Dairy shed expense s . The shed is running for the 
whole  year and thus there is greater wear and tear on 

e quipment such as rubberware , ho ses  and cleaning e quipment . 
iv . Electric ity. The shed is running all year .  

v .  Feed and grazing . It is necessary to store more 
feed f or use in winter , or buy it in and to use leased 
areas for rearing dry stock . 

vi . Fertiliser and seed.  It is  necessary to use more 
fertilisers to  ensure pasture growth when re quired . 

vii . Freight . St ock must be freighted to and from 
the run-off which may be on p oorer land at some distance . 
There are also additi onal stock purchases whi ch t end to be 
in small er numbers , more widely spread through the year than 
on Factory supply farms . 

viii . Vehicle expenses . Vehicles are run all year round . 

There i s  additional f e eding-out re quired , there are also 
additional vehicle exp enses in visiting the run-off area .  

ix . Repairs and maintenance . Fences , tracks and 

vehicles  suffer extra wear and tear through continual use ,  
esp ecially tracks under use in poor weather conditions . 

x .  Insurance , accident compensation. There is 
greater capital emp loyed on the town milk farm and also 
additi onal labour. 

xi . Rates . Town milk farms are closer to towns and 

cities  and so  rates are higher .  
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xii.. Labour and rations . The labour component is 

much greater on town milk farms be cause of all year milking , 

calves nee d  rearing most of the year , feed supplements must 
be made and distributed and there are more groups of stock 
to c ontrol . 

xiii . Rent . Town milk farms are more often involved 

in renting run-offs or grazing rights and their costs may 
be higher due to being closer t o  centres of population . 

XlV . Interest and Depre ciation . Capital i s  higher 
ln t own milk farms . It is more likely that the farmer will 

own equipment to harvest and distribute supplementary feed , 
als o  the farm ' s  area is _ greater in town milk farms . 

The gross income , representing total payout , on a 
factory supply farm was $37 , 384 , . whereas the town milk 

supply farm gross income was $60 , 788 . There are 1 1 3  cows 
per town milk supply farm as opposed to 1 1 7  on a factory 

supply f arm . Ignoring differences in cow breed and any 
differences  in milk production due t o  the relat ive time of 
the year the lactation cycle o ccurred , then the gross 
income of a town milk farm must .  be multiplied by 1 1 7/1 1 3 
t o  obtain the payout neces sary to achieve a smoothed milk 

flow t o  manufacturing • . This results in the payout needing 
t o  be of the order of 1 . 7 times the present value . 1 

This is obviously a crude estimate be cause if only 
this level  of return was necessary then all farmers now 
involved in factory supply would be trying to move into 
t own milk supply . There must be a greater return than this 

to  make such a change feasible . Additionally such factors 
as the increased management skill required to operate a 

t own milk farm have been i gnored. 

1 .  Correcting for the number of c ows by a factor of 
'1 1 7/1 1 3 ,  the t own milk · gross income would have to be 
60788 X 1 1 7/1 1 3  : 62939 . 
This gross income i s  62939/37384 = 1 . 68 t imes that 
of  the factory supply farm . 
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Pre ssures c ausing a _ _  bigher peak milk supply 

The normal lactation p eriod for New Zealand dairy 

cows has in the . past lasted for up to ten months from the 
date of calving . It has been considered that farmers 

cannot afford to dry off any cows at all during r1arch , or 

even Apri l , because this production represents the farmer ' s  
profit . 

However , Campbell et al , (4 ) ln a pap er assessing 
the reas ons for the higher milk production on Ruakura 

Research Centre farms than- the average South Auc�land dairy 
farm , sugge st that this reasoning is fallacious . They 

suggest t hat cows should be dried off earlier if necessary 
in order t o  be in good condition and correct live weight at 
calving in order to produce better afterwards . They sugge st 

that gains t hrough such improved production e arly in 

lactation will  more than offset the loss at the end of the 
season . In addition , by feeding more spring grass to produce 

this milk at this time , it is not necessary to make as much 
hay or s il a ge to try _ to recoup poor cow conditi on , resulting 

from lat e drying off , during the winter. 
Ruakura No-. 2 dairy farm cows are drie d  off progress ­

ively from the end of February onwards with the aim of 
drying off cows in the condit ion they should be immediately 
after calving . Such flexibility in drying off date would 

be parti cularly important in seasons or areas where a dry 
summer was experienced.  Hoop er ( 5 )  cited an example  of a 
farm with herd production up 27% by January 31 and per cow 
producti on increased by 22% for the same peri o d .  The 
effects of t he ensuing drought were largely avoided by 
increas e d  stocking rate , flexible drying off and with the 
additional benefit of reduce d  necessity to harvest 
supplementary feed.  

It was suggested by Button ( 6 )  that 11 att ainment of 

a high p e ak yield for the herd l S  considered of more 

importan c e  to achieving a high t otal lactati onal output 
than the l ength of lactation . 11 However Davis et  al ( 7 )  
stated t hat 11No direct experimental dat_a are available on 

the eff e ct of drying off on current and future production11 • 
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Nevertheless , high rat e s  of production have been 

achieved under Campbell ' s  management system . This system 

of management must have appeal to farmers even if only for 

the reasons of reduced s ilage and bay making re quirement 
and reduced time spent milking.  These will become 
increasingly important as stocking rates are increased.  

