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INTRODUCTION

1.1 PROCESS INNOVATION '

The problem of acquiring process innovation in firms is one that
has only recently started to attract the attention it deserves.. As the
world moves.through a period of shortages and recession, company executives
are paying less attention to new products and more to new processes. They
.are finding that in times of scarce supplyvpr low demand, process efficiency
through innovation can be a more effective competitive weapon than new
products. Process efficiency comes about because of process innovation which
is very different to obtain, as we are now realising, from product in-

novation,

In the past, research,into'proceés innovation has been dominated

" by economists who have, quite understandably, sought to explain the.develop-

ment and diffusion of new processes in economic terms. However, in reality,

process innovation contains many administrative elements which are at least

. as important as economic aspects in determining success. Process innovation

is made up of several activities which must be integrated; research people
must be aware what is happening in development groups -and vice-versa. In
this respect alone process innovation is more complex than product innovation
because these activities can either take place solely in a process-using
firm, solély in a specialized process equipmeﬁt supply firm, or can be shared
in some manner between both. Usually all activities rélated to product

innovation take place in a single firm,

Process innovation is more important in some basic industries than

in others., In particular there is a class of industries which are mature

“and in which firms do not_compcte_on'ﬁhe basis of product innovation to

_any great extent. . Important amongst these are the mining, petrolcum, glectric -

utility and primary mectal industries. In such industries, competitive
advantages can be derived by being able to utilise more cfficient and lower:
cost technology than other firms. The Canadian mineral industries, examples

of this c¢lass, contain firms which compete in international .markets on the

basis of price. -As we will sce, the survival of these .firms is of substantial
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importance to the Canadian economy, and the effectiveness with which they
acquire new processes will, to a great extent, determine the success of
their survival. Consequently it is of interest to know how these firms

acquire new process technology.

At the present time, knowledge about the administrative aspects of
process innovation is fragmentary, being diffused through many different
work%. In this book we will attempt to draw this knowledge together with
specific application to the Canadian mineral industries. Coupled with
the research described later in the book; we will utilise this knowledge
to develop an administrative framework for consideration of the general
TTocess innovation problem. From the general framework thus developed we )
will develop a discussion of the imperatives of process innovation for the
Canadian mineral industries. In short, the purpoée of the book can be described
as a study of process innovation in generél and the application of the

resulting framework to a specific set of Canadian industries.

This book takes a strategic view of prOCess innovation. The two
more usual research approaches; studies of groups of specific innovations
and studies of particular innovations in a specific firm over a period of
time, do not provide the pefspective which we are trying to obtain. _For
our purposes we must view process innovation as a strategic activity which
the mining firm can engage in. To carry out effective process innovation
requires the long term commitment of resources. These resources must be
Eowmittéd.eithér by the mining firm, or the specialized process equipment
supplier. Only by taking this perspective can we view the problem in the
same manner as tﬁé executive who is interested not in the mechanics of

innovation, but rather in the administrative task that must be -accomplished
.in-order to be successful, Interviews with senior executives in the mineral
indﬁstriéé; on which most of the fésearch inﬁthis>book.is largely based,.
show that they view processfihnovation:as one of the long-term strategic

options in which the firm can engage.

Taking a "strategic view" of process innovation in the rescarch
£ g _

means that we will be not concerned with the specific aspects of particular




activities are all aspects of this resource commitment. Our study covers
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innovations except as examples to illustrate general points. Rather, the
research will be concerned with the major resource commitments that firms
make. Budgets for research, development and engineering, number of

qualified research and development personnel, and range of innovative

all these aspects of.the innovative activities in mining companies and
their specialised suppliers. In the book we will define a set of innovative
strdtegies which these firms can implement. The existence of these
Strategies was initially postulated from theoretical arguments on innovation
and the need for administrative integration between elements of uncertain
activities, to which class process innovation belongs. The research demons-
trated that each of these strategies exist in Canadian mineral industry
firms, and that particular strategies can be associated with particular
groups of firms distributed according to size.

The mining executive reading this book could reasonably ask:''which
of these strategles is successful?"......'Which is best for my £irm?".....
To these questions no definite answer can be given, in part becausé the terms
tsuccess' and 'best' are very hard to define., However, récognising that
practitioners wish to have at least an indication of success, and that in
all probability some answer is better than none at all, the book introduces
some measures that define success in limited ways. Profitability of the
firm. depends on too many variables to be attributed to innovative activities,
and in general, firms do not régard research, developmént and engineering
as profit centers, So that it is very difficult to measure innovative success
through profit. However, a limited measure of success can be obtained from
patents and technical licenses held by individual firms. These tangible
products of successful innovation exist because the firm feels that a new
process or element of a process has a commercial value. For comparative
purposes this measure can distinguish firms on a relative basis. A second
measure of success (also used by Olsen 1).1is that of how firms view cach oo
other. In particular, from the point of viéw of this book, hbw.suppliers o
view mining firms and vice versa. In this form, thec book docs contain .
some mcasurcs of success for the innovative strategics described. More

importantly, however, each strategy is discussed in terms of its implications
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for the firm., Consequently executives will be able to ask themselves whether
a particular strategy fits the resources, needs and corporate strategy of their

own firms.

Researchers interested in the book as a description of existing literature
(from the administrative perspective) and of new research will not be interested
in limited measures of success, nor the applicability of strategies to parti-
cu1a£ firms. However, for them the book does contain a description of an

important aspect of process innovation; namely the division of innovative

 activities between user and supplier. When combined with the findings available

in existing literature, several issues emerge which have a major impact on

our perception of process innovation. For example, there is no doubt that in
the infancy - of many industries process innovation is initially carried on

by using firms themselves. However, as industries grow there is a tendancy

to allow specialized suppliers to .carry them on. The work of Abernathy (2) has
demonstrated that in some cases under these conditions, the rate of innovation
declines., Research described in this book shéws that in the mature Canadian
mineral industries, innovation proceds at the highest rate in.mining firms
which integrate the functions of process innovation. Should then all firms
wishing to be process innovators integrate the relevant activities and cease
to be dependant on specialised suppliers? Such questions, and others, will

be discussed in detail at the end of the book.

The remainder of this iﬁtroduction defines the major concepts about
which we are concerned. The words 'process' and 'innovation' meaﬁ‘ményﬁﬁhings
to different people and the intention is to define these and other terms to
enable the writer and the reader to agree on the subject matter of the book.
Following this seétion the introduction is concluded by a brief description
of the technical problems confronting firms in the Canadian mineral industries.
We shall show that these problehs are of immediate concern and that within

the prescent industry structure, there is little being done to resolve them.

ChapterTI contains a description of the role of the mincral industries

~in the Canadian cconomy and shows the magnitude of their contribution. lollowing

this description we will describe. the structure of cach of the industrics with
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which we are concerned: the ferrous, the non-ferrous and the non-metallic
mineral industriss. For each of these individual industrics we will show
the size of firms in the industry, discuss their corporate strategy-

and consequently show their reliance on process technology.

Chapter III contains a discussion, largely from the administrative .
standpoint, of the current literature on process innovation. The discussion
' shows that the economic arguments based on economies of scale are very .
likely not to hold where innovation is required. Rather, the problems
and their effective solution are likely to be administrative in nature
and can be fundamentally conceptualised as being a choice between using
market or administrative integration to bring about process innovation.
From these arguments are developed the propositions which the research

was designed to test.

Chapters 1v, Vv, and VI describ? the research and presént the major
fipdings. In Chapter 1v the existence of the individual innovation strategies
is proved. Chapter v contains then a discussion of the activities of the firms
implementing a particular type of innovative strategy and the magnitude of
the resource commitments necessary to sustain these activities. Chapter VI -
describes in some detail the innovative activities of firms which are
process equipment suppliers to the Canadian mineral industries. The rescarch
demonstrated that the total effort of these firms is far less than that of even

the largest four firms in the mineral industries themselves.

Chapter VII presents a summary of the major finaings and the conclusions
to the research. There are implications to be drawn about process innovation
by executives in private firms, by decision makers in Government and by those
interested parties to further research. Individual sections are devoted
to the needs of each of these groups. As with other chapters in the book,
certain parts of Chapter VII will be of more interest to farticular readers than
others, In general, those readers concernediwith miﬁcralvindﬁstry probicms
could omit Chapters III and IV and certain parts of the conclusions, whilst those f  f'"
concerned with research and the general ﬁféblem of process innovation could omit

Chapters II and VI and the appropriate parts of Chapter VII. -

1.2 Some Definitions of CODCCptS'EmDiOYCd

The following definitions of concepts utilised in this book

are not meant to be definitive in an absolute sense. Rather they exist to
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facilitate communication between the author and the reader, (hopefully, when
in doubt, readers will refer back to this section). If particular readers
object to any of these definitions then they should be careful during
further reading to adjust the authors interpretation in terms of their own

definition.

1.2.1. Mineral Industry Processes

In the mineral industries, the input to the manufacturing system
is ore. The output from the manufacturing system is the refined mineral
suitable for use in a variety of applications. The manufacturing process
is concerned with the extraction of ore from the ground and its subsequent
reduction to a refined mineral. The chain of processes needed to refine

crude ore to obtain metals is:

1, Mihe the ore.

2. Mill the ore to reduce large chunks into small pieces.

3, Concentrate the ore to increase the mineral content ready
for smelting.

4. Smelting to produce 99% pure metal.

5. Refining to produce 99.99% pure metal.

albanidabandd ——— e y——— [N “r e m———

Mine ___ Ore .; Mill s Concentrate s Smelt . Refine _ = Metal
i t R : ‘

— . 1
Figure 1.1
Mineral Industry Processes

1.2,2. Process Technology

Drucker3 has characterised the state of technology as '"limiting the
work we can do.'" For our purposes this characterisation proves useful. llowever,

two conditions will be added. In this study:

1. The statc of technological information limits the development

of process technology.
2. The state of process technology limits the work we can do now,

The firm in possession of process technology has distinct advantages
over firms possessing only technical information., Before technical. iiformation

can be turncd into process technology, the development and manufacturc of process




equipment must be undertaken. By this definition, process innovation
consists of two major elements: the discovery of a new technique and the
physical application of the technique in process equipment. As we will see
in the following section, most process innovations in the mineral industries
embody both elements.

1.2.3. Innovation

»

Innovation can be con51dered to be bringing knowledge, new or
otherw1se, to commercial application in a novel situation. The process
can be considered as a series of stages which for ease of exposition are

described serially below. However, the nature of inmovation is such that

uncertainty ecountered during the stage of development, for example,

might necessitate further research. So that in practice, each stage might
be present more than once for a particular innovation, and that within

a firm research, development and.ehgineering may all be occurring

simultaneously on several aspects of the same project or on many different

projects.

1.2.4. Research ‘ A - .

Research is undertaken to conceptualize and develop specifications
for new process equipment. At this stage of the innovation, management's
main concern is to establish the viability of a particular process. The
research objectives are to determine the particular process configuration
that will be successful and to eliminate possible problém areas. No equipment

design or material specifications are developed.
1.5.5. Development

Development of the process involves the specification of the equipment
dlmen51ons materlals, and design of the working process. This stage may
involve the construction of a small scale,-prototype opnration to investigate the
phy51ca1 characteristics and problems that are to be expected in thc opcration

of the commercial process
1.5.6. Manufacture ] : : .

Manufacturc of the process involves the assembly and commissioning
of the process equipment. Components of the process equipment may be obtained

from sources other than the organization responsible for the manufuacture of
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of the equipment. However, characteristicallly, one firm only is respdnsible
for ‘the assembly of the process.
1.5.7. Uncertainty

Knight 4 identified three types of future events, each of. which
can be characterised by a different type of probability of occurrence.

The first type of event is one governed by some physical law that, all things

being equal, will enable the accurate a priori prediétidn of. a probable outcome.

Such a case is the roll of dice. The se;ond'type of event is one of a large
class of similar events that have already occurred. The probability of a
house burning down,belongs to this class of events. For .any house a
statistical probably of fire within a given time period can bgfdetermined
from historical records of other fires. The third ﬁype of event is one

that does not belong to a large class of like events and is not governed

by physical laws. Serendipity plays some part in the outcome of these

events. Knight characterises these events as follows:

“The distinction here is that there is no valid basis of

any kind for classifying instances.” 5

The first two kinds of events can be allowed for by the management
of the firm: '

"As we have repeatedly pointed out, an uncertainty

which can by any method be reduced to an objective,
quantitatively determinate probability, camr be reduced

"to certainty by grouping cases. The business world

has evolved several organizational devices for effectuating
this consolidation, with the result that when the

" technique of business organization is fairly developed,
measureable uncertainties do not introduce into

business any uncertainty whatever." 6

In other words the management of the firm can build an allowance for such

events into the cost structure of the firm., However, when accurate calculations

based on porbabilities cannot be made, the firm can only move to reduce the

unmeasurable uncertainty.

Firms in the mineral industries are faced with unmecasurable

uncertainty in two aspects of their operations. These aspects are the discovery
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of new mineral deposits and the development of new processes to transform ore
into refined minerals. The exact location of economic deposits of minerals
in the earth is not predictable on any physical or statistical basis.

Many mineral deposits are located in areas where they are only found by

chance. The successful outcome of process innovation is not something that’
can be predicted on the basis of past events. Each innovation is a unique
occurrence because the result is knowledge not previously existing or

applied in a particular way,
1.5.8. Integration

Each stage in the innovation process must be linked to the next
stage. Information has to pass between the researchers, the designers and the
manufacturer, so as to ihtegrate their activities. These activities may
all be in one organization, or they may be in two or more. Functions
carried out within the same company are linked administratively. Those
functions that are carried on in separate companies are linked through the

market mechanism.

1.5.9.. Administrative Linkages

The functions of research, development and process manufacture
may be linked administratively. These linkages occur within the same firm

and are-characterised by Wrigley as follows:

'""No contract, price, or specification of performance is necessary
for an agreement between individuals or departments. The only '
contract in effect is the contract of employment between directors

of the firm and its employees. All that are neéessary in such

a contract are the limits of authority and responsibility of

the employece. Employee actions are a function of corporate

and colleague needs or instructions.' 7

1.5.10.  Market Mechanism Linkages

For the linking of functions through the market a contract of sale

is necessary.

"The product must be specified in terms sufficient to allow
judgement of performance and non-performance. This requires

that the buyer know his wants in exact terms. [If the huyer
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does not know his requirements due to uncertainty the

contract may not be binding.'" §
Extra goods or services may be supplied by the seller but at extra cost.
1.5.11. Strategy

One purpose of the book is to investigate the selection and

implementation of innovative strategies. The definition of strategy that

wili used is:

A set of decisions committing the resources an organization to

moves designed to achieve purpose.

These deciéidns will determine, among other things, the extent of the o »
commitment of resources within the firm to particular activities, the range

of activities that the firm undertakes on a formal basis, and the organization
structure of the firm. As the book is concerned with the implementation

of strategy, changes in resource allocation, range of activities and

structure of the firm will be used to determine changes in strategy.
. 1.5.12, - Structure

, The structure of the firm will be considered to be the set of
departments into which the firm separates its formal activities. A
significant change or increase in the range of activities of the firm will
necessitate a change in the structure of the organizatioh to. ensure

that the new or changed activities are carried out effectively.

1.3 PROBLEMS FACED BY THE MINERAL INDUSTRIES IN CANADA

‘Uncertainty exists in mining operations due to the unknown locations
of reccverable mineral deposits and the mineral content of a deposit once
located. Continuity of operations and growth of the firm arise from the
discovery of economic ore bodies during exploration activities carried on
by the firm. Many mining firms become defiinct because they have been unéuccessful
in discovering economic ore deposits to replace the depletion of existing ore
reserves. Exploration technique are limited. For example, current airborne
exploration techniques only permit analysis of rock formations to a depth
of 600 fcet, and can only indicate the presence of minerals in the carth,

The extent and quality of a mineral deposit has to be ascertained through

drilling operations which are very costly,
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_ Once a mineral deposit has been discovered, the ore content is one
of the major constraints on the economic recovery of the mincrals. Canadian-
mining companies are now faced with:the problem of recovering minerals from
lower grade mineral deposits than in the past. 1In 1900 the copper ores being
mined in Canada were as high as six percent copper content.. By 1950 ores
mined¢ contained approximately two pércent copper on average, and most
recently, in 1974, several porphyry ore bodie§ with a copper content of 0.5%

are being mined.

Mining companies face the risk of developing a mine and being
unable to recover minerals economically, Drilling to reveal the extent and
- quality of the ore provides imperfect information. The decision to mine is
taken on the basis of this limited Knowledge, In 1972 the Hudson Bay Mining
and Smelting Company Limited reported that it was terminating operations
at.its new $10,000,000 Wellgreen mine in the Yukon. Drilling had failed to

outline discontinuities in the ore body that made economic recovery impossible. 9

The decline in the grades of ore bodies is only one of the major
technological problems facing the Canadian minerals industries in the coming
decade. New ore bodies are being discovered in increasingly remote locations.
For example, Cominco Ltd. is currently studying the feasibility of mining lead
and zinc on Little Cornwallis Island in the Arctic. 10
The extraction and logistics problems of such operatlons require the development

of sophisticated technology to make the operations economlcally viable.

There are other technological problems facing the industries. A
shértage of manpéwef in mines is causing cut-backs in production at some
operations, and there are neceds to make working conditions in mines safer,
healthier, and more productive. These nceds necessitate the development or
adoption within the industries of new technology. Recently the National
Advisory Committee on Mining and Metallurgical Rescarch propcécd cight major
- projects that should be undertaken to solve some of the principle national

concerns of the mining industry. 11 These are:

1, Appllcatlon of hydraulic ho:<t1nq and ore transport in the

m1n1ng industry.,
2. Stecp inclined conveying for ore haulage systems,

3. Primary excavation method in underground metal mines,
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4, Improvement in the working environment.
5. Strata control in potash mines.
6. Ground support systems,

7. Development of in-situ methods of recovering synthetic
. crude oil from the Athabasca tar sands.
8. Development of a high capacity method for mining deep

K

sea nodules.

Recently both goverﬁmént and industry have devoted their attention to the last
two problems. The Alberta government has announced its intention. to spend
$100,000, 000 over the next five years into research and development of .process
technology for the tar sands 12. This action came as a political reSponse
to the western oil crisis of 1973-74. Several consortia have been formed

to  develop methods for mining the deep sea nodules.

. - The need for new process technologies in the Canadian mineral
- - industries is not new, but has been the subject of discussion for a number. of
years., Writing as early as 1967, Dr. A.J.R. Smith, Chairman of .the

' Economic Council of Canada stated: 13

"In the twentieth century, we have successfully built a
strong minerals sector in the Canadian economy. ..
a continuation of the strong growth in Canada's mineral
industries will necessarily depend on holding down

costs and remaining highly competitive.

Productivity improvement should therefore be a matter
of very high priority. It will require effective progress

on many fronts:

- better long range planning relating to all basic
aspects of business decisions - investment and

‘technological dhange, manpower and marketing;

- - the development and application of new knowledge
and technology in exploration and discovery, in
the extraction of minerals from the earth and.

in the trdnsformation of rhw'products into

o AT N op e
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industrial materials."

In a similar vein, A, E. Boone, Director, Product Planning, Joy Manufacturing,

writing in 1970 observed:

\

"The mineral industry (in Canada) must grow, but the
rate of growth will depend on the research and
"development of greatly improved techniques and

. equipment, and the adequate education and training
of sufficient numbers of people to efficiently achieve

growth objectives.' 14

Clearly, there is a need in the Canadian mineral industries for new
process technology. However, the aquisition of this new technology requires
that management provide the necessary resources for inmovation to take place.
If management does not provide strong support for research, development and
process manufacture, then it is possible that the required process innovations
will not occur. J. W. Reynolds, an employee of Cominco working in research

and development states:

", . . research and development presents industry. . .
with policy problems. Items such as fires, floods, ore
reserves, unions, shareholders and governments-are
factors in 'getting by' and 'making a profit' but
fresh ideas fall into a somewhat different categofy.
Anything constituting a change must overcome }he
inertia of accepted practice. New concepts necessarily
involve unknown quantities, cﬁallenges of known
limits, or accepted practices and, not infrequently, risk
to capital . . . . Consequently, an industry |
such as-mining which tends to be bound by these
attitudes and by related factors such as expenéive
capitalizatioﬁ; long term planning, arduous working

~conditions, and bublic misunderstanding, requires an aggressive
policy in support of rescarch if resistance to change
is to be overcome. Without strong policy support,

rescarch cannot exist in a wmining environment.'t 15

From this view, one of the major factors inhibiting process innovation in firms
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in the mineral industries may be a lack of management support for resource
allocations by the firm to\innovative activities. It may be that managers in
some firms in the mineral industries do not perceive process innovation as
sufficiently important to warrant resource commitments. However, managers
in other firms in the mineral industries may be committing large amounts of
reéourceS‘to the acquisition of'prbcesé innovation. -No research has yet
established which firms in the Canadian mineral industries carry out process
innovation or how they acquire process innovations. No satisfactory model
exists which explains what innovative strategies can be employed by mining
firms. The research described in this book will remedy these deficiencies
and willlpropose a model showing what alternative strategies may be

implemented.



1.

References For Chapter I

Olsen, R. P., Sources of Process Innovation in the Textile Industry:
Unpublished Doctoral Dissertation; Cambridge, Mass., Graduate School
of Business Administration, Harvard University, 1974.

AAbernathy, W. J., "Policy Issues in Technology and Process Development:

The Evolution of U.S. Automotive Engine Plants."
Working Paper 75-76, Graduate School of Business Administration,

. Harvard University, Boston, Mass., 1975,

10,

11,

12,

13,
14,

15,

Drucker, P. F., Technology, Management and Society: New York, Harper
and Row Inc., 1970.

Knight, F., Risk, Uncertainty and Profit: Reprinted, New York, Harper
and Row, Publishers, Inc., 1965.

Knight, F., ibid,
Knight, F., ibid.
Wrigley, L., R/D and Production: Model Predicting Relationship in”

Various Economic States, unpublished paper: School of Business
Administration, The University of Western Ontario, 1973.

Wrigley, L., ibid., pp. 3-4.

Hudson Bay Mining and Smelting Company Ltd., Annual Report, Toronto,
1973. : '

-Cominco Ltd., Annual Report. Vancouver, 1973,

Report of the Mining Sub-Committee, The Mational Advisory Committee
on Mining and Metallurgical Research, Ottawa, 1973.

Article in The Globe and Mail, Toronto, November 12, 1973,

Smith, A.J.R., "Productivity Growth and Canada's Mineral Industries,"
The Canadian Mining and Metallurgical Bulletin: Montreal, February, 1968,

Boone, A. E., "Canadian Mining in the Seventies,'' The Canadian Mining
and Metallurgical Bulletin: Montreal, August, 1970.

Reynolds, J. W., "Research and Technical Development in a Mining Oporation;”

The Canadian Mining and Metallurgical Bulletin: Montreal, April, 1970,




23

CHAPTER II

2.1, Introduction

The Canadian economy has been characterised as a staples
economy by some economists., Amongst these, Watkins has suggested that the
basic assumption is that the staple exports are the stimulii for economic
growth: ‘ '
N ."The fundamental assumption of the staple theory is that

staple eXports are the leading sector of the economy

and set the pace for economic growth." 1

The mineral industries have been one of the foremost amongst those which
have been the stimulus of Canada's economic growth during the last century.
Alongside agriculture, forestry and fishing, they have been critical
catalysts in the development of transport systems, communities and secondary
industries. However, it is necesséry for our argument to stress that they
continue to play a key role in the Canadian economy, this we will do in

the first part of the chapter.’

Having examined briefly the role of the mineral industries
in the economy, the second part of this chapter will consider in turn each -
of the three mineral industries with which we are concerned. Although for
some purposes fhe.mineral industries may bé considered as a homogeneous
group, this will not be possible in this book until the need for new
processes has been shown to be common to each of'these:jndustries. ~ The

three industries are:

1. The ferrous mineral‘industry.'
2. The non-ferrous mineral industry.

3. The non-metallic mineral industry.

Firms in cach of these industries will be.shown to have different strategies
for survival and growth, However, within these strategics the ongoing need

for new process technology will be shown to be a common clement.

The way in which these firms act on the nced for new
technology may depend to some extent on their size and the resources they can
commit to innovation. lence, for cach industry, a classification of firms into
three size groups will be made. This classification will be used in the final

. chapter to cnable the research results obtained from a sample of these firms
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"to be discussed in relation to the total population.

‘ ‘ For each industry considered here, aggregate factor
productivity data will be used to give some indication of the ratc of
technological change. The structure of each industry will then Bc‘dcscribcd
in séme detail, followed by a discussion of the strategies employed. by the
firms in the industry. From this discussion will'be developed an analysis
of the relationship between corporate strategy and the need for new
technology. The chapter will be concluded by a summary of the findings
on techhological need and a classification of firms by size for all three

mineral industries,

2.2, The Mineral Industries in the Canadian Economy

Canada has always been a net importer of secondary
manufactured goods. In exchange for these items, Canadian industries have

exported staples such as farm produce, fish, lumber and minerals.. Table 2.1

" shows the percentage of Canadian»exports'for selected year5'1954-1973 that

belongs to different commodity classes. These figures show that in total,
the peréentage of exports attributable to the primary resource industries

apparently declined from 1954 onwards, falling from 89% of the total in

1954 to 61% in 1973, However; of this total, the..... . i,
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CANADA’S DOMESTIC EXPORTS BY MAJOR COMMODITY
GRCUPS AS FERCENTAGE OF TOTAL LXTORT

SELECTED YIARS

(nillions of dollars)

Commodity Cx‘oztll 1954-56 1963-65 1968 1672 1973*
Furm and Fi-h Preducts _
Wheat and vnzat fJour 11.2 123 5.6 4.9 49
Barley vats aud rye 2.7 0.8 3.9 1.2 1.0
Other furm uid fish 9.4 8.4 5.9 6.7
23.3 21.5 154 11.9 12.6
Forest Producis _
Lumter and other 114 . 5.7 74 8.4 9.1
Woodpulp - 6.7 5.8 4.7 4.2 4.2
Newsprint _1s5.6 13.8. 7.5 6.0 5.5
33.7 25.3 19.6 18.6 - 18.8
Mineral Products 319 35.1 323 283 29.7
Total Primary Resource 88.9 . 8TYTTTTITTéI3 588 61.1
Cars, trucks. etc. ) 20.5 242 22.2
) | |
Aircraft ; 11.1 . "18.1 2.8 2.4 1.8
Other ; 130 145 145
Tatal Vel 13,270 19,500 . 17,422

Source:

Table 13, Referenc

1965.

1954-56, 1963-65, B. W. Wilkinson, Canadu’s liternatione Trade, pe. 34,

¢ Bunk of Canada, Statistical Suminary Supplement,

- - ) e £ . Ly e ' oyt D Bt
YOG, 1872, 1973, Panl of Conadde, Ecuicanie Navicw, Januene, 174,

#3 Quurters only.
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percentage due to mineral production has remained steady at approximately 30%.
If the imports of commodities for this period are examined in a similar

manner (see Table 2.2) it is apparent that the resource industries are still

the key contributors to a favourable balance of trade position. The

groﬁth in exports of manufactured goods has been matched by a corresponding
increase in imports. The foreign currency earnings from the resource industries
continue to provide the necessary funds to purchase consumer and producer

goods from abroad. During this period the mineral industriés appear to have
become more important than either the forestry or the agriculture industries

as generators of foreign earnings from resource exports.

Capital formation by the mineral industries is a large and
continuing market for other businesses in Canada. Table 2.3 shows the amount
,spent by ‘the industries for selected years 1954 to 1970 on capital and repair .
expenditures for plant and equipment. Being capitél intensive, the mineral
industries are not majbr employers of labour as compared to some other
industries, although there is good reason to suppose that they do generate
substantial employment in many other sectors of the economy. The mineral
industries employ directly about four percent of the total Canadian labour
forcé‘ ‘This figure does not include the indirect employment generated in
secondary processing and fabricating industries, service industries,.and
mining communities, Some evidence of the magnitude of the indirect effect
can be obtained from the Thompson, Manitoba nickel project undertaken
by Inco 2, Employed directly at the mine are approximately 3,600 pcople,
while in the town of Thompson, which exists solely because of the mine, the

'total population is approximately 20,000,
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- | TABLE 2.2

IMPORTS OF MAJOR COMMODITY GROUPS AS
A PERCENTAGE OF TOTAL IMPORTS:

' SELECTED YEARS, 1953-1973

Product Group 1953 - 1965 1968 1972 1973*

Primary Farm, textiles, fur : 5.1 52 5.7
and leather .

