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. THE ROAD NOT TAKEN

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

Then took the other, as Just as fair,
And having perhaps the better claim,
Because 1t was grassy and wanted wear;
Though as for that the passing there
Had worn them really about the same,

And both that morning equally lay

In leaves no step had trodden black.
Oh, I kept the first for another day.
Yet knowlng 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



ABSTRACT

The features of short production runs in spray-
drying plants of the New Zealand Daliry 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 of all spray-drying plants in order to establish
quantitative and qualitative information on short production
runs. It was found that short production runs could be
classified 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 of the limited
milk available for processing.

The effect of capacity utilisation on spray-drying
plants and the costs of smoothed milk flow were examined
and it was found that smoothed milk flow could not be
jJustified on economic grounds alone.

The occurrence of short runs due to specification
changes 1n other industries 1s documented as are methods
to overcome their costs. It was concluded that the major
effects in spray-drying plants were likely to be through
set—-up cost and learning behaviour. However, it was
found that neither of these seriously affected cost of
powder manufacture, short production. runs due to
specification 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 quantified. A computer based management
information system was developed to assist in the control
of costs 1n general and short production runs in particular

in spray-drying plants.
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CHAPTER ONE

INTRODUCTION

The primary aim 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, plant,
machines, the services of men or all of these things.

Many people have been misled into belileving productivity
exclusively concerns the productivity of labour. Product-
1vity as discussed here involves making the best use of

all available resources. In order to increase productiv-—
i1ty 1t 1s necessary to increase output with the same 1inputs
or to reduce input for the same output. In a manufacturing
enterprise, the manager 1s 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



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

New Zealand, as much as beilng the "Land of the Long
White Cloud" is the land of the Short Production Run. Its
population 1s relatively small and 1s geographically
isolated into even smaller markets. New Zealand Industry,
in attempting to satisfy the needs of its highly educated,
affluent and diverse population, 1is 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 1s 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, 1s large when there 1s 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 1n the store, an extra
set of drawings or specifications, and an extra set of jigs
or tools. However, he considered the most important cost
effects to stem from the consequential changzges in batch
size with changes in variety and the resulting effects on
direct production costs and methods.

Thus i1t can be seen that short production runs can
cause low productivity 1n 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 remains one of the
country's leading exporters, accounting for about 16% of
all export receipts in the year to June 1980. Milk powders
represent Jjust 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 (BMD, 172,052 tonnes
of Skim Milk Powder (SMP) and 61,398 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 volume, 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 1s 1t
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 1n new market places, 1t 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 major effort to increase the value of each
tonne of milk powder sold by improving guality 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)



As a result of a greater number 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 unusual 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 dalry 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 in
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 1is
not merely z matter of concern for spray-drying plants but
1s 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 opportunity has arisen for the 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 1s 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 ensures 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 obtalning such a result in practice,
in spray—-drying plants.

The problem of short production runs can be viewed
from a positive aspect. It 1s 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 1n 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 i1n mind the vital role of the manager in
productivity improvement and focussing on the activities

inside the spray—-drying factory,]’2

the occurrence, features
and costs of short production runs are to be examined with
the 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 guestions

are to be tested by means of a survey of the Industry and
studies 1in some 1ndividual spray-drying factories.

The spray—-drying plant 1s 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 distinction 1s 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.



In particular the relationships between energy
consumption and run length and processing rate and run
length are to be studied. Finally some measures to
deal with short production run'problems are to be

proposed.

1. The term 'productioﬂ%pis 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 1is
produced without interruption by change of specification'
or both of these meanings.

The context will indicate the sense.
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CHAPTER TWO

TEE SHORT ¥rCDUCTION RUN IN INDUSTRY

2 THE COMMONALITY OF METHCODS OF MANAGEMENT
OF PRODUCTION

Although in its widest sense production mey involve

the creation of goods and services, 1n this study
production will be used synonyrously with manufacture.
Thus production invo_ves, the intentional act of making
articles by means of physical labour or machinery.
Production involves a change in the form of an. input that
results 1n 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 machinery can vary from a potters wheel to a
complex computer controlled factory. As Riggs (1) states,
"Despite apparent differences 1n raw materials, generating
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.” _

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 i1t 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 are 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 1s represented diagrammatically in Figure 2.1.

It was stated by Wild (2) that "It has been found that
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management of transformation processes 1is, to some
extent, independent of the technology involved."
"Problems of location, layout, stock control, scheduling

and replacement are important features of (all) these
systems."

DISTURBANCES

\4

BE e ® PRODUCTION E ——
e PROCESSES _____CED
Planned L
Action Comparator.
Input is output 1is
regulated 32@%ared
to meet . .
objective FEED BACK objective
<
CONTROL
FIGURE 2.1 The manner of action of production
management

Naturally, the problems encountered by a production
manager in the manufacture of soaps are different, at
least in 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 1n 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 in 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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2ok THE OCCURRENCE OF SHORT PRODUCTION RUNS

Short production runs occur in many types of

industry. They result from the use of manufacturing
equipment to produce goods in a smaller volume than it
was originally intended the equipment should produce, or
in a smaller volume than i1s normal. There is an implied
inefficiency as a result of the shortness of the product-
ion run and a consequent cost of production above the
minimum.

Fasterfield (3) in a discussion on optimum variety,
noted that batch size (i.e. run length) appeared to affect
cost through three main effects:

. through allowing different technical

processes to become economic;

ii. through the spreading of overheads;

1ii. through learning.

He suggested that as batch size increased, more specialised
plant and machinery, with higher initial and/or set-up cost
became economical. Also the flexibility of plant needed
could be reduced.

With respect to spreading of overheads he said that
the idea that each batch will incur some set-up cost that
must be absorbed by it was widely understood, although
few firms had costs recorded in such a way as to make such
a distribution of cost practicable.

The learning effectj or continued reduction in
labour content per unit with increased production volume,
is saild to occur as a result of technical progress during
a run, such as the invention and introduction of new
techniques, reduced average costs for organising _
production and.greater manual dexterity brought about by
experience (4).

Additionally, Easterfield (5) discussed the effect
of variety on stock-holding, suggesting that the total
safety stock held will tend to rise with the number of

1. For a more complete description of the learning
effect, see Chapter 6.
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varieties.

As stated above, runs are short only in relation
to the capacity of the plant. Plants tend to be large
because of the expected economies of scale. These
expected economies were described by Pratten (6) as
arising from indivisibilities, economies of increased
dimensions, economies of speclalisation, 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.

2.5 CLASSIFICATION OF MANUFACTURING SYSTEMS

Prior to the industrial revolution almost all

manufacture was performed by master craftsmen who
manufactured each item individually. In the 18th 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 specilalised 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 100 firms which was

concerned with the relationship between organisational
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structure and production technology, arrived at a
classification system, in which a differentiation was made
between those firms making integral products and those
making dimensional products, measured by weight, capacity
or volume. Dimensional products, such as chemicals, were
manufactured by process production.

Both dimensional and integral products could be
manufactured in a continuous, or mass production fashion
or 1n a batch fashion. Additionally a distinction was
made between products which were of a one-off kind and
those where production was standardised. This

classification is shown 1in figure 2.2

PRODUCTION
ENGINEERING
CLASSIFICATION
(Production of units to

(customer requirements. )JOBBING
(UNIT AND (Production of prototypes. )
(SMALL (Fabrication of large
(BATCH (equipment in stages.

(PRODUCTION(PrOduCtion of small
(batches to customer orders.)

INTEGRAL E
PRODUCTS  ( 1hrGE  ( Production of large %BATCH
(BATCH AND ( batches. 3
(MASS ( Production of large )
(PRODUCTION( batches on assembly lines:
( Mass production. MASS

( (Intermittent production of BATCH
DIMENSIONAL(PROCESS (chemicals in multi-purpose

(PRODUCTION(plant.

PRODUCTS ( (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 the relationship between run
length and production system was made by Wild (9).
Production was classified as Jjobbing, batch or mass, 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 the manufacture

of unique items with absolutely no repetition. Mass
production in its purest form mast closely corresponded
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to Woodward's "Continuous flow production of liquids,
gases and crystalline substances". It involved the
continuous production, twenty-four hours per day and
%65 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 1tems or components, perhaps destined for
use 1n 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 usually
the result of a long series of complex operations, often
involving other types of production. ZFlow production 1is
most easlly achieved for materials that flow naturally,
such as 01l 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,
miied 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 runs and methods to deal with them.q
The different production systems will involve varyilng
proportions of contribution to the production process by
the different factors of production, men, materials and
machinery. Thus measures to deal with the dis-economiles
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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Increasing production run length
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orders M
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specilalisation of equipment
FIGURE 2.3 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 1n a cell may not require all the facilities of
the cell but they are chosen so that the minimum of re-
setting 1s required between different items.