An additional feature of milk production whi ch may 
affect the pattern of milk supply lS the advantage s offered 
to the farmer of a more concentrated calving period.  In 
additi on to giving each c ow a good lactation lengt h ,  
particularly i f  early drying off may b e  re quired ,  Campbell 

(4) suggest s there are s everal other advantages including : 
i .  The chore of calf rearing is  compressed.  

ii . It allows the better sele ction of replacement 

sto ck in that more calves wil l  be by AB sires and more 
emphasis can thus be p laced on the dam when sele cting herd 
replacements . 

iii . Mating management of the yearling progeny is 
simplified be cause they are of similar age and likely to 

be  of similar weight at mating . 
iv . Simplified early spring grazing management is 

brought about because the mob of drys is eliminated more 
quickly. 

In a survey of farms with the highe st producers of 

milkfat - per hectare in the Dairy Board ' s  economic survey , 
Hutt on ( 6 )  found that most regarded concentrated calving 
as important . Pearce and Taufa ( 8 )  in a c omparison of 
concentrated calving herd with a normal calving herd 
reported that the 1 1 concentrated herd built up a producti on 
advantage in early lactation and this 1 1 -1 2  kg advantage 

was maintained through the seas on 1 1 • 
These measures both lead to modifications in the 

seasonal pattern o f  production whereby the peak milk flow 

l S  increased by : 
l .  Increasing the peak output of cows ; 

i i . !ntensifying the o ccurrence of the p e aks . 

The tails of the distribution are reduced by drying off of 

cows and by concentrating calving. This trend has not s o  
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far been evident in the national milk production 

statistics but may in any case be more confined in its 

effects to individual fact ories . Be cause a factory is 
supplied from a limited geographical area it is likely 
that both calving date and drying off will be governed by 
similar climatic  factors in a large proportion of the 

factory ' s  supplying herd , thus causing a sharp peak. The 

eff e ct s  may not be so evident in the national statistics 

be caus e such dat es will vary from area to  area depending 
on local conditions , thus forming a smoothed aggregate . 

The New Zealand Co -operative Dairy Company has 

indicated that it considers the sharpening peak to be a 
s erious problem . It was estimated that the peak milk 
could increase by 3% annually . Rangitaiki Plains Dairy 

Company has an incent ive scheme to encourage a balanced 
s easonal intake . It was said to be  an important 
c onsideration in the merger of Taranaki and Kiwi Dairy 
Companies that calving pattern among Kiwi suppliers is  
earlier than Taranaki ' s by as much as four weeks . Thus 
the merger will spread the peak of milk intake and allow 

more economic utilisation of manufacturing plant . ( 9 )  

Thus dairy companie s  are seriously affected by the trends 
dis cus sed above by the need to provide pro ces sing plant 

to handl e  the peak milk flow . 

The market for milk powders 

Prior to � 890 and the introduction of refrigeration 
practi cally all of New Zealand ' s  l imited dairy exports went 

to Australia , this country having the only market close 
enough for the delivery of a relatively perishable  product . 
From � 890 on , the dire ction of dairy export changed to 
Britain where it substantially remained. During the two 
World Wars New Zealand and British Governments established 
agreements  whereby almost all New Zealand dairy products 
were bought by Britain . It was not until  � 954 that New 

Zealand was free to comp ete on the World Market . The 
dependence of New Zealand on the British market is  
illustrated in Table A5 . 3 .  



1 930 
1 940 
1 950 
1 960 

Butter 

82 . 4  
98 . 5  
96 . 0  

90 . 1  

21 0 

Cheese Milk 
( Dried , Co���rysed 

1 00 83 . 5  
1 00 73 . 6  

89 . 5  78 . 7 

93 . 1  52 . 6  

Table A5 . 3 Percent age of New Zealand Dairy Products by 

weight sold in United Kingdom 
( Derived from N . Z .  Offi cial Year Books 1933 , 1 943 , 1 953 , 

1963 ) 

Changes in the market 
During the past twenty years there have been a 

number of important changes in the market for milk. powders . 

Thes e  are illustrated by reference to ,tables A5 . 4 , A5 . 5 . 
i .  Change in Main Market . 

As  can be s e en from Table A5 . 4, the maln market f or 

milk p owders has changed from the United Kingdom , which 
took 52 . 6% of the total in 1960 to Malaysia and the 
Philippines . No milk. powder is now marketed in the United 

Kingdom . 
ll . Expansion ln Total Market 

The total market for milk powders has grown from 

70 , 000 tons in 1 960 to 200 , 000 tonnes in 1 979 ,  a three ­
fold increas e . Maximum sales o ccurred in 1 978 when 

242 , 000 tonnes were s ol d .  
iii . Diversifi cation in Market Destinations 

From the situation where there was one maj or market 

in 1 960 there have grown to be a number of markets of a 

s imilar size  including Japan , Malaysia and the Philippines . 
Principal market areas are now South East Asia , Japan , 
Central and South Americ a .  Markets have both increased in 
size and number . Whereas in 1 960 the principal market 

accounted for 52 . 6% of t he produce ,  in 1 979 it accounte d  
for onlt 1 5 . 2%. Whereas in 1 960 ,  the next nine most sizeable 
markets accounted f or onlt 20 , 300 t ons , they accounted f or 

1 22 , 800 t onnes in 1 979 . In 1 960 there were only eight 

markets of  more than 1 000 tonnes per annum , in 1 979 there 

were 1 9 .  