Fuels and Lubricants . il.8 72 6.6 A6.0 5.1 |
Ores, primary metais and ‘ o 6T 58 - 5.6
minerals : C
Chemicals _ - EETT 10.% 10.7
Producer’s Equipment ' ' - o220 22.2 224
;, Motor Vehicles and Accessories 69 12.3 | 311 310 315
: Consumcr Goods {iné. food) : 21.8 22.5 17.3 19.1 19.0
Total Value | TTTTT TI2083 0 18443 17,727

{millions of dollars)

Source: 1953, 1965, B. W. Wilkinson, Canada’s International Trade, pg. 176,
Table. A-7. Reference Bank of Canada, Statistical Sununary Supplement,
1965, 1968, 1972, 1973, Bank of Cunada, Econoniic Review, January,
1974; '

*3 Quarters only.
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TABLE 2.3

CAPITAL AND REPAIR EXPENDITURES, MINERAL INDUSTRY
SELECTED YEARS, 1951-1970

("000,000’s)
CADPITAL EXPENDITURES. REPAIR EXPENDITURES
Year  Coustruction Machinery Sub Total Construction Machinery Sub Total Toial
1951 204 195 399 44 156 200 599
1955 435 237 672 . 59 205 264 936
1s61 434 217 652 76 276 352 1,004
1965 721 428 1,149 106 459 565 1,714
1968 978 545 1,523 189 489 778 2,301

1970 1,171 790 1,960 223 640 863 . 2823

Source: Capitul and Repair Expenditures in the Mineral Industry, Mineral
Econormics Rascarch Division, Depuartment of Energy bites and
Rescurces, Ottawa, 1972,

The economic impact on Canada of a major recession in the mineral
industries may be very serious. Much of the wealth of the nation stems
from the products of this sector. Table 2.4 shows the relationship of

mineral production to Gross National Product for selected years 1945-1970.

These figures show that the mineral industries made a significant
contribution to G.N.P., but that the economy is apparently not dependent

on the industries to any great extent.

However, Table 2.5 shows the proportion of total mineral
production that is exported. Clearly, if the mineral products from Canada
werc to become noncompetitive on world markets, the country would _
suffer a serious dislocation in its balance of trade. This‘dislocation
could ultimately cause serious shortages of imported goods in Canada,
resulting in imbalances in the economy that could have serious implications

for the quality of life in Canada.
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TABLE 2.4

. MINERAL P'{ODUCTION RELATED TO GROSS NATIO\HL FRODUCT

SELECTED YEARS, 1945-1970
(’000,000's)

Gross National Mineral Production

Mineral Product as per cent of .
Year Praduction © (G.NDP) . . . GND
1945 - 499 11,863 4.2
. . 1950 - 1,045 ; 17,955 ‘ 58
- 1955 1,795 ‘ 27,895 6.4
1960 2,493 - 37,775 66
) 1965 3,745 54,897 6.9
1970p 5,769 84,468 6.8

Source: Dominion Bureau of Statistics Dat
p: Preliminary,

N

We have shown that the mineral industries in Canada'havc
‘been and still are an important sector of the economy and that ‘
theiﬁ_growth in the past is a principal reason for the status and
wealth that the country currently cxperiences. In the future,
Canadian mineral iﬁdustrics could find competition increasingly difficult
in world market due:to the technological brob}cms they face that mineral

industries in other countries do not. If the mining companies that form the




TABLE 2.5

EXPORTS OF PRINCIPAL MINERALS, IN
RELATION TO PROBUCTION, 1970p

30

Export as a
per cent of

Unit Production Exports Production
Copper s.t. 673,748 471,522 70.0
Iron Ore Lt. 47,508,750 21,250,969 44.7
Lead s.t. 383,208 318,734 83.2
Nickel s, 308,040 293,757 95.4
Silver troy oz. 44,282,680 45,227,504 102.1
" Uranium, Uz Og 1b. 8,021,000 4,200,000° 52.4
Zinc s.t. 1,211,298 1,197,445 93.9
* Asbestos s.t. 1,654,000 1,562,432 94.5
Gypsum s.t. 6,442,000 4,853,304 75.3
Elemental sulphur s.t. 3,779,850 2,088,432 79.1
Coal s.t. 16,047,000 . 4,391,575 27.4
~ Crude oil - bbl. 455,382,000 240,693,633 52.9
Natural gus Mecf. 2,295,278,0C0 768,112,547 33.4
Molybdenum, Mo content Ib. 35,353,500 30,334,600 85.8
Potash, K50 5.t 3,424,000  2,504,000° 73.1

Source:  Statistics Section, Mincral Re

and Resources.

p: Preliminary
e: Estimated

sources Brauch, Department of Energy, Mincs

mineral industries do not develop and maintain a technological capability that

enables them to svrvive and prow in the future, then there could arise a sitiation

in whicli these companies can no longer compete in world markets, (hreatening

not only their survival, but the ccondmic welfare of the country. : This problem
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has already arisen in the gold mining sector, although it was too small
in impact to seriously affect Canada's international position( Between
1960 and 1971 when gold was selling for $35 per ounce, Canadian gold-
mines did not have techhology that would economically allow them to
mine the low grade ore deposits which are relatively common in certain
areas of Canada. If this situation were to arise in other sectors, and
Canadian mines were not able to extract ore economically, the impact

on Canadian industry and on the economic welfare of the country could,

“in the long run, be enormous.

2.3. THE FERROUS MINERAL INDUSTRY

The ferrous mineral industry in Canada is a relatively
recent development. Substantial iron mining in Canada was first undertaken
during the post World War II period. In 1965 the total value of production
for the industry was $358,393,000. In 1973 the value of production Was
$613,000,000, an increase of 75% over 1965, and accounting for approximately
fourteen percent of the value of production for all mineral industries in |

this research.

Between 1960 and 1965 capacity in the ferroué mineral
industry increased rapidly. As can be seen im Figure 2.1., this increase
was accompanied by a sharp rise in factor productivity. Since 1965 the
rate of growth of capacity, and of factor productivity has declined from

the levels of previous years.

Few published data are available for operating statistics
in Canadian iron mining. Clearly, as shown in Table 2.6 the formation of
an iron mining company generally represcnts a vertical integration venture.
by one or more sfeel pfoducers to .secure sourcés of supply. Tﬁcrc is only
one major independent mine operating in the Canadian ferrous mineral industry,
The infrastructure nccessafy to support thc operations of an iron minc is
extremely complex. Construction of power facilities, transportation facilities
for the large volume of product, shelter for workers, and expensive production
plant is ndcossary. However, beyond thcsc'noccssary activities, mining companics

in the ferrous mineral industry have not attempted to diversify. .They exist
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FIGURE 2.1

\

CHANGES IN QUTPUT, COMBINED CAPITAL AND LABOUR
INPUTS, AND FACTOR PRODUCTIVITY IN IRON MINING

(1957 = 100)
Factor 400 —
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Source: Dawson, J., Productivity Change in the Canadiun Mining Industries.
Statt Study No. 30, Ecouomic Council of Capada, 1971,
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'TABLE 2.6

PRINCIPAL IRON MINING COMPANIES AND MAJOR SHAREHOLDERSV

Name of Company

‘Shareholders

Iron Ose Company of Canada

Quebec Cartier .‘Jin:ﬁng Co.

Quecbec Tron and Titanium Co.

Algoma Ore Division

Marmorator Mining Co. .

Caland Ore Co.
Griffith Mine
Sherman Mine

Steep Rock Iren Mines Lid.

National Steel Co. of Canada
Adems Mine

Texada Ltd.

Westfiob Mines Ltd,”

Hilton Mine

Wabush Mine

Labrador Mining and Exploration Co.: 4.5%
Holinger Mines Ltd.: 10.0%

Hanna Steel Corp.: 25%

Bethlehem Steel Corp.: (1975

National Steel Coip.: 17.5%

-Armco Steel Corp.: 6%

Republic Steel Corp.: 6%
Youngstown Steel Corp.: 6%
Wheeling — Pittsburgh Sicel Corp.: 6%

United Staies Steel Corp.: 100%

Kennecott Copper Corp.: 66.66%
3.

New Jersey Zine Corp.: 33.33%"

Algoma Steel Ltd.: 100%.

Division of Bethlehem Stesl Co.

Inland Stesl: 100% -
leased to Steel Co. of Canada uitil Aug. 20, 2040
Dominion Foundries and Steel Co.: $0%

Independent. Joint venture operation with Algoma
Steel Ltd. : _ ,

National Steel Corp.: 100% .

Dominion Foundries and Steel Co.: 100%
Kaiser Aluminium and Chemical Corp.: 100%
Falconbridge Nickel: 100%

Steel Company of Canada: 507%

Jones and Lauchlin: 25%

Pickurds avd Mauer 23%

Steel Company of Canada: 25.6%

Dominion Foundries and Steel: 16.4%
Youngstown Steel Coip. :

Interluke Steel Corp.
Wheeling Pittsburgh Steet Corp.

Svurce: Fiamcial Port Survey of Aliaes, 1972,
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PRINCIPAL IRON MINING COMPANIES AND PRODUCTION CAPACITIES

Per Cent of

Tonnage Industry Total
» Namne of Operation Per Year Capacity

**Iron Or.e Company of Canada 33,600,000 53.0

© Quebec Cestier hiining Co. 8,000,000 13.0

Quebec Iron and Titanium Co. 637,000 1.0

Algoma Ore Division _ o 2,000,000 3.0

Marmorzton Mining Co. 500,000 1.0

Caland Oz Co. | 2,300,000 4.0

Giiffith Mine . 1,500,000 2.5

e Sherman Mine . 1,000,000 1.5
Co Stecp Rock Irun Hines Ltd. : 1,400,000 2.5
National Steel Co. of Canada 680,000 1.0

Adams Mine : 1,100,000 © 2.0

Texada Ltd. 550,000 1.0

Westfrob Mines | 1,100,000 2.0

Iiton Mine . 900,000 - 1S

Wabush Mines Ltd. | 6,000,000 9.5

* International Nickel Co. 900,000 1.5
* Falconbridye Nickel Mines 300,000 0.5

- ¢ Comingo Ltd. ' 200,000 0.3

Source:  Financial Post Survey of Mines, 1972,

**Production Capacity Increases duc on stream 1973,

*By-product of non-ferrous mining operation,



to act as a source of supply for the steel complexes that own thém. BReing
such sources, their future depends on their ability to rcmain low cost

suppliers of iron ore.

' Most of the iron mines in Canada are large open pit
operations. They represent a politically and, at the present time,
economically stable source of supply for the Canadian and United States
steel industries. Howeyer; iron ore is not a scarce resource. Total
proven world reserves are sufficient for at least 100 years 3, and

there are large, high grade deposits known in Brazil, Australia and

several other countries. However, the cost of transport for iron ore is
relatively high in relation to its value, and therefore Canadian dcposits
currently represent a convenient source of supply for both domestic and
eastern United States steel mills. The future of these Canadian operations
depends on their ability to remain low cost suppliers compared to the
alternative sources. To accomplish this cost control, factor productivity
can be seen as a critical element in the competitive strategy of these iron
mines. Increasing factor productivity can only arise from a flow of new,

cost saving, process innovations.

There are fifteen operating iron mines in Canada. The
annual production tonnages of each of these mines is shown in Table 2.7.
At an average price of $12 per ton 4, the mineral revenues for the largest
company, the Iron Ore Company of panada may be estimated at $240,000,000
while those of the smallest, Marmoraton Miniﬁg Company are estimated to be
$6,000,000 in 1974. Using $12 per ton as an average price, the mincral
revenues of the iron mines can be estimated and classified as shown in

Table 2.8.
‘ TABLE 2.8

MINERAL REVENULS OF IRCN MINES IN CANADA

" Range of Mineral Revenues® ‘ © Number of Firms
S © 00to$ 40,000.000 ‘ 11
$40,000,000 to $100,000,000 : : 2

2

Over $100,000,000

*Assumes iron ore at $12 per ton.

>
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2.4. THE NON-FERRQUS MINERAL TINDUSTRY

The non-ferrous mineral industry is the largest mincral‘
industry in Canada, representing over seventy percent of the value of mineral
production for the industries in this research. The value of production for the
non«ferrous mineral industry in 1973 was $3,180,000,000, an increase of 120%
over the $1,414,209,000 reported in 1965.

Classified as products of the non-ferrous mineral
industry are copper, zinc, silver, lead, nickel, molybdenum, gold and uranium.
Canada is the largest producer in the western world of nickel and zinc,

second largest of lead and fourth of copper. 5

Dawson6 separated productivity data for the non-ferrous
mineral industry into two groups, gold mines and miscellaneous metal mining,
In" the miscellaneous metal mines he found little growth in factor productivity

during the period 1957-67. His comments follow below:

"In only . . . copper -~ gold - silver mines was there a
steady increase in production. . . . Even with the
substantial increases in production, gains in output
‘per man-hour were only modest, amounting to no more
than 2 per cent per annum over the period. Had it
been possible to take into account the increases
in capital invested, it is likely.that one would

have found no increases in factor productivity.

". . . silver - lead - zinc mines . . . shift in this
industry to capital intensive types of mining, and
the large increases in capital involved . . . it is
unlikely however that there was-any increase in

factor productivity." 7

Figufc 2.2 shows graphically the changes in output and factor productivity

estimated by Dawson for the period 1957-1968;

A federal Government of Canada survey of the non-{errous

>
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 FIGURE 2.2

CHANGES IN OQUTPUT, COMBINED CAPITAL AND LADOUR INPUTS,*
AND FACTOR PRODUCTIVITY IN MISCELLANEOUS METAL MINING

100)

CAPITAL -
AND LAbOUl\ “

P

—-’—\
/\- S / . \/ OUTPUT
| ourput

e

FACTOR PRODL CTIV lTY

J-lJllrll'

{1961 =
Factor 150 p—
Productivity -
Index , L
100
90 -
80 -
- 70 Lo
1957 60

65 - 68
‘ " Yeur

Source: Dawcon J., Productivity Ch«nre in the Canadnn Mining Industres.
Staff Studv No. 30, Economic Ceuncil of Canada, 1971.

*Data on !abour inputs are not available for years other than 1961-67.

TABLE =4 2

AVERAGE SIZE OF NCN-FERROUS HMINERAL FIPAMS, 1970

{$000,000° s) :
Mine ~Mine, Smelting and Refining
Number of Firms 123 9
Assets ' 12.3 363
Equity 8.4 236
Sales ) 6.1 186
Profit - S 19 57

Source:  Corporations and Labour Umons Returns Act, Ottawa, Statistics

Canada, 1973,
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mineral industry carried out in 1970 identified 132 firms as being active.8
Of these firms, nine were integrated firms with activities in mining,
smelting and refining. As can be seen in Table 2.9 the mean assets,
equity, sales and profits for these integrated firms are far .larger

than for non-integrated firms.

o ’ In 1973 sales and profit after taxes are shown e
for each of the nine integrated producers in Table 2.10. Two of these
integrated producers, Gaspe Copper Mines Ltd. and Brunswick Mining and

Smelting Company Ltd. are

TABLE 2 2./

SALES AND PROFITS OF INTEGRATED NON-FERRCUS CCAMPANIES

—_—ly

1973

(5009,605') .

Company Sales Profits
(\. - Intemnational Nicke! Company Ltd. . ' 1,172,000 468;430 .
: Noranda Mines Ltd.® | - . 845,000 121,000 ’

- Cominco Ltd. . 513,986 42,835

Falconbridge Nickel Ltd. 438,163 47,904

Hudson Bay Mining and Smelting Ltd. ' 180,998 47,288

Sherrit Gordon Ltd. 124,092 20,926

Brunswick Mining 2nd Smeclting Ltd. 78,956 19,859

Gaspe Copper Mines Ltd. N 48,467 1,195

Texasgulf Tne.** ' n.a. - n.a,

Source: Cerporate Annual Reports.

*Includes substantial revenues and carnings from non-mincral opc rations.
"‘*Incor-'oxatud in U.S.A.

subsidiaries of .Noi‘and.zl Mines Ltd. The seven other integrated producers,

with the exception of Texasgulf Inc. are all long established mining _ -
companies which were established to work a major ore body. For cxample:

Noranda Mines Ltd. was founded to d'cvclop the Horne deposit at Noranda;

ludson Bay mining and Smelting and Flin-Flon copper-zinc deposits; and

Y € ey I T e g A e o
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The International Nickel Company the nickel deposits around Sudbury.

The growth of these integrated producers has been derived from
the stream of funds generated by the rich ore bodies mentioned previously,
Each company has implemented a different corporate strétegy,from its

competitors.

For example, Noranda has concentrated on forward integration and diversification.
In 1973, approximately half the total revenues of this company were from
non-mining operations. Rather than carry out its own major.exploration
pfpgrammes, Noranda has adopted a strategy of providing technical and

" financial resources for the development of ore bodies discovered by others

in return for equity in a joint mining venture. The International Nickel
Company, until 1974, followed a strategy of non—diversificaﬁion. Instead

the company concentrated on the processing of nickel and copper:

"It appears to have done just fine with an old-fashioned

management that stuck to nickel and copper mining." 9

Until 1962 the strategy of the Hudson Bay Mining and Smelting Company was

to carry out its own exploration programmes in Manitoba and Saskatchewan.
Management of the firm hoped to discover mineral deposits that would yield
high grade sulphide ores for treatment at the company's smelter in Flin-Flon.
In 1962 effective controi of the company was obtained by Anglo American
Corporation of South Africa Ltd. Soon after his acquisition the company
started to diversify into secondary manufacturlng and other resource

industries. ‘10

Successful growth strategies of major integrated mining companies
appear to contain two major -elements. The first is a process of forward
integration to develop captive fabrication markets for mineral products.

The second is a strategy by which a stream of new ore.fescrvcs arc acquired,
either thrédgh in-house exploration or through purchase. In contrast to this
strategy; small, one mine companies never develop the butput to jdstify' o
integration forward into smelting or refining. The products of thesc mines,
in concentrate, or crushed orc form, are shipped to the smclting complexes

of the intcegrated producers for smelting and refining.

However, some small firms do grow and survive. These smaller firms
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do so by re—investing earnings in cxploration and in the shares of large
dividend paying companies. Survival is perceived by the management of these
firms in the context of the discovery of a new ore body. Consequently,
earnings are re-invested in exploration. However, when earnings cxcced
exploration requirements, the surplus is re-invested to provide ca;h'

flow in periods of low income.

‘.

The general need for new process technology in these mining firms
is illustrated by the particular problems facing Inco:

M. . . ... The company is having to dig deeper, at

greater expense to find workable grades of nickel
ore. . . . But forty years ago, when Inco wa:
mining near the surface at relativeiy low cost,
every ton of ore extracted yielded sixty pounds
of nickel; today Inco is-mining'ore with-less

than half that nickel content." 11

The declining ore grades and availability of deposits in Canada mean that
firms in the non-ferrous mineral industry must develop new process technolog
to improve factor productivity and remain competitive in world markets.

The gold mining industry in Canada provides an example of the
outcome of stagnation in factor productivity. Figure 2.3 shows the
decline in output for the Canadian gold industry from 1960 to 1968.

During this period the world price for gold remained between $35 .and $44
an ounce. The labour intensive gold mines in South Africa, having a large
supply of cheap labour, were able to sell gold at these prices and remain
profitable. 1In Canada, however, the cost of labour increased during

the period and little change occurred in factor productivity. The result
was a dramatic decline in the output of gold and in the number of mines
operating. Table 2.11 shows that between 1964 qnd 1971 the number of gqld

"mines and the vaiué of gold produétion both declined by approximately

Lode or quartz gold occurs in Canada in deposits that are

characterised by narrow veins of ore, often less than four feet wide. Most
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CHANGES IN QUTPUT, COMBINED CAPITAL AND LABOUR INPUTS,
'AND FACTOR PRODUCTIVITY IN GOLD MINING

‘(1967 = 100)
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Source: Dawson, J., Productivity Change in Canadian Mining Indusiries, Staff
Study No. 30, Economic. Council of Canada, 1971.

gold mining operations have been labour intensive and in the past there has
“been little attempt by the management of gold mines to replace human labour
with machinery. The response of the management of gold mines to low prices

- and high costs was to cut back production and lobby the -Governm_ent of

Canada for emergency

TABLE 2% 7- i

RUMBER OF ESTABLISIZMENTS AND 'OUTPUT, GOLD MINING,
SELECTED YEARS, 1964-1971

Gold Quariz Gold Pro'ducﬁoﬁﬁ o © Produciion
Year Mines ) {Ounces) Value (£000%)
1964 e 3,210,105 104,204
1966 A s4 2,719,750 . 95,751
1968 | 42, 2217748 ' 78,908
1970 - C300 o LEILIZI o L 64190
1971 - 26 1,753,000 59,698

© Source:  Statistics Canada Cuataloguc.

assistance. Government assistance was provided under the provisions of the.
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Emergency Gold Mining Act. In 1971 all mines with the exception of tWo,
which were ineligible, sold all or part of their production to the Royal
Canadian Mint and received assistance payments in excess of the world

price for these ounces,

. Since 1971 the price of gold on world markets has risen

dramatically. The price rose from $37.87 (U.S.) in January 1971 to

. $200.00 in December 1974. As a result the industry in Canada has been,

revived and new mines are being brought into production. The change in the
fortunes of the gold mining industry is illustrated by the comparative
earnings for 1971 and 1973 of the Dome Mines group of companies shown in
Table 2.12.

Without the rise in the world price of gold it is unlikely that
firms in the gold mining industry in Canada would have been able to halt
the decline ' o

~ TABLE TR

GOLD SALES OF THE DOME MINES GRCOUP

Sales 1971  Sales 1973
Dome Mines S 17,589,000 S 43,508,128
Campbell Red Lake Mines s 8,245,000 ' $ 19,870,000
Sigma Mines Quebec ' S 3,306,000 S 8,131,000

Source: Annual Reports for Dome Mines Lid., 1972 and 1974,

in their output and populatioh. Dramaﬁic price shifts, such aé the one
occurring in the gold mining industfy arc unlikely to take placc’for other
non-ferrous mineral industries. One way that firms in these industries will
be able to remain competitive is by increasing factor productivity through

the acquisition of new process technology.

The total number of firms active in the non-ferrous mineral industry
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in Canada is provided in a recent publicatioh of the Mining Association of
Canada. These data indicate a total of 124 active firms in the non-ferrous

- mineral industry in 1973. This number is eight less than was shown in the
previous Government of Canada study 12. Published income statements are not
available for all these mines, as some are subsidiaries of foreign corporations.
However, analysis of those income statements that are available and data
provided in the Financial Post Survey of Mines for 1973 has been grouped

according to mineral revenues in Table 2.13.

TABLE 2.813

MINERAL REVENUES OF FIRMS IN THE NON-FERROUS
MINERAL INDUSTRY IN CANADA

Range of %Iineral Revenues ‘ Number of F?:n_is
s 00to $ 40,000,000 ‘ 95
$40,009,000 to $100,000,000 - 20

Cver  $100,000,600 9

2.5. THE NON-METALLIC MINERAL INDUSTRY

-

In this section we will be concerned with two minerals, asbestos
and potash. Between then, these two minerals accounted for 75% of the
productioﬁ of the non-metallic mineral industry in 1971. The value of this
production was $454,259,000.

The productlon of potash and asbestos in large quantltles is a

recent devclopment in the Canadlan mlneral 1ndustr1es. Output of thesc

" non-metallic minerals has doubled since- 1960, but factor product1v1ty, which

increased steadily between 1958 and 1965, declined sharply after 1965. These

data are shown in Figurc 2.4.

The value of asbestos production in Canada in 1971 was $210,435,000{

an increase of 1% from the previous year. Canadian production accounted for
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$43.5% of total world production in that year. The Canadian output was

derived from twelve producers operating fourteen mines. Sixty three percent

of all production was accounted for by two producers, Asbestos Corporation

and the Canadian Johns Manville Company Ltd. Operating data on the major

asbestos producers is presented below in Table 2.14.

FIGURE 2.4

CHANGES IN OQUTFUT, COMBINED CAPITAL AND LABQUR INPUTS,
AND FACTOR PRODUCTIVITY IN NON-METAL MINING

(1957 = 100)

Fzctor 300—— RATIO SCALE

Productivity
Index
OUTPUT.— .
2007 e P
- / e
- ~CAPITAL
P AND
[~ % LABOUR
1((,[......_ -
1 -~ o~
Sl / i N > \k
i el -~ FACTOR '
. r AT~ -7 PRODUCTIVITY
101""‘ a{"\\/” - e ‘
80— L1 1 A |
1957 60 65 68

m vt e o Year

Source:  Dawson, J., Productivity Chunge in ‘Canadian Mining Industrics, Stalf
Study No. 30. The [conomic Council ol Canada, 1971,

*Excludes structural materials and services incidental to mining.

There-is little forward integration or diversification by asbestos
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mining companies in Canada. Asbestos fibre is shipped in its rdw state to
fabrication operations in the United States and Europe. There is some

argument that Canadian consumption (2.8% of total world consumption in 1971)

is not large enough to support economic scale asbestos fabrication operations.

TARLE 2.8 2 /¢

MAJOR CANADIAN ASBESTOS FRODUCERS, 1971

Name of:Coimghmﬂy “Quiput : Principal Shatcholder

(l\iﬂl Capacily)

Cimedian Johns-Manville Company Lid. Johns-Manville Company Limited
Jeffrey Mine 33,000 tpd 100%

Asbestos Corperation Limited Canadair (Ceneral Dynamics 100%)
British Cunadiun bine 12,400 tpd 54.6% ' Lo
King-Rraver Mine ‘ 12,000 tpd
Normzndic Mine 7,500 tpd

Johns-Manville Mining and Trading Widely Held

Yimited .

Reeves Mine . 5,000 tpd

Cassiar Asbestos Corporation Limited - Data unavailable
Cassinr Mine 2,400 tpd
Clinton Creck Mine . 4,100 tpd

. Lake Asbestes of Quebee Lid. 9,000 tpd Data unavailable

Advocate Mines Lid. 5,000 tpd Data unavailable

Source: Finaacial Post Index of Mines, 1972,

Thus, the mines in Canada Serve as sources of raw materials for forecign
plants. Probably the managements of these Canadian operations are
evaluated on their ability to provide low cost sources of :1shostc_)s fibre.
In this cbnfoxt, cost reduéing process innovations can bb secen as in!port:x_nt

clements of the corporate strategy of these firms.
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The first potash mine-in Canada came into production in 1962.

Since that time a total of'ten mines have been developed ‘in Saskatchewan,
the location of one of the largest known deposits’of potash in the world.
Table 2.15 shows the date each mine was brought into production and its
operating capacity. '

TABLE 2:16 715

POTASH MINES IN SASKATCHEWAN, CAPACITY AND CWNERSHIP

. Mine 'Cap:cify (Tons) ' Principal Shatehelder
;;}gﬁ; | gzggg:ggg g : o International Mineralsland Chemicals’
' P.CA. 700,000 Potash Compeny of America
Kalivm . 750,000 : Unknown
Alwinsal 1,600,0G0 . Unknown -
Allan ~ 1,500,6C0 -—Texasguif Incorperated
Vade B 1,200,000 Cominco Ltd.
Nora'ndav o ’ '1,200,000 Noranda Mines Ltd.
Duval 1000000 Unknown
Sylvite ' 1,000,000 " Hudson Bay Mining and Smelting Co.

Source: Canadian Minerals Yearbook, Queen’s Printer, Ottawa, 1971,

The rapid expansion of capacity in the industry led to a severe
price decline, foltowed by the institution of production controls by the
Government of Saskatchewan. These controls reduced the operating ratc of
the potash mines to approximately 40% of capacity in 1971. . Under thesc
conditions, factor productivity became a key element in whether or not

the mine could be operated at a profit. The Hudson Bay Mine at Rocanville
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was able to remain profitable only because the management had introduced a
continuous mining method at the operation. Company officials doubt that
the mine would have been profitable if conventional mining technology had |

been utilised. 13

The potash mines in Saskatchewan frequently represent horizontal
diversification of a large firm such as International Minerals and Chemical Inc.,
whicﬂ is already mining potash elsewhere in the world. These mines aléo
represeﬁt horizontal diversification by firms in the non-ferrous mineral industry
in Canada, as in the case of both Cominco Ltd. and Noranda Mines Ltd. None
of the mining operations in Saskatchewan have themselves diversified or
erpanded the scope of their operations. Howevei, several of the parent
companies have either integrated forward into fertilizer manufacture or have
entered into join agreements with feitilizér manufacturers to assure a market

for the mineral production of their mine,

In the non-metallic mineral industries considered in this research,
(- there are a total of 22 firms active in Canada. Few published data are
available on the mineral revenues of several of these firms as they are
‘subsidiaries of larger companles The mineral revenues derived for these
firms to enable the c13551f1cat10n shown in Table 2.16 have been obtained by
multiplying published prices 14 for both potash and asbestos and multlplylng
by the capacity for each operation.