Despite group technology having been a recognised
system of manufacture since the turn of the century, most
United States plants are still functionally organised,
according to Teresko (11). This results in high in-

process 1nventorles, long production time, and slow
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response to orders. He suggests that group technology

has enabled improvements 1n engineering design,
manufacturing engineering, materials control, production
and job enrichment. Group technology is also highly
amenable to use 1n Computer Aided Design and Computer Aided
Manufacture systems and is said to be "the underlying
organisational principle of the computer-integrated
manufacturing system of the future".(12)

A flexible manufacturing system that is completely
automated is described by Hutchinson and Wynne (13) and
a similar development in West Germany 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 wnhich manages both
the numerically controlled machines and the materials
handling system. Such a system 1s 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 handle
volume and variety at relatively low costs.

Another group technology approach advocates the use
of robots and a hierarchy of computers. Black (15) states
that Boeing estimates.that such a centre for the production
of sheet-metal parts could reduce production-time labour
by 80%, and set-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 "flexible" 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 but 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 i1t was calculated that by using all
possible combinations of styles, options and colours
avalilable 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:

i. High importance attached to capacity

utilisation;

ii. Variability in demand will result in a

degree of variability in both product mix
and component requirements;

iii. Product demand for batch generally small

to mediumr sizes;

iv. Levels of component complexity commensurate

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;

vii. Marked reduction in cost of data processing

and 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 1s in its flexibility
in 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 can 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." (18)

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, 1t 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 1is only
thirty minutes. (19).
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In discussing production control in metal working
factories, Moore and Jablonski (20) observe that short-
run orders waste both man and machine time because they
cause so many set-ups. Staff on pilece work do not 1like
them because they cannot get into the swing of production
and earn bonuses, and short runs take an undue amount of
production control work. They suggest that strategies
to deal with short-run production could be:

T put them through a miniature short-
run factory;

ii. put them through the company's
experimental shop;

1ii. put them through the toolroom cr
maintenance department's machine shop;

1v. sub-contract them outside.

Short-run sheet-metal forming methods used in the
aircraft industry are described by Noble (21). Because
aircraft components are not mass-produvced in terme of
numbers , yet require a high degree of precision and
repeatability, the ailrcraft indusliy has developed such
technigues as deformation by short bombardment, explosive
rforming which eliminates the need for a press, fluid
tooling and casting in eutectic alloy of the tcol inside
the press, and infinitely wvariable tooling to avoid high
tooling costs.

The use of superprlastic aluminium allioys 1in
manutfacture of articles Irom sheet nas improved short
production run economics by a substantial reduction in
tooling cost and leads to a marked decrease in lead times
between order and delivery of goods. An example 1s given
of the tooling costs for a vehicle sucnh as a Range Rover
with fourteen body panels which would cost about £1.5
million using conventional tooling but only about £50,000
using superplastic aluminium. This material is most
suitable for run lengths between 1000 end 500C but can
compete seriously between 50 and 50,000. (22)

Spincasting is a technique highly suited to short
production runs. It has a long history in the fields of

dental and Jjewelry metalwork but recent advances in new
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silicone rubbers, used for the moulds, have enabled it to
be extended to The production of zinc and even aluminium
articles. The cost of a compiete spincasting system 1s less
than the cost of many individual dies produced for high-
pressure diecasting. It is extremely quick in that
production of parts can be made on the same day acs a
product is conceived. Using a high-temperature zinc alloy
he moulds can stand up to hundreds of casting shots
although only 20 to 30 shots of aluminium. (23)
These methods of coping with the short production
run involve mcans of avoiding the crief cost of the short
production run in the batch production situation, the set-
up cost. Set-up involves the use of the scarce resource
of skilled labour and represents potentially productive
time when the plant is idle. Means of avoiding or
reducing the set-up cost as discucssed above, involve:
i. Changing the organisational pattern to
one which enables short runs to be made
more easily through improved commurication,
simpiification ¢of planning and labour
flexibility .

11. The use of increased capital in the
Tform of flexible automation using computers
and direct numerical control machines or
robots with a computer-controlled material-
handling system to provide ability to change
rapidly and easily, witchk a small cn-going
labour content.

111. The use of individuai or small groups of

numerically controlled machines where set-up
time i1s eliminated because the set-up is

stored in a readily retrievable form.

1. Teresko (11) states that the grouping of workers as
a consequence of group technology makes them tend to
become expert on all the equipment in their cell. He
says " Almost magically set-ups that once required
skilled people are done routinely by anyone in the
work cell.™
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iv. The use of unconventional methods of
manufacture which avoid high tooling
cost.

V. The use of a different material that
allows the avcidance of high tooling
costs for more conventional materials.

vi. The use of a sub-contractor whc may
use many orders from different firms
or different production techniques to
attain economies.

Interestingly, the examples of tke spincasting
technique and the aluminium forming above, show that
FEasterfield's comments that increasing batch size allows
different technical processes to become economic can,
in fect, be a process which occurs with both decreased

volume as well as increased volume.

2D

=

MASS PRODUCTION

Mass production is "....methods of organising the

manufacturing processes so as to attain high rates of
production at decreasing unit cost". (7)

Flow-line production, involving the manufacture
cf discrete items, and flow-process production, involving
the manufacture of dimensional products will be discussed.

Flow-line production

This type of mass production imnvolves the
manufacture of discrete, integral items. The process of
production involves the use of the line type of
org,r:miseﬁ:ion/l which is highly dedicated to the
manufacture of one or a small number of products. Low
unit cost 1s achieved by specialisation and production of
large volumes, thus when it 1s necesseary to produce short

runs, dis-economlies oOccur.

I

Line organisation 1s described by New (10) as having

the characteristic of unidirectional flow through facilities.
The line is specific to a single item or a set of physically
very similar items and in general all the items require all
the facilities on the line. Complex resetting 1s required
when ths line is changed between different items
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The classic example.of mass production is the
manufacture of motor cars. DMess production was first
brought to wide notice as Ford made innovations resulting
in greatly reduced unit cost in hkis procduction of "Model T"
cars in the early 20th century. Ford's first assembly
line was used for the manufacture of magnetos. With one
workman doing a complete Jjob, he could assemble from
thirty to forty pieces in a nine-hour day, that is about
2C minutes cach mragneto. When the assembly was split into
twenty-nine operations, the assembiy tims was cut to
thirteen minutes ten seconds. The height of the line was
raised =ight inches, cutting the time to seven minutes.
Further develbpments cut The time to five minutes per
magnsto. As the result of such principles being applied
throughout the production process, the cost of the
"Model T" fell from $780 in 1910 to $290 in 1924. (24)

In present-day plants manufacturing costs per car have been
relzted to output per yeer.(25) ©Economies result through
use of more automated tools for assembly, reduction in
initial costs (development) per car, purchasing economies
through larger orders for bought out materials, competition
among such suppliers and the reducticn in per unit capital
cost. Pratten (26) has estimated these economies as

listed in Table 2.1 for a UK manufacturer producing a

single mwodel at varying levels of output on one site.

Output (thousands/year) 100 250 500 1000
Initial costs for model &£m 15 20 28 - 38
Costs per vehicle.

Initial costs 38 20 14 10
Materials & components

bought out 265 250 240 235
Labour (direct & indirect) 102 90 86 83
Capital charges for fixed

& working cepital 60 3 50 48
Total ex-works cost 465 413 390 375
Index 100 89 84 81
TAELE 2.1 illustrative estimates of Costs and Scale

in car manufacture
(After Pratten, 1971, p 141)
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When small volumes of vehicles must be produced
very different techniques to those of the large
manufacturers described ebove, must be used. Norbye (27)
gives an example of a West German firm which specialises
in manufacture of small volumes of special vehicles. The
productionr of such vehicles 1s achieved economically
through special techniques and msasures such as:

i. Production machinery is guickly
adjusteble over a wide range;

ii. Standard machine tools {not special
purpose equipment intended for
processing gr=atsr numbers in
shorter time);

1ii.Use of Tibreglass body panels;

iv. Short, slow-moving assembly lines;

v. Use of modular design units and
moduler construction;

vi. Use of bought-in engines, gear-
boxes and other components.

The aircraft assembly industry was the scene of the
¢iscovery and quanti’ication of the learning curve.
Studies of aircraft assembly showed that the fourth plane
required only 80% as much direct labour as the second,
the eighth plan only 80% as muck as the fourth and so on.
(28). Thus in aircraft assembly, short procduction runs
bear the penalty of additional labour content per urit.

