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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 supply or 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 thé past, research.into proceis 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 

beceuse these activities can either take place solely in_a process-using 

firm, solely in a specialized process equipment supply firm, or can be shared 

in 50M0  mariner  between both. Usually all activities related 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.compete.on the basis of 'product innovation to - • 

. any great •extent.-,Important amongst these are the mining, petroleum, electric, 

utility and primary metal industries. In such industries, competitive 

advantages can be derived by being able to utilise •  more efficient and lower-

cost technology than other _firms. The Canadian mineral industries, examples 

of this class, contain firms which .compete in international marketson the 	 • 

bais of price, • As we will see, the survival of these.firms is of substantial 



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 

works. In this book we wil,1 attempt to draw this knowledge together with 

specific application to the Canadian mineral industries. Coupled with 

thé research described later in the book, we will utilise this knowledge 

to develop an administrative framework for consideration of the general 

rrocess innovation problem. From  the general framework thus developed me 

will develop a discussion of the imperatives of process innovation for the 

Canadian mineral industries. In shOrt, the purpose of the book can be described 

as a study of process innovation in general 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 perspective 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 

committed .either 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 the 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 

industries, on which most of the research inthis book Is largely based, 

show that they view process innoVation as one of the long-term Strategic 

options in which the firm can engage. 

Taking a "strategic view" of process innovation in the research 

means. that we will be not concerned with thOspecific aspects of particular 



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 

activities are all aspects of this resource commitment.  •  Our study covers 

all these aspects of the innovative activities in mining companies and 

their specialised suppliers. In the book we will define a set of innovative 

strategies 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 element's 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 strategies is successful?" 	"Which is best for my firm?" 	 

To these questions no definite answer can be given, in part because the terms 

'success' and 'best' are very hard to define. However, recognising 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 regard research, development and engineering 

as profit centers, So that it is very difficult to measure innovative success 

through profit. However, a limited meastire 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) is that of how firms view each 

other. In particular, from the point of view of this book, how suppliers 

view mining firms and vice versa. In this form, the book does contain 

some measures of success for the innovative strategies described.  More  

importantly, however, each strategy is discussed in terms of its implications 



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-

cular 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 shows 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. 

41. 

The remainder of this introduction defines the major concepts about 

which we are concerned. The words- 'process' and 'innovation' mean many things 

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 section the introduction is concluded by a brief description 

. bf the technical problems confronting firms in the Canadian mineral  industries. 

We shall show that these problems are of immediate concern and that within 

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

ChapterII contains a description of the role of the mineral industries 

. in the Canadian economy and shows the magnitude of their contribution. Following 

this description we will describe-the structure of each  of the industries with 
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which we are concerned: the ferrous, the non-ferrous and the non-metallic 

mineral industries. For each of thesdindividual industries we will show 

the size of firms in the industry, discuss their corporate strategy .  

and consequently show their reliance on process technology. 

Chapter LEE 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 r 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 IV, V, and VU describe the research and present the major 

findings. In Chapter Iv 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 research 

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 finàings 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 particular readers than 

others. In general, those readers concerned'with mineraLindustry probleffis 

could omit Chapters III and IV and certain parts of the conclusions, whilst those 

concerned with research and the general problem of process innovation could omit 

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

1.2 	Some Definitions of Concepts Fmnioyed  

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. Mine 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. 

- 
Mine 	• Ore 	n MillConcentrate . 	t- 	.  Smelt 	> 	

e 
Refine _ ._ Metal >   

•' I 	1 	1
- - -- 	 - •- ----- 	....._._ . 	. 	. 

Figlire 1.1 

Mineral Industry Processes 

1.2.2. 	Process Technology  • 

Drucker
3 

has characterised the state of technologyas "limiting the 

work we can do." For our purposes this characterisation proves useful. However, 

two conditions will be added. In this study: 

1. The state of technological information  limits the development 

of process technology. 

1111 

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 technicàl. information 

can be turned.into process technology, the development  and  manufacture of process 
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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 considered to be bringing knowledge, new or 

otherwise, 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 innovation 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.engineering may all be occurring 

siMultaneously on several aspects of the saine  project or on many different 

. projects. 

1.2.4. 	Research 

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 

dimensions, materials, and design of the working process: This stage may 

involve the Construction of a small scale, -prototype operation to investigate the 

physical characteristies and problems that are to be expected in the operation 

• of the commercial Process. 

1.5.6. 	Manufacture 

Manufacture of the proce.ss 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 manufacture of 



of the equipment. However, characteristicallly, one firm only is responsible 

for .the assembly of the process. 

1.5:7. 	Ùncertainty  

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 lawthat, all things 

bel..ng equal, will enable the accurate a priori prediction of. a probable outcome. 

Such a case is the roll of dice. The second type of event is one of a large .• 

class of similar events that  hâve  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 be determined 

from historical records of other fires. The third type 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,  cari  be reduced 

. to  certainty by grouping cases. The business world 

has evolved several organizational devices for effectuating 

this consolidation, with the tesult 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 

unmeasütable uncertainty.. 

Firms in the mineral industries are faced with unMeasurable 

uncertainty in two aspects of their operations. These aspects arc 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. 

Màny 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 integrate their activities. These activities may 

ail 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 saine  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 necessary in such 

a contract are the limits of authority and responsibility of 

the employee. 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 buyer 
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does not know his requirements due to uncertainty the 

contract may flot be binding." 8 

Extra goods or services may be supplded 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 

will used is: 

A set of decisions committing the resources an organization to 

moves designed to achieve purpose. 
• 	

. 	. 
These decisiOns will determine, affiong other things, the extent Of the 

commitment of resources within the firm to particular adtivities, the range 

of activities that the firm undertakes on a formal basis, and the organization 

structùre of the firm. As the book is concerned with the implementation 

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

structure of the fini  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 thé 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 organizatidh to. ensure 

that the new or changed activities are carried out effectively. 

1.3 	PROBLEMS FAC.ED BY TUE MINERAL INDUSTRIES IN CANADA  

'Uncertainty exists in mining operations dueto the unknown locations 

of recoverable 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 lecome definict becauSo they:have been unsuccessful 

in discovering economic ore deposits to replace the depletion of existing ore 

reserves. Exploration technique arc limited. For example, current airborne 

exploration techniques only permit analysis of rock formations to a depth 

of 600 feet,' and can only indicate the presence of minerals in the earth. 

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 minerals. Canadian 

mining companies are now faced with the problem of recovering minerals from 

lower grade mineral deposits than in the past. In 1900 the copper ores being 

mined in Canada were as high as six percent copper content. By 1950 ores 

mined contained approximately two percent copper on average, and most 

recently, in 1974, several porphyry ore bodies 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 operations require the development 

of sophisticated technology to make the operations economically viable. 

There are other technological problems facing the industries. A 

shortage of manpoweÉ in mines is causing cut-backs in production at some 

operations, and there are needs to make working conditions in mines safer, 

healthier, and more productive. These needs necessitate the development or 

adoption within the industries of new technology. Recently the National 

Advisory Committee on Mining and Metallurgical Research proposed eight major 

projects that should be undertaken to solve some of the'principle national 

concerns of the mining industry. 11 These are: 

1. Application of hydraulic hoisting and ore transport in the 

mining industry. 

2. Steep inclined conveying for ore haulage systems, 

3. Primary excavation method in underground metal mines. 
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4. Improvement in the working  environnent. 

 S. 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 

- sea nodules. 

Recently both government 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 change, manpower and marketing; 

• • 

- the development and_application of new knowledge 

and technology in exploration and discovery, in 

the extraction of minerais  from the earth ancL 

in the transformation of raw'products into 
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industrial materials." 

In a simiiar vein, A. E. Boone, birector, 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 innovation 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 category. 

Anything constituting a change must overcome the 

inertia of accepted pràctice.  New concepts necessarily 

involve unknown quantities, challenges 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 
O 

	

	attitudes and by related factors such as expensive 

capitalization, long term planning, arduous working, 

conditions, and public misunderstanding, requires an aggressive 

policy in support of research if resistance to change 
O 

	

	
is to be overcome. Without strong policy support, 

research cannot exist in a mining environment." 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 

resources to the acquisition of process innovation. No research has yet 

estaÉlished which firms in the Canadian mineral industries carry out process 

innovation or how they acquire process innovations. No satisfactbry model 

exists which explains what innovative strategies can be employed by mining 

firms. The research described in this book will remedy these deficiencies 

and will 'propose a model showing what alternative strategies may bè 

implemented. 
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CHAPTER II 

2.1. 	Introduction  

The Canadian economy has been characterised as a staples 

economy by some economists. ..kmongst these, Watkins has suggested that the 

• basic assumption is that the staple exports are the stimulii for economic 

growth: 

"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 necessary 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 the mineral industries may be considered as a homogeneous 

grobp, this will not be possible in this book until the need for new 

processes has been shown to becommon to each of these industries. The  

three industries are: • 

1. The ferrous mineral Industry. 

2. The non-ferrous mineral industry.  •  

3. The - non-Metallic mineral industry. 

. FirMs - in each of these industries will be.shown to have different strategies 

for survival and growth. However, within these strategies the ongoing need 

• for new procdss technology will bc shown to be a common element. 

The way in which these firms act on the need for new 

technology may depend to some extent on their size and the resources they can 

commit to innovation. Hence, for each industry, a classification of Firms into 

three size groups will be made. This classification  will be used in the final 

, chapter to enable the research results obtained from a sample  of  • these firms 



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 rate of . 

technological change.- The structure of each industry will then be described 

in some 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 technological 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 years 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 	  
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TABLE 2„,.1 

CANA_DA'S DOMESTIC EXi'ORTS BY  MAJOR  COMMODITY 
GROUPS AS PERCENTAGE OF TOTAL EXPOR•S 

SELECTED YEARS 

Commddity Cltoup 1954-56 	1963-65 1968 	1972 	1973* 

Furrn and E.:1.1  Products 

Wheat and vncL flour 
Barley oats and rye 
Other farm und frsh 

) 

) 

) 

) 

) 

) 

Forest Products 

Lumber and other 
Woodpulp 
Newsprint 

Mineral Products  

Total Primary. Rosourcc  

Cars, trucks. etc.  

Aircraft  

Other 

TotalYzlue 
(millions of dollars) 

	

11.4 	 5.7 	7.4 	8.4 	9.1 

	

6.7 	 5.8 	4.7 	4.2 	4.2 

	

15.6 	133« 	7.5 	6.0 	5.5 

	

33.7 	25.3 	19.6 	13.6 	18.8 

	

31.9 	• 	35.1 	32.3 	23.3 	19.7 

	

88.9 	 ;1.3-  - 	58.8 	61.1• 

	

20.5 	14.1 

	

2.8 	2.4 	1.8 

	

13.0 	14.5 	14.5 

	

13,270 	 ' 

Source: 1954-56, 1963-65, B. \V. Willjnson, Canada's 
Table 13, Reference Bank of Canada, Slatistit 

1965. 
1?. 1972, 1973, A'an  

bilcniational Trade, pg. 34, 
'al  5111111i1ary Supplement, 

)7,1. 

*3 Quarters only. 



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 

growth 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 industries 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 capital intensive, the mineral 

industries are not major 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 

force. '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 people, 

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' 

SELECTE.D YEARS, 1953-1973 

Product Group 	 1953 	1965 	1968 	1972 	1973* 

Primary Farm, textiles, fur 	 5.1 	5.2 	5.7 
and leather 

Fuels and Lubricants 	 . 11.8 	7.2 • 	6.6 	6.0 	5.1 

Ores, primary metals and 	 ,.. 	6.7 	5.8 	5.6 
minera is 

Chemicals
• 	

11.0 	10.7 	10.7 

Producer's Equipment . 	
•-r-, 22.0 	1 	22.4 

Motor Vellicles and Accessories 	 6.9 	12.3 	31.1 	31.0 	31.5 

Consumer Goods (hie. food) 	• 	21.8 	22.5 	17.3 	19.1 	19.0 

Total Value 	 ------- -- 12,083 .  • 18,443 	17,727 
(millions of dollars) 

Source: 1953, 1965, 13. W. Wilkinson, Canada's International Trade, pg..  176,  
Table. A-7. Reference Bank of Canada, Statistical S.UtilltUllY Supplement, 

• 	1965, 1968, 1972, 1973, Bank-  of Canada, Economic Keriew, -January, 

1974: 

*3 Quarters only. 
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TABLE 1.3 

. CAPITAL AND REPAIR EXPENDITURES, MINERAL INDUSTRY 

SELECTED YEARS, 1951-1970 

(*000,000's) 

CAPITAL EXPENDITURES . 	REPAIR EX'P. ENDITURES 
Construction r,lacitincry Sub  Total 	Construction iguchinery Sub Total 	Toial 

1951 • 	204 	195 	399 	 44 	156 	200 	599 

1955 	435 	237 	672 	 59 	205 	264 	936 

1961 	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 	773 	2,301 

1970 	1,171 	790 	1,960 	 223 	640 	863 	2,823 

Source: Ciipita1 and Repair Expenditures in the Mineral Industry, Mineral 
• Economies Research Division ;  Department of Energy Mines and 

Resonrc:es, 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 

co'ntribution 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 

were 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 

N1INERAL PRODUCTION RELATED TO GROSS NATIONAL PRODUCT 

SELECTED YEARS, 1945-1970 

('000,000's) 

Gross National 	 Mineral Prodtic tion 
Mineral 	 Proditet 	 as per cent of 

Production 	 - 	(G.N.P.) .. 	 . 	G.N.P. 

1945 • 	 499 	 11,363 	 4.2 

1950 	• 	1,045 	 17,955 	 . 	5.8 

1955 	 1,795 	 27,895 	 6.4 

1960 	 2,493 	 37,775 	 6.6 

1965 	 3,745 	 54,897 	 6.9 

1970p 	5,769 	 84,468 	 6.8 

Year 

Source: Dominion Bureau of Statistics Data. 

p: Preiimihary. 

We have shown that the mineral industries in Canada have 

.been and still are an important sector of the economy and that 

their . growth in the past is a principal reason for the status.and 

wealth that the  country  currently experiences. In the future, 

Canadian minera l. industries could find competition increasingly difficult-

in world market duc to the technological problbms they face that mineral 

industries in other countries . do not. If the Mining companies that form the 
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TABLE 2,5 

EXPORTS OF PRINCIPAL MINERAIS. IN 
RELATION TO PRODUCTION, 1970I) 

Export as a 
per cent of 

Unit 	Production 	• 	Exports 	Production 

Coppet 	 s.t. 	 673,748 	471,522 	70.0 

Iron Ore 	 I.t. 	 47,508,750 	21,250,969 	44.7 

Lead . 	s.t. 	 383,208 	318,734 	83.2 

Nickel 	 s.t. 	 308,040 	293,757 	95.4 

Silver 	 troy oz. 	44,282,680 	45,227,504 	102.1 

Uranium, 1.11 03 	 lb. 	 8,021,000 	4,200,000e 	52.4 

. Zinc 	 s.t. 	 1,211,298 	1,197,445 	93.9 

"  Asbestos 	 s.t. 	 1,654,000 	1,562,432 	94.5 

Gypsurn 	 s.t. 	 6,442,000 	4,853,304 	75.3 

Elemental sulphur 	 s.t... 	 3,779,850 	2,988,432 	79.1 

Coal . 	s.t. 	 16,047,000 	4,391,575 	27.4 

Crudc oil • 	 bbl. 	455,382,000 240,693,633 	52.9 

Natural gus 	 Mcf. 	2295,278,000 768,112,547 	33.4 

Molybdenum, Mo contcnt 	lb. 	• 	35,353,500 	30,334,000 	85.8 

Potash,  1<20 	 s.t. 	 3,424,000 	21 304,000e 	73.1 

Source: Stalistics Section, Minerai Resources Brandi, Department of Enerey, Mines 
and Resources. 

p: Prelirninary 

e: Estimated 

minerai industries do not develop and maintain a  technological capability that 

enables thirn to survive and grovi in the future, thon tliere could arie a  Sill!:Itic;11 

in wilich Close companies can no longer compe te in world markets, thret'Iterling 

not only their survival, but the econômic ivel .fare 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 technology that would economically allow them to 

mine the low grade ore deposits whidh 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 

oh 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 8358,393,000. 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 ferrous mineral 

industry increased rapidly. As can be seen in Figure 	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. represents a vertical integration ventur e . 

by one or more steel producers to .secure sources of Supply. There is only 

one major independent mine -operating in the Canadian ferrous mineral industry. 

Tho infrastructure necessary to support the operations of an iron mine is 

extremely complex. Construction of power facilities, transportation facilities 

for the large voluffie of product, shelter for workers,'and expenstv'd production 

plant is necessary. However, beyond these necessary activities, mining companies 

in the ferrous mineral industry have not attempted to diversify. .They exist 
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CHANGES IN OUTPUT, COMBINED CAPITAL AND LABOUR 
INPUTS, AND FACTOR PRODUCTIVITY IN IRON MINING 

(1957 = 100) • 

Source: Dawson, J., Productivity Change in. the Canadian Nlining Industries.. 
Staff Study No. 30, F.conornic Council or CantIda, 1 971. 



N.ame of Company Shareholders 

Quebec Cartier Mining Co. 