TABLE 215

MINERAL REVENUES OF FIRMS IN THE NON-METALLIC
MINERAL INDUSTRY IN. CANADA

- R:_mge of Mineral Revenues S o :'Num‘ner of Firms
R ) 00 to § 40,000,000 : 18
‘ - : - §$40,000,000 to $100,C00,000 2
Over $100,000,000 - 2
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2.6, SUMMARY

The data presented in this chapter have enabled us to define a -
population of mineral industry firms for the research whose mineral revenues
are classified as shown in Table 2.17.

A

TABLE 2.1 /.7

ST A AT AN AT RETNTET AT REVENIITR TOT TS T
CLASSIFICATION OF JMINERAL REVENUER FCR THLE TOTAL

POPULATICN O FIRMS RELEVANT TO THE RESEARCH

Range of Mineral Revenues ' ' Number of Firns
$ 00 to § 40,000,000 o124 _ .
S£0.062,000 o 5100,000,000 o4

Over §100,600,000 ' 13

In the non-ferrous mineral industry productivity appears to have
remained the same, or in the case of gold mining, to have-declined dﬁring the
last decade. . Even though trackless mining, which greatly reduces capital
investment, has been widely adopted by the industry in this period it appears
that the output for each unit of factor employed has mnot increased. The
implication of this stagnation in factor produétivity may be that, as factor
costs rise in the future, profits will shrink unless firms are able to raise the
-prices for their products. This shrinkage will mean that less funds become
available for re-investment in new mining ventures. As ore bodies are depleted,
mining firms may not have the reserves of minerals available to provide

continuity of operations. ?

Productivity growth over the last-decade is only observed in the
ferrous and non-metallic mineral industries. Neither of.thesc industrics contain.

many firms taking risks in growth through exploration or diversification,
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N

Coﬁsequently, managers may seek to improve performance through more efficient

. A
production. This may entail some risk in the acquisition of new process

technology. However, the rewards for uﬁdertaking this risk may be high, particularly

as most of these firms are raw material suppliers and performance may be
evaluated on cost minimisation. .

The current growth strategy of many firms in the non—ferrous
mineral industry appears to be based on the discovery and exploitation of mineral
depoSits which can be extracted using existing process technology. In thé
short term such a strategy might prove successful. However, as these
relatively high grade deposits are-depleted, the survival and growth of the
individual firm will depend:.on its ability to makéflower-grade, more remote
mineral deposits economic. Firms in the ferrous and non-metallic mineral
industries will face the challenge of remaining as suppliers of raw'materiéls to
processors at lower cost than can other firms in foreigﬁ lands. Thus, to
remain competitive in world markets in the future, Canadian firms in all three
mineral industries must acquire new process technolegy that eﬁables them to
remain low cost producers able to compete with foreign firms having other

competitive advantages.

The strategic choice for managers under these conditions can be
seen as including the selection of an effective means of acquiring mew process
technology. The adoption of new process technology will bring an increase in
uncertainty into the managehEnt environment. The dilemma in which managers are
placed is that of deciding whether or not the firm should invest financial and
humah Tesources to provide a fldw of new process technology. This new technology,
if successful, may provide the firm with an advantage over its competitors.
Initially, however, the success of these innovative activities will be uncertain.
The élternative, the purchase of new“process\technology from specialiséd supplicrs,
also have an uncertain outcome. Such a course of action involves unécrtdinty A
in the price, specifications and performance of the new process at the time of
ordering. In the next chapter we shall consider in detail the advantages and

disadvantages of . both the 'make' and the 'buy' decision,
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CHAPTER 111

-LITERATURE, THEORY AND PROPOSITIONS

3.1 ORGANIZATION AND INNOVATION

The process of innovation can be carried out by one functional
areg inside the firm or ‘can be broken down into several different functional

areas, Bright1 suggests seven stages by which the progress of an innovation

" can be determined. These are:

- Stage 1. “The starting point

. . . which seems to emerge in one of three ways; by
scientific suggestion, meaning the speculatiens, hypc-
theses, and inferences of the scientist and engineer

arising out of his search for new knowledge; by
discovery, meaning the identification of new phenomena
in the course of pursuing scientific and engineering
activities; and by recognition of need or opportunity . . .

Stage 2.  The proposal of theory or design concept
. « . implying crystalization of theory or design concept
that is ultimately successtul; usually culmination of
much trial and error . ..

Stage 3. Verification of theory or design concept
This stage is marked by the accomplishment of the
experiment that confirms the validity of. the proposed
-theory or design concept. it implics demonstration
of an effect or a phenomenon as distinct from its -
application to a useful purpose .

Stage 4. The laboratory demonstration of application
This is the first primitive model of the technology
concept in a useful form. . Between this and the
next stape there are numerous trials of alternative
configurations, materials, and variations of scales . . .

51
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Stage 5. The field or full scale trial

. « . we must recognise that there are very likely to
be failures in the ficld trials or that results are so
imperfect as to require a return to the laboratory . . .

Stage 6. The commercial introduction

. . . marks the time when the technological innovation
is believed to be ready for application as acceptable
_ practice . . . o :

Stage 7.  Wide Adoption

. . . meaning that time when the innovation has achieved
usage on a scale great enough to have societal impact
as measured by profits to producing firms.”2

The first six of these seven stages identified by Bright correspond

to research, development, and manufacture. Generally, and in this research also,

the starting point will be taken to occur at any placé inside or outside the
innovating organization. Bright’s second and third stages will bé considered to
occur in the applied research laboratory: the proposal and verification of
theory or a design concept is the fun'ction of applied research. His third and
fourth stages will be taken to be the functions of development: turning
concepts into working applications. The fifth stage, the field or full scale
trial marks the transition of functions between development and manufacturing.
At this stage of the innovative process, there is extensive cooperation between
the development and manufacturing functions to produce a full scale process
from a model application. The commercial introduction and widespread
adopiion- stage are performed by manufacturing and muﬁrkycting but‘ 'u;c not
considcréd in this thesis. This thesis only deals with .thc activitics up to 4the

first innovation and is not concerned with the diffusion of the technology.

The latter is a scparate issuc.




Staatiiagia

i ot i B T W

The division of these stages into the functions of applied research,
development and manufacturing is supported by Morton.3 Describing the-
innovation strategy of the Bell telephone system, he breaks the process of
innovation down into these three functions, research, déveloément, and manu-

facturing. This scheme of organisation is shown below in Figure 3.1.

FIGURE 3.1

FUNCTIONS IN THE _INNOVA_TIVE.PROCESS

[ SALES AND SERVICE ]
' 7S

NEW OR
IMPROVED
PRODUCTS

\ »
| MANUFACTURE AND INSTALLATION
\

NEW OR
IMPROVED
DESIGNS

5
EVELOPMENT AND DESIGN l
<N

Ol

NEW OR
IMPROVED
TECHNOLOGY

| BASIC AND APPLIED RESEARCH |
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Numerous studies have shown that industrics have different rates

of product and process change. Over the last thirty ycars certain industries

have become known for competition on the basis of innovation, whilst others

have become noted for their lack of product change.

The Organization for

Economic Cooperation and De&elopment (OECD) dcveloped the following

industrial classification?. The purpose of this classification is to group

together industries with high, medium, low, and very low rates of innovation.

Industries in Group 1 exhibit high rates, those in Group 1V, very low.

Group IlI

Group 1 Group I Group 1V
Science Based . Mixed Industries Average Non-Science Based
Aircraft Machinery Non-ferrous Metals Textiles
Electronics Fabricated Metal Ferrous Metals Paper
Products

Drugs Food and Drink
Electric Machinery Petroleum Other Transport Miscellaneous

- Equipment Manufacturing
Chemicals ‘
Instruments

N e L R T R S T S oo T,

Stinchcombe? attcrﬁpted-to relate organizational structure to the age

of an industry. For this purpose he developed a classification of industries by

age. This classification is shown bclow accompanied by industries included in

each category.

The modern industries correspond to Group 1, the Science Based

category of the OECD classification. Similarly, prc-fuctory. corresponds to Group |

1V, the Non-Science Based. Industries-in the Railroad Age and ELarly Nincteenth

Century catcgories correspond to Groups 11 and 111, We can infer that modern
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, Early Nineteenth

Modern Raifroad Century Pre-Factory
Aircraft oo Transport Industries Woodworking Agriculture

' (except aircraft)
Telecommunication . Leather _ Hotels,. Lodging
Chemicals and Allied Metal Extraction Textiles : Printing

and Fabrication

Electrical Machinery ‘ . - : - Publishing
and Equipment . ‘
Petroleum . ’ ‘ Forestry

industries have high rates of innovation, but that in mature industries the rate

. of innovation is much lower.

Amongst these industries, metal extraction (non-ferrous metals and
ferrous metals in the OECD classification) can be seen as of the railroad age
with an average rate of innovation. This is to bejexpected, because as was
shown earlier, the products of the fniner'al industries are commodities which
change little in specification over time. These commodities are traded in large
intcm:itignal markets on the basis; of price determined by suppvly and demand.
Producer profit is determined by the ability of the firm to keep its costs below

those of other producers.

In many industries the growth of ﬁrms) depends on their ability to
develop new products or new markets for their products. Even in mature |
industfiés sucl.l as textiles and automobiles compctition is based on product
differentiation. Processes arc uncertain only fo the extent that they are affected
by changes in product specifications. They are not the main factor in competi-

tion between firms.
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Research studics in these industries have shown that process

manufacture is left to process equipment suppliers, Olsen® found that in the -

United States textile industry the prime sources of process technology are
external to the using companics, Eq‘uipment suppliers are important sourccs vof
process innovations, Abernathy and Townsend’ suggest that in larger
industries such as the automobile industry in the United States, new processes

may be obtained from a specializéd equipment supplier industry. When process

using firms become large they tend to divest themselves of process manufacture.

Thesé findings will be discussed at greater length in Chapter VII.

Markham® proposes that in mature industries, uncerfainty in the
business environment is reduced by 'the development of an oligopolistic industry
structure. Under conditions of oligopoly firms are able to contfol the rate of
change of product technology and hence iniroduce stability into the operations

of the firm. One aspect of this stability will be control over process changes.

~ Processes will not be the basis for one firm gaining a competitive advantage

over others. Hence their manufacture can be left to specialized suppliers who
can obtain economies of scale by selling to all firms in the process using
industry. Survival and growth of the process using firm will depend on its

ability to exploit new markets and develop new products,

Thesc means of survival and growth are clearly not applicable to

firms in the mineral industrics. Firms cannot remain in these industrics unless

they have reserves of ore from which to extract mincrals, Mincrals cannot be
extracted from the ore unless the firm has mastery over the required process
technology, Hence, the growth of the mining firm arises from two sources;

firstly, the discovery of new mineral deposits, and sccondly. from possession of

Gk i s ™ e S e R TR L e L R
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i the process technology required .to extract minerals from the orc at an economic

cost.

\

The basis for competition between finﬁs in the mineral industres
can be seen then as not product .oriented, but raw hateﬁal and process. oricnted.
- Firms with Igrge ore reserves and dofninance in ﬁrocés‘s technology have a
" competitive advantage over firms with smaller reserves and less kn_owledge. of

the process technology. Clearly, the acquisition of new ore reserves and process
technology are key elements in the growth strategies of firms in the mineral
industries. However, process technology cannot be utilised without mineral

“deposits being in the possession of the firm. Thus the discovery of new

mineral deposits must have higher priérity for the firm than the acquistion of
- h new process technology, unless the firm already has high ore reserves for which

(\, : it requires new processes.

Given that the future uncertainty related to the extraction of

minerals from a deposit is unmeasurable, and that the firm has already accepted
high risks in exploration for the mineral deposit, then it is natural that tﬁe
firm will wish to minimize risk in the process technology used to extract
minerals from the ore, The utilisation of new process technology would
involve unmeasurable uncertainty, because it would not at first be known
whether or not the new process w_ould work or how well it might work.

Hence there is considerable disinqen_tive for firms in the mineral 'in_dustri_c_s_ to
us.e new p.roc":ess' ‘tcchno‘-logy. waevct, where the firm ims consi.dcrablo :
I'CSO{LIITCCS and can stand the financial and business risk involved it may do so

if the potential returns arc large enough.

The preccdfng discussion implics that firms in the mineral industrics
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may act in different ways depending on the level of their ore reserves and the

magnitude of their resources. Large firms with considerable resources and

substantial ore reserves may devote a portion of those resources to the acquisition
of new process technology for the purpose either of gaining a competitive
advantage, of for fhe development 6f a new ore body that is not susceptible

to treatment by existing processes. Small firms with limited ore reserves may
devote all their limited resourpes-'tb fhe eﬁpansion of ore reserves by ‘a programme
of exploration. Thé acquisition of new process techqology may be of little

consequence to the management of these firms.

Once the need to acquire new process technology is recognised by
the maﬁagement of the firm, then it becomes necessary to develop in the firm
the functions required if process innovation is to be brought about. As will be

shown in the next section, the functions of research, development and manufac-

" ture must be integrated if successful innovation is to take place. This integration

can be achieved through the market, by the purchase of innovative activities
from specialised suppliers, or it can be achieved administratively, within the firm.
Both methods of integration have their advantages and disadvintages. Firms
that fai{ to recognise the most effective form of integration may fail to acquire

the needed process technology.

3.2 INTEGRATION

Chandler? showed that a change in the business strategy of the firm
has to be accompanied by a change in organization structure, in short, “structure
follows strategy”. Ansoff and Stewart suggested that this was also truc for the

research and development functions-of firms in technology based industrivs.
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lefcrent product innovation strategies require different means of mtcgmtmg (or

couplmg) the rcsearch manufacturing and marl\etmg functions. Two basic

- innovation orientations were identified in their paper:

“, .. Rather than attempt to formulate a generally
acceptable definition of the two concepts, we shall
simply use the terms ‘“R-intensive’” and *D-intensive”
to denote a tendency toward the basic and experi-
mental on the one hand, and a tendency toward
commercial product design on the other.”10

They identified three degrees of coupling: high, medium, and low which are
shown schematically in Figure 3.2. These degreés of coupling are based on the
gxtent of the information flow between the different functions. Cléariy, low
coupling exists where Iittlg market input is required for manufacturing and
little manufacturing input for research and development. Conversely, high
coupling takes place where there is a need for research an.d development to

be aware of both manufacturing and marketing constraints,

Based on these orientation and coupling characteristics, Ansoff

and Stewart identify four marketing strategies. These strategies ‘determine the

research and development strategy of the business.  They describe these

strucutres as follows:

L “First to Market

This risky but potentially rewarding strategy has a
number of important ramifications throughout the
business: (1) a rescarch-intensive cffort, supported”
by major development resources, (b) close down-
stream coupling in product planning and moderately
closc coupling thercafter, (¢) high proximity to
the state of art, v
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FIGURE 3.2

COUPLING STRATECIES

I l M

Process flow

Information flow

)
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Business”: ‘Harvard Business Review, Nov.-Dec., 1967, p. 71.

2. “Follow the Leader

This marketing strategy implies: (a) D-intensive techinical
effort, (b) moderate competence across the spectrum of
relevant technologics . . . (d) high downstream coupling

of R & D with marketing and manufacturing. . .

39

3. “Application Engincering” . . .

4. “Me—too”, I

LN
R&D Manufacturing - Marketing i

R&D Manufacturing " Marketing [
: — :)

N
R&D ._.ﬁ Manufacturing ] Marketing :
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Customers

Customers

Customers
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The need for coupling is also discussed by Morton in his book

referred to earlier. He describes the Bell Telephone organization as follows:

““Qut of Bell Labs come the designs, requirements, and
manufacturing specifications for the new and improved
hardware and software which Western Electric produces
and purchases.” 12

“As our organism has grown in response to larger
possibilities and purpose, our specializations have had
to increase and we have become decentralized in space
and organization. As a result it is the basic nature of
‘the couplings that has required much of our manage-
ment innovation as we responded to the need for
increased specialization. It is the couplings among
and within AT and T, Bell Labs, Western Electric,
and the operating companies that have reqmred the
hardest thought. . . .”13

Morton then discusses the trade off between the separation and integration of

the research and development functions, and manufacturing:

“When R & D is too intimately mixed with manufacture
urgent manufacturing problems bring long term research )
and development to a halt, and it is difficult to depart '
very much from existing products and technology

But total autonomy and isolation are not the
answer. If you isolate. R & D, how can research people
know about the Bell System’s problems and select arcas
of relevant scicnce? . . . How can development people
determine the economic manufacturability of their
designs, make tradcoffs between design and process, or
balance performance, cost and reliability?. . .14

From the more general standpoint of business policy, \Vfiglcy has

considered the problem of integrating rescarch and development with production.

A model to predict relationships in various economic states was developed by
him to explain the functions carried on within firms. Four key assumptions are

nade in the development of the model. These are: - . ;
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way fo link research and development with production is administratively:

All economic activity consists of three things
(1) integration, (2) R & D, and (3) production.
These activitics are undertaken by persons who

specialize in one to the exclusion of the other two.

Integration consists of relating R & D to productiori.

Two methods of integration are open. First, the

market mechanism, which includes (a) search for

the relevant markets, (b) ncgotiations between

buyer and seller and the contract of sale, and (c)

settlement terms and procedures for contract

performance and contract non-performance (in terms -
of specification and time). Secondly, the administra-

tion within a firm including the (a) structure,

(b) contract of employment between employer and

employee and (c) motivation system.

An uncertain world, i.e. where there are unpredictable
changes in demand, technology, and resources, with

the unpredictability becoming increasingly greater
with the further ahead in time.”13
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Wrigley argues that in conditions of uncertainty the most effective

_ “Unless the output for R & D can be specified in exact
terms as to technical naturc and time periods, there is
no basis on which the market can integrate production
to R & D. This integration has to be performed by

administration. . . .

(1) In a contract of sale across the market, it is

necessary for the product to be specified in

terms sufficient to enable perception of perfor-
mance and non-performance, and of the amount

of damage in the cvent of non-performance.

This requires that the buyer knows what he will
want in exact teris. When the future in regard
‘to materials or processes in products cannot be

predicted exactly, the buyer cannoi exactly
specify what he will want in the future,

(2) In a contract of employment, all that is

necessary in the contract is the limits to what
the cmployee is expected to do, The details
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can be decided later or by the employee himself
— to whom it may be a matier of indillerence
but who will respond to perception or corporate
or colleague needs or instructions.  Thus, the
- greater the uncertainty and the unpredictubitity
of the future, the greater the tendency to relate
R '& D to production by administration.”, . .

When there is uncertainty as to the demand and supply of
R & D, the relation between R & D und production must
enable direct and frequent face to face contact between
the relevant personnel.  Given the prossure on time. this
means that the same people must meet trequently.  Pro-
duction people could not afford to meet with all the

"R & D personnel in the world who might have a solution

to their problems. R & D personnel cannot aflord the
cost of scarch on the market for all production plants
who might need their services. Thus. the greuater the
advantage of face to face contact between the same
people in production and R & D the greater the tendency
to relate R & D to production by administration.” 16

The present research will use Wrigley’s concepts of integration, but

will apply the concept of integration to o wider range of functions than he did.

Wrigley considered only the integration of research and development with pro-

duction. In thisstudy three integrative tasks will be considered:

Research with development.
Research with production.

‘Development with production.

We have seen that Ansoff and Stewart luxvé_suggcstpd that different

“coupling” strategics do exist within the firm. Morton has outlined the integra-

tive innovation strategy of AT and T. We have also seen that Wrigley has

proposed that in conditions of uncertainty administrative integration will be

more cffective than market integration in implementing innovation strategies.

No field rescarch has been carried out cither to define the extent and natore of
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innovation strategics or to examinc the effectiveness of integration. The research

will attempt to remedy this deficiency .,

It is now nccessury to examine theories that will enable us to predict
how integration is cam’c_d oui in practice. For this reason we shall look at the
theory of the division of Iabéur and cxumine its implications for what firms will
do.

We shall then contrast this theory and its implications with the
integrative conéepts discusscd earlicr, and their implicutbns for what firms will

do. ' }

3.3 THE DIVISION OF LABOUR IS LIMITED BY THE -
‘ EXTENT OF THE MARKET ' A

In the Wedlth of Nafions17 Adam Smith advanced his theorem of

the division of labour and the principle underlying the theorem. Smith stated

|
;
that the division of labour: :
|
i
. . . is the necessary, though.very slow and gradugl s
consequence of a certain propensity in human nature !
.« .. the propensity to truck, barter, and cxchange i
one thing for another.”18 §
: ;
Smith considered that the propensity of human beings to exchange onc thing .
for unother was the result of specialization.  As somc human beings are cquipped '
: I
to do certain things better than others, it is natural that they should speciatize , S
1. . ) . . ‘

in what they do wetl.  The surplus of their production can be exchanged. for
-moncey which can in turn be exchanged for the necessities and fuxuries of life. ' i

-If, us Adum Snuth proposes, the division of lubour is brought about
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by the propensity of human beings to barter and trade, then:

- “As it is the power of exchanging that gives occasion

to the division of labour, so the extent of this

: division must always be limited by the exient of

- that power, or in other words by the -extent of the

market.”19 :

This condition, attached to the theorem of the division of labour allowed Adam
Smith to devel'bp the concepts of supply, demand and p‘rice. Clearly, if the

market demand for a commodity is very small, then specialization in its

manufacture is discouraged. On the other hand if the market for a good or

service is very large, then its production may be broken down into a series of

operations each performed by a specialist in that operation.

' ' From this background George J. Stiglerzo’21 attempted to explain

the functions carried on within the firm:

“. .. the problem of what the firm does — what
governs its range of activities or functions.”22

g In the introduction to his paper, Stigler stated:

“It is the gencral thesis of this paper that the theorem

i of Adam Smith which has been appropriated as a
{ title is the core of a theory of the functions of the
' . . 1)

- firm and industry.”23

According to Stigler, the functions that a firm would performi 'were not only

governed by economices of scale, but also by the cxtcnt‘voi_' the muarket for a

particular commuodity: -

“Now consider Smith's theorem. Certain processes
are subject to increasing returng; why does the
firm not cxploit them turther and becowe a
-monopoly? Beeause there are other funetions
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subject to diminishing returns, and these are, on
balance, at lcast so costly that average cost of the
final product does not diminish with output. Then
why docs the firm not abandon the functions subject
to increasing returns allowing another firm (and
industry) to specialize in them to take full advantagé
of increasing returns? At a given time these tunctions
may be too small to support a specialized firm or
firms.”24

These arguments are used by Stigler as the basis for his discussion of the action

of firms related to vertical integration. Prefacing his discussion Stigler comments:

“Broadly viewed, Smiih’s theorem suggests that
vertical disintegration is the typical development
in growing industries, vertical integration in

" declining industries.”25

In his discussion of vertical integration, Stigler identifies three stages of industrial
growth. In futurc discussions these will be characterized as young, mature, and

declining industries. Young industries are described by Stigler as follows:

“Young industries are often strangers to the established
economic system. They require new kinds or qualities
of materials and hence make their own; they must
overcome technical problems in the use of their pro-
ducts and cannot wait for potential uscers to overcome
them; they must persuade customers to abandon other
commoditics and find no specialized equipment and
often manufacture it, and they must undertake to.
recruit . . . skilled labour,”26

As the young industry grows in size, the size of its functions increases, - This

‘results in vertical disintegration in the mature industry.

“When the industry has attained a certain size and
“prospects, many of these ‘tasks are sulticiently
important to be turned over to specialists. 1t
becomes profituble for other firms to supply
“equipment and raw materials, to undertake the
marketing of the product and the ntilization of
by-products, and cven to train skitbed labour,”27
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Finally, as the industry begins to decline, and its demand tor raw materials and
equipment declines, firms in' the industry will be forced into vertical integration:
“And, finally, when the industry begins to decline
these subsidiury, auxiliury, and contemporary
industries begin also to decline, and eventually .
the surviving {irms must begin to reappropriute

functions which are no longer carried on at a
sufficient rate to support independerit firms.”23

34 LIMITATION OF THE SMITH-STIGLER POSITION

The economic propositions of both Smith and Stigler are centred
around the conce;;t of industrial growtil. As an indusiry grows, so its demand
for process equipment will grow, enabling other firms to specialize in the
manufacture of this equipment. Both Smith and Stigief considered that this
would lead to the formation of another industry. The produc‘t ‘of this second

industry would become the process of the using industry.

Missing from the model developed by Smith and Stigler are any
considerations of change in the operations of the process using industry.

Changes in operations necessitate changes in process equipment. These changes

may be either radical or incremental. In either case research, development and

process manufacture are necessary to bring about these changes. Neither Siiith

nor Stlg,ler takes a posxt:on on the division of labour related to the innova tive
aCtIVltICS for new procuss eqmpmcnt or how spucmhzud actmtu,s w1ll ‘be
mtcgrutcd.

However, from the Smith-Stiglgr argument we can infer t11>c follow-

ing development of activities in the process using industry:
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2)

3)

4)

As a young industry, finms in the industry would rescarch,
develop, and manufacture their own process equipment.’
This action would be necessary due to the small size of

the market for process equipment.

As:the industry grows, so firms in the industry will grow
in :size and new ﬁfrﬁs will enter the indugtry. The markef |
for equipment will grow, and firms will specialize in the
mépufacture of procéss equipment for the industry, thus

creating a new equipment supply industry.

The mature industry will do no. pfocess'equipment
manufacture, New f{irms entering the industry will be
able to acquire their process cqﬁipment from the special-

ized supply industry.

Even in the mature process using industry, firms would

68

. e avee

experience requirements for innovation in process technology.
As the firms in the process using industry have no capability

to manufacture this new technology, and the process

equi‘pmc'm supply industry has a market position to protect,

e - -

5)

we would expect that the manufacture ol this new process

technology would be done by the equipment sﬁppli’crs.

Given that it is economic for the supplicrs to manufacture
the process cquipment, they should wish to carry out the
‘rescarch and development for their new product which is

- to.be a new process for the using industry. This
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preference occurs because they can specialize in the

. e aa

performance of the rescarch and development on a
more economic scale than the users of the technology

each doing their own, in much the same way as they

P S

specialize in the manufacture of the technology. That is

e iy =

to 55y if it is ﬁnec_onomic:for' uéing firms to manufacture
their own process équipfne_nt but economic for special-
ized suppliers, then it follows that it will be economic ‘
' for suppliers also to specialize in research and develop-

ment whereas it will not be so for users.

o . o If this were the case then, a‘ccording to our extension of the Smith-
Stipler position we would expect to find lit;de research and development of
process technclogy in the mature process using industry. Rather we would
expect to find these functions concentrated in Specialized gquipment suppliers

along with the manufacture of the technology.

[,

o 3.5 - SUPPORT FOR THE EXTENSION OF THE
SMITH-STIGLER POSITION

In a study of the new product process in the inachine tool industry,

Little proposed that the supplier of process equipment was the most effective

s b oo s

source of rescarch, development, manufacturing and diffusion of the new
_process because of his abiltity to specialize in these _funcuons.“9 Little .developed

a new model of the new product process for the machine tool industry, He

developed: the model from previous models describing the new product process.

This new model he called the Gatekeeper model. The Gatekeeper model

[ p—

incorporates three prior models:  the Job Shop Model, the Leader Model _’uml
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the Science Model, ‘We shall describe briefly these models, and then discuss the

Gatekeeper ‘model -and ‘its implications.

The Job Shop Model is illustrated in Figure 3.3. This model applics
o she jproducts of ‘machine ztp.ol manufacturers that are useful in .ﬂxc Processes
of .only a limited ;number of users. The model describes the functions pf process -
gonceptualization, research, development and specification as integrated in the
activities of the process using firm. The function of the machine tool builder is

to ianufacture the broduct to the specifications supplied by the user.

The Leader Model describes the development and manufacture of

fmachine tools which are applicable to a wide range of processes.

“Whereas the Job Shop Model products have their origin
in a-single manufacturers production process, the

J.eader Mode} products begin with the identification of
common process problems for a broad cross section of
manufacturers, The builder develops a technologically
advanced machine tool that can be sold in standard form
10 a wide market. New research may or may not be
part of the product’s technological advance.”3

Little notes that this type of innovation may be a'dOptcd by process usctrs even
though the new process may not completely solve his current process problem.
However, the process using firm wilt generally find it profitablé to adopt the

-new fechnology. The Leader Model is iltustrated in Figure 3.4.