It has been shown that learning rate is proportional
to labour input per 1lb of aircraft (29). Thus it would
be expected that learning curves would be most apparent
in production processes with high labour content..
Nevertheless, Hirschmann (3%0) has shown that there is
evidence to suggest that learmng curves occur even in &
flow-process industry, such as o0il refining.

Tre use of measaress Lo increase the rate of
learning of assembly workers as used 1n the electronic
assembly industry was reported by Young and Tanner (31).
A system of modular production stations was used to
rrovide flexibility to meet changing demands. They claimed
a 35% higher rate of set-up using modular rroduction

stations. A series of photographs of the first piece
sample was made at various stages of assembly, tke item



22

numbers from.the parts list were ballooned out from the
photographs. Alternatively an assembly drawing was
used. On the drawing a starting point was identified
and a line was drawn to each successive part. In
assembly of wire harnesses, tape recordings were used to
give instructions. It was found that operators could
lay wire satisfactorily 3C% guicker than previously,
when written instructions were used.

It was suggested by Keggerreis (32) that a
relatively short cycle time should be used in assembly
cperations to improve learning rate. However he also
suggested that too short a cycle time would lead to
fatigue. He stated that conveyor cycle times should fall
tetween 15 seconds minimum and % 1/2 minutes maximum.

Product design can play a role 1n easing the costs
of short production runs. Probine (33) reported methods
used at Fisher and Paykel's white-ware assembly plant.
He described how their 11 models of refrigerator used
only 4 basic doors and 2 depths. The chest-type models
were made to the same folds as ths vertical models. Tte
use of ABS plastic with expanded foam insulator
eliminated costly welding and metal-forming used in
refrigeratcors manufactured overseas. £ilzes were also
designed for maximum utilisation of container space as
a large proportion cf production was for export.
£tdditionally Fisher and Peykel used small computers to
alter machine settings to enable the rapid changeover
from one product to another on the same production
line. {34).

A pharmaceutical packaging factory maintained
efficiency despite runs varying from 5,000 to 100,000
units Dby:

1. Keeping plant floors and layouts
open, for fast, easy shifts of
. operations;
1i. Keeplng line mechanisation at a
minimum by resisting the temptation
to add equipment which i1n the long

run would reduce versatility.
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1ii. Having an on-going training
programms for crews and supervisors
so that anyone could do any Jjob (3%5)

Einbinder (3%6) reported that a cosmetic packaging
company minimised the cost of set-ups by ensuring that
there were sufficient lines to enable a new run to be
set-up before a crew had to move to the line. The firm
also put great emphasis on ensuring the line was set up
correctly, pointing out that "The additional time of the
set-up man 1s far outwsighed by the man-hours of several
operators wasting time or dolng unnecessary work to
compensate for a bad set-up."

In flow-1line production involving the manufacture
of complex products such as aircrsft, production-plarning
to ensure that all resources are co-ordinated 1s a highly
complex process. This can be further compounded by short
producticn runs. Warterbury (37) reported that Lockheed
use a rhighly sophisticated computer-based planning system
called. "Genplan" to generate manufacturing process plans.

Measures to deal with short production runs 1in
flow-line production are aimed at reducing the set-up
cost and increasing the rate of learning of operators as
well as reducing the complications of the planning task.
These obJjectives were met through:

i. Use of flexible non-specilalised
machinery;

1i. Substitution of labour for capital
inputs to increase flexibility;

1ii. Use of modular units in design and
production.

iv. Use of photographs and cther
pictorial methods to increase the
rate of learning.

V. Use of tape recordings to increase
the rate of learning.

vi. Selection of arproprizte cycle time
to minimise the effect of learning.

vii. Standardisation of parts to minimise

set-upr costs.
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viii. Selection of materials which have

low tooling cost.
ix. Training staff to improve flexibility.
X. Use of computers to assist in complex

production planning.

Flow-process production

Flow process production involves the continuous
or semi-continuous manufacture of dimensional products.
It is the most recently develioped form of production.
It is highly capital intensive and requires relatively
highly skilled operators. Examples of such production
include the manufacture of chemicals such as suiphuric
acid, continuous fermentation process to prcduce alcchol,
printing processes using web-fed presses and many food
production processes.

Woodward (38) reported that in the study orf 100
firms, classified as in Figure 2.4 (where process
rroduction éorresponds most closely to flow-process
production), the following emerged:

. there was more delegation of authority

in process than other types of production;

ii. the length of the line of command (number
of levels of hierarchy) was greatest in
process production;

1ii. the span of control of the chief executive
was greatest in process production, he
acted as a chalirman rather than an
authoritarian figure;

iv. the proportion of turnover in wages and
salaries was least 1n process production
and industrial relations were generally
better, probably due to less tension and
pressure, smaller working groups and
small spans of control in middle management;

V. the ratio of managers to total personnel
was much greater in process industry
(1:8 process, 1:16 large batch and mass,

1:2% unit). Additionally managers were
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vii.

viii.
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better qualified with a large

proportion of graduates 1n line management.
There was a greater proportion of indirect
labour to direct labour in process production.
There was a greater proportion of clerical
and administrative labour to manual labour

in process production. 1
There was a larger number of skilled workers
in process and unit production than large

batch and mass production.

Learning behaviour has been observed in flow-

process production. Baloff and Kennelly (39) reported

that in a
industry,
6 e 1N
the first

that over

recent study of process start-ups in the steel
steady state productivity was reached that was
times greater than the average productivity of
month of operation. Hirschmann (30) reported

a period of ten years, the time required to

put a Whiting refinery fluid cracking unit on-stream
dropped to less than half the time 1nitially required.

The

cotton 1ndustry in Britain was plagued by a

great variety of specifications and consequent short
run lengths according to Robson (40). He suggested that

economies
by:
i.
ii.
sikallall .
iv.

could be achieved from a reduction of variety

reducling administrative and

clerical expenses;

reducing the amount of stock holding
necessary;

reducing the time when machines or
men were idle through difficulties

in dovetalling one order into another;
reducing the proportion of time spent
in machine setting as agalinst machine
running;

1. There was some problem in obtaining the skilled
operators necessary as although they were often

highly

skilled in that situation, they were not

recognised as skilled outside the firm.
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V. by permitting an optimum deployment
of labour and more generally, of all
the factors of production.
In addition he suggested there may be a saving from the
increased skill of management and operators leading
to an improved flow of output and a reduction in faults.

In the past, gravure-printing has been restricted
to use in largest circulation in the publishing field
and longer runs 1in packaging due to a great extent to
the cost of the gravure cylinder. However, a new
gravure cylinder production process, reported by Purdy (41)
has reduced the cost of cylinder manufacture by about one
half. The cylinders also take significantly less time
to engrave thus making it possible to produce short
runs more economlcally.

The relationship of various process and product
parameters to run length in a naptha cracking heater has
been examined by Mol (42). The end of a run can be
caused by coking of the cracking coils or by fouling of
the transfer line exchanger. Mol examined the
relationship of film effect and tube-wall temperature,
feedstock, outlet temperature, outlet pressure, dilution
steam, coll design and size, burner type and layout,
tube material, and tube length and arrangement to run
length and was able to recommend operating strategies to
improve run length.

Measures to deal with short production runs in
flow-process production must deal with the high set-up
costs and improve learning rate where possible.
Additionally, Mol's article indicated a run-length
feature unique to this type of manufacture: the inter-
action of the material and the process plant.

There is relatively little published information
dealing with this class of production and so, bearing
in mind the special nature of this production, methods
to bring about solutions to the short production run
problem must be extrapolated from other forms of
production or be completely novel.
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2.6 SHORT RUNS IN SPRAY DRYING PLANTS

The commonality of many problems in a wide range of

manufacturing has been discussed. In all situations a
production manager must plan and control to meet obJectives.
He must co-ordinate men, machinery and materials in the
face of unexpected disturbances in order to manufacture a
satisfactory product.

Spray drying plants are different from.the other
types of production that have been discussed. There are
a number of features that make them different. These
include:

i. The seasonal pattern of milk flow.
Manufacturing is dependent on the production
of the raw material which occurs in a seasonal
pattern with a peak of twice the average flow.

ii. Perishability of raw material.

The short life of the raw material due to rapid
microbiological attack makes storage
impracticable and necessitates prompt
processing.

1ii. A relatively small labour force.
A small number of people are responsible
for the major portion of the processing.

iv. Limited variation in plant and product.
A1l raw material must pass through the
basic steps of separation, evaporation,
drying and packing. To bring about variation
minor plant items are added in various
combinations and flow rates and temperatures
altereds

s Limited plant running time.