Quebec Iron and Titanium Co. 

Algoma Ore Division 

Marmoraton Mining Co. . 

Caland Ore Co. 

Griffith Mine 

Sherman Mine 

Steep Rock Iron Mines Ltd. 

National Steel Co. of Canada 

Adams Mine 

Texada Ltd. 

Westflob Mines Ltd. - 

Hilton Mine 
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TABLE 2.6 

PRINCIPAL IRON MINING COMPANIES AND MAJOR SHAREHOLDERS 

Iron Ore Company of Canada 

Wabush Mine 

Labrador Mining and Exploration Co.: 4.5% 
Holinger Mines Ltd.: 10.0% 
Hanna Steel .Corp.: 25% 	•  

Bethlehem Steel Corp.: .19% 
National Steel Cotp.: 17,5% 
Armco Steel Corp.: 6% 
Republic Steel Corp.: 6% 
Youngstown Steel Corp.: 6% 
Wheeling — Pittsburgh Steel Corp.: 6% 

United States Steel Corp.: 100% 

Kennecott. Copper Corp.: 66.66% 
New Jersey  Zinc Corp.: 33.33%* 

Algoma Steel Ltd.: 100%. 

Division of Bethlehem Steel Co. 

Inland Steel: 100%. 

',eased to Sted Co. of Canada  until Aug. 20, 2040 

Dominion Foundries and Steel Co.: 90% . 

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: 50% 
Jones  and Lauchlin: 25% 
rickads  azul Mati.cr: 25% 

Steel Company of Canada:. 25.6% 
Dominion Foundries and Steel: 16.4% 
Youngstov.in Sted Corp. 
Interlake Steel Corp. 
Wheelirut Pittsburcjlt Steel Corp. 

Pc»..1 Surw.y of Mi.u,s, 1972. Source: 
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PRINCIPAL IRON MINING COMPANIES AND PRODUCTION CAPACITIES 

34 

Name of Operation 

Per Cent of 
Tonnage 	 Industry Total 
Per Year 	 Capacity 

**Iron Ore Company of Canada 	 33,000,000 	 53.0 

Quebec Cartier 1;Iining Co. 	 8,000,000 	 13.0 

Quebec Iron and Titanium Co. 	 637,000 	 1.0 

Algoma Ore Division 	 2,000,000 	 3.0 

Marmoraton Mining Co. 	 500,000 1.0 

Caland Ore Co. 	 2,300,000 	 4.0 

Griffith 	 1,500,000 	 1.5 

Sherman Mine 	 1,000,000 	 1.5 

Steep Rock Iron Mines Ltd. 	 1,400,000 	 2.5 

National Stcel 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 

Hilton Mine 	 900,000 	 - 	1.5 

Wabush Mines Ltd. 	 6,000,000 	 9.5 

*International Nickel Co. 	 900,000 	 1.5 

Falconbridge Nickel Mines 	 300,000 	 0.5 

Comineo Ltd. 	 200,000 	 0.3 

Source: 	Financial Post Survey of Mines, 1972. 

**Production Capacity Increases due on streain 1973. 
*13y-product of non-ferrous mining operation. 
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to act as a source of supply for the steel complexes that own them.  • Being 

such sources, their future depends on their-ability to remain 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. However, 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 deposits 

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 Canada may be estimated at $240,000,000 

while those of the small est, Marmoraton Mining Company are estimated to be 

$6,000,000 in 1974. Using $12 per ton as an average price; the mineral 

revenues of the iron mines can be estimated and classified as shown in 

Table 2.8. 
TABLE 2.8 

MINERAL REVENUES OF IRON miNEs IN CANADA  

S 	00 to S 40,000,000 	 11 

	

$40000000  to S100,000,000 	 2 

	

O • er S100,000,000 	 2 

*Assumes iron ore at S12 per ton. 



2.4. 	THE NON-FERROUS MINERAL INDUSTRY  

The non-ferrous mineral industry is the largest mineral 

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 

Dawson
6 

separated productivity data for the non-ferrous 

mineral industry into two groups, gold mines and miscellaneous metal mining .  

Iirthe 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 preductivity. 

. . . silver - lead - -zinc mines . . . shift in this 

industry to capital intensive types of mining, and 

the large increases in capital invelved . . . it is 

unlikely however that there was-any increase in 	- 

factor productivity." 7 

Figure 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-ferrous 

36 
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Source: Dawson, J., Productivity Change in the Canadian Mininz Industries. 
• Staff Study No. 30, Economic Council of Canada, 1971. 

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

TABLE 2:4 2- • 

AVERAGE SIZE OF NON-FERROUS I\IIN...RAL FIRMS, 1970 

(S000,000's.) • 

Mine .• 	 Mine, Smelting and Relining 
••••• 

Number cf Firms 	 123 • 	 9 

Mets 	 12.3 	 363• 

Equity 	 8.4 	 236 

Sales 	 6.1 	 186 

Profit • 1.9 	 57 

Source: Corporations and Labour Unions Returns Act, Ottawa, Statistics 
Canada, 1973. 



Company 
(S000,000's) 

Sales 	- 	Profits 

International Nickel Company Ltd. 

Noranda Mines Ltd.* 

Cominco Ltd. 

Falconbridge Nickel Ltd. 

Hudson Bay Mining and Smelting Ltd. 

Sherrit Gordon Ltd. 

Brunswick Mining and Smelting Ltd. 

Gaspe Copper Mines Ltd. 

Texasgulf  

	

1,172,000 	468,430 

	

849,000 	121,000 

	

513,986 	. 	42,835 

	

438,163 	47,904 

	

180,998 	47,288 

	

124,092 	20,986 

	

78,956 	'9,859 

	

48,467 	 1,195 

	

11.2. 	 • n.a. 
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mineral industry carried out in 1970 identified 132 firms as being active. 8 

Of these firms, nine wera 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 

thàn for non-integrated firms. 

In 1973 sales and profit after taxes are shown 

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 /  

SALES AND PROFITS OF INTEGRATED NON-FEP.ROUS COMPANIES, 
.1973 

Source: Corporate Annual Reports. 

*Includes substantial revenues and earnings from non-mineral operations. 
**Incorporated in U.S.A. 

subsidiaries of Noranda Mines Ltd. The seven other integrated producers, 

with the exception of Texasgulf Inc. are all long,established mining 

companies which were establiShéd te work a major ore body. For example: 

Noranda Mines Ltd. was founded to develop the Horne deposit at Noranda; 

Hudson Ray mining and Smelting and Fi in-Pion  copper-zinc deposits;' and 



39 

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 strategy.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 

programmes, 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-diversification. 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 

Unti1 . 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 control of the company was obtained by Anglo American 

Corporation of South Africa Ltd. Soon after his acquisition the company 

started to diversify into secondary manufacturing 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 develdp captive fabrication markets for mineral products. 

The second is a strategy by which a stream of new ore reserves arc acquired, 

either through in-house.exploration or throUgh purchase. In contrast to this 

strategy; small, one mine companies never develop the output to jtistify 

integration forward into smelting or refining. The products of these mines, 

in concentrate, or crushed ore form, are shipped to the smelting complexes 

of the integrated producers for smelting and refining. . 

However, some sMall firms do groWand survive. These smaller firms 
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do so by re-investing earnings in exploration and in the shares of large 

dividend paying companies. Survival is perceived by the management of these 

firms in the context of thé discovery of a new ore body. Consequently, 

earnings are re-invested in exploration. However, when earnings exceed 

exploration requirements, the surplus is re-invested to provide cash 

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: 

	 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 relatively 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 technology 

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 $3S 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. In 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 and 1971 the number of gold 

mines and the value of . gold production both declined by approximately 

Lode or quartz gold occurs  th Canada in deposits that arc 

characterised by narrow Veins of ore, often less than four feet wide. Most 
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CHANGES IN OUTPUT, CO1I3INED CAPITAL AND LABOUR INPUTS, 
'AND FACTOR PRODUCTIVITY IN GOLD NIINING 

(1967 	100) 
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Source: Dawson, J., Productivity Change In Canadian Mining_ induStries, Staff 
• Study  No. 30,  Economic. Council of Canà.da, 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 Government of 

Canada for emergency 

TABLE 	if 

NUMBER OF ESTABLISHMENTS AND OUTPUT, GOLD MINING, 

SELECTED YEARS, 196. 4-1971 

100 
90 
80 
70 
60 
50 

Gold Quartz 	Gold Production 	 Produclion 
Mines 	 (Ounces) 	 Value (5000's) Year 

Source: Statistics Canada Catalogue. 

assistance. Government assistance was provided undcr 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 

TABLE 2.". 2 

GOLD SALES OF THE DOME MINES GROUP 

Sales 1971 	Sales 1973 

Dome Mines 

Campbell Red Lake Mines 

Sigma Mines Quebec 

S 17,589,000 

S 8,245,000 

S 3,306,000 

$ 43,508,128 

$ 19,870,000 

S 8,131,000 

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

in their output and population. Dramatic price shifts, such as the one 

occurring in the gold mining industry are unlikely to take place 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 publication 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 ta mineral revenues in Table 2.13. 

TABLE 2.S 1Z 

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

Range of Mineral Revenues 	 Ntnnber Of Firms 

' 	s 	00 to S 40,000,000 	 95 

	

$40,000,000 to Si 00,000,000 	 20 

	

Over $100,000,000 	 9 

2.5. 	THE NON:METALLIC MINERAL INDUSTRY 

In this sectiOn we will be concerned with two minerals, asbestos .  

and Potash. Between them, these two minerals accounted for 75% of the 

production of the non-metallic minéral industry in 1971. The value of this 

production was $454,259,000. 

The production of potash and asbèstos in large quantities is a 

recent deVelopment in the Canadian mineral industries. Output of these 

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

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

data are shown in Figure 2.4. 

The value of asbestos production in Canada in 1971 was $210,43S,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 

bf 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 bolow . in Table 214. 

FIGURE 2.4 

CHANGES IN OUTPUT, COMBINED CAPITAL AND LABOUR INPUTS, 
AND FACTOR PRODUCTIVITY IN NON-Mr:71'AL MINING 

(1957.= 100) 

1C. 	"‹....X; 
. 

0
9C.,f--- 	•-' 
8 	 i 	1 

1957 

Source: Dav.'son, J., Productivity Change in Canadian Nlinint,. Industries, Staff 
Study No. 30. The Economic Council of Canada, 1971. 

*Excludes structural materials and services incidental to mining. 

There'is little forward integration or diversification by asbestos 



l'aine of Compimy 'OutPut Principal Shav. ehoider .  

mining companies in Canada. Asbestos fibre is shipped in its raw 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. 

TABLE 24.Ç' 2 • /4. 

MAJOR CANA.DIAN ASBESTOS PRODUCERS, 1971 

Canadian Johns-Manville Company Ltd. 
Jeffrey _Mine 

Asbestos Corpc-:rition Limited 
British Ca.nadian Mine 
King-13 -:aver Mine . 
Norrnandie Mine 

•Johns-Manville Mining and Trading 
Limited 

Reeves Mine 

Cassiar Asbestos Corporation Limited 
• Cassiar Mine 

Clinton Creek Mine 

Lake  Asbestos of Quebec Ltd. 

Advocate Minos Ltd.  

e.saiu 

33,000 tpd 

12,400 tpd 
12,000 tpd 
7,500 tpd 

5,000 tpd 

2,400 tpd 
4,100 tpd 

9,000 tpd 

5,000 tpd 

• ohns-Manville Company Limited 
100% 

Canadair (General Dynamics 100 74) 
54.6% 

Widely Held 

Data unava-ilable 

Data unavall able 

Data unavailable 

Source: Financial Post Index of Mines, 1972. . 

Thus, the mines in Canada serve as sources of  raw materials for foreign 

plants. Probably the managements of these Canadian operations arc 

evaluated on their abilit y. to provide low cost sources of asbestos  fibre. 

In this context, cost reducing process innovations can be seen as important 

elements Of the corperat9 strategy of these firms. 
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The first potash mine-in Canada came into production in 1962. 

Since that time u 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-.:1-0 2./5" 

POTASH MINES IN SASKATCHEWAN, CAPA.CITY. AND OWNERSHIP 

P.C.A. 	 700,000 	 Potash Company of Arnerica 

	

750,000 	• 	Unknown 

Alwinsal 	 1,000,000 	 Unknown 

Allan 	 1,500,000 	 ---Texasgulf-  Incorporated 

Vade 	 1,200,000 	 Corninco Ltd. 

Nora. nda 	 - 1,200,000 	 Noranda Mines Ltd. 

Duval 	 1,000,000 	 Unknown 

Sylvite 	 1,000,000 	 • Hudson Bay Nfining and Smelting Co. 

Source: Canadian  Minerais  Yearbook, Queen's Printer, Ottawa, 1971. 

The rapid expansion of capacity in the industry led to a severe 

price decline, followed by the institution of production controls by the 

Goverrunent of Saskatchewan. These controls reduced the operating rate of 

the potash mines to approximately 40 96 of capacity in 1971. Under these 

conditions, factor productivity became a key element in whether or not 

the mine could be operated at a profit. The Hudson Bay Mine at Rocanvil le 
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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., 

which is already' mining potash elsewhere in the world. These mines also 

represent 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 

expanded the scope of their operations. However, several of the parent 

companies have either integrated forward into fertilizer manufacture or have 

entered into join agreements with fertilizer 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 companies. The mineral revenues derived for these 

firms to enable the classification shown in Table 2.16 have been obtained by 

multiplying published prices 14 for both potash and asbestos and multiplying 

by the capacity for each operation. 
e• 

TABLE 2.1 

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

11.7 ,-Igr of Minci-al 1:n:cnues 	 Number of Firms 

00 to S 40,000,000 

S40,000,000 to $100,000,000 

Over $100,000,000  • 



2.6. 	SU•MARY 

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. 
't 

TABLE 2.12/.7 

CLASSIFICATION OF MD:.7ERAL REVEN:UPS FOR THE TOTAL 
POPULATION OF FIRMS RELEVANT TO THE RESEARCH 

Range of Miner21 Revenues 	 Number of Finrts 

" 	$ 	00 to $ 40,000,000 . 	124 

Szl'0,00,000 to Sl;«_',0,1:CO 3000 	 -- 

Over S100,000,000 	
. 	

13 

In the non-ferrous mineral industry productivity appears to have 

remained the same, or in the case of gold mining, to have-declined during 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 aàployed has not increased. The 

implication of this stagnation in factor productivity 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 arc 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«these industries contain• 

many firms taking risks in growth through exploration or diversification. 

48 
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. Consequently, managers may seek to improve performance through more efficient 

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

technology. However, the rewards for undertaking 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 the 

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 makerlower 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 materials to 

processors at lower cost than can other firms in foreign lands. Thus, to 

-\ remain competitive in world markets in the future, Canadian firms in all three 

mineral industries must acquire new process technology that enables 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 new process 

technology. The adoption of new process technology will bring an increase in 

uncertainty into the management environment. The dilemma in which managers are 

plaéed is that of deciding whether or not the firm should invest financial and 

human resources to provide a flow 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 alternative, the purchase of new process technology from specialised suppliers, 

also have an uncertain outcome. Such a ceurse of action involves undertdinty 

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 III 

•LITERATURE, THEORY AND PROPOSITIONS 

3.1 	ORGANIZATION AND INNOVATION 

The process of innovation can be carried out by one functional 

area inside the firm or can be broken down into several different functional 

areas. Brightl suggests seven stages by which the prom.ess 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 speculations, hypo- 

. 	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 successful; 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 implies 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 stage 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 arc very likely to 
be failures in the field 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 . . . 

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 place inside or outside the 

innovating organization. Bright's second and third stages will be considered to 

occur in the applied research laboratory: the proposal and verification of 

theory or a design concept is the function 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 o- r 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 

adoption stage are performed by manufacturing and marketing but are not 

considered in this thesis. This thesis only deals with the activities up to the 

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

The latter is a s'eparate issue. 
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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, development, and manu-

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

FIGURE 3.1 

FUNCTIONS IN THE .INNOVATIVE PROCESS 

SALES AND SERVICE 
i 

NEW OR 
IMPROVED 
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DEVELOPMENT AND DESIGN 

NEW OR 
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Numerous studies have shown that industries have different rates 

of product and process change. Over the last thirty years 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 Development (OECD) developed the folloi,ving 

industrial classification 4. 	The purpose of this classification is to group 

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

Industries in Group I exhibit high rates, those in Group IV, very low. 

Group I 

Science Based 

Aircraft 

Electronics 

Drugs 

Electric Machinery 

Cliemieals 

Instruments 

li 
Group III 	 Group IV 	 b 

Fi 
r 
/3 

Mixed Industries  Averaae Non-Science Based  n 
tl Machinery 	 Non-ferrous Metals 	Textiles 	 1. 
11 

Fabricated Metal 	Ferrous Metals 	Paper 	 E 
Products 	

P 
Food and Drink 	 t 

ii 
Petroleum 	 Other Transport  • 	Miscellaneous 	 ti 

Equipment 	 Manufacturing  . 	 c 
tt 
It 

Group II 

Stinchcombe5  attempted to relate oreanizational structure to the age 

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

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

each category. 	 • 

The modern industries correspond to Group 1, the Science Based 

category of the OECD classification. Similarly, pre-factory corresponds to Group 

IV, the .Non-Science Baseci. Industries in the Railroad Age and Early Nineteenth 

Century categories correspond to Groups II and III. We can infer that modern 



Modern 

• 	Airciaft 

Telecommunication 

Chemicals and Allied 

Electrical Machinery 
and Equipment 

Petroleum 

Railroad  

Transport Industries 
(except aircraft) 

Metal Extraction 
and Fabrication 
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. 