The Science Model represents the development of new products

from scientific advances within the supply industry. Little comments:

“Product innovation bused.on scientific research is
followed in several other industrics, including the three
principal machine tool industry invadaors — clectronie,
chemical, and acrospace industrivs,  The process of
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FIGURE 3.3

JOB SHOP-MANUFACTURING MODEL OF THE

PRODUCT INNOVATION PROCESS

A

MACHINE TOOL USER

Manufacturing
Process

y

Process .|
Problem

~

Concept of

Machine
Tool for

Process
Improvemen_t_l

Machine Tool
Development

€

Specifications
and Drawings

N

A

New
Machine <

N

Tool

MACHINE TOOL BUILDER

Build
Machine Tool
to
Specifications
and Drawings

Source:

Doctoral Dissertation:

Little, B., New Product Information Processing: A Descriptive Study
of Product Innovation in the Machine Tool [ndustry.
Cambridge, Mass., Graduate School of Business
Administration, Harvard University, 1967. :

Unpublished
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FIGURE 3.4

LEADER MODEL OF THE PRODUCT INNOVATION PROCESS

MACHINE TOOL USERS

Process A

Process B

H Process C )
r—-‘ Process N f‘

Y
Assessment
" of Common Concept of
Manufacturing Machine Tool Development New
‘Process For Range of | of New Machine
Problems Processes ’ | Machine Tool - ~ Tool
MACHINE TOOL BUILDER

Source: Little, B., New Product Information Processing: A Descriptive Study
: of Product mnovation in the Machine Tool Industry. Unpublished
Doctoral Dissertation:  Cambridge, Mass., Graduate School of Business
Administration, Harvard University, 1967.
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innovation begins with basic research which spawns
new knowledge for applicd rescarch and product

development.”31
The process using firm is only involved in the science model as the tecipient of
the new technology. The functions of basic research, applied research, develop-
ment and mahufacturing are all integrated in the firm supplying the new

technology. The Science Model is illustrated in Figure 3.5.

Little describes the Gatekeeper Model as follows:

“The Gatekeeper Model proposes that individnal firms
within the industry may develop new products according
to one or more of the Job Shop, Leader, or Science
processes.”32 : '

The Gatckeeper Model confers a twofold role on the Machine Tool industry:

1. To bring together the process needs of the process using
firm, and the component technology of comp_o'nent

suppliers in the most effective manner.

2. To act as the diffuscr of new process technology. -

The ability of the machine tool supplier to specialize in the functions of research,
development, manufacture, and gathering of new technical informarion enables it
to be more effective than the process user and component manufacturers acling

together in developing and diffusing new technology. Little supports the Smith-

Stigler position as follows: .

“Where the machine tool industry fails to perceive
correctly the process needs of a manufucturer, the
manufacturers may develop tus awn solutions,
perhaps going directly to conponent supplicrs for
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FIGURE 3.5~
SCIENCE MODEL OF THE PRODUCT INNOVATION PR.OCESS.
Market
A
MACHINE TOOL BUILDER
Basic New . Product New
Research >l Knowledge | Development ~>  Product
Product New M
> Development Product > Market j
Applied New L_’ Product, New
Research »  Solutions - Development > Machine
Tool
MACHINE TOOL USER “Manufacturing
Process

Source:

Doctorul Dissertation:

Unpublished

Little, B., New Product Information Processing: A Descriptive Study of
Product Innovation in the Machine Tool Industry. '

Cambridge, Mass., Graduate School of Business
Administration, Hurvard University, 1967.
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new profitable component technology. . . . When the
[machine tootlindustry fuils to play the Gatekeeper
role, the burden of matching process needs and com-
ponent techinology falls to the manufacturers and the
component supplier. This process constitutes a less
effective, hence less profitable innovation procedure.
Both manufacturer and supplier have intcrests too
broad to permit them to specialize in arranging a
match between specific problems and specific solutions.
Neither can be as well informed as a “broker™ or
Gatekecper whose specialized function is to arrangs
such matches.”33 ' ‘

Little’s Gatekeeper Model is-illustrated in Figure 3.6.

3.6 DISCUSSION OF THE GATEKEEPER MODEL

The purpose of the Gatekeeper Model is to describe lhiow a specific -
innovation would be produced by a supplying industry and ditfused to a process
using industry. It was not an attempt to describe or predict what long term

resource commitments or organization activities related to innovation would be

undertaken by either the process user or the product supplier. Little states:

“The Gatekeeper Model proposes that individual firms
within the industry may develop new products
-according to one or more of the Job Shop, Leader,.
" or Scicnce processes.”34

However, if the potential user-of a new process has no research and development
) 1

activitics, the potential supplier must perform these functions, like it or not, if

" he ultimately wishes to sell the innovation as a product to the potential uscr.

Conversely, if the user researches, develops and specifies. the new process equip- -
ment, then the potential supplier can carry out only the manufacture of the
process. 1 the need for the new process technology is initially perceived within

the process using industry, then the functions perfornied by the cquipment
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FIGURE 3.6
GATEKEEPER MODEL OF THE PRODUCT
’ INNOVATION PROCESS :
MACHINE TOOL USERS
Manufacturing Manufacturing i Manufacturing
Process A Process B ‘ Process C
1 i /
. x
Y
Process
Technology : .
' . \I
MACHINE ::;e“’h. ' Product New
TOOL tl"(jgl tne > Development - Machine
BUILDER '
) Concept 7 Tool
Component Component
Technology Imbalance
Iy \

Outside : : Outside _
Technology Technology

COMPONENT SUPPLIERS

Source: Little, B.. New Product Information Processing: A Descriptive Study of
Produet Innovation in the Machine Tool Industry.  Uapublished Doctoral
Dissertation:  Cambridee, Mass., Graduate School of, Business Adninistia-

tion, 1larvard University, 1967,
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supplicr will depend on the functions the process user decides; or is able, to carry

\

out himself.

. ~ Let us now consider the .on-going commitment of both process user
and supplicr to innovative activities,‘ rather than the stﬁtic case of a éarticulur
innovation. In this studyitis assumed that the commitment of the firm to
research, development and manufacturing activities is not made to a par}ticular
innovation but rather as a long term organization hctivit'y. Firms rarely set up
temporary internal organizations for innovation, rather \tcmporary' groups to
‘perform specific tasks are formed within a permanent innovative unit. If, firms
.have research, development and procesé manufacturing integrated into the
organization, then they will ;tc'nd to use the internal function rather than contract

for an external supplier to carry out these innovative activities.

Little proposes that the role of the supply industry as‘a- Gatekeeper
or “Broker” of fechno]ogy and its ability tovsp‘ecialize in innovation will allow
it to be more effective than the process using firm in developing new précess
equipment. If this is so, then we would expect to find an industrial structure
similar to that‘suggcsted By Stigler wi'th supply firms specializing in research,

development and manufacture of products with general application.

37 AN ALTERNATIVE THEORY
Wrigley proposed that:

“Unless the output for R & D can be specified in exact
terms as to technical nature and time periods, there is
no basis on which the market can integrate production
to R & D. This integration is to be perlormed by

administrution,” 33
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This studyv assumes that in a maturce industry with little product.

change, but in which there is process innovation, conditions of uncertainty us to

future equipment specifications do exist. If Wrigley is correct, then we would

expect firms, subject to resource availability to integrate process research,
development and manufacture in the same organization, Both Morton and

Wrigley suggest that this unit must be the user of process technology as there

is need for process research and development to be closely related to the problems
and needs of production. Smith, Stigler and Litt1¢ imply that these activities will
be concentrated in the specialized supplier of process technology due‘to‘ the

advantages from economies of specialization.

Innovative activities need not be carried out exclusively by either
the specialized supplier or the process user. Process us;ing firms may wish to
undertake only limited functions associated with innovation and seek others from
specialized suppliers. Speciﬁca{lly, firms may adopt a course of action that
utilises internal research but purchases development and manufacturing services
from suppliers. Alternatively as Little suggests, firms may use suppliers as ‘Job

Shops’, carrying out rescarch and development of process technology themselves,

but seeking supplicrs to manufacture,

Each of the above courses of action can be scen as a distinct
strategy for acquiﬁng proccssAinnovatior“.. They iﬁvolve the commitment of the
resources of the firm to a set of activitics designed to ‘achicvc purpose.. Four
possible innovative .;;tratcgics have been mentioned, These four will bq identified

below and the activities associated with each specified.
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371 - Passive ‘Strategy

The process using firm adopting a passive strategy will have no formal
innovative activities in its organization. All researcﬁ, development, and manu-
facturing activities associated with procevss innovation will be purchased 0ufside .'
the firm. Problems_ and opportunities associated with new process technology
may be identified in the firm, but specialized suppliers will be g?..veﬁ contracts to
conceptualize, specify, and manufacture process equipmeﬂ to bsatisfy the nceds of

the company. Such a strategy takes advantage of the efficiencies of specialization

as outlined by Smith, Stigler and Little.

3.7.2 Defensive Strategy

Firms implementing a defensive strategy will in{egrate research
activities into the organization. The purpose of the research organiiatidn will
be to conceptualize process requirements to meet particular opportunities or
solve process problems. The information generaied by the research will be used
as a basis for specifying the cost and performance of process equipment

-

developed by a specialized supplier.

3.7.3 Active Strategy

Those firms that have integrated research into thie organization may
find reason (which will be discussed later) to integrate development activities
into the firm. The purpose of the development department _wou!d bc“‘to i;ikc
the concepts of the research function and produce specifications :uAld workipg
models of a proposed process. This activity would reduce the uncertainty
present in a subsequent contract of manufacture with a spcgiuli_?.cd cuipment

supplier. At the time of preparing the contract the process using firme will be
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able to state dcfinite price and performance specifications for the equipment.

3.74 Integrative Strategy

As suggested by Wrigley and by Mo‘;ton, the firm utilising an. inte-
gr;tive strategy will not onjy carry out its own process research and development
but it will also control the manufacture of the process equipment. By this
action the firm eliminates the need for a contract of- manufacture and also the
need for a specialized supplier.A The firm also assumes all the risks associated
with innovation. An integrative strategy may be either simple of compound.
Using a simple strategy, the process qsing firm will utilise suppliers for component
manufacture. However, the process using firm will assemble the components to
form't_he commercial process. A compound strategy {vill involve the process
using firm in the manufacture of specialized or proprietary components as well as
the assembly of the process. At this stage the firm may enter the equipment

market and sell process technology as a physical product to other firms in the

process using industry,

Having identified and specified the four strategics that the research
propose exist, it is now necessary to cstablish what criteria will determine the

adoption of a particular strategy by a firmy and under what conditions the

strategy is appro;;riatc.

3.7.5 Selection of Strategy
. Smith, Stigler and Littlc suggested that the nature of the firm's
effort to acquire process innovation would be determined by the advantages of

specialization. - Smith and Stigler implied that specialized suppliers would be
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induced to manufacture products for thé process using industry once t‘hc industry
has matured. Little suggested that the specialized nature of the particular

pfOCeés required would determine the waﬁ? in which it was obtained. He proposed
that the larger the market for a new. supplicr product; the more likely it was

that the supplier would carry out the innovative effort requircd.. Wrigley and
Morton arg\ied that process using firms would tend to organize _proc’cés innovation
activities in their organi‘zation‘ because 'bf the advantages from linking research,

development and production administratively.

The arguntents summarised above centre around the trade off existing

“between integration and specialization.  All firms in a process using industry face

the issue of whether it is more effective to allocate resources inside the firm to
fiinovative activities or alternatively to purchase these activities from a specialized
supplier. Some firms may possibly perceive advantages from integration, but

these may be outweighed by the advantages from obtaining these activities from

specialized supplicts.

The thesis of this research is that the ecritical factor in this decision:
process is the size of the firm’s resources compared to the perceived resources
fequired -for cffective innovation to take place in the firm. If it is true that

firms perceive the adoption of innovative activity into the finn as a long term

resource commitment, then allocations of cash and technical staff must be made. .

to these activities fora considerable period into the future.  Firms with limited
n_'sourccs'mny dccidc. .tlmt this comnﬁtmcnt is- nbt as :xdvah.i:anous as tlw\:
commitment of funds to a particular i_nnovuti(m thrcﬂagh the one time purchase
of inmovative uactivities from a apcciulizudﬁ sumSliur. However, as the firni’s

rosources increase, the manapement of the fivm may pereeive that the company
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has the dbility to integrate certain innovative functions into the activitics of the
firm and obtain the benefits of integration, namcly the ability to resolve

technical problems without being subject to the uncertainties of scarch and

[y

contract in the market.

Usinig this idea of the limited resources of the firm as the determin-
ing factor of the innovative activitics of the firm it is now possible to see how
ﬁrms will expand their activities as they become larger, and why certain
activities are undertaken first and others later. In particular we shall concern

oursleves with main proposition of this thesis.

3.7.6 Proposition

The range of innovative activities carried out by the process using

firm will increase with the size of the f{irm.

The purpose of management’s decision to increase the range of
éctivities will be to reduce the perceived risk in the acquisition of new process
technology. This makes the future growth of the firm more certain. A
reduction in uncertainty occurs when the integration of activities formerly
obtained through the rﬁurkct is replaced by administrative integration. This
-reduction in uncertainty can only be achieved by integrating these broccss
innovation activitics into the firm. The management of the firm musf at
this point rccogniée that it is giving up the advantazes of specialization for

those offered by integration,

Process using firms will not have the resources necessary to integrate
all innovative activitics in .the firm at.one time. Indeed it is likely the firm

will wish to continue to obtain the cost and skill benefits possessed by speciulized
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suppliers for certain activitics. However, as the firm grows we should expect the
firm to expand its range of innovative activities through the adoption of a new
innovative strategy. The adoption of this new strategy will be marked by an

expansion of activities, increasing resource commitments, and additions to the

organization structure.

Thé management of the firm in tranéition. from a passive strategy
to‘active involvement in innbvationhas to decide which activities to integrate
into the firm. We can logicallyvexpect that the first will be applied rescarch.
There are two principle reasons for this to be so. \ Firétly, research is the:
cheapest innovative activity, Reseafch involves relatively low additions to fixed
assets, and a department can be iﬁitially organize;l around a small _ﬁumber of
staff. Secondly, research is the first step in the innovaﬂve ?rocess subsequent
to prqblem or opportunity identification. The delineation of required process
concepts within the firm will enable it to seck for required process developnient
and manufacturing services from supplieré with lower risk than previOLlsiy. An
estimate of price and iﬁerformar\ce may now be possible for a contract of sale
between supplier and process user, where this could nbt be done with the

process user implementing a passive strategy. This discussion leads to the first

two hypothieses of the research .

3.7.7 = Hypothesis 1

" The group of smallest- firms in the process using industry will have

no formal innovative activitics in the firm. All such activitics will be sought

from specialized supplicrs.
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3.7.8 Hypothesis 11

The initial commitment to an innovative strategy will be the
commitment of funds to applied research in the form of a research budget,
and the establishment of a research department. The purpose of this
department will be to conceptualise needed process innovations.

The next major expansion of iﬁnovative activities will come about
with the integration of development activitics into the firm. This expansion
will oceur when the management of the firm perceives a need for greater
process development skills in the firm. The integration of gicvelomwnt skills
will be marked by an increase in the budget allocated to process innovation
activities, the formation 6f groups oréanized around the development of
specific process technology, and the expansion of innovative activitics to include i
the development of process specifications and prototype processss. Specialized :

suppliers will be utilised to manufacture process equipment with exactly

specified performance and price. At this point the firm may begin to trade

actively in the transfer of new technical information in the form of specifica-

[N

tions and blueprints. Such dealings may be under license or simply an exchange

of information. This leads to the third supporting proposition:

3.7.9 Hypothesis 111

Firms in transition from a defensive strategy will move to integrate
development activities into the firm. The purpose of these activities will be to

determine the exact specification of new process technology,  The development

“activities will take the form of determination of specifications and testing of

process models by project groups.

The final stage in the expansion of the innovative activities of the

firm will come about with the integration of process manufacturing activitics

RN e et o e . .
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into the firm. This will be the last step for two major rénsons. Firstly, nd
manufacturing can be carried out by the firm without process rescarch and
development first having taken place. Secondly, the skills required for process
manufacture may be very different from those possessed by the firm. Rescarch
and develqpment of process technology may be perceived by managerﬁcnt as an
extension of the skills related to the process technclogy already within t.ﬁe
firm. Manufacturing requires a major commitment to néw skills and new equip-
ment. For this reason the integratiod_ of process manufacture may take place
in two phases, The first phase will be the management and control of the
assembly of process equipmentv supplied by specialized component supbliers.
“The gegond phase will be the mdnufacture of special components by the firm
itself. At this stage the firm fnay enter the market as.a supplier of process
equipment to other firms in tﬁe industry by sale or under license. At this
point, the firm has reached a stage of total vertical integration into process
manufacture. Few firms will reach this stage of development.
3.7.10 Hypothesis 1V -

The last stage in the expansion of innovative activities will be the

integration of process manufacture into the organization.

These propositions are intendc_d to prcdfxct how the innovative
activities of a broccsé .using'- ﬁ'rxxlA‘\\Ai;xAl.l gréw‘, and u.ndcr- what conditions tilgsc
activitics will be integrated into th; firm. ~The t\_hc.:sis of,}.lw:‘ré_S'carlchA is that
the activities of the firm will incrpnsc with its size, The p.rlO>DOSitiOn :md |

hypotheses sre summarised in Fipure 3.7,

It is expeeted that the thesis rescarch will show the managers in

IR,
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thc Canadian mineral industries arc- reluctant to implement an integrative strategy.

However, it is also expected that the research will show these managers to '
encounter difficulty in transforming the technical information developed by the

innovative activitics into commercial processes. They will be reluctant to adopt

an integrative strategy becauﬁe of their limited perception of the business of the

firm. They will be unsuccessful in obtaining the madnufacture of the process

ccause of the inability to integraté production, research and development across
the market. The unéertainty in price and performance will inhibit agreement on
a contract for the manufacture of the new process.. This reason, it is sxlggested,

is why those firms in industries witli low rates of product change are unable to-

acquire needed process innovation. Specifically the argument is:

Having little knowledge of the imperatives of product
innovation, management of firms with little product
change will fail to iritegrate research and deveiopment
with the manutacture of new process equipment.

The management of the process using firm will

attempt to obtain innovative manufacturing services
from a specialized equipment supplier. The uncertainty
in price and performance specifications will inhibit
agreement on a contract. This will prevent the
manufacture of the required process innovation.
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CHAPTER IV

PRESENTATION AND DISCUSSION OF THE
RESEARCH FINDINGS: HYPOTHESES

4.1 INTRODUCTION

_ This studyproposes that the range of innovative activities in 'thé
mining firm will increase with its size. The purpose of this chapter is to use the
data collected by means of the mineral industries questionnaire to test the
validity of this proposition and the four subordinate hypothieses presented at the
conclusion to Chapter 11I. The analysis of the data presented in this chapter

will show that the propnsition and hypotheses are supported by the research.

Therel are three sections in this chapter. The first section briefly
dcscfibcs the relationship of the firms in the sample to the totél population of
firms in the Canadian mineral industries. The total research and development
activities of all the firms in the sample will also be discussed. —The second
section presents and analyses the questionnaire data with specific attention to
the proposition and each of the hypotheses. The final section of the chapter
will discuss the research findings in relation to the validity of the proposition,

-the hypotheses and the model.

42 THE MINERAL INDUSTRIES QUESTIONNAIRE

The questionnaire was distributed to thd 98 f{inp4 listed in the 1973

Financial Post Survey of Mines as active ‘mining firms. Forty completed replics

90
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were received by the final acceptance date. The distribution of questionnaires

and subsequent replies is shown in Table 4.1, Firms with mining operations
in more than one industry are classified in the industry from which their major

revenucs daccrue,

TABLE 4.1

DISTRIBUTION AND RESPONSE TO THE MINERAL
INDUSTRY QUESTIONNAIRE

Number Number ‘Number of _
{ndustry Distributed Operational® Replies Percent Response
Ferrous 12 12 ‘ 1 41
Non-ferous 70 65 - Y
Non-metallic 16 © 16 4 o 25
Total, all 98 s _ 40 43

Industries

ot Lk Feg 35 o N 5 TR . st et . S N H
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*Questionnaires were sent to firms that were subsidiaries of other firms in the
sample. In somc cases the parent returncd consolidated questionnaires for
itself and the subsidiary. These subsidiaries are not included in this analysis,

i

The responscs to th-c questionnaire provide the study with a_biascd
sample that is not truly a proportional representation of the population of firms
in cach mincral industry.. Table 4.2 shows the number of rcpli.cs by_ mincral
induStry and compares them to thvc- population yofv firm;.i‘n _cu;:h industry as.

presented at the conclusion to Chapter 1. It is apparent that only a small

proportion of firms in the non-ferrous mining industry replied to the question-

naire.  However, Table 4.3 shows the mineral revenues reported by the sample
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TABLE 4.2

REPRESENTATIVENESS OF SAMPLE TO THE POPULATION

Number of Firms Total Sample Firms as a

Industry in the sample Population Percent of Total

: Population
Ferrous 5 15 33
Non-ferrous 31 124 25
Non-metallic 4 22 18
Total all 40 161 25
Industries

TABLE 4.3

SALES, MINERAL REVENUES AND TOTAL EMPLOYMENT
OF REPORTING COMPANIES BY MINERAL INDUSTRY

Total Employment

lelduétry Total Sales Mineral Revenues

(3'000s) . {8'000's)
Ferrous 146,800 145,300 4,730
Non-ferrous 4,214,935 3,657,600 80,285
Non-metallic 300,000 299,300 8,110
Total all 4,661,735 4,102,200 93,125

Industries

firms to be a high proportion of mincral industry revenues,

The apparent contradiction for the non-ferrous mineral industry between
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N e ettt e % gt A N S ot




6y, i

~ s l.\-\

——

PO

e G
S . B e s < B B 0 A i s it &
o cerees gt

e .

. e e . aye

RIS
w,
T i s

()3

the high mineral revenues reported in Table 43 and the propartion of all firms

seporting is -c-x:p]nine_d by the stratified nature of the replics.  Chapter 11 showed

-that there are nine major integrated producers ‘which are much larger than the

non-integrated firms in the non-ferrous mineral industry. TIn this sample are

eight of these largest firms. The remaining 23 firms in. the non-forrous industry
sample are distributed amongst tl\.e':medi_um and small sized firms, of which the
total population contains 115. The results for the non-ferrous industry will be

biased toward the large firms.

Table 4.3 shows the total sales. mineral revenues and total employ-
ment for the 35 firms in the sample reporting such data. These data show
that, in general, firms in the mineral industries are not diversificd. Only large

firms in the non-ferrous mineral industries report significant revenues from

- non-mineral activities.

4.2.1 Research and D.evelopment Activities

Nineteen of thc.forty firms in the. sample budgeted for process
innovation activities in 1<§74. All these fixjms report the existence of formal
innovation programmes. .Eight- of the ﬁ-rms possess rescarch activities, one
firm posscssc.s- development uctfvitics, and ten firms both research and develop-
ment. Fivc.othcr firms reported some infqmml innovative activitivs.  These
- five firms with informal activities had neither research and development budgets
not formed department specifically for process inn)(>)>vul>ion. Seventeen l"irmi&: .

reported that they had no innovative activities of any Kind.

Seventeen firms with research budgets reported their budget

Callocations to diffctent activities. Table 4.4 shows the altocations: to metallurgical
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TABLE 4.4

- RESEARCH BUDGET: ALLOCATION TO AREA OF CONCERN

Percent of Total

Area of Concern Number of Firms Dotllar Aliocation Research Budget
Product Rescarch - g 4,329,000 22
Mining Research 9 _ - 2,034,000 10
Milling Research 16 3,517,000 18
tietallurgical Process Research 16 4 9,590,000 50

*Six of these firms have research and development budgets in excess of $500,000.

process research, milling research, mining research, and product research. Metalbirgical

process research receives 50% of all budget allocations by firms in the sample.

The research and development budgets were also allocated to different
kinds of research, as shown in Table 4.5. The thrce categories‘ used were basic
research, applied research and development (as defined in Chapter 1). The largest

financial budget allocation is to development activitics which are normally the

most expensive,

The total amount budgeted for rescarch and development by the

seventeen firms reporting was $29,070,000 in 1974. To carry out this research

~effort these firms employed a total of 502 qualificd scientists and engincers

specifically in research and development activities.  Scven firms in the sample,

cach of which budgeted in excess of $1,000,000 in 1974 for research and

development, employed 460 (90%) of these personnel.
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TABLE 4.5

RESEARCH ‘BUDG.ET: ORIENTATION TO
RESEARCH AND DEVELOPMENT

Percent of Total

; o Dollar Amount Research and

Type of Activity Number of Firms Budgeted. . Development Budget
Basic Research 8 | 12,250,000 17
Applicd Research 16 9,760,000 335
Development 1 17,060,000 58.8
Total, all firms 17 | 29,070,000 - 1000
4.3 DISCUSSION OF PROPOSITION AND HYPOTHESES
4.3.1 Proposition: The Range of Innovative Activities Carried Out

by Process Using Firns will Increase with the Size of the

Firm.

In Chapter Il we :irgued that the range of innovative activities will
increase with the size of the firm because the management of the firm wish to
reduce the perceived risk in the acquisition of‘ new process teéhnolo_gy. A
mduction in uncertainty can be obtained when the integration of activitics
formerly obtained through the market is replaced by administrativc‘intcgmtion.
This reduction cﬁn only be obtained througli the 6rg:m§zation of activitics .
inside the-firm to enable these innovative activitics to be carried on Ai‘ht@:r;'\qlly.
Thc_'twc principal activitics to be integrated into the firm are rescarch :m(‘l. _

development.

Research and dévelopment performance is found by this research

to increuse with the size of the mining company. Two series, each of two

LTINS
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’

regressions, were carried on the data supplied by firms in the mineral industrics

to determine thie relationship between:

1. Absolute firm size and absolute research and

development effort.

2. Firm size and research intensity.

In both sefs of regressions two measurcs of firm size were used; mineral revenucs

~

and total employment,

The first series of regressioris were designed to examine the relation-
- ship between firm size and the absolute resources devoted to research and
development by the firm. In the first regression the dependent variable was the
doltar research and development budget for the firm, and the independent
variable was mineral revenues for the firm in 1973. In the second regression the
dependent variable was the number of qualified scientists and engineers employed
specifically fer research and development by the firm, and the independent

variable was the total employment of the mining firm. The results are shown in

Table 4.6.

;The research and development effort of firms in the Canadian
mincral industries increases with the size of the firm. The high coefficients of
dctermixmtiox1 indicate a very strong relationship between firm size and the
performance of._rcscurch and development. -Howcé'cr, the proportion of the
resources of the firm devoted to rescarch :.md dcvéiopmént is Smi\lli The slbpc '
of both regressions is less than 0.01, indicating that, in genera], firms in the

mineral industries allocate tess than 1 per cent of their resources to research

and development,

’
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TABLE 4.6 . 3
RELATIONSHIPS BETWEEN SIZE AND RESEARCH AND DEVELCPMENT
Regression Research Measure Size Mcasure 2 t ratio bk s.d.*** of b Number of Firms g
1. Research and Mining Revenue 0.942 22.80 009 . .0004 347 . 3
. development
budget
. Slope : b significant at 0.01 _
2. - No. of Q.S.E’s Total - 0.895 17.41 006 .0003 38
: . Employment
Slope : b significant z;t 0.01
. Q.S.E.’s Total Mining Revenue 0.01 - - - . 16
Employment
No significance
4. SR&D "
Mining Revenue Total 0.0002 - - - 16
. Employment

t

No significance

2. ‘ . - .
*r< is the coefficient of determination
**b is the slope- of the regression
***g.d. is the standard deviation.
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The second series of regressions investigated the relationship between
rescarch intensity und the size of the firm. These regressions were intended to

show whether, amongst firms performing process research and -development, the

proportion of resources devoted to these activities changes with the size of the

tirm. For tbe first regression, the dependent variuble used was th§ ratio of
qualified scientists and engineers to total employment in the firm, and the
independent variable‘ was mining revcmlxes.- The second regression used the ratio
of the research and development budget to mineral revenucs as the dependent
variable and total ecmployment as the independent variable.. No significance was

found in cither of these two regressions. We can infer that there exists a

significant relationship between research intensity and firm size.

-

Research and development activities, measured by budgets and the '
employment of qualified scientists and engineers, have been shown to increase
in m'agnitud'e with the size of ‘the firm. However, the regressions illustrated
in 'i‘able 4.6 did not provide information on the range of innovative activities
carried on in the mining firm. Data will now be presented which show that
not only do the resources allocated to research and development increase with

the -size of the firm, but so also do the range of these activitics,

The firms in the sample were grouped according to their innovative
functions in Tuable 4.7. Threc major groups cxist, and the firms in each group

~can be distinguished. from those in other groups on the basis of their rescarch

and development activities. One firm implements an innovative strategy which

is uniquc in the sample. This firm possesses development activities, but no .

research,  These research activitics are purchased from its parent company in the

United States.
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TABLE 4.7

RESEARCH AND DEVELOPMENT AND MINERAL
INDUSTRY RLEYENUES

of significance selected for this “thesis.