The plant's running time 1is limited by scale
build up in the evaporator and microbiological
growth so that for practical purposes, a large
part of i1t must be cleaned completely every

24 hours.

vi. Raw material and product are both fluid.
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vii. A high proportion of cost is fixed.

The labour cost is fixed. Plant must be
staffed to handle thepeak flow and because of the skill
involved cannot readily be shed and replaced. Also plants
are often in areas which do not have a ready labour market.
There 1s a daily cost of start-up, shut down and cleaning
regardless of volume of product, with the evaporator
consequently running for several hours without product.
Finally, the plant itself i1s an expensive major single
item and parts cannot be readily shed or acquired to alter
capacity.

These features and others distinguish spray drying
plants from other types of production. However, spray
drying plants also have many similarities with other types
of production. Their sophisticated process technology,
high capital, and low labour content and free-flowlng
product and raw material appear to be a classic case of
a flow-process industry. However, they also have features
of batch types of production. There 1s a limited volume
that can be processed before cleaning, there is a daily
start-up and shut-down, and the equipment 1is relatively
general purpose 1n that all three major types of product,
namely SMP, WMP and BMP can be processed in the one plant
with only minor additions and control alterations.

It must be concluded that production in spray drying
plants is a hybrid process and short production runs may
involve problems and draw solutions from a variety of
types of manufacturing.

From the study of batch production it was concluded
that set-up cost was a major factor in short runs. An
examination of set-ups in spray drying plants must be
made to determine 1f this is the case, and if the time
taken for set-up 1s a critical factor. If set-ups proved
to be a problem could flexible automation or computers be
of assistance? Could the use of unconventional equipment
or processes avoid such set-up costs or could the Dairy
Board organise the allocation of orders differently to
attain economies?
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In flow-1line production, measures to deal with
short production runs are aimed at increasing the rate of
learning as well as reducing set-up cost. Does learning
behaviour occur in spray drying plants? Could the
substitution of labour inputs for capital equipment increase
flexibility? Can the operators be trained better to adapt
more easily to changing product specifications, can
computers be used to assist in complex production planning?

Flow process production studies indicated that in
this type of production there is an interaction between
the plant and the material. Can this relationship be
quantified, can 1t be used to produce short runs more
efficiently? Can advantage be taken of the different
management structure in this type of processing in order
to improve short run economles?

Many questions have been posed by this study of the
occurrence of short runs in other industries. They have |
indicated where the problems of short runs lie and where
to look for solutions. Only a detailed study of spray

drying plants can resolve these questions.
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CHAPTER THREE

THE OCCURRENCE OF SHORT PRODUCTION RUNS

IN SFEAY DRYING PLANTS

5.1 PREPARATION Of THE SURVEY

Introduction

It was considered necessary to undertake a survey of
the occurrence of short production runs in spray drylng
plants of the New Zealand Dairy Industry because the
information sought was not available from any other
source. It was desired to determine:

1. How short production runs could be defined.
ii. What caused short production runs.

iii. How many short production runs occurred.
iv. If short production runs were seen to De

a problem in the factories.

V. What problems were caused by short production runs.
vi. What might be the potential means for improvement.

The survey was carried out in two parts. A written,
postal questionnaire was followed by an interview. The
results are presented here in that order because the
aquestions asked 1n each case were respectively quantitative

and qualitative, providing a natural classification.

Pamiliarisation with the Industry

In order to determine the best method of seeking the
information and to be familiar with the technical nature
of the Spray Drying Industry, a number of visits were
made to Spray Drying Factories where the problems of
short production runs were discussed with various staff
members. In addition the operations of a spray drying
factory were observed at first hand by attending several
shifts with plant staff. In addition short production

runs 1n spray drylng plants were discussed with Dairy
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Board, Dairy Research Institute and Massey University
staff.

Preliminary Data Analysis

A preliminary analysis of the distribution of
production run lengths was able to be made on data
provided by the Dairy Board.(1) This was done with the
aim of assisting in the understanding of the data
reguirements for the proposed survey.

The Dairy Board data comprised monthly production
statistics by factory and by specification for the 1978-79
seasol:. It enabled some estimates to be made of the extent
of short production run occurrence due to changes of
specification.

There were some important points immediately raised

with regard to the inadequacy of this Dairy Board data:

1. Production which failed to meet specification (and
thus was not submitted to the Dairy Board) was not
included.

ii. It was not possible to determine whether a product

specification (and hence a run) had been produced
deliberately or as a result of a re-classification
of the product.

1ii. In the case of factories with more than one plant,
it did not distinguish which plant was used.

iv. It did not indicate whether the tonnage for a
month was produced as one run, as a number of runs,
or as part of a run extending into more than one
month.

The data was analysed under a number of assumptions.

Briefly, the conclusions reached were that:

i. Generally there appeared to be the greatest number
of short runs in SMP and BMP production, followed
by WMP, followed by the protein group.

1i. If it was assumed that factories only used their
smallest drying plant, then this assumption
resulted in a similar distribution to that which

would be obtained if 1t was assumed that groups of
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similar specification were produced as one
production run.

iii. In WMP and protein groups, the distribution of run
lengths did not change with time of year. With SMP
and BMP groups there was an lncrease 1n average run
lengths during the flush period, with shorter run
lengths 1n July-August and February-March-April.

iv. Standard specification products exhibit a different
run length distribution to non-standeard specifications.
There was a larger proportion of short runs and very
long runs in the standard specifications.

V. There were some companies that produced a different
proportion of short runs to the industry average.

vi. The distribution of run lengths was as follows:

25 to 50% of all runs were long runs (>150 hours)
45 to 60% of all runs were short runs (15-150 hrs)

15 to 45% of all runs were extremely short runs
(<15 hours)

(The percentage depended on what assumptions were

made. )

This enalysis indicated that it was likely that
large numbers of relatively short runs were occurring.
It also showed the need to collect information in such a
way as to eliminate the assumptions that were necessary

as & result of the inadequacy of this data.

Method of Data Collection

There are two recognised methods of data collection

for this type of situation, the interview and the written
questionnaire.
The Interview

The interview has the advantage of assuring a high
response rate, ensuring that the respondent is able to
supply & response to the correctly interpreted question,
enabling the expression of views that may not have been
possible 1n a written form, and enabling the interviewer
to make an assessment of the authority of the view.

It has the disadvantages of taking a great deal of
time and expense 1n physically visiting the respondents.
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It is also subject to being affected by stress, strains
and other factors affecting the interviewer and the
respondent.

The Written Questionnaire

The advantages of the written questionnaire are
that it is a relatively inexpensive form of data collection,
the respondent cancomplete the questionnaire at his lesisure
and each respondent 1s presented with a standardised,
unemotional situation.

The disadvantages are that it does not allow the
respondent the freedom to express his views as well as the
interview, 1t has less likelihood of being completed due
to the lack of personal contact, it must be relatively
short and it must be clearly worded to avoid mis-interpret-
ation and ambiguities. (2)

It was decided that a combination of the two
techniques would best meet the needs of the research.

As there were only thirty-six factories in the Industry,

a successful survey would require an extraordinarily high
response rate. Thus the promise of a personal visit after
the written questionnaire was an incentive to complete it.
Additionally, the information required clearly fell into
two groups.

Quantitative information could best be collected by
the written questionnaire enabling the respondent to
perform any necessary calculations or collection of
information at his leisure. Writing would also be
minimised, thus allowing a greater volume of information
to be collected in a shorter time. It was decided to use
a small portable tape recorder to collect the results of
the interview questionnaire to allow a free-flowing,
natural conversation to occur, facilitating the expression
of ideas. (3)

Construction of Questionnaires

Bearing in mind the facts that were required to be
determined, listed above, a long list of questions was

generated. They were aimed at the production manager of

"
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each factory as being a unique individual in each factory,
who was in a position to be aware of the technical nature
of the plant's operation as well as having knowledge of
wider management issues. (4)

In order to reduce the questions to a manageable
number and ensure that the right questions were asked,
without duplicating information already available, the
list of questions was presented to Dairy Board Technical
staff, Dairy research Institute staff and others, for
criticism.

With the help of this criticism (5), the
questionnaires were prepared for pilot-testing. It was
felt that it was not desirable to use more than one factory
for this purpose, in view of the small total population.
This was done and the questionnaires were thus corrected
and finalised.