Early Nineteenth 
Century 	Pre.Factory 

Woodworking 	Agriculture 

Leather 	 Hotels, Lodging 

Textiles 	 Printing 

Publishing 

Forestry 

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

of innovation is much lo\Ver. 

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 be expected, because as was 

shown earlier, the products of the mineral industries are commodities which 

change little in specification over time. These commodities are traded in large 

international markets on the basis of price determined by supply and demand. 

Producer profit is determined by the ability of the firm to keep its costs below 

those of other prodticers. 

In many industries the growth of firms depends on their ability to 

develop ne‘v products or new -  markets for their products.' Even in Mature 

industries such as textiles and automobiles competition - is based on product 

differentiation. Processes are uncertain only to the extent that they are : affected 

by changes in prôduct specifications. They are not the main factor in ,competi-

tiàn between firms. 	 • 
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Research studies in these industries have shown that process 

manufacture is left to process equipment suppliers. Olsen 6  found that in the 

United States textile industry the prime sources of process technolog,y are 

external to the using companies. Equipment suppliers are important sources of 

process innovations. Abernathy and To‘vnsend7  suggest that in larger 

industries such as the automobile industry in the United States, new processes 

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

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

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

Markham 8  proposes that in mature industries, uncertainty in the 

business environment is reduced by the development of an oligopolistic industry 

structure. Under conditions of oligopoly firms are able to control the rate of 

change of product technology and hence introduce stability into the operations 

of the firm. One aspect of titis 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 

c,an obtain economies of scale by selling to all firms in the process using 

industry. Survival and gowth of the  process using firm will depend on its 

ability to exploit new markets and develop new products. 

These means of survival and growth are clearly not applicable to 

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

they have reserves of ore froin which to extract minerals. Minerals cannot be 

extracted from the ore unless the firm has mastery over the required process 

technology. Hence,  the gowth of the mining firm arises from two sources; 

firstly, the discovery of new mineral depoSits, and secondly. from possession of 
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the process technology required .to extract minerals from the ore at an economic 

cost. 

The basis for competition between firms in the mineral industries 

can be seen then as not product oriented, but raw material and process oriented. 

Firms with large ore reserves and dominance in process technology have a 

competitive advantage over firms with smaller reserves and less knowledge 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 firrn. Thus the discovery of new 

mineral deposits must have higher priority for the firrn than the acquistion of 

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 the 

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 would work or how well it might work. 

Hence there is considerable disincentive for firms in the mineral 'industries to 

use new process technology. However, where the firm has considerable 

resources and can stand the financial and business risk involved it may do so 

if the potential returns arc large enough. 

The Preceding discussion implies that firms in the mineral industries 

• 
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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, or for the development of a new ore body that is not susCeptible 

to treatment by existing processes. Small firms with limited ore reserves may 

devote all their limited resources to the expansion of ore reserves by a programme 

of exploration. The acquisition of new process technology may be of little 

consequence to the management of these firms. 

Once the need to acquire new process technoloizy is recognised by 

the management 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 integ,ration 

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 disadvântages. Firms 

that fail to recognise the most effective form of integration may fail to acquire 

the needed process technology. 

3.2 	INTEGRATION 

Chandler9  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 ,,vas also  truc  for the 

research and development functions•of firms in technology based industries. 

t. 
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Different product innovation strategies require different means of integrating (or 

'coupling') the research, manufacturing and marketing functions. Two basic 

• innovation orientations were identified in their paper: 

it 	Rather than attempt to formulate a a.  enerally 
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."1 0 

They identified three degees of coupling: high, medium, and low which are 

shown schematically in Figure 3.2. Thèse  degrees of coupling are based on the 

extent of the information flow between the different functions. Clearly, low 

coupling exists where little market input is required for manufacturinc, and 

little manufacturing input for research and development. Conversely, high 

coupling takes place where there is a need for research and 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: 

"First to Market 

This risky but pdtentially rewarding Strategy has a 
number..of iinportant ramifications throughout ,the 
business: (a) a research-intensive effort, supported' 
by major development resources, (b) close down-
stream coupling in product plannin g .  and moderately 
close coupling thereafter, (c) high proximity to 
the state of art. . . 

1.4 
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FIGURE 3.2 

Process flow 

Information flow 

Moderate Coupling Customers 

High Coupling 

Source: Ansoff, I. and Stewart, J. M., "Strategies for a:Technology Based 
Business": Harvard Business Review, Nov.-Dec., 1967, p. 71. 

2. "Follow the Leader 

This marketing strategy implies: (a) D-intensive technical 
effort, (b) moderate competence aCross the spectrum of 
relevant technologies . . . (d) high downstream coupling 
of R & D with marketing and manufacturing. . . ." 
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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: 

"Out of Bell Labs come the designs, requirements, and 
manufacturing specifications for the new and improved 
hardware and software which Western EleCtric produces 
and purchases." 1 2 

"As our organism has carown in response to langer 
Possibilities and purpose, our specializations have had 
to increase and 1,ve 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 couplimls among 
and within AT and T, Bell Labs, Western Electric, 
and the operating companies that have required 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 terni research 
and development to a hait, and it is difficult to depart 
very much from existing products and technology. . . . 

But total autonomy and isolation are not the 
answer. If you isolateR & D, how can research people 
know about the Bell Systein's problems and select areas 
of relevant science? . . . How can development people 
determine the economic manufacturability of their 
designs, make tradeoffs ,between design and process, or 
balance performance, cost and reliability?. . ."14 

From the more general standpoint of business policy, Wrigley has 

considered. the problem of.integrating research 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 

made in the development of the model. These arc: 
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"1. 	All economic activity consists of three things 
(1) integration, (2) R SC. D, and (3) production. 
These activities are undertaken by persons who 
specialize in one to the exclusion of the other two. 

2. 	Integration consists of relating R 84 D to production. 

3. Two methods of integation are open. First,  the 
market mechanism, which includes (a) search for 
the relevant markets, (b) negotiations between 
buyer and seller and the contract of sale, and (c) 
settlement terms and procedures for contract 
performance and contract non-performance (in • terrns 
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. 

4. An uncertain woi-ld, i.e. where there are unpredictable 
changes in demand, technology, and resources, with 
the unpredictability becoming increasiru,ily greater 
v.rith the further ahead in time."15 

Wrigley argues that in conditions of uncertainty the most effective 

way to link research and development with production is administratively: 

"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 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 event of non-performance. 
This requires that - the buyer knows what he will 
want in exact terms. When the future in regard 
to materials or processes in products cannot be 
predicted exactly, the buyer cannot exactly 
specify what lie will want in the future. 

(2) In a contract of employment, all that is 
necessary in the con tract is the limits to what 
the emploYee .is expected to do. "l'he details 
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can be decided later or by the cniployee himself 
— to whom it may 11e a matter of indifference 
but who will respond to perception or corporate 
or colleague needs or instructions. Thus. .the 

• greater the uncertainty and the unpredictability 
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 or 
R & D, the relation between R & D and production mus t . 
enable direct and frequent face to face contact between 
the relevant personnel. Given the pressure on time. this 
means that the same people must meet frequently. 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 afford the 
cost of search on the market for all production plants 
who might need their servi.ces. Thus, the greater the 
advantaae.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 administration2" 16  

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

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

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

duction.- In this s .tudy three integrative tasks will be considered: 

l. 	Research with develo. pment. 

2. Research with production. 

3. 'Development with production. 

We have seen that Ansoff and Stewart have..suggested that different 

"Coupling" strategies do exist within  the  finn.  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 effective than market integration in implementing innovation strategies. 

No field research has been carried out either to define the extent and nature of 



innovation strategies or to examin-c the ,effeaiveness of integration. The research 

will attempt to remedy this ,  deficiency . . 

It is now necessary to examine -theories that will enable us to predict 

how integration is carried out in practice. For this reason we shall look at the 

theory of the division of labour and examine its implications for what firms will 

do. 

We shall then contrast this theory and its implications with the 

integrative concepts discussed .earlier, and their implications for what firms will 

do. 

3.3 	THE DIVISION OF LABOUR IS LIMITED BY THE 
EXTENT OF THE .MARKET 

In the Wealth of Nations 17  Adam Smith advanced his theorem of 

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

that the division of labour: 

is the necessary, though . very slow and gradual 
consequence of a certain propensity in human nature 
. . .: the propensity to truck, barter, and exchange 
one thing for another." I 8  

Smith considered that the propensity of human beings to exchange one thing 

for  another was the result of specialization. As some human beings are equipped 

to do certain things better than others, it is natiiral that  they  should specialize 

in what they do well. The -surplus of their production can be exchanged. : for 

money nvhich can in turn be exchanged for the necessities and - luxuries of life. 

If, as Adam Smith proposes, the division of labour 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 g„ives occasion 
to the division of labour, so the extent of titis 	• 
division must always be limited by the extent of 
that power, or in other words by the .extent of the 
marke t." 1 9 

This condition, attached to the theorem of the division of labour allowed Adam 

Smith to develop the concepts of supply, demand and price.  • 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. Stinler20,21  attempted to explain 

the functions carried on within the firm: 

tt. . . the problem of what the firm does — what 
governs its range of activities or funCtions." 22 

In the introduction to his paper, Stigler stated: 

"It is the general thesis of titis paper that the theorem 
of Adam Smith which has been appropriated as a 
title is the core of a theory of the functions of the 
firm and iridustry."23 

According to Stigler, the functions that a firm would perform 3.vere not only 

governed by .economies of scale, but also by the extent of the market for a 

particular commodity: 

"Now consider Smith's theorem. Certain processes 
are subject to increasing returns; why does the 
firm not ex ploi t t hem lu rther and beco me a 
monopoly? Because' there are other functions 
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subject to diminishing returns, and thcse are, on 
balance, at least so costly that average cost of the 
final product does not diminish with output. Then 
why does the firm not abandon the functions subject 
to increasing returns allowing another firm (and 
industry) to specialize in them to take full advantage 
of increasing returns ?  At a given time these functions 
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, Smn's theorem suegests that 
vertical disinteeration is the typical development 
in growing, industries, vertical integration in 
declining industries." 25  

In his discussion of vertical integration,  Stigler  identi fies three stages of industrial 

growth. In future 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 users to overcôme 
them; they must persuade customers to abandon other 
commodities and fincl 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 dis'integ,ration in the mature industry. 

"When the industry has attained a certain size and 
• prospects, many of these 'tasks are sufficiently 

important to be turned over to specialists. It 
becomes profitable for other firms to supply 
equipment and raw materials, •to undertake the 
marketing Of the product and the utilization of 
by-products, and even to train sk Hied labour."27 



Pr. • 

- 

67 

Finally, as the industry begins to decline, and its demand  for  raw materials and 

equipment declines, firms in the industry will be forced into vertical integration: 

"And; finally, when the inchistry begins to decline 
these subsidiary, auxiliary, and contempbrary 
industries begin also to decline, and eventually. 
the surviving firms must begin to reappropriate 
functions which are no longer carried on at a 
sufficient rate to support independent firms."2 8  

3.4 	LIMITATION OF THE SMITH-STIGLER POSITION 

The economic propositions of both Smith and Stigler are centred 

around the concept of industrial gowth. As an industry grows, so its demand 

for process equipment will gow, enabling other firms to specialize in the 

manufacture of this equipment. Both Smith and Stigler considered that this 

would lead, to the formation of another industry. The product 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 Smith 

nor Stigler takes a position on the division of labour related to the innovative 

activities for new process equipment or how specialized activities will be 

integrated. 

However, from the Smith-Stigler argument we can infe,r the follow- 

ing develOpment of activities in the process using indiistry: 
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1) As a young industry, firms in the industry would research, 

develop, and manufacture their ol,vn process equipment. •  

This action would be necessary due to the small size of 

the market for process equipment. 

2) As the industry grows, so firrns in the industry will grow 

in size and new firms will enter the industry. The market 

for equipment will gos,v, and firms will specialize in the 

manufacture of process equipment for the industry, thus 

creating a new equipment supply industry. 

3) The mature industry will do no,process equipment 

manufacture. New fi rms entering the industry will be 

able to acquire their process equipment from the special- . 

 ized supply industry. 

4) Even in the mature process using industry, firms would 

experience requirements for innovation in process technolozy. 

As the firms in the Process using industry have no-  capability 

to manufacture this new technology, and the process 

equipment supply industry has a market position to . protect, 

we would expect that the manufacture of this new process 

technology would be done by the equipment suppliers. 

5) Given that it - is ecOnomic .for  the  suppliers to manufacture 

the process equipment, they should wish to carry out the 

•research and development for their new product which is 

• to-'be a  new prpeess for the ttsing industry. This 
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preference occurs because they can specialize in the 

performance of the research and development on a 

more economic scale than the users of the technology 

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

specialize in the manufacture of the technology. That is 

to say if it is uneconomic for using firms to manufacture 

their own process equipment 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. 

If this were the case then, according to our extension of the Smith-

Stigler position vee would expect to find little research and development of 

process technology in the mature process using industry. Rather we would 

expect to find these functions concentrated in specialized equipment suppliers 

along with the manufacture of the technology. 

3.5 	SUPPORT FOR THE EXTENSION OF THE 
. SM1TH-STIGLER POSITION 

In a study of .the .  new . product process in-  the - machine tool industry, 

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

source of research, development, manufacturing . and diffusion of the new 

.process because of his ability to specialize in these functions. 29  Little .developed 

a new model of the new product process for the machine tool industry.  lie 

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

This ne'  model he called the Gatekeeper model. The G'atekeeper model 

incorporates three prior models: the Job Shop Model, the Leader N -lodel and 
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tthe :Seieric_e :Model. We ,shall describe :b.riefly these mo.dels ,  and then diseuss the 

eateke.eper :model  and its imPtications. 

The 	.S.hop Model is Illustrated in Figure 3 3. This model pplies 

lo the pro.ducts of :machine :tool manufacture's that are :useful in the process-es 

of :only -a 'limited :number of users. The mOdel describes the functions of process 

eonceptualization, :research, development and specification as integrated in the 

ee.tivities of the :process using :firm. The function of the machine tool builder is 

to in.anufacture the product to the specifications supplied by the user. 

The Le.ader Model clescribe.s the development and manufacture of 

-machine tools .which  ire applicable  to a wide range of processes. 

"Wherees the Job Shop Model products have their origin 
Jrt e-:single manufacturers production process, the 
Leader •odel *products begin with the identification of 
eOrninon process problems for a broad cross section of 
manufacturers. The builder develops a technologically • 
adv.ançed machine tool that can be sold in standard form 
to e wide market. New research may or may not be 
pert of the product's technological acivance."30 

1-Jtt1e notes that this type of innovation may  be adopted by process users even 

though the new process may not completely solve his current process problem. 

j-lowever, the process using firm will generally find it profitable to adopt the 

mew technology. The Leader Model is illustrated in Figure 3.4. 

The Science Model represents the development of new ProdUcts 

from 5.ejehtifiÇ ;.tdvanees within the supply industry. Little  comments: 

roduct innovation based.on scientific research is 
followed in severarother industries, including the three 

.principal machine tool industry itivati.:rs — electronic, 
çltemical, and •,ierospace industries. The process  01  

f 
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FIGURE 3.3 

JOB SHOP-MANUFACTURING MODEL OF THE 
PRODUCT INNOVATION PROCESS 

Source: Little, B., New Product Information Processing: A Descriptive Study 
of•Product hmovation in the Machine Toul Industry. Unpublished 

. 

	

	Doctoral Dissertation: Camtlridge, Mass., Graduate School of Business 
Administration, Harvard University, 1967. 



FIGURE 3.4 

LEADER MODEL OF THE PRODUCT INNOVATION PROCESS 
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'me 

Source: Little, B., New Product Information'Processing: A Descriptive Study 

of Product hmovation 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 applied research and product 
development:1 '3 1. 

The process using firm is only involved in the science model as the recipient of 

the new technology. The functions of basic research, applied research, develop-

nient and manufacturing are all integrated in the firm supplying the new 

; 	 technology. The Science Model is illustrated in Figure 3.5. 
1 

• Little describes the Gatekeeper Model as follows: 

"The Gatekeeper Model proposes that individual firms 
within the industry may develop ne ,.v products according, 
to one or more of the Job Shop, Leader, or Science 

• processes." 32  

The Gatekeeper Model confers a twofold role on the Machine Tool industry-. 

1. To bring together the process needs of the process using 

film, and the component technology of component 

• • suppliers in the most effective manner. 