Range of Minéral Revenues

Innovative Activities | Number Mean Mineral

in the Firm Reporting - Revenues Highest Lowest
None réported | 18 | 32,400 96900 2,900
Research only 6 52,800 106,500 14,700
Development only 1 140,000 - Co.
Research and development 10 303,800 1,172,800 9,700

“Student’s” t test for the difference between means of samples with
unknown variance was carried out on the data presented in Table 4.7 to deter-
mine if the differences in the mean mineral revenues between the groups were
significant. Details of the test are given in Appendix A. | The results of the

test showed the means to be different at the significance level of 0.05; the level

To check the results obtained from Table 4.7, “Students” t test

can be used to test for difference in the mean size of firms in the different

groups as measured by total cmployment., The data for such & test are shown

in Tablc 4.8.

~osgtudent’s” t test for the difference between the means of the-

groups indicated that these differences were significant at 0.03.

The results indicate that three distinet groups of {irms can be
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TABLE 4.8

A

RESEARCH AND DEVELOPMENT AND TOTAL
EMPLOYMENT IN THE FIRM

Innovative Activities - Number Mean Total Range of Total Employment

in-the Firm ‘ . Reporting Employment Highest Lowest
None reported 21 T 504 1,500 45
Research only 8 ' 1,190 ) ) 2,320 _ 700
Development only 1 - - .
Research and development 10 7,021 22,600 750

! -

differentiated on the basis of rescarch and development activities in the firm:

1. A group of firms with no research and development
activities, having mean mineral revenues-in 1973 of

less. than $40,000,000.

2. A group of firms with only process research activities,

having mean mineral revenues bétwecn $40,000,000

and $100,000,000 in 1973.

3. A group of firms with mineral revenues in excess of
© $100,000,000 in 1973 which have both reseurch and

“development,

The firms in the sample were classificd into three groups on the basis of 1973
mineral revenues fo test the size groupings outlined previously., A chi square
contingency test was used on the data shown in Table 4.9 to test for differences

in the range of innovative activitics of the firms in euch size group. Details of

v
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TABLE 4.9
1973 MINERAL REVENUES AND INNOVAT'IVE ACTlVI-TIES
Number of Firms Number of Firms Number of Firms
with no Ianovative with Research with Rescarch
Mineral Revenues Activities : Only and Development
S 0 to $ 40,000,000 12 2 B
4 ' 2

$40,000,000 to $100.000,000 6
Over  $100,000,000 0 : : 1 7

*The chi square test shows that the difference in"the innovative activities of firms
in each size group are significant at 0.05.

the chi square test are given in Appendix A. The results of all future tests used

in this stuady ,if significant, will be shown at the foot of the relevant table.

~The chi square test demonstrates that the range of innovative activities

J

of the firm increase with the size of the firm. Together with previous analysis
presented in this section these ﬁndings; support, the 'gcnerul propg;ition of this
thesis and show that the magnitude and range of innovative activitics carried out
by firms in the Canadian mincral. industrics increase with the size of the firm.
The manugements of these firms appear to desire an increase in the span of
innovative activities as their size increases. However, these activities grow in

proportion to the size of the firm; they do not expand by increases in the pro-

portion of resources devated to research and development.
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Hypothesis I: The group of smallest firms in the process
using industry will have no formal innovative activities in
the firm, all such activitics will be bought from specialized

432

suppliers.

Twenty one firms in the sample reported that they had no formal
research and development budget'and no specialized research and. deveIOpx1nerlt
personnel in the firm, The average mineral revenues of these firms were |
$32,400,000 and the mean employment 504 in 1973. These means were

significantly different from those reported for firms in the sample which had

research activities. “Student’s” t tests carried out on the data in Tables 4.7

and 4.8 showed the differences to be signiﬁcapt at the selected level of 0.05.

The existence of this group of small firms was confirmed by the

data shown in Table 4.9 in which the sample firms were allocated to three
groups on the basis of mineral revenues. The smallest size group included firms
with mineral revenues between SO and $40,000,000 in 1973. The firms were
then classified according to thelr research and development activities. Of the
ﬁﬁns with no innovative activities, numbering eighteen in total (thrce firms
did not report mineral reyenues), twelve reported revenues less than $40,000,000.
Three firms with mineral fevenues less than $40,000,000 in 1973 had innovative
activitics in the firm. One of these firms is a‘cheral Government owned
cofnpany which is non-profit oriented and whose operations arc .mainly experi-
mcvntul. This firm mincs uruni.u'm. The sccond firm is a ferrous mining-
operation uti!izcd. as i rixw matcrials source by an integrated steel con'lp':my'. At
this mine ore reserves are _limitcd and the company is making an :1ttc§npt to |

find new processes that will enable aggloineration of low grade ore (increasing

the concentration of metal in the shipped concentrate). The third company is
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v

g non-ferrous mining operation thut cannot be differentiated from other firms

in the industry on the basis of data collected in this rescarch.

A chi square test on the data in Table 4.9 shows that the innovative

activities of firms with mineral revenues under $40,000,000 in 1973 are signifi-

* cantly d?fferent from those firms with mineral revenues over $40,000,000.

The analysis has shown that hypothesis T is valid for this research.
A group made up of the smallest firms in the Canadian mineral industries does

exist, These firms have no research and development.

.

43.3 Hypothesis II: The initial commitment to an innovative

strategy will be the allocation of funds to applied research
in the form of a research budget, and the establishiment
of a research department. The purpose of this department
will be to conceptualize needed process innovations.

Chapter 111 proposed that firms initiating research activities would
commit resources initi'ally only to research and not to either development or
process manufacture. We expect th.is commitmeﬁt to be so be;:ause research is
the cheapcst function to perform and it is the next in the problem solving
sequence to ‘problcm deﬁﬁition. Thus the {irm can obtain concepts from this
research activity for nceded process tcehnoloQ at a rclativh!y low cost. It can

then supply these.concepts to process equipment manufacturers for transforma-

tion into a commercial process.
- A group of firms in-the Canadian mineral industrics which have

innovative functions in the firm dedicated solely to research activitivs was shown

{0 exist by Table 4.9, These firms are larger than those with no rescarch

A
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activitics and smaller than those with both research and development.  Eight firms

carried out research only. The meéan mineral revenues for this group of firms

' were $52,800,000 in 1973, The mean employment in 1973 for the group was

1,190. Both these means are significantly different from those of the firms with

different ranges of innovative activities. The difference is significant at 0.05.

The range of mineral revenues for the group of firms with research
activities is from S1‘4,'./00,000 to $106,500,000. In general, firms with mineral
revenues between $40,000,000 and $100,000,000 tend to perform only research
activities. The data in Table 4.9 demonstrated .that four of seven firms with

only research activities fall into this size category.

The resource commitment in firms performing only research is

_ substantially lower than that made by firms with both research and development.

Data presented in Table 4.10 shows that the average budget for firms with only
research was $194,000 in 1974, significantly lower than that for firms carrying

out both research and development. A similar relationship is established in

"~ Table 4.11 which shows the employment of qualified scientists ind engineers

specifically for research and development. In firms carrying on resecarch the .
mean employment of these personnel was 3.6 per finm, significantly lower than

for firms with research and development.

The.data préscla'tccl..al)ovc dcmonstrzitcs the existence of a'groi.ap of
firms that can be differentiated from: other firms in the mineral industrics on
the basis of their size and the innovative activities that they undertake. These
firms are intermediate sized firms which in 1973 had mineral revenues between

£40.000,000 uand $100,000,000 and which have generited a need for in-house
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! TABLE 4.10
: NATURE OF RESEARCH AND DEVELOPMENT

ACTIVITY: BUDGETS
Innovative Number Total Research . Avernge ;
Activities in of and Development Firm Range of Budgets
the Firm Firms Budgets Budget Maximum Minimum
Research only 8 $ 1,556,000 - $ 194,000* §- 300,000 S 50,000

i Research and - . . :
Development 10 3§ 27,807,000 $ 2,780,000 $ 10,000,000 § 100,000
i
}' *“Student’s” t test showed that the mean budget for firms with only rescarch is

significantly less than that for firms with both research and dwdopment Level
of significance is 0.05. ~

|
= TABLE 4.11

Pl;]x?:t:,g:\‘:in Nu‘;’}?“ Employment of Qualified Scientists and Engineers
the Firm Firms All Firms Mean Maximum Minimum

Research. only 8 29 3.6% 12

Research and ' ,

Development 10. 471 47.1 _ 150 5.

*“Sudent’s” t test showed that the difference between the mean number of

thh both I'Lbhdl‘(,h and development is significant at 0.0S.

qualified scientists .and engineers. for firms with only research and that for firms




T NP RPN

o e A e A A s K 0t ot AR 22 S5 1of i SN T 73112, el AN BT £ 0 s on i bt a5 5

106

innovation activitics. The rescarch has shown that management chooses to
initially undertake research, which is the cheapest function to perform. The
research budgets of firms in this group have been shown-to be significantly

sinaller than those for firms with rescarch and development, and the size of the

rescarch department is also smaller for these firms.

Hypothesis 1II. Firms in transition from a defensive strategy
will move to integrate development activities into the firm.

The purpose of these activities will be to determine the exact
The development

4.3.4

specification of new process technology.
activities will take the form of determination of specifications

and festing of process models by. project groups,

‘The integration of the development function into the firm commits
the management to actions that utilize the product of research inside the firm.
These act’ions are more expensive than research but deplendAupon its output for
their success. However, Chapter 111 proposed that the integra’tior't of develop-
ment activities enabled the mining firm to reduce the risk in process innovation
through a reduction in uncertainty. . This teduction is brought about by the

elimination of the market purchase of product development and its attendant
price and performance uncertainty.
The existence of a distinct group of {irms conducting rescarch and

development is sliown by Tables 4.7 and 4.8. Ten firms in the sample report

research and development activities. The average mineral revenues for firms

in this group were $357,300.000 in 1973 and the mean employment was 7,021,

“Student’s” t tests on these means showed that the mcan size of firms in this

group is significantly larger than that for firms m the groups with different

Lo
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innovative activities. The differences are significant at 0.05.

In 1973 mineral tevenues for firms with rescarch und development
ranged from $9,700,000 to $1,172,800,000. The firm reporting the lowest
mineral revenues is a Government owned mine in the ufanium iﬁdustry. The
acfi‘/ities of this firm cannot be considered typical of ﬁrmsiri:the Canadian
mineral industries as it does nét have economic profit as a primary mission.
Its primary purpose is to carry out research and development on the process

of uranium extraction.

Of the eight firms in the sample reporfing mi’nerai revenues for
"1973 in excess of $100,000,000 only two did not carry out both process
rescarch aﬁd development. One of these firms perfonncd‘ research only.and‘
the other development. The firm with research only reported mineral revenues
of $106,500,000 in 1973 and had no characteristics that‘cou!d identify it as
exceptional in the industry. The firm with only development act.iviti.es is
foreign owned, in the non-meta]iicvmineral i-ndustry, and w‘orksl closely with

its. parent’s basic and applied research laboratory in the United-States.

The absolute innovative effort of firms with- research and develop-
ment is much greater than for those with only research activities.  The average
research -and dcvelopmcnt:buduct in 1974 for the ten firms GCOrtinw was
$2,780,000 and the average numbu of quuhfud scientists and cngmurs
employud in these uctmms was 47 as shown in Tablcs 410 Jnd 4 H Thc
Ainnovative activities carried on by firms with rescarch and dwciopxmnt includes
a rclutivcly' large proportion of product rcscurch. Of all funds allocated to

rescarch and devetopment by these firms, fifteen pereent are atlocated to product
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rescarch.  This product research is intended to develop new markets for existing

products or to develop new products for small, specialized niarkets. The major

part of the budget allocation by firms in this group is to metallurgical process
}

research and development.

The preceding analysis demonstrates the existence of a group of

firms which carry on research and development and which are the largest firms

in the mineral industries. The average research and development budget and

the size of the research and development department for firms in this group are

both significantly larger than those of other firms in the mineral industries.

4.3.5 Hypothesis TV: The last stage in the expansion of
innovative activities will be the integration of process .

manufacture into the organization.

After a new process device has been specified and experimentally

tested by resecarch and development, management must decide how to manufac-
ture or obtain the necessary equipnient to bring it into commercial use. At
this point in time, the technology exists in the form of infgrm:'ltion such as
'blucprints. Inherent in the transformation to a full scale process is uncertainty
in the future performance and price. The firm can cither utilize the services
of a speciulized equipment manufacturer or it may choose to integrate the

manufacture of the process equipment into its own activities. In Chapter 1

we argucd that some large firms would seek to integrate the manufacture of '

new process technology into the operations of the firm so that the unccftuinty

in the market may be climinated and the advantages of administrative integration

obtained.
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Interviews with exccutives in firms with rescarch and development
activities ascertained that .two firms are active in process manufucture; The on.c
firm in the sample with only development in the ﬁ.rm also reported that it
carried on process manufacturing ac.tivities. No firms with ecither research only

or no innovative activities were active in process manufacture.

No statistical tests are possible on the. manufacturing abctivi'tics
reported by firms in the sample because these firms do not comprise a
distinct group. They are distributed amongst the larger firms in the industry
which, characteristically, carry oiut; rcsegxrch and development. Firms that do
not carry out process manufacture but which have research and deyelopment
were asked why they did not undertake process mz\nm.facturc. _ Executives in
threc of these firms report that their firms are not engaged in the manufacture

of process equipment because, as one executive commented:

o

“Qur business is to mine ore, not to manufacture
process equipment. It is the function of equipment

supply firmis to do that.”

Thus, management perception of the business of the firm appears to play some

part in whether or not the firm manufactures process equipment.

‘The apparent purpose of the process manufacturing activities

carricd on by the three firms is to ecliminate uncertainty in the initiat manuofac-

ture and opicration ‘of the process. None of these firms perceive these activitics

as continuous. Existing facilitics are -used-to manufacture the first commercial.

installation and any subsequent manufucture is undertaken by cquipment
suppliers who can take advantages of cconomivs of scale not availuble to the

process user who nmnufactures the equipment for his own use only. Then the
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process using firm which developed the process usually licenses its: new technology

to other mining firms.

The prgceding observations indicate that the integration of manufac-
turing activitics into the firm may occur once research and development are
present in the firm. However the decision to integrate these activities appears |
to be more influenced by senior manageme.nts’ view of the business of the firm -
~than by size. It seems possible that the manufacture of process equipment is
perceived by senior executives aé a new business, whereas research and Fievelop—
ment are seen more as extensions of skills already in the firm. Relatively few
ﬁrms iﬁ the Canadian mineral industries extend their innovative activities to

the manufacture of the first commercial pro&ess‘ No firm manufactures process

equipment for sale to other firms in the mineral industries.

4.4 . THE EXISTENCE OF INNOVATIVE STRATEGIES

The analysis presented so far has been concerned with the proposi-
tion and hypotheses stated at the conclusion to Chapter 11, With the exception
of Hypothesis 1V, these have been found to hold within the confidence limits

defined as acceptance regions for thisstudy. Hypothesis 1V was found to hold

for individual firms but not for a distinct group.

The existence of four distinet innovative strategies was proposed on

the basis of resource commitments and activitics in different groups of firms

in the Canadian mineral industrivs. The analysis has shown that these resource

commitments and activitics. do exist, and that three groups of firms can be

distinguished from one another. Therefore we can conclude that the four
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N

strategics do exist. These four stratcgies were characterized as passive, defensive,

active and i'ntcgrativc earlier in this work. In the next chapter we shall discuss

vach of these strategies in some detail.
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CHAPTER V

. INNOVATIVE STRATEGIES OF FIRMS IN THE
CANADIAN MIMERAL INDUSTRIES

5.1 INTRODUCTION

In the preceding chapter we saw that the research findings support

“the proposition and lhiypotheses central to this study,and that firms in the

Canadian mineral industries do have distinct innovative strategies. These
strategies have been characterized as: passive, defensive, active, and integrative,
The purpose of this chapter is to provide more information on the firms

undertaking each of these strategies, the activities associated with these strategies

in which they engage and the outcome of the strategies in terms of process
patents and licenses.
The chapter consists of four sections. Each section is concerned

with a particular innovation strategy. For the firms implementing a particular

strategy the following data will be presented and discussed:

1. The nature of the business of the firms under-

taking the strategy.

2. The innovative activitics of the firms.
3. The patent and licensing activitics of the firms.
4, The retationship of the mining firms to process

~equipment supplicrs,
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5.2 FIRMS IMPLEMENTING A PASSIVE INNOVATION STRATEGY

The adoption of a passive innovation strategy was proposed in

Chapter III to be characterized by the absence of both a research and develop-

ment budget and department in the firm. Twenty one of the forty firms in the

sample reported no research budget or department and can be said to be

implementing a passive innovation strategy.

Five of tl.\ese firms reported some informal innovative activitics,
but were unab!e to provide any data on the nature of these‘activities, flxe 8
pgrsonnel involved, theté‘sf,‘ or the‘me‘a.ns for evaluating these activities. . No
_specific examples of the outcome of tﬁese informal activities were provided by
them. Certainly, these activities do not appear to be undertaken as a commit-

ment to long term rescarch and development intended to provide a stream of

process inn‘ovations. ’

Eighteen firms in tile group reported data on total corporate sales
and minerai revenues which showed that they are not at all diversified. As
shown in Table 5.1 the “me_an total sales were the same as the mean mineral
tevcn'ucs.' Al their activities must take place in the minerals industries. -
Furthcrmoré, none\of these firms are integrated forward into smielting or
refining.  All produce concentrate which is sold to large integrated smelters in

Canada or abroad. Production is, in general, from only: one operation.  As

shown in Table 5.1, the mean number of operating locations for firms in this -

group is 1.27. The mediun number reported is 1 and the maximum 4. .

Even though firms with passive innovation strategics do not have

rescarch and development activitics, they do have budget allocations to
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TABLE 5.1
CHARACTERISTICS OF MINING FIRMS AND
INNOVATIVE STRATEGY
fanovative E Mean Number tMean Total Mean Mineral Mean Explora-
Strategy of of Mine Sales Revenues tion Budget
the Firm Locations 1973 L1973 for 1974
~('0007s) ('000%s)
Passive 14 32400 - 132,400 © 470,000
Defensive 2.0 56,000 52,800 910,000
Aciive or Integrative 5.0 357,300 303,800 5,800,000
exploration. Of twenty one firms with passive strategies, only four do not have
exploration budgets. These four are all operating in either the ferrous or non-
metallic mineral industries as suppliers of raw materials to an integrated parent.
As was pointed out in Chapter II, the search for new sources of ore is not
considered one of their key tasks.
Patents, onc of the proprictary prdducts of research and development,
are not considered important by finns implemenling a passive strategy as can be

secen from Table 5.2. The lack of importance of patents to firms with passive

strategies is not surprising. They do not have the skitls to cenable patents to be
acquired, and in fuct, very little patent activity is reported as can be scen from
Tables 5.3 and 5.4, Only one patent is held by‘onc firm which characterized

patents as very importunt,

This luck of activity in patents is reficceted in an absence of licen-

sing activity by firms implementing passive strategies. None issued licenses to
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’i - TABLE 5.2
PERCEIVED IMPORTANCE OF PATENTS
Innovative Strategy of the Firm
R ' Impostance of Patents Passive Defensive Active/Integrative
- Very . ‘ 6% ; 0% 30%
Moderately ‘ 16% 50% " 30%
: Slightly 6% 25% 40%
Not at all | - T% 25% 0%
100% 100% 100% -
.
. TABLE 5.3
FIRMS HOLDING PATENTS
/
i Innovative Strategy Number of Firms - Number of Finns Total Number
! of the Finn Holding Patents Not Holding Patents of Firms
! .
LF -
i Passive 1 ( 5%) - 20 (95%) 21 (100%)
Defensive 3 (40%) 5 (60%) 8 (100%)
; Active/Integrative 8 (80%) 2 (20%) 10 - (100%)
: *A chi square test shows that firms in the three groups differ significantly in the
i numbers that possess patents.. The level of signilicance is 0.05. :
i . .
»
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TABLE 5.4
NUMBER OF PATENTS HELD BY MINING FIRMS
Type of Patent ‘
Innovative Strategy Product Process Mining
of the Firm Technology Technology Technology

Passive 0 1 0
Defensive 2 4 0
Active/Integrative 54 108 7
56 113 7

Total, all firms

other firms and only one held a license from another firm as shown in Tabie 5.5
Firms with passive strategies appear not only unwilling to undertake research and-

development, but also they do not engage in the purchase of new technology

through lcense.

- TABLE 5.5 )

LICENSING ACTIVITIES  OF MINING FIRMS

Number .of Licenses

Innovative Strategy From Canadian From Forcign To Canadian To Forcign
of the Firm Firms Firms Firms Firms
Passive 0 L 1 0 . 0
Defensive: 1] 2 3 0
Active/Integrative 5 22 | 12 ' 26’
5 25 15 26

Total, all firms
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.

" Data shown in Table 5.6 shows that firms with passive innovation
strategies differ from those with innovative activitics as to thc.so'urcc of major
process innovations and thg rate with which they come about. Thirteen firms‘
with passive strategics report no major process innovation during the last ten
years, comparcd to only one firm amongst those with innovative activities.
The majority of major process innovations in firms with passive innovation
strategics arise from external sources, whereas those companies with research

and development report the majority of major innovations arising internally.

TABLE 5.6

SOURCE OF PROCESS INNOVATIONS

Number of Firms with Nuamber of Firms with

Source of Innovation Innovative Activities Passive Strategy
Internal 8 1

i Joint* ) 3 1
External 4 4
No Innovation Reported : i I &

*Joint implics innovation jointly by mine and cquipment supplicr.

The cost of these major process innovations was estimated by firms
_rcspojn-diﬁg to the qﬁcstiommiré. lu general, compunic's in{plc.mcnting iﬁiésivc‘
innovﬁtiOu struicgics placed tiic cost in excess of $100,000 and less than
$5.000;000 as can be seen from Table 5.12. These estimates tended to be fower
than those nmdc by finns with rescarch :md‘ dﬁv"u]muncnt‘, bt significantly i

cxcvss of the dost estimates of process cquipment suppliers from whom itis
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L ..oted these firms purchase process innovations.
PN ,

Firms implementing passive strategics do purchase process equipment
_awations from suppliers, but in general, oﬁ]y infrequently as shown in Table
¢ 1 The median frequency of using suppliers is twice per decade., However, it
ESFOUNT S thu‘t the majority have at some time purchased tl.1é innovative services of
papment suppliers on a one time bﬁéis to subply skills not in the firm.
sateen firms reported that they had used equipmient suppliers. Of these firms,

ton report using them to produce a process from concept form. Only two of

A e s L,

Cthem paid the deveiopment costs of the suppliers, but fourteen considered that

ti-¢ supplier had been useful in acquiring process innovation. These data are

Jown in Table 5.8.

TABLE 5.7

FREQUENCY OF PURCHASE OF INNOVATION FROM
EQUIPMENT SUPPLIERS BY MINING FIRMS

Innovative Strategv of the Mining Firm

Trequeney of Purchase Passive Defensive Active/Integrative
(Number of Firms)

Never 4 20% 0 0% 0 0%

talrequently 9 45% 2 25% 6 60%

O-savtonally 6 30% 6 75% 4 40%

badly ofen I 5% o 0% 0 0%

Very often A 0 . 0% 0 0% __Oﬁ 0% =
Lot .20 100% 8 100% 10 100%.




T e A et M el artn et 10 e persm s

-~

-7

) LA RSP A, it male 5

119

TABLE 5.8

USE OF EQUIPMENT SUPPLIERS FOR PROCESS INNOVATION

. Innovative Strategy of Mining Firm

Number-of Mining Finﬁs Perceiving Suppliers
"Helpful Not Helpful

as:

Passive 14 C - 7
e .

Defensive 7 1%

Active/Integrative 4 6

*A .chi square test shows that firms with defensive strategies are significantly
different from other mining firms in their perception of the helpflulness of
process equipment suppliers, The difference is significant at 0.05.

Firms implementing a passive innovation strﬁtegy appear to experience
a low rate of process innovation compared to others in the mineral industries.
Patcﬁt and licensing data show that the informal innovation activities undertaken
by these firms result in few processes that are of gencral applicaiion and con-
sequent commercial value, Suppliers, when utilized, are expecfed to perform a

complete range of innovative functions for the mining firm. However, the

frequency with which they are utilized is low; and the naturc of their innovative

activitics in Canada is limited as will be demonstrated in Chapter VI

© Although this analysis has shown u low rate -of process. innovation
to take place in small mining firms with passive innovation strategivs, it is not
sufficient to show that this rate is detrimental to' thoir business succuss,
Further rescarch is necessary to establish a position on this matter and such

research §s ot within the scope of this reseaxch.
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5.3 FIRMS IMPLEM,ENTING A DEFENSIVE INNOVATION
. STRATEGY ) )

In Chapter 11l we proposed that the adoption of a defcnéivc innova-
tion strategy would be ;:huracterized by the presence in the firm of a formal

research department and a research budget. Eight firms in the sample reported

making such resource allocations and may be considered as implementing a

defensive innovation strategy.

These firms do not appear to be diversified to any great éxtent.
The mean dollar sales and mineral revenues for 1973 shown in Table 5.1
indicate that 94% of the total sales for this group are in the mineral industries,
“ Three of the firms are integrated forward into smelting whilst the remaining
five sell their products in concentrate form. Prodpction for these firms, unlike
those with a passive innovation strategy, is usually derived from more than one
mining operation. The average number of operating locations is two, the same

as the median. The largest number reported was four.

The research budgcts reported by these firms were significantly fess
than the budget allocations made to exploration. Tables 4.10 and 5.1 show
that the amount allocated to rescarch was, on the average, one fifth the size

of the budget for exploration. Exploration appears to be more important to

these firms than process innovation.

The rescarch budgets for firms with defensive innovation strategics
are only allocated to process and mining rescarch. No product. research s
carricd out, The mujority of the research budget is equally divided between

milling rescarch and metallurgical process rescarch as shown in Table 5.9,

A o SR S AL i B e e A o A A a5 S8 AT ST i e e e N Ay
| N . . ‘ -

2




[y

“\.h.,.f‘ﬂ""‘ . e APl A A 0 kR N 22 e Lt g R L Senbatiundal s e e R A RN ad . .
bi
‘ 121
' TABLE 5.9 :
' RESEARCH BUDGET ALLOCATIONS FOR FIRMS IN THE SAMPLE )
. , ~ Firms with Defensive Finns with Active/Integrative o
U E Innovation Strategy Innovation Steategy z
) 3 Number of  Mean Percent Number of  Mean Percent &
. Area of Concern Firms  of Total Budget Firms of Totul Budget
! - ¢
Mining research 2 10 6 9 g
: Milling research 8 45 7 18 i'
. Metallurgical process research 7 45 9 58 i
b : 5
: Product research 0 0 6 A5 S
i ' &
: Total, all firms 8 100 9 100 é
o \ ‘
v\ )
Firms with defensive innovation strategies perceive patents as more '
: important than do those with passive strategies, but less important than others ’
I : . :
H i
with active innovation strategies, as can be seen in Table 5.2. The research ’
; activitics in these firms result in few patents. Three companies hold between ,
i . .
H -
: them six patents, two of which are for product technology. The firnmi holding
i ' ' :
these {wo patents does not now carry on product research,
f Little licensing activity is carricd on by these mining firms. Table
5.10 shows that only one firm has issuced two licenses as indicated in Table 3.5.
r Two others cach possess one license from forcign mining firms.
: Bt .
¢ . .. . .
[ Firms with defensive innovation strategies cocoperate with process
1
equipment supplicrs more than other firms in the mineral industrivs.  Six out

| of eight in this group use equipment supplicrs for innovative services as often
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TABLE 5.10

NUMBER OF MINING FIRMS ENGAGED IN LICENSING

Innovative Strategy

Number of Mining Firms

Number of Mining Firms
Receiving Licenses

of the Firm Issuing Licenses

Passive 0 ( 0%)* i ( 5%)
Defensive 1 (12.5%) 2 (25%)
Active/tntegrative 6 (60%) -4 (40%)

*Percentage figures indicate percent of firms with a particular innovative strategy

engaged in licensing,

as once a year and perceive these suppliers to be helpful more frequently than do
other mining firms. These data are shown in Tables 5.7 and 5.8. TFive companies
report using suppliers to produce a new process from concepts. However, only

two have paid development costs incurred by the suppliers.