Method of Carrying Out Survey

An introductory letter, emphasising the importance
of the questionnaire, indicating the expected time of
completion, and that some useful results would be
returned to the respondent, was prepared and endorsed by
Dr Sanderson, Assistant Director of the Dairy Research
Institute.q

The introductory letter, along with the
questionnaire bookletq and a return addressed and stamped
envelope were mailed at the beginning of April to a list
of production managers, prepared with the help of Dairy
Board Technical staff. (6) This date was chosen to
coincide with the end of the production season, permitting
the collection of data from the past season while it was
fresh in the minds of the managers, and at a time of the
year when their work load would be expected to be low.
The required completion date was April 25th.

When approximately two-thirds of the questionnaires
had been returned preliminary results were calculated and

each respondent was sent a copy with a letter expressing

1. See Appendix 2 for copies of letters and booklet.
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thanks and proposing an interview date. Reminder letters
and additional questionnaire booklets were sent to those
factories which had failed to return questionnaires. A
few days prior to the proposed interview, each production
manager was contacted by telephone to confirm or re-arrange
the interview.

Extent of Response

Completed written questionnailres were received Ifrom
thirty-one factories. In addition the results from the
one factory used as a pllot-test were included. Two
factories indicated that they did not wish to complete
the questionnaire as they were currently involved solely
in caselnate manufacture, and one factory did not respond.

Interviews were completed at thirty-two factories
(including the pilot). At two factories the staff were
unavailable for interview for a period about the proposed
visit time, and one factory was not visited because of

its geographical isolation.

2.2 RESULTS OF WRITTEN QUESTIONNATRE

Introductory Note

This section contains the results of the written
questionnaire on short production runs 1n the New Zealand
(Dairy) Spray Drying Industry. The figures refer to the
1979-80 season and are the result of the data supplied
from thirty-two of the thirty-five factories in the
Industry.

Some questions have a section recording statistics
on "Estimate'", "Production Record", or '"No Answer"
responses. These were used to 1ndicate the degree of
reliability of the results listed in that question. The
"No Answer" category includes those respondents who did
not tick either the "Production Record" or the "Estimate"
box., as well as those who did not answer the question.

Responses to question one were not listed here
because 1nsufficlent replies were made to draw a
representative description of the size of plants in the

industry.,I
1. An analysics of the capacity of plants 1s made 1n Ch. c.
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Question 2

What is your definition of a Short Production Run?

Results

Twenty-four respondents defined a Short Production Run as
being a period of less than one day's run (up to 24 hours).
The shortest period considered to be a short run was one
hour.

Six respondents defined a short run as being a period of
greater than 24 hours run but less than a week's run.

No respondents defined a Short Run as being greater than

a week.

Two respondents did not answer this question.

Question %

Are there any particular product specs that involve

Short Production Runs? Please specify and note why.

Product Spec Reason that it is produced in
Short Runs
Buttermilk Small quantities available for
Powders processing and short storage life.

One respondent indicated problems of
out of spec. on flavour as a result of
two days storage before processing.
Insufficient steam to dry buttermilk
on roller plant, thus do Short Run on
Spray Drier after casein manufacturing
is finished.

Yeast Powder Small quantities available for
Goats' milk pdr processing at any one time
Lactose Permeate

Lactalbumin

Baby Foods and Small market requirements and
local market limitations on associated plant.
products

Agglomerated types|Depends on Dairy Board Marketing
Health Foods Expiry date on product

Some Skim Milk Fouling of Evaporator
Powder Specs

Various Trials and test runs
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Question 4

Are there any product specs that are particularly
difficult to produce a Short Run of? Please specify and
note why.

Results

Shortness of run was felt to magnify yield losses. This
was especlally important with high value products.

Some Health Foods were considered difficult to produce 1in
Short Runs because of the length of time taken for Protein
and  various analytical Tests (up to 6 hours).
Problems could also be experienced with Skim Milk Powders
of restricted WPNI because of the lag time between
production of powder and results from WPNI tests.

Two respondents felt that any product was difficult to
produce in a Short Run because of the need to "settle
plant and obtain results”.

After production of runs of Buttermilk Powder (usually
short) problems were sometimes experienced with fatty
powder in the plant (when producing SMP).

Some Babyfoods were considered difficult to produce in
short runs because of the uncertainty of the quality of
some of the non-milk ingredients.

On buttermilk powder the evaporator produces a surplus of
concentrate because 1t was designed for Skim Milk. Also,
the drier overloads the transport system.

On production of instant powders, there is a production
of about 1/2 tonne of non-instant product each start-up/
shut-down. This loss is magnified in Short Ruas. There
1s also the settling down of staff.

Question 5

Below are listed some possible causes of Short Production

Runs.
I Add any causes not listed

IT Note beside each hcw many Short Runs
are caused by it per year.
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Estimate 14 Production Record 8 No answer 10

Results

Ranking of causes of Short Production Runs

Rank Cause LETIEE
respondents
1 Trials, test runs ' 17
2 Seasonal variation in milk quantity 14
5 Small order allocated factory by 11
Dairy Board
4 Management decision 8
5 Failure to meet product spec in
earlier run 7
S Seasonal variation in milk qualities
and properties - S
7 Seasonal variation in milk quality 4

Other factors which were felt to cause Short Production

Runs were:

making show powder :

normal Buttermilk Powder Manufacture:

no or poor refrigeration eliminating skip-a-day

pick up :

small order caused by local sales:

small amount of concentrate available to dry:
local market customer requirements.

In questions 5 and 6,

it was difficult to establish Jjust

how many Short Runs were caused by any one factor because

respondents had widely differing views. As a result an

arithmetic average would have been meaningless. Instead

the causes were ranked in the order of the number of

respondents that noted this factor to be a cause of

Short Production Runs.
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Question 6

Below are listed some possible causes of interruptions to
production runs.
I Add any causes not listed

II Note beside each cause how many occurrences
of it there are per year.

Estimate 15 Production Record 10 No answer 11

Results

Ranking of causes of interruptions to production runs

Rank CEel=E resggﬁdgits
1 Failure of electricity supply
(external) 9 29
2 Failure in plant (mechanical) 28
3 Failure in plant (electrical) 26
4 Boiler breakdown 19
5 Water shortage 12
6 Late tankers cause run out of milk 10
7 Failure of fuel o0il to arrive in time 3
8 Failure in external gas supply 1

Additional causes of interruptions to runs were:
product functional causes (instant problems)
blocked driers
staff
product mixing problems from batch to batch
out of spec product causes
negligence

Question 7

Approximately how many product runs per annum are made of
each of the following run lengths in hours? (excluding
start-up, shut-down and cleaning)

Estimate 11 Production record 11 No answer 10
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Results

Average number of runs in class

0-%] 4-9]10-21122-29} 30-49] 50=74175-991100-149} 150-240
16 13 20 5 25 ] 4 2 1
—_———— days—-———————- -~
11-271 22=3%5 35
4 2 1

Number of responses used to calculate above result: 12

Questions 7 and 9 were beset with some problems of
definition and understanding. ©Some respondents did not
realise that what was wanted was the total run lengths
rather than the daily run length. Also, a large number
of respondents answered correctly in terms of the
defirition in saying they made a different run each day
because of the daily production of buttermilk powder.

A special exclusion should have been made for Buttermilk
Powder in the definition.

Thus, only those factories that did not product buttermilk
powder gave the statistics that were required. This
accounts for the small number of factories used in the
results displayed.

Question 8

Approximately how many days per year would daily running
time be of the following lengths in hours? (excluding
start-up, shut-down and cleaning)

Estimate 14 Production Record 10 No answer 11

Results

Industry average number of days spent at a particular
run length

1} 2f 3| uf 5| e} 71 81 9110}11}12{13]|14]1c| 1611711819
ol 1t 2| ot o[ el 7{14{19{12}16}22{ 5| 9[13|21}10{38[11

PO1211 221231241 24
P4t15) 41 14 1 2

Average number of days plant is running: 260
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Question 9

How many production runs of each spec that has been

produced have been made in the last year?

Results

Multi-plant factories nearly always rurn more than 1 plant
on the same spec.

One respondent did use one plant for SMP only and one plant
for WMP only. Two, three or four runs were made of about
14 specifications per plant during the year.

The average number of different specs produced per

plant was 8.

The average number of different products (e.g. WMP, SMP,
BMP are three) produced per plant was two.

The average number of runs per specification was three
(in those plants where buttermilk did not cause daily
spec changes).

One factory, using their small evaporator-drier for the
local market, did an average of four runs of each of
eight specifications.

Question 10

What is the average number of specs produced in....