'1 960 * '1 965 '1 970 '1 9 75 

United Kingdom 37. '1 United Kingdom 43 . '1  Japan 33 - 7  Peru 2 7 . 0 

Philippines 5 . 0  Philippines '1 0 . 7 U . K . 29 . 5  Malaysia 2 3 . 8  

India 4 . 4  Malaysia 7 - 3 Malaysia 25 . 4  Philippines 22 . 5  

Jamaica 3 . 4  Peru 5 . 5  Philippines '1 9 . '1  Japan '1 3 . 3  

Malaya '1 . 8 India 3 - 9  Peru '1 '1 . 8  Thailand 7 . 4  

Singapore '1 .  6 Japan 3 - 5  Thailand '1 0 . 9  Chile 6. 0 

Peru '1 . 5 Jamaica 3 . 2  Singapore 9 . 2  Indonesia 5 . 8  

Trinidad & 
' 

'1 . 3 Trinidad & 2 . 0  Pakistan 8 . 2  Singapore 5 - 3 
Tobago Tobago 

Ceylon 0 . 8  Netherlands 0 . 95 India 5 - 9 Ghana 5 . '1  

Fi j i  0 . 5  South Africa 0 . 8'1 Ceylon 4 . 6  Jamai ca 2 . 9  

Others 1 3 . 1  Others 5 . 8  Others 23 . 1  Others 40 . 8  

Total 70 . 4  Total 86 . 7  Total 1 81 . 4  Total 1 59 . 9  
'----------- -- --

* Note : Data in thousands of tons 1 960-70 , thousands of tonnes 1 <3 '/5 , 1 <J 7<J .  

Table A5J+ · The 
-
ten principal milk powder markets for selected years since '1960 

(Source : New Zealand Official Year Book 1962 , 1 966 , 1 9 71 , '1 977 , 1 980 ) 

'1 979 

Malaysia 30 . 5  

Philippines 29 . '1  

Indonesia 24 . 9  
Peru '1 6 . 5 
Japan '1 5 - 3 
Taiwan 9 - 5  
Thailand 7 - 9  
Vene zuela 7 - 4  

Singapore 6 . 5 
Sri Lanka 5 - 7 
Others 47 . 1  

Total 200 . 5  

' 

f\) 
� 
� 
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lV . Growth in Market for fat -bearing milk powders . 

While  total milk powder sales have increased thre e ­

fold , it can be s e en from Tabl e �S .) that the market for 
fat -bearing powders has increased more than nine -fold from 

'1 960 to '1 979 . 

'1 960 '1 965 '1 970 '1 975 '1 979 
SMP 45 . 7  66 . 0  '1 47 . 6  '1 '1 3 . 6  '1 20 . 3  

WMP 7 . '1  8 . 6  '1 4 . 6  23 . 8  64. 8  
BMP 8 . 0  '1 0 . 6  '1 5 .  5 '12 . 5  '1 0 .  9 
Total 60. 8  85 . 2 '1 77 - 7 '1 49 . 9  '1 9 6 . 0  

* Not e : Figures i n  thousand tons '1 960-70 , 
thousand tonne s  '1 975-80 . 

'1 980 
'1 72 .  '1 

6'1 . 4  
2'1 . 2  

254 . 7  

Table A5 . 5 Market Sal e s  of Powders for selected years 

since '1 960 1 
v.  Increase in the variety of specifications 

From days when Britain comprised practically the 

whol e  market and l arge volumes of s imilar produce could 
be manufactured to suit that one market , the situati on 

has changed. The Board now offers 40 specifi cations of 

skim milk powder . In the '1 9 77/78 season 85% of all skim 
milk powder produced in New Zealand ' was of the non­
standard types . There are some 30 specifications for 
baby foods and spe cial fat -bearing powders , and '1 8  
spe cifications for wholemilk powder . ( '1 0 )  The Dairy 
Board s ends over '1 000 samples a year to overseas buyers 

and 20% of these are new or modified products . ( '1 '1 ) 

Reasons for changes in the market 
l .  Britain ' s  entry of the E . E . C .  

Britain ' s  entry of the E . E . C . , first proposed 
publi cly by the Brit i sh Prime Minister , Harold Macmillan 

in July '1 96'1 , brought an end to New Zealand ' s  fre e  access 
to  the British Market , with the advent of the 11 Common 
Agri cultural Policy11 and the end of Britain ' s  1 1 Cheap Food11 
'1 .  Sourc e : New Zealand Dairy Board Annual Report '1 960, 

'1 9 65 ,  '1 970 , '1 979 , '1 980.  Please note that the Table s  
do not agree because the Year Book refers t o  

calendar years , whil e  the Dairy Board figures refer 
to '1 2  months prior to June of the year given . 
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policy . Although Britain did not actually enter the 

E .E . C .  unti l  1 973 the writing was on the wall . The days 

of colonial interdependence were at an end . New Zealand 
was forc e d  to find new markets for its dairy products , both 
the milk p owders and the fat products , cheese and butter . 

The neces sity to s e l l  milk fat on other markets has 
coincide d  with developments in the production and marketing 

of wholemilk powders which have ass isted in finding new 

markets  for this milk fat but even today no alternative 
market has been found for large volumes of butter . 