In general, the cost of a major process innovation is estimated by
firms in this group to be between $100,000 and $500,000 (Table 5.12). Only
one firm estimated the costs to be in excess of $1,000,000. Nonc were able to

report the cost of a speeific innovation made during the last five years.

Firms with defensive innovation stralégié:s appear to utilize the out-
comes of rescarch internally and rarely trqdc in new technology tlerngll “pulcnts
and licenses.  The absence of development from the firm may mean t,hz;t‘zm
innovation cannot be specificd to the precision required fo.r patents to hcv
obtained. owever, if the products oll' research are 1o be brought into commer-

cial use by the mining firms development functions must be purchased.  Henee,
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cquipment supplicrs are important because they can possibly supmy the innovative
functions which the mining firm misses. These suppliers are expected to develop
and ménufacture the process from concepts supplied by the mining firm.

Possibly the ;;rdcess equipment suppﬁcrs subsequently profit from the éalc of

the new technology to other firms in the mineral industries.

FIRMS IMPLEMENTING AN ACTIVE INNOVATION

5.4
STRATEGY

The presence in the firm of both research and development functions
and budgets was stated in Chapter III to characterize the adoption of an’ active
sirategy.' Ten firms in the sample reported these functions and thus can be

said to be implementing an active innovation strategy.

Eight firms in this group reported data on both corporate sales and
mineral revenues. Although diversiﬁcat_ion is not a common strategy, several
firms reported a significant proportion of their sales in non-mineral industries.
Table 5.1 shows that 16% of the total sales for this group are from diversified

ctivities.  All cight firms are integratAed forward into smelting; a.nd three of
them are further intcgrated into metal forming. All have more than one mining
operation. The mean number of mining operations .reported was 5, with the

median reported being 3 and the maximum 14.

- The innovative effort of these firmsis oriented toward metallurgical
process rescarch.  The major portion of the rescarch and development budget s
allocated to this arca and, as shown in Table 5.11, nine finms have development

rroups working an metallurgical process problems,
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TABLE 5.11

ROLE OF DEVELOPMENT GROUPS IN FIRMS WITH ACTIVE
AND INTEGRATIVE INNOVATION STRATEGIES

Number of Firms Reporting

Percentage of. Firms

Role of the Development Group Absolute Number in the Grounp
Metallurgical process development 9 (90%)
Mining process development 4 (40%)
Product development . 4 (40%)
Cross functional, linking research, 9 (20%)

development, and production

Cost estimates for a major process innovation were provided by seven
out of the ten firms. The estimates made were, in general, higher than those
made by others in the mineral industries as can be seen from Table 5.12. These

estimated costs are of the same order of magnitude as actual costs of major

process innovations reported by four firms in this group. These four reported

actual costs of a major process innovation in the range $2,000,000 to 823,000,000.

These innovations have been made within the last five years. It is possible that

these four are the only companics to realise the true cost of process innovation.

- This may be so because they have engaged in all activitics necessary for process

innovation to come about.

Process innovation appears. to be fairly important to firms with active

or integrative strategies. Comiparison of the rescarch and development and

exploration budgets shown in Tables 4.10 and 5.1 reveals that they devote nearly
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TABLE 5.12
PERCEIVED COST OF A MAJOR PROCESS INNOVATION
Strategies of Firms Reportiﬁa

Perceived Cost of Innovation - Passive Defensive Active/Integrative
Over ~ $5,000,000 ' 1 (9% 0 (0% 3 (42%)
Under  $5,000,000, 4 {(36%) 1 (20%6) 3 (42%)
uver $1,000,000 :
Under - 81,000,000, 3 (27%) 0 ( 0%) 1 - {16%) -
over $ 500,000 . :
Under $ 500,000, 3 (28%) 4 (80%) 0 - (0%)
over S 100,000 ' )

100% . 100% - 100%

half as much effoft to innovation as to exploration, a higher ratio than for either
of the other groups. Patents z;re perceived as fairly important to these firms as
shown in Table 5.2. They hold a total of 169 patents on mineral industry,
technology, representing 96% of all the patents held by firms in the sample.
Over 60% of these patents are for metallurgical processes. Tile development
activities in these firms probably enables the specification of new processes to
the stage where patents can be applied for. It is unlikely that firms with passive
or défcn'sive’stratcgies have the skill in the firm to produce spéc‘:ificutions to.
this.de:g,rec of precision. . . |

The patent activity of these firms is reflected in the Iiccnsing uc.tivily

reported in Table 5.5. Nincty ont percent of all licenses held and issued by the

firms in the sumple are related to firms with active or integrative strategies,
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More licenses have been issued by these firms than have been purchased by them,

A total of 38 licenses have been issucd in the fast five years and 27 have been

purchased.

The range of innovative activities in these companies and the con-
sequeht reduction in the purchase of innovative services from' specialized eq’uipment
suppliers is reflected in the data shown in Tables 5.7 and 5.8. They utilize
equipment suppliers _less frequently than do firms with defensive strategies and
find them less helpful. The presence of de'velopmcnt activities in these mining
ﬁrmé may obviate the need to utilize suppliers for innovative activities other 'than
the -manufacture of the process equipment.. However, when these firms utilize

process equipment manufacturers for the development of a specialized piece of

" equipment, they are more likely to pay the development costs than those with

either a defensive or a passive strategy. Six firms with active or integrative

. strategics report that they pay these costs when they contract with equipment

suppliers for development services.

Firms with active or integrative innovation strategics deal commercially

in the purchase and sale of process technology far more frequently than those
with other stratcgies. The activities of these firms in patents and licensing arc
high compared to other;; in the mineral industries, and their dcpcndcncc on pro-
cess cquiprﬁcnt supplicrs for new process technology appears low. The commerciul
value of these innovative aclivitics to thc. .individunl firm .hilS not been ascertained

directly by the rescarch, but firms indicate in their rcs{)onscs that the outcame

of their research and development activitics are important to their businesses.
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FIRMS IMPLEMENTING AN INTEGRATIVE. .
INNOVATION STRATEGY

5.5
In _Chapter Il an integrative strategy was prbposed to be charactcp
ised by the presence in the firm of process tesearch, development and  manufacture,
Thé nature of the strategy was proposed as either simple, by which the firm
manufactures the process for its own use only, or compbund, Whercby it. sells
process technology as working processes to others in the mineral industries.
Three firms in the sample were ideﬁtiﬁed as implementing a simple process inno-
vation strategy. These firms do not form a distinct group, although two have
bofh research and development and all three report mineral revenues for 1973
in excess of $100,000,000. The third company possesseé only development

activities in Canada.. Basic and applied research are purchased from its parent in
the United States.

The firms cannot be distinguished from others implementing an
active strategy by any of the measures used in this research. These three firms

possess patents and license process technology to and from other firms.

During the course of discussi.on with managers"of research and
de\'cloprﬂcnt in U.wsc firms it was cstafﬂishcd that tlie process manufacturing
activity is only carried out for the ﬁrsﬁ commercial unit.  All subscquent units
are manufactured by spcciulizc'd procéss cquipment .éupplicrs if sul;scq'ucnt un.i_ts
are required:  These suppliers cun take udvunl;xgés of cconomics of‘sczﬂb not
availuble to the mining firm manufacturing o‘ﬁiy l’o-f itsélf.‘ Frcq-ixcn.t})" the
process technology is Qold by the mining firm to other firms in the mineral

industrics under license or on a production royally basis.
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Firms with an intcgrative innovﬁtion strategy report no spéciﬁc
investment in cquipment for the purpose of manufacturing process equipment."
Existing general purpose equipment is utilized for the manufacture of the
proccsé, and specialized components are purchased from supplicrs on a job shop
k:nntfa’ct. The purpose of this integrative strategy appears to-enable the firm
1o retain c&mfrol of the process innovation until it is introduced comrheri:ial)y
and there are ho uncertainties in the specification and performance of the process.
In order to obtain the advantages of integrating thé manufacture of the first

unit into the firm, they appear to be willing to forego the economies of scale

that would be available to specialized process equipment suppliers who might be

used to manufacture the equipment.
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L CHAPTER VI
3 S ‘
' DATA PRESENTATION AND DISCUSSION:

PROCESS EQUIPMENT SUPPLIERS

6.1 INTRODUCTION

We have frequently referred to the division of process innovation

activities between mining firms and process equipment suppliers. Chapters IV .

and V showed that some mining firms do have a range of process innovation.
However, the range of these actiyitics deéreéées in smaller firms.
The innovative stratcgjcs that these firms implement are depéndent on their
ability to purchase innovative functions from specialized equipment suppliers.
Specifically, firms with passive innovation strategies depend on equipment
suppliers for process research, development and manufacture. Firms implemen-

ting a defcnsive innovation strategy obtain process development and manufacture

from these suppliers. Firms with active innovation strategies utilize equipment

suppliers to manufacture processes.

According to the theorics of Little, Stigler and Smith we expect to

find process supplicrs carrying out a wide range of process innovation activitics
- for mining firms. Morton and Wrigley implizd that mining firms integrate

process innovation functions and we expect to find specialized suppliers carrying

out few process innovation functions for mining firms.

In this thpth we will present information which shows the fornl

innovative activitics of process cquipment supplicrs to be limited compt 1rcd to
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thosc of firms in the Canadian mineral industries. * Research and development

budgets, and employment of qualified personnel are both low and we will show

‘that individual innovations must be small compared to those made by mining

firms. Process equipment supplicrs report that they are unwilling to carry on
innovative activities because of the general reluctancé of mining firms to

purchase the resulting innovations. We will see that those mining firms. perceived
by suppliers as innovative are the large ones which possess sufﬁciént resources

to risk the uncertain outcome of these activities.

6.2 PRESENTATION AND DISCUSSION OF DATA FROM
PROCESS EQUIPMENT SUPPLIERS

6.2.1 ‘General Information

The questionnaire presented in Appendix B was distributed t@

companies that advertised as suppliers of process equipment to firms in the

Canadiar’x mineral industries. Completed replies were obtained from(BS-.@ .

Twcnfy t\;B others replied by letter stating that they could not take part in
the rcsearch. Reasons given varied from confidentiality to an absence of sales

in the mineral industries in Canada. The effective response rate was 22.6%.

The firms in this sumple produce a wide range of process equipment for the

mineral industrics. The price of this cquipment ranges from $100 to $2,000,000

per unit,

Total corporate sales in 1973 amounting to $386,130,000 were
reported by 36 firms in the sample. Sules to the mineral industrics by these
suppliers in 1973 totalled $76,570.000, approximately 20.1% of totat sales.

Total Canudian cmploynmﬁ of 6413 prople was reported in the 38 firms on
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Pecember 31 1973, Research and dev;lopmcnt activities for the Canadian

mineral industries are undertaken by. fourteen out of the 38 firms in the sample.

Rvesearch. and Devclopmeﬁt Activities of Sample Firms
_ Full time personnel in formal research and developrﬁent departments
~were employed by the four'tceri firms reporting a f‘drmal research and dcvéio,p¥
ment budget in Canada for 1974. In 1973 these firms had total sales of
556,970,000 y./hich amounted to 24.570 of the .total> sales of thé sample. Mineral
industries salées by these firms in 1973 totall_ed 833,780,000 representing 44.5%
of all sales to the mineral industries by ﬁrms in the sample. Table 6.1 shows
th:;t, altht.augh firms doing research and development have ~lciwer totél sales tha;x
* those not .c‘arr}-‘ing out research and devclopment for the mineral industries,
th"y derive a greater proportion of their revenues from the mineral industﬁe@'
_Thcre appears to be little or rlc‘}_c_ij_f’t:g_rgmg between firms that carry out research

and development and those that do not in patterns of ownership, .nature of

product liries and rate of growth.

The range and magnitude of research and development activities

performed by equipment supply companies for firms in the mineral industries

are shown in Table 6.2, The mean rescarch and development budget reported’
is $90,000 in 1974, Approximately 3.0% of sales revenues are allocated to

rescorch and development by the cleven firms reporting such data,  Over half

the allocations are made to development.

The mognitude of these research and development budgets is small

compared to those of firms in the mineral industrivs, The mean rescacch and
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PERFORMANCE OF RESEARCH AND DEVELOPMENT
BY PROCESS EQUIPMENT SUPPLIERS

Percentage of Total Sales Made
' to Mineral Industries

Nature of Number of Mean Yotal ‘
Activity Firms Sales, 1973 0-49% 50-75% 76-100%
No rescarch

and development 24* $ 17,540,000 15 4 2
Research and 14% $ 5,180,000 3 3 s

development

*Only 32 of 38 firms reported both total sales and sales to the mineral industries.

®A chi-square test indicates that firms doing research for firms in the Canadian
mineral industiries have a higher proportion of their sales to the mineral

industries than firms without research and development.

at 0.05.

TABLE 6.2

The test was significant

ALLOCATION OF RESEARCH AND DEVELOPMENT BUDGETS

Percentage of Total

. Number of Dollar Allocation
Activity . Fiems: to Activity Allocation
Basic research . 5 121,600 12
Applied rescarch 7 326,100 32
Devclopment 9 556,300 56
11 1004000 | 100

Total, all firms
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’ dcvclopmcnt budget for firms in the mineral industries is $2,780,000 in 1974,
g : Those firms with only research reported a mean budget in 1974 of $194,000.
;. (—Clcarly, the budget for the process equipment suppliers in the sample does not

allow for an innovative effort on the same scale as that for firms in the mineral

1 industries. This suggests that process equipment supply firms in Canada do not

Y~

~focus their innovative efforts on a complete process innovation as do mining

firms. Rather, they probably research, develop and manufacture cciuipment

which may form an integral part of a larger process. This innovation may then
e i

be supplied to firms in the mineral industries as a component part of a new

}
' proccss\.v&

""(ﬁﬁe possibility that firms in the equipment sﬁpply industries focus
) their research and development only on component parts of a larger process is
supported by data on the costs of product innovation shown in "Fable 6.3.
The firms in the sample of equiﬁnlent éuppliers were _asked to estimate a general
order of magnitude for a product innovation intended for use in mihcral iud‘ustry‘
processes. Twenty two out of twenty six firms reporting pstimated the total.
cost to be under $100,000. Only four reported the cost to be in excéés of.

SIO0,000. n contrast, estimates of the cost of process innovation were made

cost to be under.$100,000. The mean of the reported costs is approximately -

firms. l The dil"rcrcnccrin these cost’ cstinmtcsl’{wrovidcs support for the notion

3

|

} . , o .

f $1,000,000. This estimate is far larger than that reported by equipment supply
!

{

] . ) '

! that the equipment supply firms only play the role of component suppliers in
i

!

process innovation for the Canadian mineral industries.

‘ AL this point-note must be taken that one firm which was included

by firms in the mineral indinstric_:s in Table 5.12. None of them estimated the V
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TABLE 6.3

COST ESTIMATES OF PRODUCT INNOVATION

¢ —ta

Number of Firms Reporting Cost as:

Innovative Activities Under $40,000 $41-S100,000  Qver 5100,000

Research and devclopment in the firm 3 .6 2
No research and development in the firm 9 4 2
Total, 2ll firms 12 10 4

in the research, but not in the statistical sample carries oh an extensive programimne
of research and development in Czina_da for firms in the mineral industries. The
company is owned by a large, American %xulti-naf_imnal entsrpxise. Thé manage-
‘ ooy /%;7@ (See @(sw

ment of this firm perceives the CanadianVmineral industries to be the most
technologically advanced in the world. By Iocafipg_ thc; 'rcséarch and development
centre in Canada, they are able to take advantage of spatial proximity to firms

in the Canadian mineral industrics. The annual budget for the cgntre is
$2,000,000, approximatcly twice that for all other suppliers in this research,

and approx.ima‘tely of the same magnitude as that of the large mining firms,

The manzxgcﬁwnt of the Canadian subsidiary report that the closeness to Canadian
mining companics facilitates the flow of technicat information to the combuny
fr'om these firms., With thcir‘ coopémtion, new p‘roducts are developed, rvnanu-‘
fncﬁxfud aﬁd Sol{f in Canada, and subsequently exported to mincral industrics.

in forcign lands. - This strategy is considered by the management of the firm to

provide it with an advantage over its competitors.
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6.2.3 New Product Information

The level of process‘t\cchnology in thc.minerul industricé must depend
to some-cxtent on the éffectivcncss and frequency of new product intréduction
by process equipment suppliers. In this section the new product activities of

process cquipment suppliers will be presented and discussed.

Process equipment supplicrs \.vith resecarch and develobment havc a
higher rate of new product introduction than firms that do not h:fve these
éctivities as shown in Table 6.4. The average age of tﬁe newest product in the
company line marketed to firms in the Canadian minerz'u industries is 5 years

for firms with research and developmient and 9 years for those without.

Canadian owned firms appear to have a lower rate of product inno-
vation than firms co;ltz'ollcd from abroad and either performing their own
research and development or importing new products from a foreign parent.
Fifteen of twenty one foreign owned firms in the sample imported product

innovations from a foreign parent. Six of these firms also have their own

rescarch and development in Canada. . -

The manufacture of new products in Canada is strongly related to
the performance of resecarch and development. New products are generally
manufactured in Canada by firms with rescarch and development, but are

frequently first manufactured abroad by firms without such activities as shown

in Table 65 v
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TABLE 6.4

THE RATE OF NEW PRODUCT INTRODUCTION :
1969 to 1974 :
" Firms Carrying Out Research and Development Firms Not Crrrying Ottt Resdirch 23 Developitient E
. Total Number Tetal Number Average ‘Totdi Niimber Toti} Niimber  Average .
QOvencrdhip of the Firm Number Reporting of New per . ‘Number Reportiis of New et ¢

' -+ of Firms New Products  Products Firm of Firms . New Products Products - irm
Canadian 5 3 15 5 9 0. 0 0 ;
‘ E

United States 9 9 25 2.717
3
5 6 48 8 (
Other . 6 6 b7 2.83 g
¥
E;;
¢ 3
1
- :
[SY 3
O\ ¥
3
e . . $
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3— TABLE 6.5 *
LOCATION OF MANUFACTURE OF NEW PRODUCTS | i
i

R e T T P,

Location of Manufacture . ;

Activities in Canada _Iﬂ Canada Abroad

*
A RAory-u)

Firms with research and development 11 ' _ 1 S i
. L4

Firms with no research and development 7 0 : Q{
.\ : ?}'

in Canada

*The difference between the groups in the location of
manufacture is significant at 0.05. :
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6.2.4 ‘Relationship with Mining Companies

in] s s

¥ L b Ay g
R A T T Bt TP rer e .

‘ The willingness of the mining firm to innovate appears to be a key {w 0') |
. S » : ’ 1
; factor in inducing the process equipment supplier to perform research and develop-
{
: . . . . 7
] ment. Process equipment suppliers report that the contribution to_profit. by a £ [
b4 . DRSSy 3 |
s R 8
' process innovation may be much greater for a mining firm than the profit to the /
v §
‘ process equipment manufacturer from the sale of the equipment.. Hence unwilling- E ]
i : j
s . . |
' ness by mining firms in. general to assume some of the development: risks of i
£ : . : : g
f : . . | : . |
! process equipment suppliers may discourage the suppliers from making an ongoing Y
! commitment to research and development. In fact, process equipment suppliers
] . A :
v do see mining compunics as being reluctunt to adopt process innovations. This is E
: .one of the major obstacles to greater cooperation perceived by the managements [
. * . . . 4
X : _ ' ]
i. -of these firms. The three most frequently mentioned obstacles are: ]
: ' j
i 1. The reluctance of mining companics to adopt ;-
. process innovatiot. g
!' A — _N_,,..___._w‘:m-— e srane s M*""««T.,\\\“\ . &
; : ' 2. Th@r’c‘ﬁ!rcncc for forcign owned equipmesTt
; .
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by some foreign owned mining firms.
3. Poor personal contacts between innovators in

the equipment supply firm and the mining

company,

Although the obstacles mentioned above do exist, suppliers generally

see some mining companics as willing to adopt new process technology. Data
show that the large mining firms are perceived as more innovative than small

mining firms. Suppliers were asked to name those companies in the mineral
. industries which are the most innovative. The large firms with both research and
development dominate the list as shown in ‘Table 6.6. Asked specifically whether

large or small mining firms are more innovative, 40% of the replies received

selected large firms compared to 2.5% selecting small firms. These data are shown

in Table 6.7.

TABLE 6.6

PERCEIVED INNOVATIVENESS OF FIRMS IN THE MINERAL
INDUSTRIES: FREQUENCY OF SELECTION

Innovative Activities in the Firm Absolute Number of Selections Frequency of Selection
Firms with Rescarch and Development 48 . ' 87%
Firms with Research only 3. : , , 5%
Fi?ms with no lnno-vat'i\‘/c Activitics . 4 - 8%
100%
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TABLE 6.7

PERCEIVED INNOVATIVENESS OF FIRMS IN THE MINERAL
INDUSTRIES: MAJOR SIZE GROUPINGS _

Perceived as Most Innovative Number of Selections Frequ_ex‘lcy of ScluctiQn
Large mining firms 16 . | 42%
Small mining firms 1 ' 2%"
Size not a determinant 17 46%,
No response 4 10%
100%

The data presented in this section complement the data obtained from

the firms in the mineral industries. The scale and magnitude of the research und

development effort made by process equipment suppliers in_Canada has been shown
to be small and the relationship between these firms and mining firms has been <
shown to be limited. Thg unwillingness of mining firms to cohtﬁbute to the
performance Qf research and development by equipment suppliers has been men-

tioned as a major reason for this limited market relationship. It may be that

mining firms are unwilling to pay for thesc activitics because their outcome is

uncertain in terms of performunce and price. Under these conditions, the ability

of process cquipment sugiplicfs to develop major process innovations for the

{ ] . Bl 0 . . ) .
: - Canadian mincrat industrics may be very small.
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CHAPTER VII
SUMMARY AND CONCLUSIONS

7.1 INTRODUCTION '
Process innovation for the Canadian'Minerai'Industries

appears to be inhibited by a variety of circumstances. Major
mining innovations are costly and involve a high degree of un-

certainty which even the larger Canadian mining firms £ind hard "

to bear. Consequently, small firms devote few, i1f any, resources
to research and development. An innovative supply industry to
serve domestic needs and exploit export opportunities does not
exist in Canada at the present time.

As was predicted by the model, effective research and
development is generally only being carried on by large mining
companies. Large resource commitments to process innovation are
producing results for these firms. However, a technology gap
may be developing within the Canadian Mineral Industriés, & gap
which increasingly favours the large firms. These firms gain
access tO new process technology not available to smaller firms.
Hence cost competition, based largely on the possession of pro-
cess superiority, increasingly favours the larger firms. In
general, smaller mining firms gain access to new process technology

~only through supplisrs, and as we have seen, the research effeort

of these firms is small compared to that of the large mining firms. '

Canadian Manufacturing firms do not compete in international
markets with innovative mining equipment to any great extent.
There is no Canadian equivalent to Atlas Copco or Ingersoll Rand.
Yet mining executives state that Canada leads in many aspects of
mining technology and our expertise is developing mines in many
foreign lands. However, the historical development of mining
equipment supply has lead to the dominance of distributors and
branch plant operations in Canada. Canadian mining firms have not
integrated backwards, taking the attitude that they are extraction

companies and not equipment manufacturers. Yet Canada does have
a large domestic market for mining prccess eguipment. Here exists
possibly a great opportunity to develop an international Canadian
manufacturing operation based on this market. The. outcome could
be a firm that would be the Mauéy—Fq;ggggQ of mining.
e :

In the following four sections further support and detail ,

will be given to these assertions. However in the first section .

the discussion will show that firms in the Canadian Mineral Industries
act in the manner predicted by the model. General conclusions on

the nature of process innovation will be drawn. The second section - .
discusscs the practical implications of the research for managers

in industry. The third scction considers some implications of the

140
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"study for public policy and the fourth suggests toplcs for

further research.

7.2 RESEARCH SUMMARY AND CONCLUSIONS
7.2.1 SUMMARY

As proposed in Chapter II, -the range of innovative activities
undertaken by firms in the Canadian mineral industries has been
shown to increase with firm size. The research findings pre-
sented in Chapters III and IV support this general proposition.

- The four hypotheses describing the manner in which it was
expected that innovative activities would grow are also suppcrted
by the research findings. Chapter III showed that four innovative
strategies exist in firms in the Canadian mineral industries.
These strategies have been characterised as passive, defensive,
active and integrative. The data presented in Chapter III support-
ed the hypotheses with only. one major. exception of note. The
research did not identify a .specific group of firms implementing
an integrative strategy. However, three firms were identified
that are implementing such a strategy. Two of these are similar
in activities and size to those implementing an active innovation
strategy. The third firm pcssesses only process development
and manufacturing in Canada. Basic and applied research are
carried out for this firm by 1ts parent in the United States. In
this sense the firm may be considered to be lmolementlng an
extended integrative strategy.

The exception noted above does not affect the general find-
ings ©f the research. Four innovative strategies do exist amongst
firms in the Canadian mineral industries. The nature of these.

‘strategies and the principal operating characteristics of the firms

1mplnmentrng them are shown in Flgure 7.1.

As firms in the Canadian mlneral industries increase in
size, functions associated with process innovation are integrated
into the firm. The corporate strategy which determines these
actions may be explicit or implicit; this research was not designed
to investigate the decicsion making process related to the adoptlon
of ‘an ‘innovative strategy. Thig process might be the subject of
further research. However, the logical inference from thecse actions
is that the managements of -larger firms perceive the benefits to
be obtained from lntegratlng these actrvrtles as creatcr than the
costs incurred. S :

The smallest firms in the mineral industries do not, in
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. FIGURF 7.1
CHARACTERISTICS OFF INNOVATIVE STRATEGIES
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"general, possess innovative activities. These firms implement
a passive innovation strategy which means that innovative
services must be purchased from specialized suppliers on a one
time basis as required. We may infer that the managements of
these small mining firms do not perceive benefits from integrating
innovative activities into the firm as sufficient to offset the

. costs in doing -so. However, there are undoubtedly benefits
available to these firms from process innovation which could o
improve working conditions and productivity, reduce cost, and in-
crease profits. The task of management is to find a mechanism
‘to do so in a way that minimises the risk'to the firm. At present

no satisfactory means appears to exist. Data from both mining
firms and equlpment suppliers 1nd1cates that the present market
mechanlsm is unsatisfactory.

The research findirngs raise doubts about the ability of
spec1a]17ed Process equipment sulelers in Canada to provide
innovative services for firms in thé Canadian mineral industries.
The research showed that the formal research and development
activities of these companies is limited and that the .individual-
innovations which they make are low cost comparad to the cost
estinates of process innovation made by firms in the mineral
industries. The reluctance of mining firms to adopt process |
innovations was cited by these suwpl*er as a major deterrent to
the performance of research and development in Canada.

Process innovation has a different significance to firms
in the Canadian mineral industries than to firms in other in-
dustries. .As a key factor in competition it is both desired and
feared. The managements of large mining firms can overcome their
fears and innovate because failure is unlikely to ruin the firm.
However in the small: Illm, where a process innovation failure may
cause ruin, innovation is shunned. The uncertalnty in process
innovation purchased through the market causes suppliers to per-
ceive many mining firms as belng unwilling to innovate. They are
unwilling, but only because mining executives are prudent men.
Uncertainty is present in their business through the unknown nature
of ore deposits. The introduction of new processes would add an
extra and unfamiliar source of uncertainty. Given this reallty,
process innovation throughout the Canadian mineral industries is
only likely if new ways are found to bring it about. These must
reduce the uncertainty in innovation for the individual mining '

- firm and increase the probability of success. Such conditions
are only likely to be achieved to any ‘great extent through the
elimination of market-related uncertainty..

7.2.2 Relevance of the Research Findings to the .
Literature and the Model

The research findings for the'large firms support the
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arguments of Wrigley and Morton that the advantages of integration
will outweigh benefits from the economies of scale available to
specialized suppliers. However, the findings for small mining
firms support the arguments of Little and Stigler that process
users will seek innovations from specialized equipment suppliers
who are able to obtain econcmies of scale by spreading the costs
of innovation over a large number of installations.

As proposed earlier both the arguments relating to
integration and to economies of scale hold under different con-
ditions. Small firms with limited resources attempt to acquire

' process inncvations as they are required from specialized suppliers.

The largest firms in the mineral industries integrate research

and development functions into the firm to provide an ongoing

stream of protess innovations. Medium sized firms attempt to obtain
some benefits of integration by having a research programme and '
some of the benefits of economies of scale by purchasing process
development and manufacture as required. As the resources of the
mining firm grow, so the criteria for an innovative strategy changes

- from economy to integration. Management is able to reduce un-

certainty in its future process technology needs by lessening the
firm's dependance on market purchases. Innovative activities in-
tegrated into the mining firm can be dlrected to short or long
term problems and opportunities.