Estimate 8 Production record 17 No answer 7/

Results

For the industry, the average number of specs produced
per plant was as follows:

minimum average maximum

a day 1.2 1.6 2.4
a week 1.% Vo7 2.8
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Question 11

Approximately what would the average daily running time

be (in hours) for each of the following months? (excluding
start-up, shut-down and cleaning)

Estimate 10 Production record 12 No answer 10

Results

Average daily runring time for the industry each month is

Jun{ Jul} Aug] Sep{ Oct| Nov{ Dec} Janj Feb| Mar} Apr|May
.6 1 2.2] 8.8113.6116.4|17.1115.5113.4411.8|10.4} 7.1(4.8

Question 12

What is the maximum time your evaporator can run between
washes and on what spec?

Estimate 11 Production record 18 No answer 11

Results

Average Maximum Time evaporator can run between washes
is 19.5 hours

Short Maximum Time is 7-8 hours on a low heat SMP
Longest Maximum Time is 50 hours on spec 600.

Question 13

How long does it take on average to....

Estimate 9 Production record 8 No answer 15
Results
Average time to perform the following tasks (SSMP) were:
hr min
Start up evaporator C 44
Start up drier 0 27
Shut down drier (excluding clean) 0 20
Shut down evaporator (including CIP) 2 00
Wash drier (full wet wash) 2 50
Wash fluid beds 2 L5
Wash cyclones 4 20
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Question 14

How frequently are the following given a full wet wash?

Results
On SMP the following are given a full wet wash as follows:
drier daily:12 2 days:1 3 days:1 4 days:1
weekly:?/ 1less often:?/

fluid beds monthly or more frequently:6

2-6 times/year:3 1/year:1
cyclones monthly or more frequently:10
2-6 times/year:9 1/year:5

In general, cleaning appears to be similar or with
greater frequency on WMP and other products to the above.

Question 15

On which product and product spec changes do the Tollowing
not need to be cleaned? (Please list indicating
specification to specification)

Results
Evaporator. The evaporator does not need cleaning on
changes from:

whey powder to SMP or BIMP
SMP to BMP and vice versa
SMP to WME

BMP to WMF and vice versa

Two respondents said they do not change spec during a
day's run, that is to say, they change at the end of the
day and therefcre the evaporator is washed anyway.

One respondent always washes the evaporator between specs
as a matter of company policy.

Drier. The drier is said not to need cleaning on
the above spec changes and &also from:

WMF to half cream powder
half cream powder to SMP
low to high fat powder and vice versa
SMP to SMP
low lactose to high lactose
caseilnate to WMP
WMP to SMP
One respondent said both drier and evaporator are usually

cleaned before a spec change.
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Question 16 .

Approximately how much chemical is used each time tke
following is washed?

Estimete 10 Production record 6 No answer 17
Results
Caustic use (kg of NaOH)
kg n
silos .48 8
standardising vessels A 1
separators .78 10
drier .8 o
fluid beds B 2
evaporator 2.0 1C
concentration used was from 1 to 3%.5%
Nitric use (kg of Nitric Acid)
kg n
silos . AU 5
standardising vessels - -
separatcrs .25 7/
drier 0.0 5
fluid beds 0.0 5
evapcrator EE 8

concentration used was from .75 to 3%

Sanitizer etc. use

Use of sanitizer and other additives appears to vary
widely in types and dosage rates, including whether it
is applied at all.

1. Volumes and concentrations of cleaning materials used
appeared to vary greatly. When kg of active ingredient
were calculated, there were differences of up to 1000
times between some plants. In order to arrive at an
average figure, only those responses that appeared to be
in close agreement were used. The figure, '"n", is the
number of responses that were used to calculate the
average.
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Question 17

How long in addition to normal start-up, shut-down and

cleaning does 1t take to change...

Estimate 12 Production record 2 No answer 13

Results

Specification changes within one product type:

Change (hrs)Longest Average Minimum
Agglomerated to
non-agglomerated © 4 2
603 to 672 6 4 2
low heat to medium heat c 1.5 1
1 .75 <5
602 to 652 1 .75 .7
600 to 672B 1 .5 .167
Product type changes:
WMP to SMP 16 12 10
WMP to BMP .7 ) 167
1 <55 .25
> .55 .25
672B to 800 1 .33 . 167
SMP to WMP 75 <55
-5 1 .75

/‘I
WMP to caseinate 16




50

Question 18

How many staff per shift are there on....

Results
Function No. per plant
Supervisory .6C
Separation .61
Standardisation .64
Evaporation .88
Drier .78
Packing off 4.99
Boiler L
Lab g

Question 19

How many shifts are run of....

Results
Normal at peak at end of season
Process staff 2.3%7 2.59 1.82
Packing staff 1.3%8 1 5511 1.16

Question 20

Do you have any special arrangements for staffing,
e.g. extra clean-up staff not covered by the above

questions, if so, please describe?

A number of factories have at least one extra person

involved in clean up.

Question 21

What percentage of total off-specification product would

you attribute to Short Production Runs?
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Results

Estimates of off-spec product due to shcrt runs ranged

from none to 100% as follows:

0% 10

0-10% 9
10-15% 1
25% 1

50% &

90% 1

100% 1

No answer "/

3.2

RESULTS OI' THE INTERVIEW QUESTIONNAIRE

Introduction

Tkis section contains the results of the interview

questionnaire presented to powder production managers of

thirtytwo factories by the author during June and July

1980.

questions and the corresponding

The results are preceded by a table listing the

information sought.

TABLE 5.1 INTERVIEW QUESTIONS AND THE INFORMATION SOUGHT

Interview Question

1. What are the objectives
of the company?

2. How do you Jjudge how
well these obtjectives
have been met?

5. How does the company
evaluate the economics
of run length?

4., What measures are taken
to deal with short runs?

What was sought

Does the manager have a
clear idea of what he 1is
trying to achieve? What is
he trying to achieve?

Is the research going to
help him?

Is there
control?
it take?

Does the company evaluate
the costs of short runs?
Who does i1it? How is it
done? Is the company aware
cf the excess costs of
short runs?

any feedback
What form does

Are there any rovel
sclutions to the problem
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11.

12.

15.

14.
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How long is the minimum
daily running time your
factory would run and
why?

What measures are taken
to deal with short daily
running time?

Do you divert milk to
other units sometimes or
receive milk from them,
and on what occasions?

Who decides on the
factory's production
rlan?

How does the company
decide which spray dried
procducts it would like
to produce?

Are there any particular
specs that your company
is better at producing

than most other companies

and why?

What 1s the maximum
period milk can be held
before processing it?

How long can the plant
be shut down before it
requires additional
cleaning prior to
start-up?

What quantity tested by
the lab takes longest to
test and is most often

reason for out of spec?

Do you propose any
alterations to plant
capacity, how much and
when?

What are the factors that
cause a plant to be run for
a short period each day?
What i1dea has the manager as
to what i1s uneconomic? Are
efforts made to maximise
daily running time?

Are there any novel
solutions to this problem?

Is this used as a means of
increasing daily running
time? How much co-operetion
is there between companies?

Who does? How much say has
the production manager?
What sort of factors are
taken into account?

How big a part do plant
economics play in deciding
the products? What are the
other factors? How much say
does the company have?

Does the manager know 1if
his company has advantages
over others and exploit it?
Are such advantages used in
determining what products
are produced? How much
specialisation is there?

How long can it be held?

Is this used to help
increase daily running time?
What problems can it causs?

Does holding milk cause
extra plant costs?

What takes longest?
What causes most problems?

Is there a trend to morse
flexible or bigger plants?

Do you intend to diversify Is the present pattern of

the product spec rarge
you produce and if so,
into what areas?

production likely to change?
Is the ability of plants to
produce a variety of
products going to change?
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A
)]
.

Do you have documentation Do the ozerators know how
on how to set up the plant to get the plant on spec?
for different specs, who Is the information kept
writes it and who is 1t up to date?

available to?

17. What would be the advantages and disadvantages if....

i. Supply of milk is What advantages and
constant throughout disadvantages does this
the year have? Ts 1t possible?

What can be dcne?

ii. Individu&l spray
d-ying factories
specialise 1in

making only 2 or 3% oLt

specs.
iii. Reduce time of staxt Ares managers aware of
ur, shut-down and this cost?  Are they doing
clean by one hour? anytuning about it?
What can te done?

18. What area do you feel What is wrong at present?
holds most potential How couid it be iwproved?
for sfficiency improve- Is this research important?
ment in spray drying What else should be done?
plants?

Answeiss to The interview questionnaire.

s Whet are the objectives of the company?

Answers to this question included the following:

a. To maximise the return to the farmers through
efficient preoduction.