2. To act as the diffuser 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 information enables it 

to be more effective than the process user and component manufacturers acting 

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 proces needs of a manufacturer, the 
manufacturers may develop  hi  s own solutions, 
perhaps going directly to component suppliers for 
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SCIENCE MODEL OF' THE PRODUCT INNOVATION PROCESS 

Source: Little, 13., New Product Information Processing: A Descriptive Study of 

Product Innovation in the Machine Tool"Industry. Unpublished 
Doctoral Dissertation: Cambridge, Mass., Ctradua te School of Business • 
Administration, Harvard University, 1967. 
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new profitable component technolouy. . . . When the 
[machine toollindustry fails to play the Gatekeeper 
role, the burden of 'matching 'process needs and com-
ponent technology falls to the manufacturers and the 
comportent supplier. This process constitutes a less 
effective, hence less profitable innovation procedure. 
Both manufacturer and supplier have interests 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 
Gatekeeper whose specialized function is to  arrange 
such matches."3 3  

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 how a specific 

innovation would be produced by a supplying industry and diffused 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 Science processes." 34  

• However, if the potential user • of a new process has no research and development 

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

•u'llimately wishes to.sell the innovation as a product to the potential user. 

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. If the need for the new process technology is initially perceived within 

the process using industry, then the functions performed by  the  equipment 
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FIGURE 3.6 

Source: Little, B., New Product Information ProCessing: it Descriptive Study of 

Product Innovation in the Machine "l'ool Industry. Unpublished Doc tora I 
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supplier will depend on the function's the process user decides, or is able, to  cari-'J  

out himself. 

Let us now consider the on-going commitment of both process user 

and supplier to innovative activities, rather than the static case of a particular 

innovation. In this studyit is assumed that the commitment of the firm to 

research, development and manufacturing activities is not made to a particular 

innovation but rather as a long term organization activity. Firms rarely set up 

temporary internal organizations for innovation, rather temporary groups to 

'perform specific tasks are formed within a permanent innovative unit. lf, firms 

have research, development and process manufacturing inte2rated into the 

organization, then they will tend 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 technology and its ability to specialize in innovation will allow 

it to be more effective than the process using firm in developing new process 

equipment. If this is so, then we would expect to find an industrial structure 

similar to that suggested by Stigler with supply firms specializing in research, 

development and manufacture of products with general application. 

3.7 	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 performed by 
athninistration."35 
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Thisstudy assumes that in a mature industry with little product 

change, but in which there is process innovation, conditions of uncertainty as 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 Little 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 using firms may wish to 

undertake only limited functions associated with innovation and seek others from 

specialized suppliers. Specifically, 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 research and development of process technology themselves, 

but seeking suppliers to manufacture. 

Each of the above courses of action can be seen as a distinct 

strategy for acquiring process innovation. They involve the commitment of the 

resources of the firm to a set of activities -  designed to achieve purpose. Four 

possible innovative strategies have been mentioned. These four will be . identified 

below and the 'activities associated with each specified. 
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3.7.1 	Passive S tra tegy 

The process using firm adopting a passive strategy will have no formal 

innovative activities in its organization. All research, development, and manu, 

facturing activities associated with process innovation will be purchased outside 

the firm. Problerns and opportunities associated with new process technology 

may be identified in the firm, but specialized suppliers will be given contracts to 

conceptualize, specify, and manufacture process equipment to satisfy the needs 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 integrate research 

activities into the organization. The purpose of the research organization will 

be to conceptualize process requirements to meet particular opportunities or 

solve process problems. The information generated 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 the organization may 

find reason (3.vhich will be discussed later) to Integrate development activities 

into the firm. The purpose of the development department would be to 'take 

the concepts of the research function, and produce specifications and working 

models of a proposed process. This ;activity would reduce the uncertainty 

present in a subsequent contract of manufacture with a specialized equipment 

supplier. At the time of preparing the contract the process tisinu, firm will he 
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able to state definite price and performance specifications for the equipment. 

3.7.4 	Integrative Strategy 

As suggested by Wrigley and by Morton, the firm utilising an inte-

grative strategy will not only carry out its own process research and developtnent 

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. The firm also assumes all the risks associated 

with innovation. An integrative strategy may be either simple or compound. 

Using a simple strategy, the process using firm will utilise suppliers for component 

manufacture. However, the process using firm will assemble the components to 

form the commercial process. A compound stratecy will 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 strategies that the research 

propose exist, it is now necessary to establish what criteria will determine the 

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

strategy is appropriate. 

3.7.5 	Selection of Strategy 

. Smith, Stigler and Little suggested that the nature of the firm's 

effort to acquire process innovation would be determined by the advantages of 

specialization. Smith and Stigier implied that specialized suppliers would be 
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induced to manufacture products for the process  usina  industry once the industry 

bas matured. Little suggested that the specialized nature of the particular 

process required would determine the way in which it was obtained. He proposed 

that the larger the market for a new supplier product, the more likely it  was  

that the supplier would carry out the innovative effort required. Wrigley and 

Morton argued that process. using firms would tend to or_2anize _process innovation 

aCtivities in their organization because of the advantages from linking research, 

development and production administratively: 

The arguments 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 

innoVative activities or r.dternatively to purchase these activities from a specialized 

supplier. Some firms may possibly perceive advantaaes from integration, but 

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

specialized suppliers. 

The thesis ot this research is that the critical facto; in this decision 

process is the size of the firm's resources compared to the perceived resources 

required -for effective innovation to take place in the firm. If it is  truc  that 

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

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

10  the  activities for a considerable period  into  the future. .Firms with limited 

sou rce s  may dc.•cide that this commitment  is  not as advantageous as the . • 

commitment- of funds to a particular innovation through the one time purchase 

of innovative activities from a specialiTed supplier. However, as the firrn's 

resources inereaSe, the immagement of the firm Inay pt.‘rceive, that- the company 



I 	• 

3 
4. 

82 

lias the ability to integrate certain innovative functions into the activities of the 

firm and obtain the benefits of integration, namely the ability to resolve 

technical problems without being subject to the uncertainties of search and 

contract in the market. 

Using this idea of the limited resources of the firm as the determin-

ing factor of the innovative activities of the firm it is ncrt,v 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. 

fi 

3.7.6 	Proposition 

The range of innovative >activities 'carried out by the process using 

firm will increase with the size of the firin. 

The purpose of management's decision to increase the range of 

activities 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 market is replaced by administrative integration. This 

• reduction in Uncertainty can only be achieved by integrating these process 

innovation activities into the firm. The management of the firm must at 

this point recognise that it is giving up the advantages of specialization for 

those offered by integ,ration, 

.Process using firms will not have the resources necessary to integrate 

all innovative activities 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 specialized 

r4 
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suppliers for certain activities. HoWevcr, 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. 

The management of the firm in transition. from a passive strategy 

to active involvement in innovation has to decide which activities to integrate 

into the firm. We can logically expect that the first will be applied research. 

There are two principle reasons for this to be so. Firstly, research is the 

cheapest innovative activity. Research involves relatively low additions to fixed 

assets, and a department can be initially organized around a srnall number of 

staff. Secondly, research is the first step in the innovative process subsequent 

to problem or opportunity identification. The delineation of required process 

concepts within the firm will enable it to seek for required process development 

and manufacturing services from suppliers with lower risk than previously. An 

estimate of price and performance may now be possible for a contract of sale 

between supplier and process user, whcre this could not be ddne with the 

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

two hypotheses or the research 

Hypothesis I 
. 	 . 	 . 

The group of smallest• firms  in the  process using industry %yin have 

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

from specialized suppliers. 

3.7.7 
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• 	3.7.8 	Hypothesis II 

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 innovative activities will come about 

with the integration of development activities into the firm. This expansion 

will occur when  the  management of the firm perceives a need for greater 

process development skills in the firm. The integration of development skills 

be marked by an increase in the budget  allocated to process innovation 

activities, the formation of grouPs organized around the development of 

specific process technology, and the expansion of innovative activities to include 

the development of process specifications and prototype processes. Specialized 

suppliers will be utilised to manufacture process e.quipment with exactly 

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

actively in the transfer of ne n.v technical information in the forrn of specifica- 

tion's 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 III 

Firms in transition from a defensive stra tegy will move to integra te 

development activities into the firm. The purpose of these activities will be to 

determine the exact specilléation of new process technology. The development 

> activities 	take the form of determination of specifications and test  ing  of 

, process models by project groups. 

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

firm will  corne about with the integration of proces›; manufacturing activities 
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into the firm. This will be the last step for two major =sons. Firstly, no 

manufacturing can be carried out by the firm without process research and 

development first having taken place. Secondly, the skills required for process 

manufacture may be very different from those possessed by the firm. Research 

and development of process technology may be perceived by management as an 

extension of the skills related to the process technology already within the 

firm. Manufacturing requires a major commitment to new skills and new equip- 

ment. For this reason the integration of process manufacture may take place 

f; in two phases. The first phase will be the management and control of the 

assembly of process equipment supplied by specialized component suppliers. 

The second phase will be the manufacture of special cornponents by the firm 

itself. At this stage the firm may enter the market as a supplier of process 

equipment to other firms in the industry by sale or under license. At this 

point, the firm has reached a stage of total vertical intel-zration into process 

manufacture. Few firms will reach this  stage of development. 

3.7.10 	Hypothesis IV 

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

integration of process manufacture into the organization. 

These propositions are intended to predict hcp,v the innovative 

'activities of a' process using• firm will grow -, and under what conditions these 

activities will be integrated, into the firm. , The thesis of . the research is that 

the activities of the firrn will increase with its size. The proposition and 

hypotheses are summarised in Figure 3.7. 

It is expected that  the thesis research vill  show the managers in 
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the Canadian mineral industries are.reluctant to implement an integrative strategy. 

However, it is also expected that the research will show these  managers  to 

encounter difficulty in truisforming the technical information developed by the 

innovative activities into commercial processes. They will be reludtant to adopt 

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

firm. They \vill be unsuccessful in obtaining the manufacture of the process 

because of the inability to integrate production, research and development across 

the market. The uneertainty in price and performance will inhibit agreement on 

a contract for the manufacture of the new process.. This reason, it is sungested, 

is why those firrns in industries with loW rates of product change are unable to-

acquire needed process innovation. Specifically the argument is: 

Having little knowledae of the imperatives of product 
innovation, manaaement or firms with little prod.uct 
change will fail to integrate research and development 
with the manufacture 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  •  the 

mining firm will increase with its size. The purpose of titis 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 hypotheses presented at the 

conclusion to Chapter 1I 1 . The analysis of the data presented in titis chapter 

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

There are three sections in this chapter. The first section briefly 

describes the relationship of the firms in the sample to the total 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. 

4.2 	THE MINERAL INDUSTRIES QUESTIONNAIRE 

The questionnaire was distributed to th 98 run -listed in the 1973 

Financial Post Survey of Mines as active •mining rms. Forty 'cbmpleted  replies  

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 arc classified in the industry from which their major 

revenues accrue. 	• 	• 

TABLE 4.1 

DISTRIBUTION AND RESPONSE TO THE MINERAL 
INDUSTRY QUESTIONNAIRE 

Industry 
Number 
Distributed 

Number 	Number of 
Operational* 	Replies Percent Response 

•; 

Ferrous 	1 2 	 12 

Non-ferrous 	70 	 65 

Non-metallic 	16 	. 	16 

541 

	

31 	• 	 47• 

	

4 	 25 

Total, all . 
Industries 

98 	 93 	 40 	 43 

*Questionnaires 1,vere sent to firms that were subsidiaries of other firms in the 
sample. In some cases the parent returned consolidated questionnaires for 
itself and the subsidiary. These subsidiaries are not included in  this  analysis. 

The responses to the questionnaire provide the Study with a biased 

sainple that is not truly a proportional representation  of  the population of 'firms 

in each mineral industry.. Table 4.2 shows the number of replies by mineral 

industry and compares them to  the • population • of  firms. in each industry as. 

presented at the conclusion to Chapter II. I t 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 



TABLE 4.2 

REPRESENTATIVENESS OF SAMPLE TO THE POPULATION 

Number of Firms - 
in the sample 

Total 	Sample Firms as a 
Population 	Percent of Total 

Population 
Industry 

92 

• r---` 

Ferrous 

Non-ferrous 

Non-metallic 

Total all 
Industries 

	

5 	 15 	 33 

	

31 	 124 	•  25 

	

4 	 22 	 18 

	

40 	 161 	 25 

.011..;••nn•n 

Ferrous 

Non-ferrous 

Non-metallic 

Total all 
Industries 

146,800 

4,214,935 

300,000 

4,661,735 

145,300 

3,657,600 

299,300 

4,102,200 

4,730 

80,285 

8,110 

93,125 

• 	• 	- 	' refee..«-.4aubd,e4;e3.1e..e.i.eltaég.  • 

.• 

TABLE 4.3 

SALES, NIINERAL REVENUES AND TOTAL EMPLOYMENT 
OF REPORTING CON1PANIES BY MINERAL INDUSTRY 

Indus. try Total Sales 
(8'000's) 

Mineral Revenues 
(8'000's) 

Total  Employment 

firms to be a high proportion of mineral industry revenues. 

The apparent contradiction for the non-ferrous mineral industry between 
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the high minerai revenues reported .in Table 4.3 :and -the proportion of all rums 

reporting is •.ex.plained by the stratified nature of the replies. Chapter 11 showed 

.that there are nine major integrated prod.ucers wliich are much larger than the 

.non-integratcd firms in the non-ferrous .mineral industry. ln this sample are 

eight of these largest firms. The reirtaining 2.3 firms in.the •  non-ferrous industry 

sample are distributed amongst the :me'çlitim and  ,small sized firms, of -which the 

total population contains 11.5. 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, firrns in the mineral industries .are not diversified. Only lar• ge 

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

non-mineral activities. 

4.2. 1 	Research and Development i-‘ctivities 

Nineteen of the forty firms in the sample budgeted for process 

innovation activities in 1974. All these firms report the existence of formal 

innovation programmes. Eidit  of the firms possess research activities, one 

firm possesses development activities, and ten firms both research and develop-

ment. Five other firms reported some informal innovative activities. These 

flve. firms with informal activities had neither research and development  budgets 

.nor formed department specifically for process innovation. Seventeen firms 

reported -  that they had no innovative activities of any kind; 

Seven teen firms with research bpdgets reported their budge t 

allocationS to different activities. Table 4.4 shows the' *allocutions- to metallurgical 

1 
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TABLE 4.4 

RESEARCH BUDGET: ALLOCATION TO AREA OF CONCERN 

Area of Concern Number of Firms 
Percent of Total 

Dollar Allocation 	Research Budget 

22 

10 

18 

50 

Pioduct Research • 	 8* 

Mining Research 	 9 

Milling Research 	 16 

Metallurgical Process Research 	16 

4,329,000 

2,034,000 

3,517,000 

9,590,000 

*Six of these firms have research and development budgets in excess of S500,000. 

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

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 three categories used were basic 

research, applied research and development (as defined in Chapter I). The largest 

financial budget allocation is to development .  activities which are normally the 

most expensive. 

The total amount budgeted for research and development by the 

seventeen firms reporting was S29,070,000 in 1974. . To carry out this  research 

. effort- these firms employed a total of 502 qualified scientists and engineers 

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

each of which budgeted in excess of S1,000,000 in 1974 for research and 

development, employed  460 ()0;1) of these personnel. 	- 
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16 

Il 

17 

Basic Research 

Applied Research 

Development 

Total, all firms 

	

2,250,000 	 7.7 

	

9,760,000 	 33.5 

	

17,060,000 	 58.8 

	

29,070,000 	 100.0 

- 
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TABLE  4.5 

RESEARCH BUDGET: ORIENTATION TO 
RESEARCII AND DEVELOPN1ENT 

Type of Activity 

• 	 Percent of Total 
Dollar Amount 	Research and 

Number of Firms 	Budgeted 	Development  Budget  

4.3 	DISCUSSION OF PROPOSITION AND HYPOTHESES 

4.3.1 	Proposition: The Range of Innovative Activities Carried Out 
by Process Using Firms will Increase with the Size of the 
Firm. 

In Chapter III we argued 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 technology. A 

reduction in uncertainty can be obtained when the integration of activities 

formerly obtained through the market is replaced, by administrative integration. 

This reduction can only be obtained through the organization of activities 

inside the • firm to enable: these innovative activities to be carried on internally. 

The twà principal activities .to be integrated into the fir m .  are research and . 	. 

development. 

Research and developtm.snt performance is found by thi s .  research 

to increase with the size of the mining company. Two series, each of two 
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regressions, were carried on the data supplied by firms in the mineral industries 

to determine the relationship between: 

1. Absolute firm size and absolute research and 

development effort. 

2. Firm size and *research intensity. 
f 

In both sets of regreSsions two measures of firm size were used; mineral revenues 

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 

dollar research and development budget for the firm, and the independerit 

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 for research and development by the firm, and the independent 

variable was the total employrnent of the mining firm. The re_sults are shown in 

• Table 4.6. 

The research and development effort of firms in the Canadian 

mineral industries increases with the size of the firm. The high coefficients of 

determination indicate a very strong relationship between firm size and the 

performance of research and development. flowevt.‘r, the proportion of the 

resources of the firm devoted to research and development is small: The slope 

of both regressions is less than 0.01, indicating that, in general, firms in the 

mineral industries iilloeate less than 1 per cent of their resources to research 

and development. 