These findings support the model proposed in Chapter II.
We argued that in the Canadian mineral industries, there exists
very low uncertainty in the future svecifications of products.

" These products are staple commodities traded in markets that

approximate the perfect markets of economic theory. Competition
in the mineral industries is on the basis of price and the control
of mineral reserves. Firms that do not control economic reserves
of minerals cannot remain active. The primary activity of mining
firms is exploration for new ore reserves to ensure the survival
and growth of the firm. Consequently, all other activities in the
mining company must compete with exploration for Lhe firm!' 's re-
sources. - : :

Where the firm has limited resources and reserves, all
surpluses must be allocated to exploration. Long term commitments
to other activities cannot be made if the future of the firm is
uncertain. Hence, in small firms, resources will be devoted to
exploration, and only to other activities when absolutely necessary.
Under  these conditions process innovation becomes an activity
that must be purchased as réquired. Thé firm knows little about
the nature of processes required in the future, and if new ore
rescrves are not discovered. there will be no future anyway.
Innovation in existing operations is limited by the spectre of
failure which would interrupt cash flow, and also by the abksence
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in the firm of any long term innovative capabmlm*y The ‘re-
search shows that small mining firms do act in & manner con-
sistent with this descrlptlon.

Once the mining firm has grown to an intermediate size
‘and its future seems assured over a reasonably long time period,
then management may perceive that its ability to compete more
effectively depends on recovering minerals at a lower cost than
other firms. Also, the mining firm may have discovered deposits
of minerals not economic with existing processes. Clearly, the
development of new processes cannot be left to chance. -Management
must move to acquire new process technology. The choice available
is either to purchase the new technology from soec1allzed suppllers
or to carry on innovative activities in the firm.

The research has shown that these intermediate sized firms-
integrate research and attempt to purchase process development
and manufacture. As was suggested earlier, these actions are
probably taken because of the unmeasurable uncertainty present in
the acguisition of new processes. At the outset of the dcqulSlulOH
process, the mining firm does not know the process recuired, its
" specification, performance or price. Thé first step in reducing
this uncertainty is to integrate research into the firm. Research,
as shown by the study is relatively cheap and allows the mining
firm to create outlinc specifications for required processes.
Process development and manufacture, which are relatively expensive
and not reqguired until the research function has proven successful,
are still left to be purchased from specialized process eguipment
suppliers. Management:development and manufacturing services can
be purchased from suppliers more cheaply than they can be perform-
ed in the mining firm.

Large mining firms integrate development activities. By
doing so they are able to patent and license new processes. AS
has been shown, these companies hold 95% of all process patents
and licenses in the Canadian mineral industries. These large
firms perceive that possessicn of rnroprietary rights to a process
enabling cheaper mineral recovery allows the firm to make greater
profits than its competitors. Possession of advanced processes
may enahle the firm to recover minerals from deposits formerly
uneconomic. Under these conditions the firm does not want others
to have access to all process technology. Also the management
of the firm does not wish to leave the development of new process .
technology to a firm over which it has no control. The advantages
to be gained from integrating process development may far cxceed
the one-time benefits From the economies of scale available to
suppliers.
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The research showed that three large mining firms in-
tegrate process manufacture in addition to research and
development. As we proposed earlier, they do so because of
the uncertainty inherent in the manufacture of the first
commercial process. These firms do not attempt to manufacture
.subsequent units, but allow specialized suppliers to do so. ' »
The actions of these firms provides clear support for the
argument that as long as process specifications and performance
are uncertain, the advantages of integration are greater than
the economies of scale available to specialized suppliers.

We have seen that the arguments of Little and Stigler
appear to hold for the small firms in the Canadian mineral
"industries. These firms attempt to acquire process innovations
from specialized equipment suppliers who are able to gain.-economies
of scale through the allocation of costs to a large number of-
installations. The necessary condition for their arguments to ..
hold is the existence of specialized equipment supvliers with
research and development procrammes intended to provide a stream
of new processes to firms in the Canadian mineral industries.

The research showed that little formal research and de-
velopment ig carried on by process equipment.suppliers in Canada.
These firms reported that mining firms discouraged. such programmes
because of their reluctance to innovate. Only the large mining
firms, all of which have their own research and development
programrmies were perceived by suppliers to be innovative. As
‘proposed earlier, the barrier to the acquisition of process
innovation throuch purchase across the market appears to ke the
uncertainty in specification and performance at the time of purchase.
Mining firms, especially small ones, cannot risk the financial
losses that would result from new processes that did not perform
as well as expected. Individually, small mining firms do not need
a stream of process innovations. Collectively, they may well.

Their actions indicate that they are unwilling to purchase potential,
but uncertain, process imporvements through the market. Con-
sequently we can speculate that these firms would like to in-

tegrate process innovation activities, but that these are too

~costly in relation to the resources of the firm. As a result,
innovation in small mining firms is too uncertain to be undertaken.

7.2.3 Conclu81ons

The. research has shown that the Canadian mineral 1ndustr1es v
are unlikec. many others in the way firms acquire process in- ‘
novations. In mining the bases for competition are the possession
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of ore reserves and the processes allowing minerals to be

extracted from them. Leaving the development of new processes

to other firms introduces uncertainty into their acquisition

in terms of price, performance and specification. Allowing

‘a specialized supplier to control the manufacture of process
equipment may eliminate the.competitive advantage of one mining
firm over another. Hence as resources in mining firms can be
spared from exploration activities they are allocated to integrat-
ing process innovation activities. Distinct competitive advantages
can be gained from.this strategy. , '

In other industries uncertainty exists in the product
technology and all uncertainty related to future process technology
stems from this product specification uncertainty. In these
industries competition is on the basis of product differentiation
and firms carry out product research and develonmeént in anticipation
of gaining a competitive advantage. Once a firm has established
a dominance in its product technology and can exclude competitors
from the market on thvs basis, then an oligopolist or monopolistic
market structure may emerge. :

Under conditions of oligopoly, uncertainty in future process
technology may become low and firms can allow activities related
to this technology to be left to specialized suppliers. These
suppliers may be able to take advantage of economies of scale not
avallable to the individual process user. Abernathy and Townsend
suggest this may cccur when the process technology in an industry
has reached an advanced stage where technologlcal aevelopment must
be considered as systems problems

“"Bventually, technological advances need
to be treated as systems development pro-
blems. A specialized equipment supplier
industry may form and be sustained in
larger industries to conduct the develop-
ment of process-specific eguipment, since
development costs are then amortized over
more installations.

Where process innovations arise from specialized suppliers, there
can be little competiticn within the process using industry on
the basis of new nrocesses as advances are guickly avallable to
all users.

This situation is not the case in the large Canadian

mineral industries. Firms have no interest in seeing proccss
innovations rapidly diffused to domestic, and more importantly,
foreign competitors. In addition few mining equipment supply

firms have the range of experience that allows them to develop
process-specific equipment. In Canada rcsearch and development




carried out by these firms does not take place on the same scale’
as that performed by large mining firms. Innovations are much
less costly and appear to be components of a larger process,
which may have been specified by mining company requirements.

In the Canadian mineral industries there is little in-
centive for firms to leave process innovation to suppliers. In.
these 1ndustr1es, process innovation plays the role that product
innovation does in many others. We have seen that as the size
of the mining f£irm increases, its management acts to eliminate
uncertainties inherent in the purchase of process technology by
integrating innovative functions. These actions are necessary
if the Canadian mineral industries are to remain competitive in
international markets.

.7.3 MANAGEMENT IMPLICATIONS

7.3.17 General

Firms in industries other than mining require process
innovations if they are to survive and grow. In "commodity"
industries, such as lumber and energy, competitiveness is
in part based on the possession of superior processes. In
mature industries, such as steel-making and basic chemicals,
firms with best practice processes are more equipped to
compete on price than others.

Mo matter in what industry, process innovation introduces
unmeasurable uncertainty into the business of firms. Price,
performance and the specifications of new processes are all
unknown until using firms have defined what exactly it is
they want. What exactly they want is often not certain
until research, development, proto-type operation and much
trial and -error have all taken place. Consequently, the
purchase of process innovations through the market is a
difficult activity requiring consumnate management ability

~and scme good luck. Business hlstory is lelna with cases

of failure in such instances. As in mining, such failures
can be very costly, and sometimes, disastrous.

The uncertainty in process innovation presents managers
with a major strategic decision. They face the dilemma of
whether or not to integrate into -the firm innovative activities
that could possibly be purchased from gpecialised suppliers
as required. Administrative integration involves a long:
term commitment of financial, technical and managerial
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resources if success is to be realised. By taking this
decision, which may take four, five or more years to show
results, potential economies of scale available to
specialized suppliers might be lost and time wasted.
However, if integration does not take place, then the risk

increases that the desired innovations will not materialise. -

) This research has shown that managers in the Canadlan
mineral industries apparently make decisions which increase
the range and magnitude of innovative activities in the firm
as ‘it grows. Functions are integrated which were formerly

‘only available from specialized suppliers. Thess specific

- £findings support the more general propositions of Wrigley -
and Morton that in firms requiring a stream of innovations,
unmeasurable uncertainties inherent in market integration

nust be eliminated. The administrative integration of
research and development to production is necessary for
success. :

In an early article on. technological strategies,
Quinn pointed out that the scientific and technical
programmes of a company exist solely to support its'.
overall business strategy. Specifically, the support of
‘certain low return projects may make possible long run,’
high return ventures based on the outcome of the initial -
low return activities: : .

", ..in ranking potential applied research and
development programmes, a simple ordering in
terms of relative present value, rate of return
or expected profit can be highly misleading.

. Within a given strategy it may be important to
Ainvest in a low yield project supporting
Division A than a hlgher yield progect for
Division B. 2

Support for seemingly low return research and development
projects may. be necessary in industries such as mining.
These projects, if successful, enable the introduction of
processes which facilitate new corporate ventures that would
be impossible otherwise. In addition they may permit the
continuance of existing operations which would become
uneconomic without innovation. Although the research and.
development required for project viability appears to have
"a low. return, the resulting venture may be extremely -
profitable. ’ V :

No attempt has been made here to measure the success
of process innovations in terms of profits, growth or rate
of return. We cannot then predict the returns from
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investments in different levels of research and development
activity. The effectiveness of the different innovative
strategies cannot bhe compared in these terms. llowever, it
is also apparent from the writings of Wrigley, Morton and

.Quinn that management cannot use short term measures, such

as economies of scale, for making decisions on the = = . .
adoption of innovative activities. Their outcome is not

a cost saving due to economies of scale on specific prcjects,
rather it is measured in the growth of corporate revenues

and profits arising from operations that have benefiited
from a stream of successful process innovations. Frequently,
these revenues and profits bear no relation to the initial
outlay on research and development.

This argument implies that an innovative strategy
azdopted on the basis of potential economies of scale from
subsequent production may be incorrect. The firm choosing
to purchase certain innovative functions from a process
equipment supplier and so share in the economies of scale
available to the supplier may never obtain these benefits.
The uncertainty of specifications, price and periormance
inherent in the purchase may prevent the signing of a :
contract. Even when one is signed, the supplier may not -
develop the desired innovation.

Suppliers can, however, play a kesy role in process
innovation. Data obtained as part of this research
indicated that there are instances of cooperation between
mining firms and process equipment suppliers. In general,
success 1is achieved where frequent face-to face contact and
cooperation develops a form of administrative integration.
Financlal arrangements must be flexible enough to allow
for uncertainty in specification, performance and price.
The egquipment supplier must be compensated for unforeseen
cost increases, whilst the purchaser has to be able to
cry "halt..." if the price becomes too high. The mining
firm in such arrangements needs to have managers with
some process innovation skills who are able to
communicate the firm's needs to the supplier and over time
integrate the innovative activities of the two firms. This
relationship allows the supplier to act as an extension of
the firm for the project duration. Such is not the case
in a pure market relationship.

That equipment suppliers can be used . to provide
process innovation is of importance to small firms in
"process" industries such as mining. These firms cannot afford
the expensc. of their own research and development facilities

T L L g AT TR T
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and do not need a stream of process innovations. For them,
the purchase of innovative services from equipment
suppliérs can be a major source of innovation, provided a
relationship is developed which eliminates market
uncertainty However, the "process” firms must bear all
the risks associated with failure. In such a transaction -
the purchase should be viewed not solely as the .process
innovation itself. For a limited period, the innovative
resources of the supplier, or a part of them as agreed,
nust be viewed as a temporary administrative extension of
the buyer. Management from both firms must integrate and

"direct joint activities towards SUCCGSqul process

innovation.

From the preceding discussion we can see that process

JAnnovation could arise in either the user or the process

equipment supplier. In the past both categories appear to
have contributed. One complicating factor in the study of
process innovation is the Nature of the Beast itself. New
processes for users are frequently new products for a supplier.
In a world where product innovation has been the key to
corporate growth and the source cof competitive advantage,
process innovaticn often went along with product innovation
or was relegated te suppliers. These suppliers acted as
gatekcepers" and diffused new process technology to many
firms,gaining economies of scale (and profits) from wide
distribution.

However, in many industries, products are now mature.
The rate cf product innovation has declined, and it is
process innovation that becomes the basis for competition,
survival and growth. The Pilkington Glass Company of
Great Britain still makes glass, as it has done for many
years, but it also now makes profits from the licensing
of its "float glass process" which it developed. Like
Pilkington Glass, more and more firms are realising that
process innovation cannot be left to suppliers, but that it
is an integral activity of process users.

7.3.2 Minefal Related Industrles

Mining is an uncertaln business even w1thout pr0cess

- innovation. Unknown ore grades and structures introduce

considerable uncertainty for the business. Consequently,

for many firms the presence of uncertainty in both process

and ore is undesirable and to be avoided if at all :
possible. llowever, at the present time there are significant
pressurcs on Canadian mining firms to innovate. DGCle*ng

ore grades and 1ncrea51ng costs mean that Canadian mines




must lower costs, raise productivity and be able to mine

ores formerly uneconomic if they are to remain competitive

in International markets. Social movements for safer and

cleaner working conditions are being introduced by mine-

workers. These changes have to be made in an environment . .
made more uncertain by Government policies unfavourable

to the industries.

In large mining firms, uncertainty can be spread
across sufficient operations that process innovation in
one operation. would not endanger the firm if it fails.

- In these firms considerable resources are committed to

long term innovation programmes.lIn smaller firms the
uncertainty cannot be spread. Companies with only one

mining operation can suffer severely if process innovation
proves unsuccessful. Cash flow mav be reduced, endangering
debt repayments which freguently exist, especially for new
mines. In. large mining firms the decision on innovation
concerns what amount of resources to commit, what activities
to integrate. In smaller firms the decision is whether to
innovate at all.

"In the large mining firm, the decision on how much
research and development and which activities is largely
a function of top management's perception of the firm and
the nature of its business. As was shown in Chapter IT,
rining firms rarely diversifv, choosing to limit their
activities to mining and further processing. However,
several have the knowledge, technology and capital to
exploit mining processes commercially. In at least one of
these firms the decision not to do so stems from the view
-0f the President that ths firm is a mining ccmpany and
that equipment design and manufacture is not iIts business.
The decision is correct so long as the firm earns greater
returns from mining than it could from diversification.
However, for some mining firms, their skills in research
and development could be the impetus for a new direction
of growth and profitability in a period when the Canadian
mining industry is operating in an unfavourable environment.

Medium sized mining firms with some innovative activities
in the firm could benefit from close cooperation with process
equipnent suppliers in Canada who themselves have similar
activities. The development of close working relationships
could enable the manufacturing firm to capitalisc on the
process knowledge of the mining firm, whilst the mining
firms would be first to acquire any new processes. In this
type of reclationship the equipment supplier would probably
have the proprictary rights to any innovation. Subscquent
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diffusion of the technology through the "gatekeeper" effect
would take place and the Canadian mining industry in general
might benefit. Here again success would depend on the
integration of the activities of both firms through

administrative means and the elimination of market uncertainty.
Failure would probably affect the mlnlng firm more than

the supplier.

Smaller mining firms with no formal innovative
activities are the most vulnerable to a. W1den1ng technology
gap. Many of these firms adopt a "follower" strategy to
process changes. They wait until a new process segment has
been successfully adopted by many other firms before
acquiring it themselves. The problem of its integration
into existing operations and startup has still to be faced,

. however, raqulrlng cpec:Lal skllls.

The adoption of a pdSSlve innovation strateqv,
entailing as it does the small mining firm to be a
follower, places it at a competitive disadvanuage to
larger firmo. In many lnqustrles the cost of innovation is
low enough that small firms can compete against large
ones through innovation. In the mining industry uncertainty
is so pervasive and the cost of innovation so high that -
it is difficult for small mining firms to do likewise.
As noted earlier they compete by devoting all surplus funds
t0o exploration in an attempt to locate new mineral deposits.
They do not require a stream of process innovations, and
money devoted tc a long term research and development

"pProgramme 1is unnecossary However, it is to their benefit

their workers' and ultimately in the national interest if
these firms have access to a pool of innovative skills.

A major step forward could be made with the founding
of a research, development and project management organization
to work on the technical problems of small mining firms.

The purpose of this organization would be to provide a stream
of process innovations for a group of small mining firms.
This organization should be far more than engineering
consultants. Skills available should extend from applicd-.
research and development through to start-up and running-in
expertlse One of its major functions should be to keep

 small ‘mining flrms informed about process developments.
. “Mining firms could pay a subscrlptlon fee to cover the
.overheads of the organization and a further fec¢ for use of

their services. As far as possible, market relationships
should be eliminated from dealings with this organization.
Mining firms would effcctively hire human rescources from
it for limited periods of time during which they would bhe
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effectively members of the mine's technical and management
team. . ‘
The research showed that in general, mining equipment
supply companies do little ‘research and development in
Canada. Most commonly they either act as distributors for
foreign firms or are subsidiaries carrying out some

assembly work. There are, of course, exceptions. These firms
cannot be characterised by product or by country of
ownership. Amongst them, the highest research and development
budget was althated by the Canadlan subsidiary of Joy
progrdmme in Lanada is to cap1ta11se on Canadian hard rock
mining expertise...."the best in the world”. Like Joy
Manufacturing these firms have higher rates of product
innovation and repcrt significantly higher export activity
than firms without research and development.

Not a few mining equipment supply companies reported
that they found mining firms to he not very innovative.
We have discussed possible reasons why in this study. To
encourage mining firms to innovate, suppliers must go
beyond the market relationship. Close links need to be

established with mining firms and trust relationships have also

to be established if innovation is to be a possibility.

FPirms in the research which have been successful innovators
with Canadian mining firms report that they have close
contacts with them before and after sales are made. Obv1ously
there are many opportunities for cooperation between mining °
firms and their suppliers. Working relationships provide

the mining firm with a flow of ideas for its operations, but
equally importantly provide a rich source of new product
ideas for suppliers who are willing to innovate in Canada.

7.4 IMPLICATIONS FOR PUBLIC POLICY

Canada's balance of trade was once agdain positive in 1976.
- Examination of the supporting statistics show that, as usual,

the resource industries provided a massive export surplus

that permitted the importation of a wide range of manufactured
goods. This performance was achieved despite recent Government

policies that have added a new dimension of uncertainty to
the business of mining. The surplus would have becn even
greater if some of the mining machinery imported had been
produced in Canada.

The viability of Canada's resource industries in
international markeits continues to he 51qn1£lcant to the
country's continued cconomic health. However, in the Canadian
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mineral industries ore grades being mined continue to

decrease and costs continue to rise. Elsewhere in the world

new high grade mineral deposits are being developed in lands

with lower labour costs. For instance, during 1977 Iran is
expected to bring into production a copper mine and smelter
~complex with an annual capac1ty of 150,000 tonnes. To

these developments Canada's mineral 1ndustr1es have avallable only
one major strategic response; more efficient exploration,

higher productivity and lower costs th;ough process

innovation.

In an uncertain world the Government can help bring
innovation about through direct and indirect means. The
provision of a stable political environment is essential for
mining firms if they are to make rational long term resource
commitments in Canada. Recent Government policies created
the wrong scrt of innovation in Canadian mining. Several
firms moved their new mine development ‘activ ltleS abroad
and INCO, traditionally a nickel company,diversified 1nto
secondary manufacturing in the Undted States.

The results of this study show that at the present time
the innovative,effort in the Canadian mineral industries is

- concentrated amongst a small number of large firms. Many

small mining firms’ have no innovative skills whatsoever,

even on an informal basis. In fact they appear to innovate

only rarely. Consequently, new  processes may be restricted :

for a considerabkle period to only the large firms who

" develop it, or their licensees. As was suggested earlier,

a technological gap may be developing in which there are a
small nunber of companies with advanced technology and a

large number with processes that are not best practice. In

a recent instance where several small mines were brought

together within the structure of one of Canada's larger

- mining companys, productivity increases were achieved through

rationalisation and process innovation.Apart from the welfare

considerations of employees in mines with old technology,

there is a risk that small firms may gradually become

uneconomic, and that the mineral industries will be even

more dominated by a few large ones than at present.

Possibly the Government should assist small and medium
sized firms to adopt new processes.These firms provide the
competitive challenge to large firms and are a critical
sector of the mineral industries. Frequently they occupy
"niches" that are too small for the large firms to exploit.
Incentives might encourage medium sized firms to increcase
the range of their innovative activities to include development.
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Small firms could be given indirect assistance to innovate,
such as special tax exemptions. However, a more positive
approach would be to assist the small mines by reducing’

the uncertainty that is inherent in process innovation.

The Government (Federal or Provincial) might provide project
management assistance to small mines which are adopting

new processes. Research and development services, emphasising
development, could be prov1ded by Government laboratories.

A programme of direct Government innovation assistance
to smaller mines would have to be taken out to them. Miners
are suspicious of Government involvement, and nowadays
research and development has to be "sold" as the head of
one of Canada's largest industrial research laboratories
ccmmented recently.

In a broader perspective, advantages to both’ the mineral
industries and the nation could be derived from a more
extensive exploitation of new mining vrocesses. Substantial
industries in Sweden, Germanv and the United States have
developed based on the growth of mining equipment supply
firms. These firms are now large and have the resources
to compete extensively in foreign markets. In these
countries firms,and sometimes Govprnmen s,have recognised
that small firms cannot compete effectively in international
capital equipment markets where the nature of the product .
requlres extensive after sales support. Purchasers of mining

eguipment demand that suppliers are able to provide efficient
‘and prompt maintenance for their products. A large organization
is required if an equipment supply firm is to compete in a
large number of foreign markets.

'In canada, the historical evolution -of the mining
industry has emphasised the role of distributors and branch
plant manufacturers of process eguipment. These operations
have been able to survive periods of low mine starts by
either having low overheads or alternative markets. However,
Canada now has a large market for mining process equipment,
one that is stable enough to provide the domestic sales base
for a Canadian owned international mining equipment
manufacturer. :

Government support for the establlshmhnt of this flrm .
‘'would be a strategic move to derive increased revenues,
emplovmcnt and exports from mineral related industrics.
Imports of mining equipment would probably be reduced. .
If Canada is to deveclop successful manufacturing industries,
mining equipment, like agricultural quipmcnt, is one of
the most obvious ovportunltﬁea given ‘our mining expertise.
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As the research has shown, to be successful this
manufacturlng firm must create a special relationship with
mining companies which would eliminate market related un-
certainties in product innovation. One relationship that might
be used as a model is that of Bell Canada Ltd., Bell Northern
Research Ltd., and Northern Electric¢ Ltd., Bell Northern Research
Ltd., being jointly owned, exists to develop, for Bell Canada,
new processes which are new products for Northern Electric Ltd.
Northern Electric Ltd. derives substantial revenues from sales
of new products to other communications companies around the
world. A similar arrangement is not inconceivable as. belng
effective in the Canadian mlneral industries.

“In short, Canadian Governments have a key role to play.
in ensuring the continued viability of domestic mineral industries.
Normative statements about there not being enough innovation in
mining are vague and carry no clue as to what is needed. However,
it is fact that the industries have. identified a number of major
process innovations as necessary, but that these are not being
worked on. Also, we have seén that many small mining firms lack
the capability to undertake significant process innovation.
Direct and indirect Government actions can help stimulate in-
novation as well as enable the exploitation of process eculoment
innovations in the rorm of manufactured exports.

7.5 Implications for Future Research

This research has concentrated on only a small group of
companies. For these firms in the Canadian mineral industries
innovative strategies can be identified which change as they
grow in size. Technologﬁhal strategies have been discussed in
previous papers by Quinn~ and Ansoff and Stewart”, but they have
not been characterised and empirically observed as has been done
here. One direction for future research might be to examine
whether similar innovative strategies exist in other industries,
and what impact they have on firms in those industries.

Process innovation could be an. important competitive
strategy in other "commodity" industries or in mature industries
where the rate of new product development is low. There exists

considerable dispute as to which industries have small firms

which are innovative and which have large ones that are so; |

a summary of the issues is presewted by Markham. 5 The- prcscnt
research has indicated several factors that may influence this
distribution of innovative activities. Chief amongst them are:

1. The cost of process innovation compared to thc
resources of firms in the industry.
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2. The presence of unmeasurable uncertalnty .in other
aspects of the firm's operations.

3. The nature of the relationship between user and
supplier of process eguipment.

4, The extent to which products can be differentiated.

Recent work by Wilder and Stanse116 has indicated that
research and development outlavs by privately owned electric
utilities in the United States increase with size of the utility.
Electric utilities have several elements of their business in
common with mining. Their output is a commodity with no product
differentiation. Inputs are energy sources such as coal, oil
and nuclear energy which have uncertain futures. Capital equipment
costs are high and new prccesses are probably very costly. Process
innovation may well have system~wide effects requiring knowledge
of the total process.

Of course, not all industries are alike in their in-
novative requirements. Some industries have simultaneous need
for product and process innovation, others only for product

innovation. Mining and electric utilities apparently belong to
& third group in which process innovation takes place whilst pro-
ducts remain the same. The three major common cnaracter;stlcs

of this group are probably:

1. A product with little or no differentiation from oﬁhers
except on the basis of price.

2. Inputs that are scarce and whose future is uncertain.

3. Processes which are costly, and which determine the
firm's ability to compete.

In these industries the performance of research and development
may increase with firm size. Process innovation is of too great.
an importance to be left to process equipment suppliers. Con-
sequently as process users acquire greater resources they in-
crease their internal commitment to process innovation. The
present research has shewn that the Canadian mineral industries
contain firms acting in this manner through the implementation
of identifiable innovation strategies. Future research could
attempt to extend these findings to other industries.

This research on firms in the Canadian mineral industries
has only been concerned with what firms do. Some attempt has

bcen made to explain why they act as they have boen found to, but

no attempt has been made to meas ure how successful arce

firms wi
particular innovative strategics, or how P v REn

articular
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‘innovative strategies affect the profitability and growth of the
mining firm. Additional future research might investigate both
"these topics. The results of this research suggest two further
propositions which might be tested:

Proposition 1:

Firms with lntegratlve innovation strategles will be more
successful at acquiring process innovations than firms with other
strategles.

P*op051tlon 2:

Firms with active and integrative lnnovatlon strategies
will benefit economically from their process innovation strategy
more than will firms with either defensive or passive strategies.

The first is proposed because, as Wrigley and Morton suggest,
‘successful innovation comes about when the innovative activities
are integrated administratively. There: will undoubtably be some
- problem in defining 'success' for such research. . However, if
innovative strategies are to be evaluated some measure of their
success must be developed. ' :

The seccnd is put forward because the firms with either
" active or integrative strategies will be more successful at im-
plementing the products of process research and develcpment
than other firms, and also because they will be able to license
the process innovations to other firms.

A final topic for future research would be to investigate
"the conditions for successful innovation through user-supplier
cooperation. There are many instances of successful innovation
where user and supplier have co-operated. However, information
collected as a by-product of the present work 4indicates that
many formal and informal mechanisms operate in such cases which
act to effectively eliminate true market integration and which
substitute instead a form of administrative integration.
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If there are any guestions that have no response would you indicate in the lxxdrgin-\vheulc: the answer is

confidential (C), unknown (U), or not applicable (A).

Section [ _ General Company Data

l-l What were your Company's total sales in the fiscal years 1968 - 1973 inclusive?