At a meeting of the old European Community and 

Britain in Luxembourg during June 1 971 , and agreement was 

reached whereby New Zealand was permitted to continue to 
sell butter and che ese on the Briti sh Market . 

New Zealand consi dered such an agreement necessary 

because it was e stimat e d  that if the E . E . C ' s  Common 
Agricultural Policy was applied to the British market an 
immediat e  loss of $ 1 50 million a year in export earnings 
for butter and che e s e  would have o ccurred. This would 

have been catastrophic for the New Zealand economy , bringing 
about a balance of payments  crisis  leading to extensive 
unemployment and a rapid emigration as well  as painful 
re -adjustments to the New Zealand Dairy Industry . ( 1 2 ) 

The quantities of product guaranteed access t o  the 

British market are given in Table A5 . 6 . There was to be 

a complete halt to  the s e l l ing of  New Zealand milk p owders 
on the British market with entry to thr E . E . C .  in 1 973 . 

Year Butter Che ese Milk e quiv .  
percent t ons percent tons �ercent 

1 973 96 1 63200 90 67500 95 
1 974 92 1 56400 80 60000 90 
1 9 75 88 1 49600 60 54000 83 
1 9 76 84 1 42800 40 30000 77 
1 977 80 1 36000 20 1 5000 71 

Table A5. 6  Quantities  of nairy products glven access to the 

U . K .  market during the transitional period.  

( Source : N . Z .  Official Year Book , 1 9 72 p 537) 
There was no quantitat ive guarantee  laid down for 
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cheese  from 1 978 onwards but tne . bm:;-c er sl tuati on would 

be reviewed in the light of the supply and demand s ituati on 

and trends in the maj or producing and consuming countries . 1 in the world , parti cularly the E .E . C . and New Zealand. 
Additionally , thA E . E . C .  agreed to make every effort 

to promote an international agreement on dairy products 

marketing and als o  not to frustrate New Zeala nd ' s  efforts 
of diversification by indiscriminate dumping of E . E . C .  dairy 
surplus e s . 

Thus . the New Zealand Dairy Industry was faced with 

four maj or alternatives, : 
i .  To f ind alternatives t o  the British market .  
i i .  T o  develop altern atives to the traditional 

dairy products . 

iii . To  divert farm production to alternative 
types , for example , beet , cropping or horticulture . 

iv. To find alternative income to farming . 

In fact development s o c curred in all four of thes e  

areas ( 1 3 )  but in this sect ion only the former two 
alternatives wil l  be dis cussed. 

i i .  Growth in the Recombining Industry 
The Unite d  States Army pioneered re combining of milk 

during the Second World War . It involves the reconstitution 
of milk by adding water to skim milk powder , buttermilk 
powder and fat , usually in the form of Anhydrous Milk Fat , 

but vegetable o i l s  are used in some cases . The product of 

this proce s s  is  c anned evaporated milk , swe etened condensed 
milk , or liquid milk ready for immediate consumption .  

The growth o f  the Recombining Industry has occurre d  
. -

as ;there has been an increasing awareness of the b enefits 

of improved nutrit i on in t erms of public health , educati onal 
progre ss and increasing the length of working life in 

developing countrie s . Thus milk in schools programmes have 

been instituted in a number of countries . ( 1 4 )  There had 

1 .  New Zealand was subse quently grante d  continue d  acc e s s  
till 1 980 and again from 1 980 onwards with diminishing 
volumes p ermitted.  
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also been improvements in the standard of living in 

countrie s  such as Malaysia and the Philippines  leading t o  

a change i n  food patterns involving greater use of dairy 

products . Soaring oil revenues in Middle East countrie s  
bad re sulted i n  nutritional proj ects being implemented 

there ( 1 5 )  thus l eading to increased milk consumption . 
Trade in the developing countries  was c onsidered to 

be  more s ecure than other countries  be cause governments 

were more positively involved. They could not risk a 

stoppage whi ch would affe ct people s ' food , j obs and publi c  
health programmes , and sometimes the development o f  the 

local dairy industry as well . ( 1 6 )  
Re combining industries rested on the advantage o f  

low cost milk production and manufacture int o concentrated 

forms for shipment and storage . In many South East Asian 
countries  re combining plants re ceived a degree of prot e ction 
whil e  dairy products in their final c onsumer pack form were 
penalised by high rates  of duty. ( 1 7 )  

The New Zealand Government was able t o  play an 
important role in establishing access to the new . market s  

through their trade commissioners . ( 1 8 )  Additionally the 
Dairy Boar<.l rec e ived help from government and trading banks 

in providing credits  to facilitate a "full f low of trade " ,  
in the example  cite d ,  with South America. ( 1 9 )  

New Zealand developed its dairy trade in these  new 
areas initially through the use of lo cal agents . It was 

considered advantageous to use such people be cause they 

live and work in the market and know the ways of the 
customers , speak the l anguage and understand the local 
idiosyncracies and customs . The loyalty of the agents was 

won by providing the goods and s ervice re quired. Such 
agents were considered to give the New Zealand Dairy 
Industry status in the market and they als o  s upplied 
information on shifting demands , new competition and long 
term market prosp ects . ( 20 )  

New Zealand was involved in a number of j oint 

ventures in s e tt ing up recombining plants , providing 

t echnical advic e  and ass istance t o  many clients . The New 

Zealand Dairy Industry was in a strong marketing position 
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becaus e of  its single selling organisation , its high 

product quality , the uniformity of product and by being in 

a position to guarante e  supply. Additionally New Zealand 
was not in a disadvantageous position with regard to 
shipping distance to  the South Eas t  Asian market . 