Rep-ession 	Research Measure 	Size Nleasure 	 t ratio s.d.*** of b 	Number of Finns b** 

TABLE 4.6 

RELATIONSHIPS BETWEEN SIZE AND RESEARCH AND D'EVELOPMENT 

Research and 	 Mining Revenue 	0.942 	22.80 	.009 	. 	.0004 	 34 
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 at 0.01 

3. Q.S.E.'s Total 	Mining Revenue 	0.01 	- 	- 	 - 	 16 
Employment 

1. 

4. 	S  & D 

Nlining Revenue 	Tot al 
Employment 

No sieificance 

0.0002 

No significance 

16 

*r2  is the coefficient of determination 
**1) is the slope- of the regession 

*** s.d. is the standard deviation. 
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The second series of regressions investigated the relationship between 

research intensity and 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  

• firm. For the first regression, the dependent variable used  vas  the ratio of 

qualified scientists and engineers to total employment in the firm, and the 

independent variable was mining revenues.• The second regression used the ratio 

of the research and development budget to mineral revenues as the dependent 

variable and total employment as the independent variable.. No significance was 

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

significant relationship between research intensity and firm size. 

1 Research and development activities, measured by budgets and the 

employment of qualified sçientists and engineers, have been shown to increase 

in magnitude with the size of . the firm-. However, the regressions illustrated 

in Table 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 activities. 

The firms in the sample were grouped according to their innovative 

functions in . Table 4.7. Three major groups exist, and the firms in each group 

can be distinguished. from those in other groups On the basis of their research 

and development activities.. One firm implements an innovative strategy which 

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

research, These research activities are purchased from its •parent company in the 

United States, 
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TABLE 4.7 

RESEARCH AND DEVELOPNIENT AND MINERAL 
INDUSTRY REVENUES 

99 

Innovative Activities 
in the Firm 

%tine of Nlineral Revenues Number 	Mean Mineral 
Reporting 	Revenues 	Highest 	Lowest 

None reported 	 18 	 32,400 	 96,900 	•  2,900 

Research only 	 6 	 52,800 	 106,500 	14,700 

Development only 	 1 	 140,000 	 - 	' - 

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 

of significance selected for this "thesis. 

To check the results obtained frdm Table 4.7, "Students" t test 

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

groups as measured by total employment.  The data for such à test are shown 

in Table 4.8. 

"Student's" t  test  for the difference between  the  means or the 

groups indicated that these differences were significant at 0.05. 

The results indicate that three distinct groups of firms can be 
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TABLE 4.8 

RESEARCH AND DEVELOPNIENT AND TOTAL 
EMPLOYNIENT 1N THE FIRM 

----_ 	  

innovative Activities 	Number 	Mean Total 	Range of 	Total Employment  
in•the Firm 	 Reporting 	Employment 	Highest 	Lowest 

None reported 	 21 	 • 504 	 1,500 	45 

Research only 	 8 	 1,190 	 2,320 	700 

D 	 - evelopment only 	 1 	 • 	 •  

Research and development 	10 	 7,021 	 22,600 	750 

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

I. A group of firms with no research and developmen t 

activities, having mean mineral revenues in 1973 of 

less than S40,000,000. 

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

having mean mineral revenues between  $40,000,000 

and $100,000,000 in 1973. 

3. A group of firms with mineral revenues in excess of 

8100,000,000 in 1973 1,vhich have both research and 

development, 

The firms in the sample were classified into three groups on the basis of 1973 

mineral revenues to test the size groupings outlined previously. A chi square 

contingency test was used on the data sho.,vn in  Table 4.9 to test for differences 

in the range of innovative activities of the firms in each size group. De tails of 
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TABLE 4.9 

1973 MINERAL REVENUES AND INNOVATIVE ACTIVITIES 

Mineral Revenues 

Number of Firms 	Number of Firms 	Number of Firms 
with no Innovative 	with Research 	with Research 

Activities 	 Only 	 and Development• 

	

0 to $ 40,000,000 	1 1  

	

S-10,000,000 to SI00,000,000 	6 

Over  $100,000,000  

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 ..7tudy,if significant, Will be shown at the foot of the relevant table. 

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

of the firm increase with the size of the firrn. Together with previous analysis 

presented in this section these findings support. the general proposition of this 

thesis and show that the magnitude and range of innovative activities carried out 

by firms in the Canadian mineral industries increase with the size  of  the firm. 

The managements 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 or th e.  firm; they do not expand by increases in the pro-

portion of resources devoted to research and development. 

0 

1 
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4.3.2 	Hypothesis I: The group of smallest firms in the process 

using industry will have no formal innovative activities in 

the firm, all such activities will be bought from specialized 

suppliers. 	. 

Twenty one firms in the sample reported that they had no formal 

research and development budget and no specialized research and development 

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 significaet 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  ruinerai revenues between  $ O and S40,000,000 in 1973. The firms were 

then classified according to their research and development activities. Of the 

firms with no innovative activities, numbering eighteen in total (three firms 

did not report mineral revenues), twelve reported revenues less than $40,000,000. 

Three firms with mineral revenues less than $40,000,000 in 1973 had innovative 

•activities in the firm. One of these firms is a Federal Government owned 

company which is non-profit oriented and whose operations are .mainly experi-

mental. This firm mines uranium. The second rum' is a ferrous mining -

operation utilized as a raw materials source by an integrated steel conip-any. At 

this mine ore reserves are limited and the company is making an a t Lem p t to 

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

the concentration of inctld in the shi pped conëen Ira te). The third coin pa ny is 

1 
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a non-ferrous mining operation that cannot be differentiated from other firms 

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

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

activities of firms with minentl revenues under S40,000,000 in 1973 are signifi-

cantly different from those firms with mineral revenues over S40,000,000. 

The analysis has shown that hypothesis I 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. 

4.3.3 	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 establishment 

of a research department. The purpose of this department 

will be to conceptualize needed process innovations. 

Chapter III proposed that firms initiating research activities would 

commit resources initially only to research and not to either development or 

process manufacture. We expect this commitment to be so because research is 

the cheapest function to perform and it is the next in the problem solving 

sequence to problem definition. Thus the firm can obtain concepts from this 

research activity for needed process technology at a relatively 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 industries which have 

innovative functions in the firm clt.sdicated solely to research activities was shown 

lb exiSt by Table 4.9. These firms are larger  (han  those with no research' 
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activities and smaller than those with both research and development. Eight firms 

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

were S52,800,000 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 tinns with research 

activities is from S14,700,000 to S106,500,000. In general, firms with mineral 

revenues between S40,000,000 and S100,000,000 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 S194,000 in 1974, significantly lo‘ver 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 aind engineers 

specifically for research and development. In firms carrying on research the 

mean employment of these personnel vas 3.6 per finn, significantly lower than 

for firms 1,vith research and development. 

The data presented above demonstrates the existence of a grOup of 

firms that can be differentiated from other finns in the mineral industries on 

the basis of their size and thç.' innovative letivities that they undertake. These 

firms are intermediate sized firms which in 1973 had mineral revenues between 

S40.000,000 and S100,000,000 and %n,'Itielt have um:rated a need for in-house • 



Number 
of 

Firms 

1 8 

5 10 ;  

Inncivative 
Functions in 

the Firm 

Research only 

Research and 
Development 

Employment of Qualified Scientists and Engineers  

All Firms 	Mean 	Maximum 	Minimum 

29 	3.6* 	12 

471 	47.1 	150 
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TABLE 4.10 

NATURE OF RESEARCH AND DEVELOPMENT 
ACTIVITY: BUDGETS 

Innovative 	Number 	Total Research . 	Average Range of Budgets Activities in 	of 	and Development 	Firm 
the Firm 	Firms 	Budgets 	Budget 	Maximum 	Minimum 

Research only 	8 	$ 1,556,000 • 	$ 194,000* $ • 	300,000 $ 50,000 

Research and 10 	$ 27,807,000 	$ 2,780,000 	$ 10,000,000  5 100,000 Development 

"Student's" t test shol.vecl that the mean budget for firrns with only research is 
significantly less than that for firms with both research and development.  • Level 
of significance is 0.05. 

TABLE 4.11 

NATURE OF RESEARCH AND DEVELOPMENT 
ACTIVITY: EMPLOYNIENT 

*".S.tudent's" t test . showed that the difference between the mean number of 
qualified scientists .and engineers for firms with only research and that for firms 
with both research and development is significant at 0.05. 
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innovation activities. The research 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 research and development, and the size of the 

research department is also smaller for these firms. 

4.3.4 	Hypothesis III. Firms in transition from a defensive strateey 

will move to integrate development activities into thé 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 integation of the development function into the firm commits 

the management to actions that utilize the product of research inside the firm. 

These actions are more expensive than research but depend upon its output for 

their success. However, Chapter III proposed that the integration of develop-

ment activities enabled the mining firm to reduce the risk in process innovation 

through a reduction in uncertainty.. This reduction 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 fir-ms conducting research and 

development is shown 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 S357,300.000 in 1973 and the  mean employment was 7,021. 

"Student's" t tests on these means showed that the nican size of firms in this 

group is significantly larger than that for firms, in the 2,roups , with different 
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innovative activities. The differences arc significant at 0.05. 

In 1973 mineral revenues for firms with research and development 

ranged from  39,700,000 to S1,172,800,000. The firm reporting the lowest 

mineral revenues is a Government owned mine in the uranium industry. The 

activities of this firm cannot be considered typical of firms in the Canadian 

mineral industries as it does not have economic profit as a primary mission. 

Its primary purpose is to carry out research and development •  on the process 

of uranium extraction. 

1 

Of the eight firms in the sample reporting mineral revenues for 

•1973 in excess of 3100,000,000 only two did not carry out both process 

research and development. One of these firms performed 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 could identify it as 

exceptional in the industry. The firm with only development activities is 

foreip owned, in the non-metallic mineral industry, and works closely with 

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

The absolute innovative effort of firms wittu research and develop-

ment is much greater than for those with only research activities.. The average 

research-and development.•budget in 1974 for the ten firms reporting was 

S2,780,000 and the average number  of  qualified scientists and engineers •. 

employed  in • these activities was 47 as slio n,vn in Tables 4.10 and 4.11. The 

.innovative activities carried on by firms'with research and development includes 

a relatively large proportion of product research. Of all funds allocated to 

research and development by these firms, fifteen percent are allocated .to product 
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research. This product research is intended to develop new markets l'or existing 

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

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

research and deyelopment. 

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 IV: 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 research and development, management must decide ho),v to manufac-

ture or obtain the necessary equipment to bring it into commercial use. At 

this point in time, the technology exists in the forrn of information such as 

blueprints. Inherent in the transformation to a full scale process is uncertainty 

in the future performance and price. The firm can either utilize the services 

of a specialized equipment manufacturer or it may choose to integrate the 

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

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

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

in the market may be eliminated and the advantages of administra tive in tegra lion 

obtained. 
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Interviews with executives in firms with research and development 

activities ascertained that two firms are active in process manufacture. The one 

firm in the sample with only development in the firm also reported that it 

carried on process manufacturing activities. No firms with either research only 

or no innovative activities were active in process manufacture. 

No statistical tests are possible on the manufacturin;-4 activities- • 

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 out research and development. Firms that do 

not carry out process manufacture but which have research and development 

were asked why they did not undertake process manufacture.. Executives in 

three of these firms report that their firms are not enzaged in the manufacture 

of process equipment because, as one executive commented: 

"Our business is to  mine ore, not to manufacture 
process equipment. It is the function of equipment 
supply firms to do that." 

Thus, management perception of the business of the firm app-ears to play some 

part in whether or not the firm manufactures process equipment. 

. The apparent purpose_ of the process manufacturing activities 

carried on by the three firms is to eliminate uncertainty in the initial manufac- 

ture and operatiOn .of the precess.  None of these.  firms perceive these activities 

as continuous. Existing facilities are nsed- to manufacture the first commercial. 

installation and any subsequent manufacture is undertaken by equipment 

suppliers who can take advantages of economies of scalc nOt available to the . 

.process user who manufacture  the equipment for his own use only. Then the 
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process using firm which developed the process usually licenses its nei,v technology 

to other mining firms. 

The preceding observations indicate that the integration of rnanufac-

turing activities 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 managements' view of the business of the firm 

than by size. It seems possible that the manufacture of process equipment is 

perceived by senior executives as a new business, whereas research and develop-

ment are seen more as extensions of skills already  in the firm. Relatively few 

firms in the Canadian mineral industries extend their innovative activities to 

the manufacture of the first commercial pro -cess. 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 III. Viith the exception 

of Hypothesis IV, these have bccn found to hold within the confidence limits 

defined as acceptance regionS for thisstudy. Hypothesis IV was found to hold 

for individual firms but not for a distinct group. 

The existence of four distinct innovative strategies Was proposed on 

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

in the Canadian mineral industries. The analysis lias shown that these resource 

commitments and activities, do exist, and that three groups of firms . ean be 

distinguished from one  ana tuer.  Therefore ‘vo can conclude that the lour 
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strategies do exist. These four strategies were characterized  as passive,  defensive, 

active and integrative earlier in this work. In the next chapter we shall discuss 

each of these strategies in some detail. 

•n 	• 

f 

1 
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I. 

CHAPTER V 

INNOVATIVE STRATEGIES OF FIRMS IN THE 
CANADIAN MINERAL INDUSTRIES 

5.1 	INTRODUCTION 

In the preceding chapter we saw that the research findinas support 

the proposition and hypotheses central to this study , and that firms in the 

Canadian mineral industries do have distinct innovative strategies. These 

stratecies have been characterized as: Passive, defensive, active, and inte.crative. 

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 strateciies 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 activities of the finns. 

3. The patent and licensing Ictivities of the firms. 

4. The 'relationship of the mining firms to process 

equipment suppliers.  • 

112 
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5.2 	FIRMS IMPLEMENTING A PASSIVE INNOVATION STRATEGY 

The adoption of a pasSive innovation strategy was proposed in 

Chapter 111 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 straterty. 	• 

Five of these firms reported some informal innovative activities, 

but were unable to provide any data on the nature cf these activities, the 

personnel involved, the cost, or the nieans for evaluating these activities. No 

specific examples of the outcome of these informal activities were provided by 

them. Certainly, these activities do not appear to be undertaken as a commit-

ment  •to long term research and development intended to provide a stream of 

process innovations. 

Eighteen firms in the group reported data on total corporate sales 

and minera  revenues which showed that they are not at all diversified. As 

shown in Table 5.1 the mean total sales were the same as the rnean mineral 

revenues.  All  their activities must take place in the  minerais  industries. • 

Furthermore, none of these firms are integrated forward into smelting or 

refining. All produce concentrate which is sold to large integ,rated 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 Wins in this . 

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

Even though firms with passive innovation strategies do not have 

research and development :lc tivities, they (k) have budget allocations to 
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"TABLE 15.1 

CHARACTERISTICS OF MINING FIRMS AND 
INNOV.ATIVE STRATEGY 

Innovative 
Strategy of 
the Firm 

Meen Number 
of Mine 

Locations 

Mn Total 	Mean Mineral 	Mean Explora- 
:Sales 	Revenues 	tion Budget 
.1973 	.1973 	 for 1974 

Passive 

Defensive 

Active or Integrative 

('000's) 	('000's) 

1,4 	 32,400 	32,400 	 470,000 

2,0 	 :56,000 	52,800 	 910,000 

5.0 	357,300 	303,800 	5,800,000 

exploration. Of twenty one firms with passive strateiiies, only four do not have 

exploration budgets. These four are all operating in either the ferrous or non-

metallic rnineral 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, one of the proprietary products of research and development, 

are not conSidered  important  by firms implementing a passive strategy as can be 

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

strategies is not surprising. They do not have the skills to enable patents to be 

acquired, and in fact, very little patent activity . is reported as can be seen from 

Tables 5.3 and 5.4. Only one patent is held by one firm which characterized 
. 	. 

patents as very important, 	 . 

This lack of activity in patents is reflected in an absence of been- 

sing activity by firms implçlnenting passive stratellies. NOI12 issued - licenses to 
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TABLE 5.2 

PERCEIVED IMPORTANCE OF PATENTS 

Importance of Patents 	 Passive 

Innovative Strategy of the Firm 

Defensive 	Active/Integrative 

Very 

Moderately 

Slightly 

Not at all 

6% 	 30% 

50% 	• 	30% 

25% 	 40% 

25% 	 0% 

100% 	 100% 

16% 

6% 

72% 

100% 

TABLE 5.3 

FIRMS HOLDING PATENTS 

Passive 

Defensive 

Active/Integrative 

1 	( 5%) 

3 	(40%) 

8 	(80%) 

	

20 (95%) 	21 	(100%) 

	

5 (60%) 	8 	(100%) 

	

2 (20%) 	10 	(100%) 

*A chi square test shows that firms in the three groups  (tiller  significantly in the 

numbers that possess  patents. . The level of signifieance is 0.05. 
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Passive 

Defensive 

Active/Integrative 

Total, all firms 

	

• 1 	 0 	• 	0• 

	

2 	 3 	 0 

	

22 	 12 	 26 

5 	 25 

5 

15 	 26 

11 
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TABLE 5.4 

NUN1BER OF PATENTS IIELD BY MINING FIRMS 

Innovative Strategy 
of the Firm 

Passive 

Defensive 

Active/Integrative 

Total, all firms 

Type of Patent 

Product 	 Process 	 Mining 
Technolou 	Technolou 	Technology 

0 	 1 	 0 

other firms and only one held a license from another firm as shown in Table 5.5 

Firms with passive strateeies appear not only unwilling to undertake research and 

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

through license. 