Coo
CUA y
‘ te8s [ [ J 1 T 1.7 1 fofl.lofofo]
) 11 121314 1516
weos | T T T T T.T [ Tol.folofo]
17 181920 2122
rr0s | [T [ [ [.] 1 fol [ofofo]
23 242526 2728
1970 (1.1 . 7T T T.71 Tol.Tojolg)
29 3031 32 3334
or2s [ [ [ [ [ [.] [ fol. [ofojo]
35 - 3637 38 3940 ’ :
w73s [T [ [ 11 [ Tol-[olold]
(est) 41 424344 4546
2-2 What were your Company's total sales to the mining fndustxy in the fiscal years 1968 - 1973
Qoo inclusive? .
cuaA

685 [T T ] 1 o[ Tolo]o]
47 4849 5051

1969s [T 1 [.] 1 10].]0]0]0]

5253 54 - 5556

w105 [T T [oLoTo00]

§7 5859 6061 .

s [T T ololelo]
62 63 64 65 66

s [T L T Lm0

676569 7071
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3-3 What was the valuc ofcxpdrt sales, if any, to the mining industry in other countries in the
fiscal years 1968 - 1973 inclusive? .

10685 [T T ] T J0[-1000]0]

777879  80cy,

19698 [T [ [~ 1 [ol.[0[0]0]

‘12 113 14 1516

1705 [ [ | [.] [ Jo].]olo]o]

1718 19 2021

tois [ ] [ . ] Jof.[ofofo]

22 2324 2526

wnzs | DT 1] | lol.jofofo]

2728 29 3031

o735 [T [ ] ] [o]-10010]

(est.)
32 3334 3536

4-4 How many cmployees did you have in Canada at December 31, 19737
37 3839 4041

5-5 " (a)  Theeffcctive controlling interest in your company’s shares are held in which country?

(1]

4243

(b) - The majority of your company shares arc held in which country?

]

44

' 6~6 Is your company affiliated with, or a subsidiary of, another company?

‘00

Yesy No»
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If yes, of what nationality is this company? _
46 4748

19 ~ Which of the following describes the nature of your operation? (as a % of total). ‘ B

000 .

CUA (@)~ warchouse & distribution (non manufacture ) 49 41 50
(b) sales agency (rio'n manufactu‘rc) : 51 52
(©) assembly 53 he 54
(d) manufacture | : 55. . 56
(&) other S 57 Ll s

100%
5960
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. Company Products

aoad

][]

nan

.0ao

aaa.
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542

(a) in Canada?

What are the principal pfoducts that you sell to the mining industry?

The approximate corresponding price per unit is?

(1) less than $100.00 O (2)  $100.01 - 51,000 O
(3) $1,000.01-510,000. O () $10,000.01 - st00000. O

(5) $100,000.01 - $1,000,000 7 (6)  over $1,000,000.01 O

What percentage of sales to the mining industry does each product represent?

I-’_xgﬂx_it_tzggname . . Price % of Sales
) 61 6263 73 7778

fa) ) | l ( s m .
64 65 66 74 79 80

) [ ] 3 [_l [ [ ]
67 6869 75 11 12‘ .

{e) | I I ‘ $ m ] : l _}
70 71.72 76 13 14

(d) - s m - ‘

. : 100% TOTAL

Plcase identify one product out of your principal products which you would consider new to the
Canadian Market.

15 16 17

How fong ix;xs this product been on the market?
18 19

years

Who are the competitors of this product?
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) (b) Internationally?
. . - i © 2728 29 3031 32133
-1 - BT N
e k 714 How was this product developed? )
cua O O
~CUA (a)  InCanada.— by your company 34 ) )
. : - Yes;y  Noa .
] 35 3637
’ by other B . -
{b) Outside of Canada — by your company 38 D . D i
. ' . Yesy Noj -
. 39 4041
by other : - l
(.t' ° 8'15 Daes your company scll this product only in Canada?
Goa : .
\ CUA 4 2 1 [
‘ ’ Yesy  Nop
‘ " 43 44 45
If not, where else?
o 9-16 1s the product manufactured by your company? . ‘\
2T ot 0 O
CUA (a) In Canada? 46
Yesj No3
47 48 49-
(6)  Outside Canada? )
%
: i
o .
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- .
Scction 11! ) Rescarch & Development Undertaken by your Company
In this scction would you guide your rcsponacs in nu.ordancc with the following definitions. (Taken from Statistics bt
Canada),
RESEARCH & DEVELOPMENT .
(2)  R&D is investigative work curricd out:
i)  toacquire new scientific and technologicat knowledge,
i) to devise and develop new products or processes, or
iii) to apply newly acquired knowtedge in making technically significant improvements to
existing products or processes.
(b)  For the purposes of this survey, R&D does not includc:
i) market research and sales promotion,
i) research in the social sciences,
jii)  operations research, except when required during the development phase of a product
Or process, ’
iv) quality control or routine testing of products and materials,
v) geological and geophysical surveys, mapping, exploration and similar activitics not resulting
. in scientific or technoiogical advance,
vi) scientilic and technicul information except when conductcd tor the sole or pnm:uy purpose h
of R&D support,
vii)  all activitics necessary necessary tor commereial production of the new or impro*/cd product
or process after developiment is completed.
(c)  Research and development may be carried out either by a permanent R&D unit (e.g. R&D division
or department, or by a unit zenerally engaged in any non-R&D activity such as engincering or production.
In the first case. the R&D unit may spead part of its time on routine testing or trouble shooting or
on somc other activities which should not be inciuded in R&D. In the second. comxdu only the
R&D portion of such units’ totui activity,
Basic Research
This type of research is a generalized scarch for new knowledge without specitic application in mind. It is
usually judged on the contributions wiiich it makes to the conceptual development of science.
Appl"‘d Researeh
This type of tescarch is the search for new knowledge to provide a sotution 1o a specitic problcm which is
defined at the outset ol the rescareh program. [t does not diftur radically rom busic reseurch in methods
. or scopy, but in molivation.
i
Dcvclo;mu.nt
“Development is the use ol kaowledge derived fram research i order to produce new materials, devices, products -
of to devise new prucesses, of o luprove existing ones, Tlhus, the design, construction and testiag ol proto-
types, models pilot plants (so long as they are primandy used o aequire experivnee and gather infonmation
necessary to the start-up of production j are paet ol it Morcover, development includes those activities raquined .
belore the settmg op of @ process ur production line and which emhody the injomution g.:lhcn.d from develop-
ment dLllV!l!L\ Tur example, the pup.u.mon of drawings, reports and mstractions,
Mt
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Has your Cunadian Company licensed foreign innovations within the last five years?
Yesq.. No?

If yes, please describe- the type of product and arrangement.
(a), (b)

C
() ' — | (1y - warchouse

111213

{2y sales agency

(bi ' s l l l i 3) . aﬁscmbly

15 16 17

(4) manufacture

ooooo
=] |

(5) other

How many qualified scientists and engineers holdmn at least a B. Sc or professxonal
designation do you employ in mining ruun.h’ . -

19 20 21

Do you import innovation from a parent company abroad?

2] [

Yesy Nojg.

. bo you receive or have you received any Canadian c’ovcmmcnt assistance in your

rescarch and development activitics?

=] [

“Yesy Noj

If yes, plcase state what form

L1

24 25

Do you see -a preater co-ordinated aLtlvny between the supply l'on.c and tlu miuim;,

companics in tle futum?
w0 O

Yesp Nop

Do you see a greater co-ordingted activity hetween the’ \upply foree and the Canadian

govennent in the Yutuwe?
»(] [

Yesy Noay
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17-33 What incentive should the government provide for mining process and equipment
0 innovation in Canada?
A

an
cd

28 29 30

o
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Developmient ccases and pre-production begins when the work is no longer experimental.  Hence, the costs
X of tooling (design and try out), the costs of construction drawings and manufacturing blueprints and the
costs of production start-up are not included in development costs.

o Technological {nnovation

This is the transformation. of a scientifically 'developed product (process) into a new or improved marketable
product (operational proeess). It covers the work necessary to carry a product from the vad of the R&D
phase to successful production and sales (c.g. new product marketing, linal dusign engincering, tooling and
industrial cngincering, manufacturing start-up, patent work, etc.).

Li7 po you have a research and development department in Canada?

o [ [

Yes No 3

2-18 If no, do you have any informal organization concerned with research and development
in mining? : :

e » ' ' st [ O

A Yesy Noa

3-]9 Do you have a rescarch and devclopment budget for mining products?

oog | |
cua ' s 0 O
: Yes ¢ No 2

4~20 If yes, how muech per annuin is budgeted or allocated in general?
gaa
C U A ' -

s L LI 1T
§3 54 5556 57 58 59

5-21 What percentage of your budget is allocated to:
gao
C U A (a)  basic rescarch

H:H

.(b)  applicd research

(c) dcvéiobnicnt
64 65

100%

vy
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.

How is rescarch and developntent cvaluated?

(a)  return on investment 66 D 1
(b) technological development D 2
(c) no formal cvaluation D‘3
(d) other, please specify ) D 4

Has your company taken out any patents on mining in the last five years?® If so, please

state how many.

67 68

[{ave these patents been applied for in other countries?

Do you consider patents important to your organization?
70

(a) very

(b}  moderately

{c) slightly

(d) not at all

WO

Have you licensed other organizations to manufacture and/or sell your product developments
within the last live §eurs?
n[] ]
Yes] Nog

1 yes, please describe the type of product and arrangement.

(a) i ' ; J I l l © (1) warchouse

72 13 74 -

(2)  sales agency

L) 4[ [ ] (3)  msembly

7677 18 ()
(4)  muanufacture

(5) other

st
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Section 1V Your- Company’s Relationship with the Mining Industry ‘

1-34 Do your mining industry custonters ask you lo develop new products for them?

ooo ;
"C U A - (1) Never ' . 31D1

{b) Infrequently (oncc or twice cvery decade) - l D el

(¢) . Occasionally (once per year) 3

(d) l-‘airl.y often (3 or 4 times per year) : . D 4

(e)  Very often (once a month or more) 5

2-35 Do your mining industry customers normally pay development costs?

336 Who do you consider more innovative. the largs mining companies or small -
ooc mining companies? : :
C u

A - ) .
. it :
(a) sma . . 33 D \

(b) large ' o ' ' D 2
{c)  size not delermining fuctor : D 3

4-37 ldéntif‘y by name those mining companies you consider to be more technologically
O innovative and advanced.
A .

‘a0
cd

Mmoo

3435 3637 . 3839 4U

5-38 Do you consider your Canadian company very innovative felative to your compelition in
ooo Cuanada?
C U A ' : - .
(1) little . 41 D 1

(L) average A , .‘ Dz
()  very ’ : o ' ‘Dg
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6-39 To which part of the anining orgunization are most of your sales made?(in order
of importance: 1,.2, 3 und 4).

to whom?

et e e et s e e st et e

(a) Heud Office |

v 42 {position) 43 44 45
(b}  Minc site 0  to whom? D:D
. - 46 , (position) 47-48 49
(c)' Consultant (Engincer) 0

. : 50
(d)  Mining Contractor : 0

. 51

.

7-4‘0 Do you try out new product innovations in cooperation: with mining companies?

2] [

Yes| No2

' c.

8-41 For your company what would you esiimate is the total cost of bringing a new product

to markct? -

(a) under $5,000 53 D 1
(b) § 5000-35 20,000 D 2
(c) § 20,000-35 50,000 D 3

(d). $ 50,000-3% 100,000

(¢) $100,000 -5 500,000
(H ° $500,000 - §1,000.000

(g} . over $1,000,000

i
942 'In response to above question (No. 8), how would these costs be alloeated?

(a)  Rescarch and. development T 54 155

(b)  Licensing . ' 56 57
(c) Production tooling and munufacture sct-up 58 59
(d) - Marketing 60 61
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]0-43 How many new products were developed by your company over the last 5 years?
opoa
CUA
total number [:D
- 62 63
aumbes successful E:D
- 64 65
number failures ED _ J
- ’ 66 67
“'44 What particular obstacles, if any, does your company cncounter in the Canadian
ooo mining industry? :
C U A
i ,
i
¢ 68 6970
(,)\
i o 12~45 Do you see substantial opporiunities for product innovation in mining industry process
ooo eyuipment in the next 10 yeurs?
v CuU A
{
H
!
T
: 71 7273
i
: 13346 If yes, how will this affect your own product range?
i a0
i cCuU A
i NN
k 74 75 16
{
.4 )
1 - '14-47 Do you see the mining supply foree becoming export orieated .or import otiented?
2 CUA {a)  import 17 1
,) (b)  export ) D 2
M Nease specify why? : - SO
v 78 79 80
o # " "vﬂaﬂ.,’“mv_
) e S = w, TR T ey ‘.'-r YT\ I 45 R TS 5 o~ - T N “ __1:_ e N
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CANADIAN MINING INDUSTRY |
QUESTIONNAIRE
SCHOOL OF BUSINESS ADMINISTRATION
THE UNIVERSITY OF WESTERN ONTARIO
PARTICIPATING NUMBER __
DATE COMPLETED
{
i
i .
i
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0102 0304 05 06 U7 08 0Y 10
. . If there are any questions that have no response, would you indicate in the margin whether the answer iS
confidential (C), Unknown (U). or Not Applicable (A).
* . A l~I What were your Company's total sales in the fiscal years 1968 - 1973 inclusive?
- 1968 sLL L1 [ Tololololo]l  jom1 sl I 1-1 T lofololoin].
¢ 1112 13 14 15 26 27 28 29 30
o 969 s T T T T Wlolsomm] 1972 s T T T ToTalomoiol
U 16 17 18 19 20 3132 33 3435 A
o 1920 s L L [ [ lolololofo] 1973 s ] 1 T [ fofolololoj
A 21222324 35 (est) 36 37 38 39 40 ‘
2-2 What were your Company's revenues from mining. operations in the fiscal ycars 1968 - 1973
inclusive?
1968 s[ [ [ [ ] 1 Jololo o] w971 s T T 1T T T Jololojo]
(- ¢ 41 42 43 44 45 46 5960 61 62 63 6+
] 1969 s{ 1 1 1 1 1 Tolololo] 1972 sL I L 1T T T Tolololo]
) Y 47 48 49 50 51 52 65 66 67 68 69 70
0 w10 s{ | ] L1 1| Tololoio] wo73 s L T T T [ fololofo]f
A 53 54 55 56 57 58 (est) 717273747576
3.3 What were your Company’s total net income in the years, 1968 - 1973 inclusive?
) 1968 s_ 1 L 1 1 lololo]o 1971 st 1 | T-Tofofolo]
C 77 78 79 80 11 ‘ ' 2223 24 2526
o .
0 969 sLl t | | lololola] 1972 sl 1 [ 1 lolololo]
U 12 13 14 1516 . 27 28 29 30 31
0 1970 - 5[—‘ ] ! | IO Iﬂﬂoj 1973 sl ] [ T l lOlol ()LOJ
A 17 1819 20 21 ‘ (est) 3233343536 -
' 4-4 How ‘many employees did you have in Canada at December-31, 1973‘? . o
ujale HEEEEE
CUA 37 38 39 40 41
{
),
) "_%“Iﬁwwm-gvv&'mtu.yu}m\-—rwﬂlﬂ};:’;amrnwv\ﬁ R T T Ly et
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At how many Canadian locations do you have mining opu'mtions?

og
cd
>0

42 43

6 (A) The cffective controlling interest in your company’s shares arc held in which
country?

o
=i
=0

44 45

(B) The majority of your company's shares are held in which country?

aaad
&os L
46
7-7 Is your company effectively controlled by another company?
oQa
CUA 4[] O
Yesy  Nop
If so, state the company’s name and nationality please,
( .
OO0
48 49 50
b5 what percentage of revenue comes from these operations?
aog
CUaA (a)  Smelting _ . :
(b) Refining 51 52
(©)  (Metal) Processing 53 54
(rolling, drawing, etc.) 55 ' 56
(d) (Mectal) abricuting _ :
(¢)  Mining Equipment Mig, __ _ 57 58
(f) {ixploratinn Services : : . 59 60
(g}  Mining 61 62
(eg. consulling services) 63 64
100%
9-9 - What are the principad mincrals produced by your company?
aoag '
C UA —_—
(1O J 1 OO
65 66 6768 6970 7t 72 o
’0-10 Dogs your compuny have: .
(3) A Management services statf (R&D, Purchasing, Sales) locuted at the mine site?
aco : ~
CUaA »1 [

Yes) Nog
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) 10'lO(b) A mining services staff away from the mine site?
ooo :
¢ U A i)  only (a) 74 1y (at the mine site)
ii)  only (b) 2 (away from the mine site)
iii) both{(a&b) O,
Scetlon {1 ) Research & Development Undertaken by your Company

In this section would you guide your n,sponses in accordance with the tollowing definitions, (Taken from Statistics
C.mada)

RESEARCH & DEVELOPMENT

(a)  R&D is investigutive work carried out: A

i) to acquire new scientific and techaological knowledge,
ii}  todevise und develop new products or processes, or
i) to apply nuwly acquired knowledge in making technically significant improvements to existing

producls or processes.
(b}  For the purposes of this survey, R&D does not include:

i) madkes rescarch and sales promotion.
if)  rescarch in the social seiences,
iii) - operations research, except when required during the development phase of a product or process,
iv)  quality control or reutine teosting of prodm(s and naterials,
v) . ge dlogival and grophysical surveys, mapping, exploration and similur activitics not rc>ultm"
. in scientific or technological advance,
vi)  scientific and technical information except when conducted for the sole or primary purpose
of R&D support, )
-vii)  all activities necessary for commercial production of the new or mxprovcd product or process

after development s complete

fe)  Research and dwclopment mey be carried out cither by a permanent R&D unit (c.g. R&D division or
department, or by a unit u-.m.‘mllv enpaged in any non R&D activity such as engincering or production.
fn the first case, the R&D unit may spend part ot its time on routine testing or trouble shooting
of on some othier activitics which should not be included in R&D. ln ihe sccond, consider only

the R&D portion of such units’ total activity.

Busic Rescarch

This type of research is a genvralized search for new knowledge without specific application in mind.
1t is usually judged on the contributions which it makes to the conceptual development of scicnce,

Appllcd Rw.an.h

This type of research is the seareh tor new knowledge to provide a solution to a spetific problem which:
is defined at the culset of the rc\ulch prol.r.uu. It does not differ mdlully trom b.mu research in methods

o sope, but in motivativn.

Development
Development s the use of knowledee derived fram research in order 1o prodace new malerials, devies,
products or ta devise new processes, of 1o improve existing anes, Thus, the desipn, comtruetion and

testing ol prutolypes, wodets, priot plants (so long as they are primardy used to acguire experience
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and gather information necessary to the start-up of production) are part ot it. Morcover. development

includes those activitics required before the setting up of a process or production line and wlhich cmbody

the information gathered from development activitics; for example, the preparation of drawings, teports
- and instructions, ’ ' :

Development ceases and pre-production begins when the work is no longer experimental. Henee, the

costs of tooling (design and try out), the costs of construction drawings und manutacturing blucprints
and the costs of production start-up are not included in development costs.

" Technological Innovation

This is the transformation ol a scicntifically developed product (process) into a new or improved market-
able product (operational process). 1t covers the work necessary to carry a product (rom the cnd of the’
R&D phase to successtul production and sales (e.g. new product marketing. final design engineering, tooling
and industrial engineering manufacturing startup, papent work, etc.).

- 1-11 Docs your Company have a specific research and development program in Canada?
0ao ]
cu s O
Yesy Nop
g el
k “12  If no, do you have uny informal organization concerned with research and development
ooo in mining? )
CUA
6] []
Yes; Noj
3'-13 What is your company’s annual research and development budget?
ooo-
cuaA
s LT
77 7879 80111213 -
C3
4-14 What is your company's annual budget for exploration?
0on0
CUA
s LTI
141516 17 18 1920
. S-IS Hu“; many qualilicd scientists and engincers holding at leasta B.Sc. or protessional
000 designation do you employ in your rescarch activitics?
CUA
212223
6-l6 What percentage ot sesearch and devetopinent funds are \-pcm.on:
000 :
CUA (a) - basic resvarch 24 . 25
(b)  applicd research 26 27
c) devetopment 28
4%
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7-17 What percentage of research and development funds are speunt on:
ooo
CUA (@) product rescarch . 30 i 31
. (b)  mining rescarch ' 32 33
. (c) milling rescarch 34 35
(d)  metal, orc processing research 36 37
100%
8;18 How is rescarch and development cvaluated?
ooo : . ' ;
C UA (@) return on investment 380
(b)  technological development 390
{products, processes)
()  no formal cvaluation 40 [0 4
d) other, please specify 0,
9-19» Has your company taken out any patents on products, processes, cquipmcr;t or mining
techniques in the fast five years? If so, please state how many.
0ooo : :
cuUa (a)  products, cquipment cte. 41 ED 42 :
(b)  processes 435._—_] 44 L
(\. (¢) mining techniques 45 [:D 46
10~20 Have thesc patents been applicd for in other countries? 1
0oo ;
AT #0010 :
d
Yesy No3 ' ' '
i ll'21 Do you consider patents important to your compuny?
ao0o
. cC UA (a) very 480 ¢ _
i (b)  moderately . (Y
(@  slightly - O3
(d) not at all : 04
. 12 .12 Do you license, buy or sell new technology? If so, please indicate how m.xny. type
0ooo : of produu or process and arrangement.  (During last ten years),
CUA )
. __Ligg.n_su;s___‘ . Length ol
Numbecr Product/Process. Armngumnt _
X (a) rxo_m Canadian Cmnpunie»s m r—T—m : [:]:J )"u:!r-.
g : e o 4950 - - 515253. . . 5455 )
(b}  to Canadian Companics I I I I { ! ED yuars
S ' 56 57 58 59 60 61 62
.
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_Licenses Length of
Number Product/Process Arrangement
(¢) from TForeign Companics . l ' l : I [ l l [:D years
63 64 65 66 67 68 69
(&)  to Forcign Companies 1] F 11 Dj years
70 71 7273 74 75 76

13,53 Do you import innovation from a parcﬁt company abroad?

aoa
C.UA 71 ]
Yesy Nop
14-24 If yes, how is the innovation paid for?
ooo ' _
CUA (a) royalty ' 78 0O
(b)  transler price - DOz
(¢) absorbed in product cost s
(d) Other s
1525 Do you obtain research and development funding from:
ooo : T .
C UA (a)  Federal Government 79 D D yes, what source?
Yest] No2 (for ‘a’ only)
c ]
. 30
(b)  Provincial Government 11 D D
' Yesy Noo
(c) Associations : , 12D D-
Yes i Nop
(d) - Other mining compunies V 13 D D
Yesy Nogy
(e)  Parent éompanius 14 D D
, Yesy Nog
(h  Other : - s ] [
Yesy Noo
’6'26 Do you cnter into joint rescurch and devetoprient aerecents withe
0oo
¢ cC ua (1)  other mining compaunics 16 D E:l

Yus{ Noa

T St et e e e it e K s o e Ko
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16,26 (b) ~ mining cquipmc.nt supplicrs 17 D D
Yeos g No 2
(c) government (Federal) IBD D
. : Yes] No3
(d) government (Provincial)- 19 EI D
) ' Yesy Noa
(c) universities 20 D D
' i ' Yesy No 3
() other, pleasc specify o 21 D [:]
i Yes| Noo

17-27 Do you consider ruscarch and development to your cofnﬁzmy:

(2)  essential * 220}
(b) significant Oa
(c) important Os
(d) important as other company functions Oy
(c)  unimportant Os

]8-28 Do you have in your company:

(2)  cost rcduction programs 23 D D
Yesy No2

(b)  productivity programs that arc not 24 D D

included in research and development Y No
budgets? . . es1 No2.

19-2’.9 In gencral, how much is spent by your company on such programs per year?

s T LT 1]

25 26 27 2829 30 31

20-30 Do you have full-time personnel on these programs? -

2 [ [

_ ‘ Yesi Nop
i yés. how many m
33 34 35 36
21-31 flow are thuse p(ogfams cvaluated? )
{a)  relumn on investment 37 80,
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i \
213 (b) * technological development O,
(c)  other, please specify O3
22-32 Docs your company have an engineering group involved in:
. : No. of Nature
Size of projects ol
Group per year Projects
(a)' {-',quiphcnt design for mining ] l | I ] l ! !
: 38 3940 414243 44 435
(b) lquipment design for processing r [ ] l [—[ J J ! l l
. ) 46 47 48 49 50 51 52 53
(c)i Product cngincering [ [ [ Jl [ l !J ] l
: 54 5556 57 58 59 60 61
(d) : interdcpartment joint programs . D ( J [ | | J ! l '
. (cngincering and R & D ctc.) : 62 63 64 65 6667 68 69

23-33 Arc-mining cquipment innovations important to yvour company in terms of making ore bodies

cconomic or more profilable? .
70] l

Yeos

L]

No s

24-34 Do you think the government should be involved in mining research:

(a)  directly, i.c. carrying out R & D programs

(b) as a partner to mining companics through the provision
of funds - ’

(c) indirectly, through the use of tax incentives

(d) not at ail

(e) . other, please specify
Comments

71 0
72 0
73 0

74 O
75 0

ITTT

76 77 78 79 80

3 .
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Scction 1If Your Company's xcla.tionship witlt Mine - Supply Companies

’~35 Do Canadian mining cquipment supplic}s play a mujor role in supplying new technology

ooao to your company?
C U A ’
e[ [

Yes 1 No 2
2-36 Do you rely on mining cquipm_cht and process suppliers: 0O O
coo ‘ - ' S Yes No- -
CUA (a)  for assistance in rescarch ) 770 :
(b) for assistance in development work 78 0
(¢)  for producing a product from concept
form, 79 00
3 - . . '
«37 Do you ask mininy cquipment supplicrs to develop new products:
000 Y B Lquip pp evelop ¥
CuUA {a)  nuver o 80 0,
()  infrequently (once or t\vi(;e cvery decade) [J»
()  occasionally (once a year O3
(d)  fairly often (3 1o 4 times per year) Oy
(e)  very often (once a month or more) Os

438 Do you normally pay development costs?

oo ~ |
CUA ‘ ' 11[:] D

Cs ‘ ) Yes i ‘Noj
539 In general, are mining equipment suppliers in Canada willing to develop ncw produuts
aag for your company?
CUA
] [
Yes+y No
6-40 Who do you consider more innovative, large mmmg supply companies ot small mmmg
aaa . supply companies?
cCUA .
(a) large 1300,
(b)  small O»
(c)  size not determining factor : O3

7-41 Please Hst the names of supplicrs you consider to bl. more tu.hnolug,uaﬂy |nnov.mv1. and

EE’? advanced:
M M M 0O
.14 1S 16 17 18 19 20
o DI TRV or T NeT T T T LTI T R TR [N s wean
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new technology? - a supplicr who is primarily:

(@)
(b)
(<)
@)
{c)

warchouse & distribution (non-manufaclure)
sales agency (non-manufacture)

assembly
manufacture

other, specify please
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42 Which of the following do you perceive to be the most effective in applying and developing

943 Do you consider your company very innovative relative to others in the mining industry?

(a)
(b)
(c)

hot very
average

very

220,
02
O3

10'44 What do you consider to be the most significant technological innovation or advance in
. your company's last 10 yeurs of operation?

e

M
2324 2526

27

ll~45 How was that innovation attained?

(a)
(b)
)]

(d)

developed by your company

developed by another

=

280
290

LI L]

dollar cost to marketstage S| [ [ [ |

" 3031 32 333435 363738

myjor industry advance

l2«46 Do you work with:

{a)
. (b)

mining contractors 0O s

390

consulting engincers (O §

40 41 42

43 44 45

Please indicate thic dellar amount spent with cither group in 1972,

13-47 What particular obstacles, if any, does your company encounter in the Canadian Mine-Supply
loree?

46 4745 49

Ji—
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“48 Do you sce substantial 0pportunitic§ for product innovation in mining industry process

cquipment in the next ten years? If yes, please state in general ferms the opportunity
and the resulting atfect on your operation.

T

5051 52

L 49 Do you scec the Canadian mining supply force becoming export-oriented or import-

orieated? -
(a)  export
(b) import

Please Specif‘y why?

530
O,

L]

54 5556

l6-(3)50 Do you sec a greater co-ordinated activity between the supply force and the mining

(b)

companies.

s [

Yes 1 Noa

Do you sce a greater co-ordinated activity between the government and the mining

companics?

s [

Yes 1 Noo

What benefits do you see in any co-ordinated activity?

59 60 61
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l7-51 What would you estimate is the total cost in general of a major mining provess i
aca innovation? ' : ;
cCuU A : :
(2)  under $5,000 0, 62 ;
(b) 5,000 - 20,000 (P :
© 20,000 - 50,000 Os '
(d) 50,000 - 100,000 g *
@  100000- 500000 - (s
) 500,000 - 1,000,000 Cg :
(g) 1,000,000 - 5,000,000 Oy g
(h) over $5,000,000 T Og !
1
|
18-52 In your opinion, what are the major innovations that are currently required in your i
Qoo company’s sector of the mining industry? ,’
CUuU A ;
1.
63 64 65
4 -
\
> ' LI1]
. 66 67 68 M
3 - - [T T
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