The support o.f technical st aff and the Dairy Research 
Institut e  in dealing with problems of diversification and 
development has been a vital factor in obtaining the new 

markets . Increasingly the Dairy Industry had to be capable 
of manufacturing products to a wide variety of spe cifications , 
c omp etitive status depending on the ability to meet such 
spe cifications more accurately than anyone else . (21 ) 
Milk powders had to be suited to individual cust omers , for 

instance in Thailand and Malaysia a more vis cous sweetened 

condensed milk is re quired be cause in the pas t ,  imported 
condensed milk from Europe had usually developed viscosity 

by the time it reached these  areas . However , in Vietnam a 
thin product has always been preferred .  Various vegetable 
oils us e d  in 1 1filled11 products m e ant that skim milk powder 
propert i e s  had to be · varied to suit the particular oil . ( 22 ) 
As one of the Dairy Board ' s  agents said 1 1 1 sell  a taste in 
the mouth and I have to provide it 1 1 • Each market has its 
special i s ed tastes . Thus the Dairy Board dis cus s e s  with 
the customer the spe cific typ e  of each product they want 

and the taste they are looking for in that product and sets  
out to  m e et the customer ' s  spe cialised  needs . ( 23 ) 
iii .  Growth in Market for Whol e  Milk Powders 

P aralleling the growth in the recombining trade as 
New Zealand s ought new markets for dairy products ,  was a 

whpl.e 
slow growth in the consumption of;mllk powders . They were 

use d  as an alternative to condens ed milk in some countri e s  
such as T�inidad and Venezuela . ( 24 ) Whol e  milk p owders 

were also  1 1 built 11 to form a wide range of therap euti c  drink 
compounds and infant milk foods . They found some outlets 

in nutrition programm e s , for example in Brazil where they 
were provided at c ost or grati s  to nurs ing mothers and 
young children.  (25 ) 

More recently there has been a shift away from 
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condense d  and evaporat ed milk as products of the 

re combining plant to the production of li quid milk which 

is  then U . H . T .  treat e d  to maintain its condition for an 

extended period , without refrigeration .  Additbnally there 
has been a growth in the sale  of whol e  milk p owder in 

consumer p acks . With the development of instant whole milk 

powder many consumers were considered to be moving their 
interes t  f rom condense d  and evaporated milks t o  this more 
sophisticated product . ( 2 6 )  Instant wholemilk powder and 

U . H . T .  m i lk were considered e sp e cially important in reducing 
refrigerati on costs as energy prlces  increase d .  Additionally 

there was growth in the use of whol e  milk powder in the 
re combining plants as opposed to the use of s kim milk 
powder and A . M . F .  ( 2 7 )  

New Zealand was considered t o  have an advantage in 

the developing market because of the good reputation built 
up in the recombining trade and the t eclmical back-up which 

the Dairy Board was able to provide . ( 28 ) .  
The Chairman of the New Zealand Dairy Board , Mr A . L .  

Friis . c on sidered that although in the product ion o f  milk 
powders the " standards of purity and the comp l exity of 
specifi cations make exacting demands on the c ompanies • • •  " 
that " This is undoubtedly one of the most promising growth 

sectors " . ( 29 )  

iv. Competition ln the International Market 

The extent of the International Market 
It has be en estimated that t otal world milk 

production is about 400 million t onne s  per annum . Of this 

it was e stimated that about 3% or 1 0  to  12 million tonnes 
was inv o lved in Int ernational trade . This r�pre s ents 
about 1 . 2 6  million tonnes of milk s o lids comprising 
370 , 000 tonnes of milk fat and 890 , 000 tonn e s  of solids 
not fat . ( 30 )  

A 1 %  variati on i n  world production would thus 

repre s ent one third of the International market . Similarly 

the E . E . C .  produces 95 million t onnes of milk per annum , 

so a 4% variation in E .E . C . production repres ents a third 
of the International market volume . 
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The principal c ountri e s  involved in exp orts to the 

International Market were the E . E . C .  and New Zealand , 

accounting for about one third e ach and followed by 

Australia , Canada , U . S .A .  and Poland . 
New Zealand mus t  compete  on the Internati onal Market 

with about 80% of its total producti on against countries  

that are exporting only a small p ercentage , oft en under 5%. 
Thus the qual ity of New Zealand ' s  total production must be 
uniformly high whereas others can s elect the small quantities 

of high quality product for e xport . ( 31 ) 

The maj or markets for dairy produce can be split into 
two groups , the developed and the developing nations . 

The former include Japan , North America and Europ e  while the 
latter include South East Asia , Central and South Ameri ca , 

Africa and the Middle East . 

The Features of International Milk Products Trade 

The principal problems in the international marketing 
of dairy products have been that the wealthy , developed 
nations who have been able  to  purchase dairy products have 
erected trade barriers to support their domesti c dairy 

industri e s  and c ountries of  the under-developed and develop ­
ing world ,  with great nee d  for dairy products , have not been 
able t o  purchase them through a lack of fore i gn exchange . 