TAI3LE 5.5 

LICENSING ACTIVITIES • OF MINING FIRNIS 

Number .of Licenses 

Innovative Sir:um 	From Canadian 	From  Foreign 	To Canadian 	To Forcicm 
of 11 le Firm 	 Finns 	 Finns 	 Finns 	Finns 
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n : 

Number of Firms with 	Number of Firms with 
Innovative Activities 	 Passive Stratel-zy 

Internal 

Joint* 

External 

No Innovation Reported 

1 

3 	 1 

4 	 4 

1 	 13 

Source of Innovation 
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Data shown in Table 5.6 shows that firms with passive innovation 

strategies differ from those with innovative activities as to the source of major 

process innovations and the rate with which they come about. Thirteen firms 

with passive strategies report no major process innovation during the last ten 

years, compared to only one firm amonast those with innovative activities 

The majority of major process innovations Irt firms with passive innovation 

strategies 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 

*Joint implies innovation jointly by mine and equipment supplier. 

The cost of these major process innovations was estimated by firms 

responding to the questionnaire. In general, companies implementing passive 

innovaticin stratt.sgies placed the cdst in excess of S I 00,000  and  less than 

$5,000;000 as ean be sien from Table 5.12. These ustima tes tended to be lower 

than . those made by firms' with research and cle n"ielopmen t,  bu t sign i fican tly  lit  

e• Xcess or the cost estimates or process equipment suppliers' rrom whom it is 
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, ; „.,..ted these firms purchase process innovations. 

Firms implementing passive strategies do purchase process equipment 

„.%•JtiOlIS from suppliers, but in general, only infrequently as shos..vn in Table 

7. The median frequency of using suppliers is twice per decade. However, it 

• that the majority have at some time purchased the innovative services of 

,.;tpinent suppliers on a one time basis to supply sk.ills not in the firm. 

• teen firms reported that they had used equipment suppliers. Of these firms, 

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

c;,1 11 paid the development costs of the .suppliers, but fourteen considered that 

fte supplier had been useful in acquiring process innovation. These data are 

• in Table 5.8. 

TABLE 5.7 

FREQUENCY OF PURCHASE OF INNOVATION FRONI 
EQUIPMENT SUPPLIERS I3Y MINING FIRMS 

Innovative Strategy of the Min-ing  Firm 

1 . reqitency of Purchase 	Passive 	 Defensive 	 Active/Inte.grative 

• e%er 

It:frequently 

1 ).„;J , io1ally 

1July often 

Vet> often 

1..141 

(Number of Firms) 

4 	20% 	 0 	0% 	 0 	0% 

9 	45% 	 2 	25% 	 6 	60% 

6 	30% 	 6 	75% 	 4 	40% 

1 	5% 	- 	. 	0 	0% 	 0 	0% 

0 	0% 	 . 0 	0% - 	- 	0'  

- 20 	100% 	 8 	100% 	 10 	. 	100% 
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TABLE 5.8 

USE OF EQUIPMENT SUPPLIERS FOR PROCESS INNOVATION 

. 	 Number  of.Mining Firms Perceiving Suppliers 

. Innovative Strateg of Mining Firm as: 	lielpful 	 Not Helpful 

Passive 

Defensive 

Active/Integrative 

*A chi square test shows that firms with defensive stratezies are significantly 
different from other mining firms in their perception of the helpfulness  of 

 process equipment suppliers. The difference is significant at 0.05. 

Firms implementing a passive innovation strategy appear to experience 

a low rate of process innovation compared to others in the mineral industries. 

Patent and licensing data show that the informal innovation activities undertaken 

by these firms result in few processes that are of general application and con-

sequent commercial value. Suppliers, when utilized, are expected to .perform a 

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

frequency with which they are utilized is low, and the nature of their innovative 

activities in Canada is limited as will be demonstrated in Chapter VI. 

Although this analysis has shol,vn a low rate .of process. innovation 

to take place in small mining firms with passive innovation strategies, it is not 

sufficient to Show that this rate is .  detrimental to their business success. 

Further research is necessary to establish a 'position on this !natter and such 

• 'research is liot within the scope of this research. 
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5.3 	FIRMS IMPLEMENTING A DEFENSIVE INNOVATION 
STRATEGY 

In Chapter III we proposed that the adoption of a defensive innova-

tion strategy would be characterized 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 strateay. 

These firms do not appear to be diversified to any areat extent. 

The mean dollar sales and mineral revenues for 1973 shown in Table 5.1 

indicate that 94% of the total sales for this aroup are in the mineral industries. 

• Three of the firms are integrated forward into smeltina whilst the remainina 

five sell their products in concentrate form. Production 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 budgets reported by these firms were significantly less 

than the budget allocations made to exploration. Tables 4.10 and 5.1 show 

that the amount allocated to research 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 research budgets for firms with defensive innovation strategies 

are only allocated to process and mining research. No product research is 

carried out. The majority of the research budget is equally divided between 

Milling research and metallurgical process research as shown in Table 5,9, 



Firms with Defensive 
Innovation Stratezy 

Firms with Active/Integratiye 
innovation  Strat e '  

k3 

'1 

6 

7 

9 

6 

9 

9 

18 

58 

15 

100 
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TABLE 5.9 

RESEARCH  BUDGET ALL6CATIONS FOR FIRMS IN THE S.kMPLE 

Area of Concern 
Number of Mean Percent 

Firms 	of Total Budget 
Number of 	Mean Percent 

Firms 	of Total 11tidget 

Mining research 	 2 	 10 

Milling research 	 8 	 45 

Metallurgical process research 	7 	 45 

Product research 	 0 	 0 

Total, all firms 	 8 	100 

Firms with defensive innovation strategies perceive patents as more 

important than do those with passive strategies, but less important than others 

with active innovation strategies, as cari  be seen in Table 5.2. The research 

activities in these firms result in few patents. Three companies hold between 

them six patents, t‘vo of which are for product technology. The 'firm holding 

these two patents does not now carry on product research. 

. Little licensing activity is carried on by these mining firms. Table 

Si()  shows  that only one firm has issued two licenses as indicated  in Table  5.5. 

Two others eaCh possess one license from foreign mining firms. 

Firms with 'defensive innovation strategies cooperate n,vith process 

eciuipment suppliers more than other firms in the mineral industries. Six out 

of eight in this group use equipment suppliers for innovative services as often 

fI 
1 
1.  
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TABLE 5.10 

NUMBER OF NIINING FIRMS ENGAGED IN LICENSING 

Innovative Strategy 
of the Firm 

Number of Nlining Firms 	Number of Ntining Firms 
Issuing Licenses 	 Receivino Licenses 

......1•n••nnn••nnn• 

Passive 	 0 	( 0%)* 
• 

Defensive 	 1 	(12.5%) 

Active/Integrative 	 6 	(60%) 

*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. Five 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 S100,000 and S500,000 (Table 5.12). Only 

one firm estimated the costs to be in excess of 51,000,000. None were able to 

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

Firms with defensive innovation strategies appear to utilize the out- , 

comes of research internally and. rarely trade in new technology through patents 

and licenses. The absence of development from the firm may mean that . an  

innovation cannot be specified to the precision requirt.sd for patents to be 

obtained. However, if the prodUcts of rese. arch are to be brought into commer-

cial use by the In in ing firms developinen t  lune tions must be purchased.  1 ence, 
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I  

equipment suppliers are important because they can possibly supply the innovative 

functions which the mining firm misses. These suppliers are expected to develop 

and manufacture the process from concepts supplied by the mining firm. 
,r. 

Possibly the process equipinent suppliers subsequently profit from the sale of 
• 

the new technology to other firms in the mineral industries. 	 1;1 

5.4 	FIRMS IMPLEMENTING AN ACTIVE INNOVATION 
STRATEGY 

The presence in the firm of both research and development functions 

and budgets ‘vas stated in Chapter III to characterize the adoption of an adtive -

strategy. -  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 diversification 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 

activities. All eight firms are inteesated forward into smelting, and three of 

them are further integrated into metal forming. All have more than one mining 

operation.  The mcan number of ininitu,,  operations reported was 5, \,vith the 

median reported being 3 and the maximum 14. 

• The innovative effort of these firms••is oriented toward metallurgical 

process research. The major portion of the research and development budget .is 

allocated to this area and, as shown in Table 5.11, nine firms have development 

groups working on metallurgical process problems. 
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Role of the Development Group Absolute Number 
Percentage of Firms 

in the Group 

9 	 (90%) 

4 	 (40%) 

4 	 (40%) 

(20%) 2 

Metallurgical process development 

Mining process development 

Product development 

Cross functional, linking research, 
development, and production 

•••-• 	 . 	
.. • 	

. 

TABLE 5.11 

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

Number of Firms Reporting 

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 rnineral industries as can be seen fro.m 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  S2,000,000 to S23,000,000. 

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

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

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

innovation to come about.  • 	 • 

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

exploration budgets shown in Tables 4.10 and 5.1 reveals that they devote nearly 

1 

or in tegrative stra tegies. Comparison of the research and development and 
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Ti;i1iLE 5.12 

PERCEIVED COST OF A MAJOR PROCESS INNOVATION 

Strategies of Firms Reportina 

Perceived Cost of Innovation 	 Passive 	Defensive 	Aetive/Intezrative 

Over 	$5,000,000 

Under  $5,000,000,  
over 	$1,000,000 

Under S1,000,000, 
over 	$ 500,000 ' 

Under $ 500,000, 
over 	S 100,000 

1 	( 9%) 	• 0 	( 0%) 	3 	(42%) 

4 	(36%) 	1 	(20%) 	3 	(42%) 

3 	(27%) 	0 	( 0%) 	1 - (16%) 

(28%) 	4 	(80%) 	0 	( 0%) 

100% 	 100% 100% 

half as much effort to innovation as to exploration, a higher ratio than for either 

of the other groups. Patents are 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. 	r 

Over 60% of these patents are for metallun.rical processes. The 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 defenSive stratees have the skill in the firm to produce specifications  to  

titis degree of precision. 

• 	The patent activity of these firms is reflected in the licensing activity 

reported in Table 5.5. Ninety onc percent of all 'licenses held and issued -  by the 

firms in the sample arc related to firms with active or integrative strategies. • 
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More licenses have been issue d .  by these firms than have been purchased by them. 

A total of 38 licenses have been issued in the last five years and 27 haVe been 

purchased. 

The range of innovative activities in these companies and the con-

sequent reduction in the purchase of innovative services from specialized equipment 

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 development activities in these mining 

firms 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 

strategies report that they pay these costs when they contract with equipment 

• suppliers.  for development services. 

• Firms with active or integrative innovation strategies deal commercially 

in the purchase and sale of process technology far more frequently than those 

with other strategies. The activities of these firms in patents and licensing are 

high compared to others in the mineral industries, and their dependence on pro-

cess equipment suppliers for new process technology appears low. The commercial 

value of these innovative activities to the individual firin has not been ascertained 

directly by the research, but firms indicate in their responses that the outcome 

of their research and development activities are important to their businesses. 

e; 
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5.5 	FIRMS IMPLEMENTING AN INTEGRATIVE. • 
INNOVATION STRATEGY 

In Chapter HI an integrative strategy was proposed to be character- 

ised by the 'presence in the firm of process research, development  and  manufacture. 

The nature of the strategy was proposed as either simple, by which the firm 

manufactures the process for its own use only, or compound, whereby it sells 

process technology as working processes to others in the mineral industries. 

Three firms in the sample were identified as implementin g  a simple process inno-

vation strategy. 'These firms do not form a distinct r.troup, althou2h two have 

both research and cleveloprnent and all three report mineral revenues for 1973 

in excess of S100,000,000. The third company possesses 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 discussion with managers of research  and •  

development in these firms it wus established that the process manufacturing 

activity is only carried out for the first commercial unit. All subsequent units 

are manufactured by specialized process equipment suppliers if subsequent units 

are required; These .suppliers can take advantages of economies of scale not 

available to t he in ining firm ma nu facturing Onl y for itscl f. Frequently the • 

process technology is sold by the mining firm to other firms in the mineral 

industries under license or on a production royalty  hais.  



1 ? 

1 

: 3 

g 

1 

r
[ 1 

1 
1 

1 

e: • re  

ievestment in equipment for the purpose of manufacturing process equipment. 

Existing general purpose equipment is utilized for the manufacture of the 

process, and specialized components are purchased from suppliers on a job shop 

contract. The purpose of this integrative strategy appears tcy enable the firm 

to retain control of the process innovation until it is introduced commercially 

and there are no uncertainties in the specification and performance of the process. 

In order to obtain the advantages of integrating the manufacture of the first 

unit into the firm, they appear to be willing to foreeo the economies of scale 

that would be available to specialized process equipment suppliers who miet be 

used to manufacture the equipment. 

Firms with an integrative innovation strategy report no specific 

128 

• 

I

l
i
' 

i 
' 



- 

,..›,,ettealeadeadbobsee.lualer...,—,AdzkaM>.a.e.A.' 

reilee»e  
..KnFeriattbiredigieeidecif 01,,,e,  

- 

eS; 

CHAPTER VI 

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. 

activities. However, the range  of these activities decreases in smaller firniS 

The innovative strategies that these firms implement are dependent 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 defensive innovation strategy obtain process development and manufacture 

from these suppliers. Firms with active innovation strategies utilize equipment 

suppliers to manufacture processes. 

kk 

e 

•'! 

t 1 

According to the theories of Little, Stieler and Smith we expect to 

find process suppliers carrying out a Wide  range  of.process innovation activities 

. for mining. firms. Morton and Wrigley implied that mining firms integrate . 

process innovation functions and we expe.ct to find specialized suppliers carrying 

.out few Process innovation funètions for mining firms. 

In this cha pter we will presen t in formation wh ich shows the forma I 

innovative •activities of process equipment suppliers to l_-)0 limited compared to 

129 
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those 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 suppliers report that they are unwilling to carry on 

innovative activities because of the general reluctance 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 sufficient resources 

to risk the uncertain outcome of these activities. 

PROCESS EQUIPMENT SUPPLIERS 

6.2.1 	.Generv.1 Information 

The questionnaire presented in Appendix B was distributed t 

companies that advertised as suppliers of process equipment to firms in the 

f 

6.2 	PRESENTATION AND DISCUSSION OF DATA FRONI 

Canadian mineral industries. Completed replies were obtained fromQ .8 	. 

T (- wentY1-1. 	others replied by letter stating that they could not take part in 
,.--- 

the research. Reasons given varied from confidentiality to an absence of sales 

in the mineral industries in Canada. -  The effective response rate was 22.6%. 

The firrns in this sample produce a wide range of process equipment for the 

Mineral industries. The price of this equipment ranges from S100 to $2,000,000 

per  unit. 

Total corporate sales in 1973 amounting to $386,130,000 were 

reported by 36 firms in the sample. Sales to the minerztl industries by these 

suppliers in 1973 totalled S76,570.000, approximately 20.1% of total sales. 

Total Canadian employment of 6413 people was •rt‘ported in the 38 firms on 
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December 31 1973. Research and development activities fbr the Canadian 

mineral industries are undertaken by. fourteen out of the 38 firms in the sample. 

6.2.2 	Research and Development Activities of Sample Firms 

Full time personnel in formal research and development departments 

were employed by the foudeen firms reporting a forrnal research and develo.p-

ment budget in Canada I& 1974.. 	In 1973 these firms' had total sales of 

S56,970,000 which amounted to 14.5% of the total sales of the sample. Mineral 

industries salés by these firms in 1973 totalled S33,780,000 representing 4 4.5% 

of all sales to the mineral industries by firms in the sample. Table 6,1 shows 

that, although firms doing research and development have lower total sales than 

those not carrying out research and development for the mineral industries, 

they derive a geater proportion of their revenues from the mineral industries. • 

There appears to be little or no difference between firms that carry out research 

; 
product lines 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 research and development  budget  reported . 

 is S90,000 in 1974. Approximately 3.0% of sales revenues are allocated, to 

research and development by the eleven firms reporting..such . data. Over half 

the allocations are made to - developinent. 

The magnitude of these research and development budgets is small 

compared to those of firms in the minerai  industries. The mean research and 

and deVelopment and those that do not in patterns of ownership, .nature  of 

1:4 

1-  

11 
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2 4 15 14* $ 17,540,000 

Number of 	Dollar Allocation 	Percentage of Total 
Firms 	 to Activity 	 Allocation Activity 

Basic research 	 5 	 121,600 	 1 2  

Applied research 	 T 	 326,100 	 32 

Declopment 	 9 	 556,300 	 56 

Total, all firms 	 I I 	 1,004,000 	 100 

TABLE 6.2 

ALLOCATION OF RESEARCH AND DEVELOPMENT BUDGETS 

TABLE 6.1 

PERFORMANCE OF RESEARCH AND DEVELOPMENT 
BY PROCESS EQUIPMENT SUPPLIERS 

132 

Percentage of Total Sales Made 
Number of 	Mean Total 	• 	to Mineral Industries 

Firms 	Sales, 1973 	0-49% 	50-75% 	76-100% 

No research 
and development 

14* 	$ 5,180,000 	3 	3 

*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 firrns in the Canadian 
mineral . industries have a higher proportion of their sales to the mineral 
industries than firms without research and development. The test was significant 
at 0.05. 