Jofe Payout

c. To produce & milk product which will give the
best return to the farmer.

d. Short Term. To economically process milk to
provide maximum return to tane shareholders.
Long Term. To economically process whatever
products are produced on the land arocund here.

e. To manufacture the best product we can with the
equipment we've got. To be as viable as possible.

i To maximise return to the farmer and secondary are
the long term maximisation of return to farmers
and we recognise a role in providing employment.

g. To maximise long term profitebility and to
preserve identity (vs nearby larger company).
To bz in specification (powder plant objective).
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h. None. Currently in process of merger talks.

1. To process milk as cheaply as possible to give
maximum return. Welfare of staff, to make it more
than just a job. Quality, yields, costs and staff.

J- To make good quality powder.

Most respondents answered in terms of maximising
payout to the suppliers. A very small number went on to
relate that to what had to be done in the plant, in terms
of maximising.use of resources and minimising costs.

Some respondents' responses were not as wide ranging as

were expected. Many respondents put an artificial limit

on the scope of their possible action. Some limited
themselves to existing technology, e.g. answer 'e'; others
limited themselves to processing milk or products of the
land.

There was little evidence of market orientation.
Some spoke of quality as an obJjective but this was more
related to payment from the Dairy Board than to the
products' acceptability in the market place. No one
mentioned satisfaction of consumers as being part of
their objective.(This is perhaps less surprising than it appears in
that the Dairy Board is the market to the companies)

2. How do you Jjudge how well these objectives
have been met?

Most respondents answered that they compared their company

payout with that of other companies in a similar position.

NzZCDC has recently begun to use a monthly reporting

system on several factors of production, compared with

predicted levels. All NZCDC managers said that they
thought this was a good system.

Four other companies have some form of monthly report.

The remainder have none.

Some respondents mentioned "percent premium grad€' as

being their measure of performance.

BN How does the Company evaluate the economics of
run length?

The following are examples of answers received to this

question.
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a. The cost accountants go to work. They ask me for
information on staffing, tonnes per day, and
composition of product. They find out what the
Board is going to pay and work out if it's going
to be economic.

b. It depends on the premium payments. If it's going
to be something big later on, then we'd definitely
do 1it.

(] We have never had any small orders from the

Dairy Board.

d. We'll make it providing the Board pays the cost.

e. We see a spin off in doing short runs in that we
want the Board to see we're prepared to manufacture
these products. '

h il Small tonnages are unsettling. Staff have a
reluctance to change from week to week. Often a
change is to the detriment of quality.

g. We have a good costing system for different parts
of the factory. We put in steam meters and power
meters on reception, separators, casein wash,
caseln dry, evaporator and spray drier. Costs are
broken up into wash-up and actual running. We
estimate chemical consumption and drying rate.

i = ale and cost out the difference in direct and
indirect costs (from a standard product)....

e We're still groping in that area. We have the
information on costs we've accumulated over the
past few years. We used to do short runs to
please the Dairy Board, but now we don't do it
because it upsets the whole operation, staff, costs,
total inconvenience. The effect on morale is a
thing you can't quantify.

There are a majority of plants that do not get
asked to do short runs. Of those that did short runs,
most respondents answered that they assessed the costs
and compared this with the price the Dairy Board was
prepared to pay. ©Some factories have a very good idea of
their costs in detail. Others can
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only use the costs incurred the last time the product

was made.

The costs are usually assessed by someone other than the
powder production manager, either a higher manager or an
accountant.

Only one respondent mentioned the additional indirect costs
due to producing a short run.

Some companies mentioned that their willingness to produce
short runs was as a result of their desire to be seen by
the Dairy Board as a suitable company to produce high

premium, non-standard products.

4. What measures are taken to deal with short runs?

In general discussion on question 5 pre-empted the raising
of this question.

One measure that was mentioned was the production of two
months' requirements at the end of the first month, in one
run. This was only possible where it fitted with shipping
deadlines and time constraints.

One respondent said that he was unwilling to produce less
than a full day's run of a product.

Respondents said that it would be most undesirable to do
short runs at the peak of the season, when capacity was
stretched. ©Short runs should be scheduled for non-peak
times 1f at all possible.

Sh How long is the minimum daily running time your
factory would run, and why?

2 - % hours 2 times a week

3 — 4 hours 2-% times a week
4 hours 2 times a week

4 — 5 hours 2 times a week

5 hours % times a week

© hours

© hours

8 =10 hours

10 hours (on 1 plant of 2)

Most managers said that running time was not the main

criterion for continuing or ceasing production.
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The reasons were as follows:

a. How much maintenance or capital works had to be
done during the shut-down.

b. Depends on the season and whether we have met our
market commitments.

c. Can't tip the milk down the drain, thus process it.
d. Quality drops off seriously.
e. Ratio of protein to lactose alters (protein

increases, lactose decreases) making it more
difficult to achieve the desired solubility and

instant properties.

i . Must process the town milk supply anyway.

g. It might be cheaper for the factory to run at a
loss than freight the milk elsewhere.

1ot Prefer to do a short, sharp burst of production
each day to give continuity of work for the staff.

i. Tanker collection determines when bi-daily
production starts.

g It is a head office decision.

k. Prefer short running time at the start of the

season to get any problems of new plant or modific-
ations sorted out.
Most managers try to run the plant as long as possible
when they do run. This depends to some extent on the
milk collection routine. Most factories do not have
refrigerated silos whereas milk is refrigerated on the
farm.
Plants producing WMP would not do so on a bi-dailily basis
because of the danger of flavour problems due to the
quality drop on storage. These were the plants that said
they would not run less than 10 hours per day (on WMP).

6. What measures are taken to deal with short daily
running time?

Most companies ran every second day or with a lower

frequency during the ends of the season. ©Some groups of

companies co-operated to process all their buttermilk or

milk in one factory. Some respondents said they used
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their casein factory to handle the small volumes of low
quality milk that were available at the season's end.
Factories that had multiple plants said it was possible to
use fewer than the maximum number of plants or 1 plant of 2.
However, this strategy was limited in NZCDC plants because
of the co-generation of electricity. There were two
problems.
1. Importation of electricity was necessary
if less than full steam was used.
2. Large volumes of low pressure steam ex
the turbo-alternator had to be exhausted
to atmosphere instead of being used for
drying if only say 1 of 3% plants was run.
These problems resulted in it being considered more
economic to run all plants for a short time rather than
one for a long period.
Another problem was that boilers become less efficient
when producing much less than their intended level of
steam production.

y. Do you divert milk to other processing unit
sometimes, or receive milk from them, and on
what occasions?
NZCDC does divert milk to whatever factories it considers
would bring the best return from it. Matangi has a
virtually constant milk supply as a result of this.
Te Awamutu had its maximum milk intake of the year in May
when all the other factories had shut down. There are a
number of problems at Te Awamutu caused by this.
Some companies do divert milk at the end of the season
as mentioned above.
There are several companies that are so isolated
geographically that it would be a very expensive operation
to divert milk to other factories.
A possible reason for diversion of milk is a major break
down. Most factories have other plants within the complex
that could take the milk if the spray drying plant broke
down.
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8. Who decides on the factory's production plan?
Companies submit a plan to the Dairy Board of what their
proposed production would be, based on standard products.
The company also submits a plan of production involving
non-standard products it would like to produce. The Dairy
Board then tells the company what products it can produce.
This may change through the season as orders for non-
standard products change.

The plan submitted to the Dairy Board is prepared by the
General Manager, Supervising Manager or the Chief Executive,
who is senior to the Powder Production Manager. The
production manager may have some say in the submissions
and in the final detailed arrangement of theproduction
within monthly periods.

el How does the company decide which spray dried

products it would like to produce?

The.major factors deciding which products are to be

manufactured are:

i. The capabilities of the plant and the availability
of alternative processing plants (to make different
types of product).

1i. Dairy Board product differentials.

The Dairy Board pays the companies principally on

-3 Dbases:

a. Manufacturing cost allowance. The average
manufacturing cost of a product through the
industry is paid to manufacturers of that
product on a per tonne basis.

b. A payment for the milk on a cents per kilogram
of milkfat basis. This payment can be modified
by the addition of a differential, intended to
encourage the product mix that the Dairy Board
requires. For example, in the 1980-81 season,
caseiln was the desired product and it received
an additional 5c per kg of milkfat over the base

price. ©Skim milk powder was not required so it

was pald only the base price.

c. Incentives and grade premiums
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1ii. Costs relative to other companies. Because the
Dairy Board pays average costs, 1f there are
companies producing the same product, one of whom
has a significant advantage then the average is
lower and the company without that advantage might
be reluctant to make that product.
Other factors that affect whether a company will produce a
product include the seasonal variations in milk composition

and quality, also the rate of throughput of the product.