The United Kingdom , whi ch used to be the largest 
s ingle free market f or dairy products i s  now virtually closed 
to exporters outside the E .E . C .  as  a result of the Common 

Agricultural Policy.  New Zealand has negotiat e d  continued 
access for butter but with continually diminishing volumes  

and as  yet  there is  no other market which could absorb this 

volume of milk fat . There has been some relief of pres sure 
on New Zealand and Australia , in that as they were force d  
out o f  the British marke t , the Dutch and French were busily 
learning t o  make cheddar che e s e  to  supplant them there , 
whereas Australia and New Zealand were making Dutch varieties 
for Japan. ( 32 )  

In the developed c ountries  there are a complex range 

of so cial , regional and environmental obje ctives which all 
take pre cedence over t echnical efficiency , comparative 

advantage or the real costs  of supply . For instance , 
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because food is  such a basic nee d ,  there is  a deep 

instinctive urge within any independent state to  be self 

sufficient . Many countries  have been-.invol ved in recent wars 

and know what it i s  t o  be hungry. Thus they have been 

prepared to pay a high price to achieve that s e lf sufficiency . 
It should be realised that in the industrialised and more 

affluent countrie s ,  it is industrial activity which generate s  
income and provides the wherewithal t o  meet so cial and income 
nee ds . In New Zealand it is  the income and overseas exchange 
earnings of the agricultural s e ctor which have l argely 
determined income levels for the rest of the community . Any 
country has the right and ability to decide for itself how 

it wishe s to dis tribute and redistribute income and resources , 
the reas ons are not ne cessarily economic . ( 33 )  

The result of such -subsidised dairy industries has 

often been surplus e s  in certain commodities cause d  by the 
failure of the pri c e  mechanism to control production levels .  

This has led  to subsidised dumping of excess  product on the 
International Market ,  with its att endent problems for New 
Zealand which is heavily dependent on this market • . 

Even where a f ood-producing country i s  not self 

sufficient in production of a commodity , there is  invariably 
a vocal and politically powerful group of farmers watching 

vigilantly to ensure that imports of their typ e  of product 
are prevented from undercutting their prices .  The range of 

prote ctive devices  inc ludes food and drug regulations and 
strict hyge ine re quirements which can be cal l e d  on to prevent 

or frustrate trade . 
The demand for reciprocal trade , common in the 

communist blo c , may also limit or e liminate an export market , 

and f inally vagarie s  of climate may create shortages or 

surplu s e s  with the attendent fluctuations in pri ce causing 

loss of  market s  or poor incomes .  

The M ethods used t o  compet e  

A s  a result o f  the s e  problems , the comp etition on 
the International Market is extremely fierce . 

The principal method of avoiding barriers to  trade is  
the development of trade agreement s . New Zealand has been 

involved in a numbe r  including Protocol 1 8 ,  p ermitting 
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continued access for butter to Britain , voluntary 

agre ement s on quotas t o  the u . s·.A . ,  New Zealand-Australia 

Fre e  Trade Agreement , NAFTA , which enables us to  send 
2000 tonne s of che e s e  t o  Australia , GATT , OECD and UNCTAD 
which although of no direct influence , help in preventing 
additional trade barriers and promote understanding. ( 34 )  

In the face of subsidised dumping and strong 
comp etition on the International Market ,  New Zealand ' s  

comparative advantage in the creation of dairy products 
has ceased to be a decisive factor in selling product . 
The need has been : 

l .  To ensure that for existing markets 

New Zealand is  making a better product in terms of quality , 
packing and presentati on than other producers . 

l l . buyer and 

parti cular s e ctors of the milk p owder trade where standard , 
run of the milk powders cannot compete . 

iii . To add as much value as possible to the 
product whil e  it is in New Zealand . This has meant 

a shift from being a bulk seller of anonymous powders to 
being a bulk seller of spe cial specification p owders . 
Also , there has been a move to  consumer packing of any 

brand of p owder and development of markets �r consumer packs 
for spe cific New Zealand brands of powders and baby foods . 

iv . To use milk powder as a vehicl e  to  sell  milk 
fat by giving particular emphasis to milk p owder for 

recombining plants or producing more dire ctly fat -bearing 
powders such as whol e  milk powders and baby foods . ( 3 5 )  

The New Zealand Dairy Board ' s  effect on short runs . 
Introduct i on 

The Dairy Board i s  the administrative head and 
export marketing agency of the manufacturing dairy 
industry1 which i s  totally co -operative . 

1 .  The New Zealand Milk Board , a s eparate body , control s  
the production and distribution of liquid milk for 
domestic  consumption in New Zealand and this s e ctor 
accounts for 1 0-12% of tot al annual milk 
production . 
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The Board l S  a statutory body formed under the Dairy 

Board A ct 1 961 . It has power to acquire all dairy 

export products . from manufacturing companies  which are t o  

b e  market ed overseas . The proceeds o f  sale s are returned 
to the co -operative manufacturing companies , less  

marketing costs , who in turn pass on the proceeds to the 
farmers , less  proces sing cost s . 

The suppliers of the co -operative companies  elect 

the ir company ' s  board of directors who control the 
operation of the company. The Dairy Board comprises  two 
members appointed by the Government and eleven producer 
members , elected by wards , which are geographi cal groups 
of companie s . The wards also e l e ct delegate s  to an 
annual conf erence who s e  decisions are considered binding 

on the Dairy Board. Thus co-operative dairy companies 
control the Board through their ability to elect members 
and the annual conference . 