Nature of 
Activity 

Research and 
development 

5** 
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development budget for firms in the mineral industries is S2,780,000 in 1974. 

Those firms with only research reported a mean budget in 1974 of 3194,000. 

[Clearly, 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 
. — 

industries.  This  suggests that process equipment supply firins in Canada do not 

focus their innovative efforts on a complete process innovation as do mining 

firms. Rather, they probably research, develop and manufacture equipment 
., 

which may form an integral part of a larger process. This innovation may then 

be supplied to firrns in the mineral industries as a component part of a new 

process. 

The pbssibility tha.t firrits in the equipment supply industries focus 

their research and development only on component parts of a laraer process is 

supported by data on the costs of product innovation shown in Table 6.3. 

The firms in the sample of equipment suppliers were asked to estirnate a- general 

order of magnitude for a product innovation intended for use in mineral industry 

processeS. Twenty two out ‹of twenty six firms reporting estimated the total 

cost to be undrer S100,000. Only  four  reported the cost to be in. excess of 

$100,000. ln contrast, estimates of the Cost of process innovation s.vere made 

by firms in the mineral industries in Table 5.1'2. None of them -  estimated the 

cost to be under.3100,000. The mean of the reported costs is approximately - 

S1,000,000. This estimate is far larger than that reported by equipment supply 

firms. LThe difference in these cost -  estimate- srovides support for the notion 

that the equipment s'uPPly firms only play the role of component suppliers in 

pros innovation for the Canadian minerztl industries. 

At this point -note must be taken that one firm which was includt:d 
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TABLE 6.3 

COST ESTIMATES OF PRODUCT INNOVATION 

Number of Firms Reporting Cost as: 
Under  $40,000 	S41-5100.000 	Over S100,000 

Research and development in the firm 

No research and development in the firm 

Total, all firms 

in•  the research, but not in the statistical sample Carries on an extensive programme 

of research and development in Canada for firms in the mineral industries. The 

company is owned by a large, American wulti-nation.al enterprise. The manage- 
'j  0 y »'1/j! (see. 	) 

ment of this firm perceives the Canaclian[frnineral industries to be the most 

technologically advanced in the world. By locating the research and development . 	- 	. 

centre in Canada, they are able to take advantage of spatial proximity to firms 

in the Canadian mineral industries. The annual budget for the centre is 

$2,000,000, approximately twice that for all other suppliers in this research, 

and approximately of the same magnitude as that of the lare mining firms, 

The management of the Canadian subsidiary report that the closeness to Canadian 

mining companies facilitates the flow of technical information to the company 

from. these firms. With their cooperation, new products are developed, manu-

factured and sold in Canada, and subsequently exported to  initierai industries 

in foreign lands. - This strategy is considered by the management of the firin to 

provide it with an advantage over its 'competitors. 

' 

Innovative Activities 
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• • 6.2.3 	New Product Information 

The level of process t'echnology in the mineral industries must depend 

to some•extent on the effectiveness and frequency of new product introduction 

by process equipment suppliers: In this section the new product activities of 

process equipment suppliers will be presented and discussed. 

Process equipment suppliers with research and development have a 

higher rate of new produet introduction than firms that do not have these 

activities as shown in Table 6.4. The average age of the newest product in the 

company line marketed to firms in the Canadian mineral industries is 5 years 

for firms n,vith research and development and 9 years for those without. 

Canadian owned firms appear to have a lower rate of product inno-

vation than firms controlled 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 foreian parent. Six of these firms also have their own 

research and development in Canada.. 

. 	The manufacture of new products in Canada is strongly related to  

the performance of research  and  • development. New products are generally 

manufactured in Canada by firms with research and development, but are 	 Fi 
e; 

. frequently first .manufactured abroad by firms without such activities. as shown  
• P 

' 	• 	. 	- in Table 6.5. , 	 0 
. 	 . . 	 Y . 	. 	 . 

.r- 

. 	 . 	 i.: .,. 



Canadian 	 5 

'United States 

3 	 15 5 	9 

9 

'6 

25 	2.77 

;() 

Other 

TABLE 6.4 

THE RATE OF NEW PRODUCT INTRODUCTION 
1969 to 1974 

• Firms Carrying Out Research and  Development 	 trs Noft eCeffyLltig  fOCA !ikesëMréh 	beVebetetii  

'rota' 	rNititibdr 	Fcta Nùrib& 	X%'tira•Èè 
'Nurriber 	cipo 	'Of -NeW 	lpdr 
'Of 'Firms . 	New  'Proliéts 'Pro .duets 

.6 	 6 	48 	 8 

. 	Total 	N umber 	Total Number 	Average 

OWnerhip .Œf the 'Firm 	Number 	Reporting 	of New 	per 
of Firms 	New Products Products 	Finn 
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Location of Manufacture 
In Canada 	Abroad Activities in Canada 

• • 

1 37 

TABLE .6.5 

LOCATION OF  MANUFACTURE  OF NEW PRODUCTS 

Firms with research and development 

Firms vrith no reseach and development 	7 	 II* 
in Canada 

11 

*The difference between the g.roups in the location of 
manufacture is sianificant at 0.05. 

6.2.4 . 	• Relationship  WI th  Milling Companies 

The i.villingness of the mining firm to innovate.  appears to be a key 	yive 

•`i 

factor in inducing the process equipment supplier to perform research and develop-

ment. Process equipment suppliers report that the contribution to profit_b.y a 

process innovation may be much greater for a mining firm than the profit to the 

process equipment manufacturer from the sale of the eqUipment. • Hence unwilling-

ness by mining firms in general to assume some of the development_risks of 

process equipment suppliers may discourage the suppliers from making an onaoing 

commitment •to research and development. In fact, process equipment suppliers 

do see mining companies as being reluctant to adopt process innovations. This is 

one of the major obstacles to greater cooperation perceived by the .managements 

•of these firms. The three most frequently mentioned obstacles are: 

1. The reluctance of mining companies to adopt 

process innovation. 	'  
' 

------- 
2. Thp--rffrerence for foreign owned equipment- 

•_ 
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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 companies 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 

Absolute Number of Selections 	Frequency of Selection 

Firms with Research and Development 	 48 

Firms with Research only 	 3 - 

Firms with no Innovative Activities 	 4 

Innovative Activities in the Firm 

rà 

1?! 
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TABLE 6:7 

PERCEIVED INNOVATIVENESS OF FIRMS IN THE 'MINERAL 
INDUSTRIES: MAJOR SIZE GROUPINGS 

...gwygMyiewn 

Perceived as Most Innovative Number of Selections 	Frequency of Selection 

Large mining firms 	 16 

Small mining firms 	 1 

Size not a determinant 	• 	 17 

No response • 	 4 

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 .and 

development effort made by process equipment suppliers in Canada has been shov,en 

to be .small and the relationship between *these firms and mining firms has been 

shown to be Ihnited. The unwillingness of mining firms to contribute to the 

performance of 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 these activities because their outcome is 

uncertain in terms of performance and price. Under these conditions, the ability 

of process equipment suPpliers to develop major process innovations for the 

Canadian mineral industries may be very small. • • 

• 	. • 
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CHAPTER VII 

SUMMARY AND CONCLUSIONS 

7.1 	INTRODUCTION 

Process . innovation for the Canadian.Mineral 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 find hard 
to bear. Consequently, small firms devote few, if 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 Industries', a. --p-ap 
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 suppliers, and as we have seen, the research effort 
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 process equipment. 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 Ma'-Ferguson of mining. 

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 ranadian Minéral Industries' 
act in the manner predicted by the model. General conclusions on 
the nature of process innovation will be drawn. The second section • 
discusses the practical implications of the_research for managers 
in industry. The third section considers some  implications ofthe 
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*study for public policy and the fourth suggests topics 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 minera l .  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 mhich it was 
expected that innovative activities would grow are also supported 
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-

(:  the hypotheses with only.onè majoreXeeption - 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 tà those implementing an active innovation 
strategy. The third firm possesses only process development 
and manufacturing in Canada. Basic and applied research are 
carried out for this firm by its  parent' in the United States. In 
this sense the firm may be considered to be implementing an 
extended integrative strategy.. 

The exception noted above does not affect the general find-
ings of the research.' Four innovative  stratégies do exist amongst 
firms in the Canadian mineral industries. The nature of these. • 
strategies and the principal operating characteristics of the firms 
implementing them are shown in Figure 7.1. 

• 
. As firms in the.Canadian mineral industries increase in 

size, functions associated with proceas 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 decision making •process related to the adoption 
of  an  . inno-vative strategy. This process might be the subject of 
further research. However, the logical inference from these actions 
is that the managements of larger firms perceive the . benefits to 
be obtained from integrating these activities as greater than the 
costs incurred. 

The smallest firms in the mineral industries do not, in 
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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 nôt perceive benefits froM.intearating 
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 
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 equipment suppliers indicates that the present market 
mechanism is unsatisfactory. 

• Thé research findings raise doubts about the ability of 
specialized prOcess equipment suppliers in Canada to provide 
innovatiVe Services for firms in the .  Canadian mineral industries. 
The research showed that tha formal research and development 
activities of these companies is limited and that the indiVidual. 

• innovations  which they make are low cost compared to the cost 
- estimates of process innovation made by firms in the mineral 

industries. The reluctance of mining firms to adopt process 
innovations was Cited by these suppliers 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 firffi', where a prodess innovation failure may 
cause ruin, innovation is shunned. The unceràinty in process 

• innovation purchased through the market causes suppliers to per ,- 
ceive many mining firms as being 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 reality, 
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. Silch 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 
wi11 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 economies 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 innovations . 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 process 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 directed 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 suecifications 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. Conseauently, all other activities in the 
mining company must compete with  exploration for the 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 required. Thé firm knows-little about • 

• the nature of processes required in the future, and if new ore 
reserves 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 absence 
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in the firm - of any long terM innovative capability: The're-
search'shows that small mining firms do act in a manner con-
sistent with this description. 

Once the mining firm hes grown to an intermediate size 
'and its future seems assured Over a reasenably 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 
develobment of new processes cannot be left to chance. 'Management 
must move to acquire new process technology. The choice available 

either to purchase the new technology from specialized suppliers 
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 acquisition  of new processes. At the outset of the acquisition 
process, the mining firm does not know the process .required, 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 relativelv.cheap and allows the mining 
firm to create outline specifications for required processes. 
?rocess development and manufacture, which are relatively expensive 
and not recruired until the research 'function has proven successful, 
are still left to be purchased from specialized process eauipment 
suppliers. Managementdevelopment 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 fiew 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 possession of proprietary rights to a process 
enabling cheaper mineral recovery allows the fiLm-to make greater 
profits than its competitors. Possession of * advanced processes 
may enable 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 exceed 
the one-time benefits from the economies of scale available to 
suppliers. 
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The research showed that three large mining firms i'n-
tegrate process manufacture in additioh to research and 
development. AJ 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 smecifications 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 fiLms 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 dondition for their arguments to. 
hold is the existence of specialized equipment sUmpliers with 
research and development  programmes  intended to pî.bvide a stream 
of new processes to firms  in the  Canadian mineral industries. 

The research showed that little formal research and de-
velopment is carried on by process equipment-suppliers  in Canada.  
These firms reported that mining firms discouraged.such . mroqrammes 
because of their reluctance to innovate. Only the large mining 
firms, all of which have their own research and,development 
programmes were perceived bv suppliers to be innovative. As 

• - proposed earlier, the barrier to the acquisition of process • 
innovation through purchase across the market appears tO be 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 potentiali 
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 Conclusions 

The. research  has shown that the Canadian mineral industries 
are unlike_many others in the way firms acquire prôcesS 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 mav 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 integràt- . 
ing, process innovation activities. Distinct cOmpetitive advantages 
can be gained fromthis strategy. . 

In other industries uncertainty exists- in the produot 
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 development in anticipation 
of gaining a competitive advantage. Once a firm has established 
a dominance in its product techndlogy and can exclude competitors 
from the market on this 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 
available to the individual process user. Abernathy and Townsend 
suggest this may occur when the process technoloay in an industry 
has reached an advanced stage where technological development must 
be considered as systems problems: . 

"Eventually, technological advances need 
to be treated as systems development prà-
blems. A Specialized equipmenf  supplier 
industry may form  and  be sustained in 
larger industries to conduct the develop-
ment of process-specific equipment, since 
development costs are then amortized over 
more installations.-" -L  

Where process innovations arise from specialized suppliers, there 
can be little competition within the process using industry on 
the basis of new prOcesses as advances are quickly available to 
all users. 

This situation is not the case in the large Canadian 
mineral industries. Firms have no interest in seeing - process 
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 research  and development 
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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 fi.uus to leave process innovation to suppliers. In. 
these industries, process innovation plays the role •hat Product 
innovation does in many others. We havé seen that as the size 
of the mining firm 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 
7.3.1 General 

Firms in industries other than mining require process . 
innovations if they  are  • to survive and grow. In "commodity" 
industries, such as lumber and eneray, competitiveness is 
in part based on the possession of superior Processes. I r. 
mature industries, such as steel-making and basic chemicals, 
firms with best practice processes are more equipped to . 
compete on price than others. 

No matter in what industry, process innovation introduces 
unmeasurable uncertainty into the business of firms. Price, 
performance and the specifications of new processes are ail 

 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 some good luck. Business history is filled 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 specialised suppliers 
as required. Administrative integration involves a long-
term commitment of financial, technical and managerial 



149 

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. 
Iiowever, 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 Canadian 
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 fàrmerly 
only available from specialized suppliers. These 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 
must be eliminated. The administrative intégration 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. Specificallyi 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 
invest in a low yield project supporting 
Division A than a higher yield profect for 
Division B." 2 

Support for.  seemingly low.return research and development 
projects may.be .necessary in industries such as mining. * 
These projectsï if successful,-enable the introduction of 
processes which facilitate new corporate ventures that would 
be impossible otherwise. In addition they may permit the 
continùance of existing operations whiCh would becôme 
uneconomic without innovation. Although the research and. 
development required for project-viability appears to have 
4 low return, the resulting venture may be extremely -  - 
profitable. 

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 be compared in these terms. However, 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.projects, 
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 prefits bear no relation to the initial 
outlay on research and development. 

This argument implies that an innovative strategy 
adopted 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 performance 
inherent in the purchase-may prevent the signing of a 
contract. Even when one is signed, the supplier may not 
develop the desired innovation. 

Supplierà can, however, play a key 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 is achieved where frequent . face-to face contact and 
cooperation develops a form of administrative  integration. 
Financial arrangements must be flexible enough to allow 
for uncertainty in specification, performance and price. 
The equipment 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 expense of their own research and development facilities 
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and do not need a stream of process innovations. For them, 
the purchaSe of innovative services from equipment 
suppliers can be a major source of innovation, provided a 
relationship is:develdped 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, 
Must be viewed as a temporary administrative extension of 
the buyer. Management from both firms must integrate and 
direct' joint activities towards succesSful process 
innovation. 

From the - preceding discussion we can see that process 
Innovation could arise in either the user or the process 
equipment supplier. In the past both categories appear to 
have contribüted. 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 of competitive advantage, 
process innovation often went along with product innovation 
or was relegated to suppliers. These suppliers adted as 
"gatekeepers" and diffused new process technolocy 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  dore for many 
year's, 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 Mineral Related Industries 

Mining is an uncertain business even without process 
•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. However, at the present time there are significant 
pressures on Canadian mining firms to innovate. Declining 
.ore grades and increasing.costs mean tbat Canadian  mines  



152 

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-
vorkers These changes have tb be made in an environment 
made more uncertain by Government policies unfavourable 
to the industries. 	. 

In large mining firms uncertaintv . can be spread 
across sufficient operations that proces s .  innovation in 
one operation. would not endanger the- firm if it fails. 

these firms considerable resources are committed to 
long term innovation programmes.In 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 frequently 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 II, 
mining firms rarely diversify, 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 
.of the President that the firm is a mining company and 
that equipment design and manufacture is not its 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 firrà -could benefit from close cooperation with process 
equipment suppliers in Canada who themselves have •similar 

. .activities. The development of close.working relationships 
could enable the manufacturing firm to capitalise on the 
process knowledge of the mining firm; whilst the mining 
firms would be first to acquire any new processes. In this , 
type of  relationship the equipment supplier would probably 
have the proprietary rights to any innovation. Subsequent 



153 

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 mining fizia more than 
the supplier. 

Smaller mining firms with no formal innovative 
activities are the most vulnerable to a widening technology 
gap. Many of theSe firms adopt a "follOwer" strategy tb 
process changes. They wait until a new process segment has 
been successfùlly 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, requiring special skills. 