10. Are there any particular product specs your company
1s better at producing that other companies and
why?

About one third of respondents said that their factory was

not particularly better than others in any respect.

Some said they had a minor advantage with respect to a

particular spec and buyer.

One respondent said they had an advantage in producing

high energy content products because of the availability

of cheap coal.

Two respondents said that their plants' ability to

manufacture high bulk density product was an advantage.

One respondent said that as his factory was set up to

handle products that required standardising, this was an

advantage in the production of standardised products.

11. What i1s the maximum period milk can be held
before processing 1it?
Estimates of how long milk could be held before processing
varied from two days to about six days. Many companies
collect milk on a bi-daily basis throughout the season to
reduce transport costs.
It was noted that overseas, collection may be once every
four days or a week but it was felt that in New Zealand,
holding milk for up to six days was only possible with
extremely good quality milk as produced in the flush
period.
The view was expressed that town milk was of better
quality and thus could be kept for longer than factory
supply milk.
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It was expected that quality would improve with the
introduction of the standard plate count test.

Most respondents said that it was best to hold milk on
farms because vats were refrigerated whereas some factory
silos were not. Also, if there was a problem such as an
industrial stoppage, the effects of dumping many individual
tanks of milk was not as great as that of a factory silo.
How long milk could be held also depended on the acidity
specs of the product manufactured, and the product itself.
Manufacturers of WMP were reluctant to hold milk at all,
whereas casein was less critical.

Most factories did use the holding over of milk to

increase daily running time.

12. How long can the plant be shut down before it
requires additional cleaning prior to start up?
Most respondents answered that 24 hours to three days or
greater shut down required an additional evaporator clean
prior to start up. It was felt that driers could be
closed up for 1-2 weeks before needing a wet wash prior
to start up.
Some plants were washed with acid or sanitizer before
start up as a matter of course.

15. What quality tested by the lab takes longest to
test and is most often reason for out of spec?
Table 3.2 Quality Test Problem Areas

Longest to test Most often reason for
out of spec

Yeast and mould 4.5 days Coliforms

Bacteria 3 days Bacteria

WPNI 3-5 hrs Fat

|Oven moisture 5 hrs Moisture

Vitamins 1 week Scorched particles

Viscosity 1 week Solubility Index

Foam test 3 week Microbiological
Wettability

Yeast and Mould, Bacteria and WPNI were listed at most
factories as taking longest to test. The times given to
perform these tests were all within the ranges given.
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The last four items in the "longest to test" list were
given by individual respondénts.

The cause which resulted in "out of spec" most frequently
was microbiological. Scorched particles were mentioned in

three cases. The remainder were isolated occurrences.

14, Do you propose any alterations to plant capacity,

how much and when?

Nineteen respondents said they did not intend to increase

capacity.

Three respondents said that planned upgrading would

result in increases up to 10%.

Other positive responses were:

a. Possibly. The (smaller) dryer is very old. We
could replace it by increasing the capacity of the
(larger) dryer.

b. An exercise is being looked at to install secondary
drying. It is expected this would increase throughput
20-25%.

c. No. But if we're short of anything, it's a plant to
give us a small throughput..... the economics are not
there to go out and buy one.

d. If the increase in milk supply continues next year,
we will have to consider 1it.

e. We would 1like to have a bigger dryer because we store
concentrate now.

f. Yes. About four tonnes per hour, 6 effect with
mechanical vapour recompression (possibly).

To handle our peak and effluent problem.

In general there appears to be little change or investment

planned. However, obviously such a matter would be

highly confidential and thus it is difficult to say
whether there will be major changes.

At present under construction at waitoa are two plants

for manutacture of whey products and baby foods.

'here appears to be excess capacity in Taranaki.
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1%, Do you intend to diversity the product spec range
you produce, and if so, into what areas?

Two respondents sailid they were intending to install

equipment to allow them to produce high heat/heat stable

SMP. One noteq that there appeared to be a trend away

from low heat powder to high heat/heat stable SMP.

Three respondents mentioned the possibility of producing

whey products.

Two respondents said it was possible they would make WMP.

One factory was 1n the process of obtaining equipment to

allow i1t to manufacture instant powders.

It appears that more factories intend to change the kind

of product they produce than theilr capacity. Changes are

to high heat/heat stable SMP, WMP, Instent Powders and

to whey-based powders. As this does not in general

involve complete new plants, it can be saild that existing

plants are becoming more flexible.

16. Do you have documentation on how to set up the
plant for different specs, who writes it, and to whom

is it available?

Most plants use log books from the previous time a
product was made to help 1n setting temperatures, flow
rates and pressures to be used.

Some plants have additional information in the form of a
plant manual or card index systems referring to
individual specifications. These are usually kept up to
date by one person, such as the plant chemist, the senior
first assistant or the powder manager.

Spec changes are supervised by the powders manager or a
senlor operator, in several plants.

It appears that operators do have access to information
on how to get the plant on spec. However, changes from
season to season and within a season, render logged set

polints approximate guides only.
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Most Tespondents said they thought even milk production
throughout the year would be advantageous.

o4

Supply of milk to the factory is constant
throughout the year.

reasons were given:

1.
2.

5.
4.

5.
6.
-
&.

9.

10.
didl.

18.

Invested capital would be reduced

Economy of operation (no short runs)

Staff benefit from set routine

Reduced management worries

Staffing level constant and optimal

Staff fully utilised

Staff don't want overtime, this would
render 1t unnecessary

Reduced transport costs through ortimisation
of pattern of collection

Cost more easily controlled due to simple
comparison with standard

Compositicn of milk stabilised

Machinery not sitting idle and deteriorating
during winter break

Predictability

The following were given as disadvantages:

i

At least one month's shut-down required

for maintenance

Farmers don't want to milk cows in winter
The maximum return to the farmer is to chase
the available feed

Cost of diversion of milk when maintenance
required

Staff like a break from shift work

Some products have different rates of
throughput.

The following
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ii. Individual spray drying factories specialise

in making only two or three product specs.

Advantages Disadvantages
Quality more consistent- Change in market could
higher premium result in lack or excess
of equipment
Wouldn't have to keep How to pay out to
altering plant companies
Could fine-tune the plant Inability to produce some

products at certain times
of the year

Could tailor staff level to Management find it

needs. At present have to invigorating to do

cater for product with something new occasionally

maximum numbers of staff

Reduced capital outlay A change seems to do the
plant good

Simplified stock holding Loss of versatility in
staff

It is possible to specialise to some extent at
present. For example, Mid Northland D.C. produces SNMP
and BMP at Maungataoroto and WMP at Maungatapere.

About half the respondents were in favour, in principal,
with the idea but the main barrier was considered to be
the sharing out of NSPO premiums.

iii. Reduce time of start-up, shut-down and
cleaning.

Two respondents didn't think it would be an advantage to
reduce this time.
The remainder thought it would be an advantage. Some

made suggestions as to how to reduce this time. These

were:
"

a. Tmprove plant design to reduce fouling and
build-up’
b. "Every year I cut more doors, holes and

windows 1in the planty(to improve access
and ease ofinspection)
c. At first we used to wash the whcle plant but
now we only wash the critical parts."
d. "We have tried processing 1.5 days milk at
a time."
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e.  Some companies are bringing out CIP units
that instead of boiling them (evaporators)
under running conditions, you Just CIP them.'
Ore respondent felt that major mprovements could be made
in devising CIP systems for the ancilliary oplant
associated with the dryer which at present has tc be
dis-assembled and cleaned by hand.

18. Which area do you feel provides most potential for
efficiency improvement in spray drying plants?
Evaporation

Effective in-line standarcisation

Adcditional effects

Reverse osmosis as the first effect

Evapcrator solids-solubility limits too tough
Mechanical recompression

More sophisticated contrcl systems

Milk straight from separator to evaporator
Shorten start-up, shut-down times of evaporators
and dryers

Design of plant for - reduced fouling

- longer running at greater
throughput

- prevent heat losses
Economies of scale for evapcrators and dryers
Much longer runs - 5 days

rying
' Heating inlet air - with Q-dot matrix from exhaust

- evaporator condensate and
radiators

Direct firing

Reduce stack losses - better recovery systems
In-line moisture metering

Flexible dryer to do all products

Increase dryer inlet air temperature

Increase role of secondary drying
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Packing
Automated packing line
Bulk packs
Better bag-weight control
Other Areas

Training program for operators

Improved instrumentation

Five days per week manufacture

Use of cheaper energy sources, e.g. wood chip