The industry has long provided for fluctuating 

international price l evel s  by paying fixed pri ces which 
can be altered by small p ercentages from year to year . 
The price paid is bas e d  principally on the volume of milk 
fat supplied.  Thus dairy farmers ' incomes are stabilised . 

The purchas e pri c e  system i s  used to cre ate 
financial incentives to  influence the industry ' s  pattern 
of manufacture in the products made . A large number of 
dairy companies have several alternative processes  that 
could be used to manufacture . They represent about 70% 
of the industry ' s  mi lk output . The Board also has the 
ability t o  divert milk from company to company if the 
processes  available at the usual factory are not in 
fitting with the needs of the market .  This occurs 
particularly with transfers in and out of cheese  for the 

reason that most che e s e  manufacture lS undertaken by 
s ingle pro cess compani e s . 
System of receipt of orders 

There are two main methods of purchase of spray­

dried products from the Dairy Board . 
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The Dairy Board allocates  tonnages to the 

companie s  by taking into consideration such factors as 

the company ' s  past performance , its te chnical capability , 
its previous proportion of non-standard products , the 

nee d  to spread expert i s e  and risks and of course the 
demand and expect e d  demand for the various specifications . 

The Dairy Board then gives the individual 

companie s  a s chedule of tonnages of each spe cification 

required each month for the season and as the s eason 
progres s e s  thi s  s chedule may be updated depending on milk 
production , any manufacturing problems that may ari s e , 

and other factors dis cussed below . 
Manufacture 

Individual companies  manufacture to meet the Dairy 

Board re quirement s . Scheduling of production within each 
monthly p eri od is under the control of company management , 
although shipping deadline s  must be met . 

Aft er manufacture the product may be stored in the 
dairy c ompany ' s  store or sent immediately to grade stores 
where it is graded.  This takes six to eight weeks . 

Loading onto the ship t akes up to two weeks . 
Causes  of short production runs 

Comp lications arise  through problems experienced 

by both cust omer and manufacturer .  The Dairy Board plays 
the intermediary rol e  in smoothing such disturbances . 

Customer : As a result of the length of time 

between initial order and manufacture , it may o ccur that 

the customer ' s  re quirements change . This would be due to  
changing e c onomic circumstances , results of market ing 
effort or changing competitive pri c e s .  Thus the s i ze of 
the order may be reduced or increased. Reducing the 
order may result in Short Production Runs due to  the 
smallness  of the order . Increased requirements could 
result in compli cat e d  s cheduling causing short runs or if 
it is  near the end of the seas on , short daily running times . 

Customers ofte n  specify preferential manufacturers , 

from whom they have received s atisfactory product in the 
past . This places restrictions on allocation . 
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This typ e  of agreement lS known as an 

" Evergreen" contract and mainly concerns dealings with 

milk recombiners . S eventy-five percent of SMP and BMP 

are sold  t his way . The product is  used in the manufacture 
of sweetened condensed milk , evaporated milk , milk , 
1 1  enriched milk" and UHT milk. 

The Dairy Board s ets prices six months in 

advance of  the commence of two six month perio ds (price 
may differ in the two periods ) . The recombiners then 
de cide how much they want , in light of the pri ces  of other 
suppliers , and make orders for the first six month period , 
on a t onnage p er shipment basis . Thus for that p eriod 
the Dairy Board knows exactly what is re quired at what date . 

The Dairy Board makes e stimates of what they 
expect to be re quired in the se cond six month period and 
thus can allocate re quired tonnages to factories  on a 
monthly basis for the whole seas on . 

l l .  Contract 
The remaining spray-dried pro.ducts are sold on 

a one year contract basis . There are two ways these  may 
arise . Tenders for supply are invited,  for whi ch the 
Dairy Board competes  on the International Market . 
Alternatively , a multi -national company asks f or the Dairy 
Board t o  supply a particular geographical area  with the 
multi-national brand of product . This is usually in cans . 
System of allo cation of orders 

Having re ceived the orders the Dairy Board is able 
to all o cate tonnages to the various companie s . The 
companie s  submit to the Dairy Board a plan of what they 
would l ike to produce , firstly in terms of standard 
product s  and .se condly including non-standard products .  The 
companie s  bas e  their de cision on product differentials ,  

set each season by the Dairy Board to encourage the 
required product mix. For example , in the 1 980-81 s eason 

casein was in demand so · it received an additional 5c per 

kilogram of milk fat above base , che e s e  received 2c per 

kil ogram and skim milk received only base pri c e . 
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Often customers specify that WMP must be less  than 

three months old when delivered .  This places great pressure 

on the system , esp ecially if s ome product is found to be out 
of specification when graded. This can result in complicated 
s cheduling and short runs to  make up the balance of the order . 
Because of the need to reach the market so  soon after 
manufacture , product cannot be manufactured in a long run 

and stored until next re quired .  Thus short runs result . 
Most recombining customers re quire powder of their 

own spe cification . This results in multiplication of product 
spe cifications and thus relat ively small volumes of each 

sp ecifi cation . Thus short runs result . 
Manufacturer :  An additional complication t o  

manufacturing o f  many products i s  that they must b e  canned.  

Thus their production s chedule must fit with that of the 
canning plant , NZ Dairy Packers in Hamilton . This is especially 

important in the case of baby foods which must be canned as 
soon as p o s s ible after manufacture . Off spe cification product 
introduce s the neces sity for:short runs to make up the short ­

fall and causes  further c omplications in the packing plant , 
whi ch may affect the manner in which other_ products are 

s cheduled for production. 
Some companies  are willing to produce some products 

at certain times of the year because of the higher yields in 
that period due to  the s e asonal variation in milk supply. 

Some spray-drie d  products have a much slower rate of 

throughput than others and therefore it is advantageous to 

produce them at the ends of the s e ason when total milk flow 
is  lower , thus utilising available capacity to best advantage . 
This further restricts the time of year when some companie s  

are prepared t o  produce s ome products .  
S ome  products ,  e . g . Heat Stable SMP , can only be 

produced at certain timffi of the year due to the seasonal 
variation in milk quality. 

The above factors , combined with any problems with 
out -of-spe cification product can result in s cheduling 

problems and thus short production runs . 



225 

Other problems 

Under Dairy Board rules , companies could produce 

unlimited quantitie s - of specificati on 600 skim milk powder , 

the standard spe cification . Thus they would avoid ever 
having to change spe cification . Companies do not do s o  
because they believe they obtain a greater net return by 
producing non-standard products t o  spe cifications set by the 
buyer through the Dairy Board . For these they obtain a 
premium payment in addition t o  that which they would obtain 
for manufacturing the standard product . 1 

Tnis premium payment , in their view , should 

recomp ense them in two ways : 
i .  It should pay for any extra costs incurred ln 

me eting this specification ; 

ii . It should provide some incentive t o  make the 
effort to produce a spe cial product , when they 
could have made Spe c . 600 . 

Be cause of the difficulti e s  in determining what a 

product c osts , item " i "  i s  open to abuse . Item " ii "  is  op en 
to debate as to its extent and whether it should be paid . at 
all . Implicit in the argument that it should be paid is  
the assumption that all milk powder could be sold if it were 
Spe c . 600. It assumes that marketing the product is not the 
compani e s ' problem . 

At pres ent companie s  are paid on the above basi s , 
although the Dairy Board doe s  not officially recognis e  

item " ii " . Costs are paid based o n  the average for the 
industry or the companies who are aske d to tender for the 
manufacture of the product . In general companies  make the 
decision as to  what they would like t o  produce based on what 

they believe their costs are relative to the average and what 
alternative products they could make . 

However ,  there has arisen a certain problem in that 

companie s  who have the ability to , and succeed in obtaining 
NSPO ' s  f or products in which they are relatively efficient , 
1 .  Although Spe c .800 l S  the standard whole milk powder 

and premiums apply above thi s  f or other whole milk spe c s , 
any manufacture of whole milk p owder , including spe c . 800 
is subj e ct to Non-standard purchase orders . 



226 

are able t o  pay a higher return to their suppliers , and 

thereby attract suppl i ers away from companies with lower 

payout s . Ultimately this could result in one company having 
lower costs and higher throughput through attracting suppliers 
away from companies , which then have under-utilised e quipment , 

and the spiral could continue to  the point where a company 
was no longer e conomi c .  

Thus the lower paying companies  desire t o  increase 

their payout relative to the companies that compete  with them 

for suppliers . They can do this in a number of ways including 
conversion of capital into payout , be coming more efficient , 

or by obtaining orders for non-standard products . Thus 
companie s  comp ete to  be allowed to produce non-standard 

products with the highest premiums . If they succeed in this 

they win on two counts . Firstly , they obtain the premlums , 
and secondly they prevent their competitors from obtaining 
the premiums . 

Hence the production process may not be the most 
efficient possibl e . The products with the highest premiums 
are tho s e  that re quire the most s ophisti cated plant to 

produce and meet the stringent re quirements of a relatively 
small market . Thus such products are diffi cult to produce 
to  s pecification and they are re quired in small volumes . 

Additionally , companie s  may be more willing to produce short 
runs than would normally be warranted on economic grounds , 
be cause they wish t o  be s e en by the Dairy Board as being a 

suitable company to produce high premium , non-standard products .  

Conclusi on 
It has been shown that the pre s sures to  produce short 

production runs in spray-drying factories  aris e  from both the 
market and the milk produce r .  The e c onomics of dairy farming 
demand the s e asonal pattern of production in order to bring 

about the greatest return in terms of the difference between 
income and expenditure . 

The relegation of comparative advantage to the rol e  

of a spe ctat or in the face of competition from s ubsidised 

products has meant a drive toward other means of s e curing 
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markets . Thes e  have principally involved the increasing 

spe cialisation of production in an effort to differentiate 

New Zealand ' s  product from the opposition and thereby 

maintain and - develop markets by best satisfying the 

consumer . 
In both the s e  areas , short production runs are the 

result ln the factory.  Because the factory i s  under the 

influence of the supplier due to its co -operative nature 

it may be that the interaction between farmer and factory 
in producing short runs could be modified if it was found 
to be beneficial to  the farmer . The market i s  largely 
beyond the producer ' s  control and so  the factory manager 
is faced with accepting short production runs and making 

effort s  to deal with them in the best way p o s sible . 
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