The adoption of a passive innovation strategy, 
entailing as it does the small mining firm to be a 
follower, places it at a competitive disadvantage to 
larger firms. In many industries the cost of innovation is 

. lbw 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 
to exploration in an attempt to locate new mineral deposits. 
They do not require a stream of process innovations, and 
money devoted to a long term research and development 

:programme is unnecessary. However, it is td their benefit, 
their workers t 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 orgahization 
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 applied. 

• research and development through to start-up and running-in 
expertise. One. of_its major functions should be to keep 
small-mining firms informed about process.deVelopments.. 
!liining firms could pay a subscription fee to cover the .- . 

':.overheads of the organization .and a further fee for  use  of 	, 
their services. As far as possible, market relationships 
should be eliminated from dealings with this organization. 
Mining firms would effectively hire human resources from 
it for limited periods of time uring which they would be 
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effectively members of the mine's technical and management 
team. 

i /i=n-Is  C.O 
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foreign firms  or are subsidiaries carrying out some 	. 

r 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 allocated by the Canadian subsidiary of Joy 
Manufacturing. The purpose of its research and deverOPment 
programme in Canada is to capitalise on Canadian hard rock 
mining expertise...."the best in the world". Like Joy 
Manufacturing these firms have higher rates of product 
innovation and report significantly higher export dctivity 
than firms without research and development. 

Not a few mining equipment supply companies reported 
that they found mining firms' to be 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.• 
Firms 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. Obviously 
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 again 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 been even 
greater if sOme Of the mining madhinery iMported.had been 
produced in Canada. 

The viability of Canada's resource industries in 
international markets continues' to be significant to the 
country's continued economic health. However, in the Canadian 

The research showed that in general, mihing equipment 



155 

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 capacity of 150,000 tonnes. To , 
these developments Canada's mineral industries have available only 
one major strategic resloonse; more efficient exploration, 
higher productivity and lower costs - through 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 sort ,of innovation in Canadian•mining. Several 
firms moved— their new Mine development 'activities abroad 
and INÇO,traditionally a nickel company,diversified into 
secondary manufacturing in the United 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 considerable 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,number 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_ffiedium 
sized firms to adopt new processes.These firms provide the 
competitive cha ll enge 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 increase 
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 provided by Government laboratories. 

4 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 
commented 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 Processes. Substantial 
industries in Sweden, Germany and the United States have 
develpped 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 Governments,have recognised . 
that small firms cannot compete effectively in international 
capital equipment markets where the nature of the product 
requires extensive after sales support. Purchasers of mining 
eauipment 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 eauipment. 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.establishment of this firm 
'would be a strategic move to derive increased revenues, 
employment and experts from mineral related industries. 

• Imports of mining equipment would probably be reduced. 
If Canada is to develop sucoessful manufacturing industries, 
mining equipment, like agricultural equipment, is one of 
the most obvious opportunities given •our mining expertise. 
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As the research has shown, to be succesSful this 
manufacturing 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 Electrià 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 arbund the 
world. A similar arrangement is not inconceivable as being 
effective in the Canadian mineral 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 haveA.déntified a number of major 
process innovations as necessary, but that these are•not being 
worked on. Also, we have seèn,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 equipment 
innovations in the form 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. Technologcal strategies have been discussed in 
previous papers.bv  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 ihdustries, 
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 presented by MarkhaM. 5  The-Present 
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 the 
resourCes of firms in the industry. 
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2. The presence of unmeasurable uncerta.inty_in other 
aspects of the firm's operations. 

3. The nature of the relationship between user and 
supplier of process- equipment. 

• 
11. The extent to which products can be differentiated. 

Recent work by Wilder and Stansell
6 
has indicated that 

research and develdpment outlays 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 processes 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 ta 
a third group in which process innovation takes place whilst pro-
ducts remain the same. The three major common characteristics 
of this  group are probably: 

1. A product with little or no differentiation  from others 
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 shown 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 
been made to explain why they act as they have been found to, but 
no attempt has been made to measure how. .successful are firms with 
particular innovative strategies, or how particular 
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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 integrative innovation strategies will be more 

successful at acquiring process innovations than firms with other 
strategies. 

• Proposition 2: 	• 
Firms with active and integrative innovation strategies 

Will benefit economically. from their probess innovation strategy 
more than will firms with either defensive or passive strategies. 

The first is propoL4ed 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 Second 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 development 
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 bave co-operated. Howevpr, information 
collected as a by-product of the present work -indicates 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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1 

_n ! 

•Ç 

r 

:1* 



01 02 03 04 05 06 07 08 09 10 

LI  

If there arc any questions that have no response would you indicate in the margin whether the answer is 
confidential (C), unknown  (Li),  or not applicable (A). 

General Company Data 

1 .1 	What were your Company's total sales in the fiscal years 1968 - 1973 inclusive? 

.1 	t 	10 o-ro 1968 S 0 

Section  I 

DOD 
C  u A 

1 1  12  13 14 15 16 

1969 $ 0 0 0 0 

17 	18 19 20 

1970$ 	, 

23 	24 25 26 

/1 22 

p 611 
27 28 

1971 5 
29 

19725  E 
35 

1973 5 
(est.) 

30 31 32 

1. 	1  
36 37 38 

LI  
42 43 44 

101111111111111 	. 	1 	101. 1010101 
33 34 

0 r6 
-1  

39 40 

0 0 

W-6 0 

45 46 

47 48 49 	50 51 

52 53 54 •  5556 . 

101010 1-6 1969 

1970 S I° 1' 01 0  0 

57 58 59 	60 61 

0 1971 

6 2 63 64 

.H-ro  0 

65 66 

11  

67 68 69 

1972 $ 

0 0 

1 1) 0 111 
70 71 

1968$ 	t  

41,  

• 
gaghla.,..544à„ease 
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DOEI 
c u A 

• 2.2 	What were your Company's -total sales to the mining industry in de fiscal years 1968 - 1973 
inclusive? 
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o f o 
15 16 

1969$ • 

12 13 14 

01, fo 

45 

Yes 

C300 
c U A 

NO2 

- 

•• 

1973 $ 
(est.) 

72 73 74 

0 o 1 o 
75 76 

DEICI 
c U A 

3 .3 	What was the value of export sales, if any, to the mining industry in other countries in the 
fiscal years 1968 - 1973 inclusive? 

1968$ 	I 	 01 , i010 

77 78 79 	80c11 

1970 $ 

17 18 19 

0 

20 21 

o 0 

1971$ 	 T") 
22 23 24 	25 26 

o 1 01 0 1972$  1751 	T61—• 
27 28 29 	30 31 

1973 $ 
(est.) 

32 33 34 	35 36 

0 0 .1!3 

ODD 
C U A 

4-4 	How many employees clid you have in Canada at December 31, 1973? 

37 38 39 40 41 
0 

(a) The effective controlling interest in your company's shares are held in which country? 
C1C30 
C U A 

42 43 

(b) The majority of your company shares are held in which country? 

4 4 

6.6 	Is your company affiliated with, or a subsidiary of, another company? 

5. 



n 

1 
1 
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If ycs, of what nationtility is this company? 

46 47 48 
	 1 11  

Which of the following describes the nature of your operation? (as a % of total). 
ODD 
C 11 A 	(a) 	warehouse & distribution (non manufacture ) 49 	J  t l 50 

• 	(b) 	sales agency (non manufacture) 	• 	51 	.1 52 

(c) assembly 	 • 	 53 	 54 

(d) manufacture 	 55 	i 	 56 

(e) other  	57   58 
100% 

1 	1 	1 
59 60 

7.7 



64 65 66 

f 	1 
67 6869 

70 71.72 

Product type-name 

61 62 63  

1  

13 14 

74 79 80 

75 	11 12 

E:CJ 
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Section 11 	 . Company Products 

1 .8 	What are the principal products that you sell to the mining industry? 
ID 0.0 
C U A 

urn 

bat: 
cu  A 

2 .9 	The approximate corresponding price per unit is? 

(1) 	less than $100.00 	0 	(2) 	$100.01 — $1,000 

(3) 	$1,000.01 — $10,000. 	0 	(4) 	$10,000.01 — $100,000. 	0 

(5) 	$100,000.01 — $1.000.000 0 	(6) 	over $1,000,000.01 	 0 

7.  1 1 

15 16 17 

.ETE 

'000 
c U A 

3 •10 What percentage of sales to the mining industry does each product represent? 

	

. Price 	% of Sales 
-- 

	

73 	77 78 

El 	I 1 1 (a) 

(b) 

(c) 

(d) 
100'7o TOTAL 

4 .11 Please identify one product out of your principal products3.vhich you would consider new to the 
.000 	Canadian Market. 
C U A 

5-12 llow long has this product been on the market? 
000 
c 11 A 

18 19 
years 

000 
c U A 

6 .13 Who are the competitors of this product? 

(a) 	in Canada? 

2021 22 21 24 2i 26 

.• 



27 28 29  303t 32 33 

LL  

7 .14 How was this product developed? 

(a) 	In Canada — by your company 
CDC 
C U A 

CDC 
C U A 

000 
C U A 

'''etZlaeh=kte,etilieZZ;leaWl ei.igercor'n.T., ien 	a 

17 

(b) 	Internationally? . 

34 E  E. 
Vesi 	Noo 

35 36 37  
L 	1  

(b) Outside of Canada — by your company 	38 D 	D 

	

Ycs1 	NO2  
• 

39 40 41  

by Other 

8.15 Docs your company sell this product only in Canada? 

42 
yos, 	No, 

by other 

43 44 45  
1 	1  If not, where else? 	 1  

9•16 Is the product manufactured by your company? . 

	

E  In Canada? 	 46 D 

	

YCSJ 	No2 

47 48 49  

	

1 	1  (b) 	Outside Canada? 
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Section Ill 	 Research & Development Undertaken by your Company 

In this section would you guide your responses in accordance with the following definitions. (Taken froin Statistics 
Canada),  •  

RESEARCH & DEVELOPMENT 

(a) 	R&D is invcstigaiive work carried out: 

i) to acquire new scientific and technological knowledee, 
ii) to devise and deVelop new products or processes, or 

iii) to apply newly acquired knowledge in making technically significant improvement's to 
existing products or processes. 

• 
- 

	

(1)) 	l'or the purposes of titis  survey. R&.D does not include: 

i) market research and sale promotion, 
ii) research in the social sciences, 
iii) operations research. except when required during the development phase of a product 

or process, 
iv) quality control or routine testing of products and ruaterials, V) 
	geological and geophysical surveys, mapping, exploration and similar activities . not resulting 

in scientific or technoiogical advance, 	 • 
vi) 	scientific and technical information except when conducted for the sole or primary purpose 

• of R&D  support, 

	

. 	vii) 	all activities necessary nezessary for commercial  production of the new or improved prodttet 
or process after development is completed. 

	

.(e) 	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 generally engaged in any  non-R&D activity such as engineerine or production. 
In the first case, the R&D unit  mas'  spend part of its time on routine testing or trouble shooting or 
on some other activities which should not be included in R&D. In the second. consider only the 

• R&.1.) portion of such units' total activity. 

Basic Research 

This type of research is a generalized search for new knowleclee without specific application in mind. It is 
usually judged on the contributions which it makes to the conceptual development of science. 

Applied Research 

This type of research is the search for new knowledge to provide a solution to a specific problem which is 
defined at the outset of the research program. It  dues  not differ radically rrom basic research in inethods 
or scope, but in motivation. 

Development 

•Development is the use of knowledge derived from research in 'order to produce new materials, devices, products - 
or  tu  devise new processes. or tu improve e ..\i«ing ones, "flitis, the design. construction and testing ut proto-

types, models pilot plants (so long as they are primarily used tu acquire eNperience :nid gather inl'ormat ion 
necessary to the start-up of production  I are  part of it. NI OreOVCr. development Mutinies those attivities required 
before the ',CU If1 !! tip of a process or produc thin lino and whidi embody the iniormat ion gat/left:J . 1"min develop-
ment activities: I'or es.uniple, the preparation or drawings, reports and instructions, 

' 
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D 
C U A 80 

11 .27 	fias  your Canadian Company licensed foreign innovations within the last five years? 

D 'E 
Yes -I 	No 2 

If yes, please describe the type of product and arrangement. 
C4 Ern (a) 

11 12 13 

(b) 

(a). (b) r...1  

(1). - warehouse 	1---1 

(2) sales agency 	E - E 14 

ri  
15 16 17 

(3) assembly 

(4) manufacture 

(5) other 

D 
 

12 28 	How many qualified scientists and eneineers holding at least a B. Sc. or professional 
• D 
C U A 

designation do you employ in milling research? 

19 20 21 

• CI 
c u A 

13 -29 	Do you import innovation from a parent company abroad? 

22 1:::] E 
Yesi  NO2.  

O El 
C U A 

14-30 	Do you reeeive or have you received any Canadian government assistance in your 
research and development activities? 

23 El E 
yes I No 2 

If yes, please state what form 

24 25 

0002  
c u A 

15.1  . Do . you we  -a greater co-ordinated activity between the supply force and the mining 
companies'in the future'? 

26 E E 
Yes  t  No 2 

16 .32 . Do yott see a greater co-ordinated activity lmweeitilite>mtpply force and the Canadian 
government in the . niitute? CI D 

• u A 27 E  Y'  , No 2. 

t -ei....1>*.MMS. 
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17 .33 	What incentive should the government provide for mining process and equipment 
innovation in Canada? 

28 29 30 

>•••• 	 ir,,r)w,-vi,j,.>,,elfenfr! 	 ese 	 cre-'7; 	 e•:•••••:-;:, 	 --- • • 



. 	

„ 

No 2 

No 2 

1-1 

60 61 

62 63 

EE 
64 65 

1 00% 

• • 
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Development ceases and pre-production begins when  the  work is no longer experimental. Hence, the costs 
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. 

Technological Innovation 

This is the transformation. of a scientifically 'developed product (process) into a new or improved marketable 
product (operational procesS). It covers. the 'work necessary to carry a produet from the end of the R&D 
phase to successful production and sites (e.g. new product marketing, final design engineering, tooling and 
industrial engineering. manufacturing start-up, patent work, etc.). 

1.j7  Do you have a research and development department in Canada? 

s o E 
Yes 

2.18 If no, do you have any informal organization concerned with research and development 
in mining? 

51 E 
Yes 

ElDD 
C  u A 

3 .19 Do you have a research and development budget for mining products?  

52 D •E 
Yes 1 	No 2 

4
.20 If yes, how much per annum is budgeted or allocated in general? 

DOD 
c u A 

53 54 55 56 57 58 59 

5 .21 What percentage of your budget is allocated to: 

D 0 0 
C U A 	 (a) 	basic  research  

	

.•(b) 	applied research 

	

(c) 	development 



.0 

1‘,2,LiallaiYaette}:i7CUlad. 

CI 1:1 
C U A 

0 
- c  U A 

D D 
c u 

GO 
C  u A 

0 0 0 
c u A 

'‘:4127-7 	 • .J.4.1 	 ' 
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6.22 110w iS research and development evaluated? 

(a) return on investment 

(b) technological development 

(c) no formal evaluation 

(d) other, please specify 

66 E] 

D 

E 

4 

D 5 

7 -23  lias  your company taken out any patents on mining in the last five years?". If so, please 
state how many. 

67 68  

. 8 -24 Have these patents been applied for in other countries? 

69 E: 

Yesj 	No 2 

9 .25 Do you consider patents important to your organization? 

70 
(a) very 
(b) moderately 
(c) slightly 
(d) not at all 

10.26 'lave you licensed other organizations to manufacture  and/or sell your product developments 
within the last five-37a7s? 

71 El 
Yes1 	No 2 

lf yes, please describe the type or product ,and arrangement. 

72 73 74 
(2) 	sales agency 

(b) 

1 
79 

4 

1 
2 
3 

(a) • (1) 	warehouse • (a) 

75 

(b) 
76 77 78 

(3) .assembly 

(4) in anu facture 

(5) other 



1 

[1]  4 

E, 

5 .38 
D Ci 

C U A 

3.73 

Section IV 	. 	 Your-Company's Relationship witlt the Ntining Industry 

13 0 
C  Li A 

1 .34 Do your mining industry customers ask you to develop new products  for  titem? 

(a) Never 	 31 

(b) Infrequently (once or tw ice every decade) 

(c) Oceasionally (once per year) 

(d) Fairly often (3 or 4 thnes per year) 

(e) Very often (once a month or more) 

2-35 Do your milling industry customers normally pay development costs? 
000 
c U A 	 32 D E 

• 	Yes I No 

3 

ODD 
C U A 

a C.1 
C U A 

-36 Who do you consider more innovative, the large mining companies or small 
mining companies? 

(a) small 

	

	 33 E 
- 

(b) large 	 D 2  

(c) size not determining factor 	 1 3 

4 .37 Identify by name those mining companies you consider to be more technologically 
innovative and advanced. 

34 35 36 37 	38 39 	40 

DO you consider yoùr Canadian company very innovative relative to your competition in 
Canada? 

(a) 	little 

(h) 	average 

(c) 	very 

41 E  
Er] 2 

E: 3 

r, 
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6-39 To which part of the •mining organization are most of your sales made?(in order 
0 0 CI 	of importance: 1..2, 3 and 4). 
C U A 

43 44 45 

• 

(a)' 	Head Office 	0 	to wliom? 	  

42 	 (position) 

	

(1)} 	Mine site 

	

. 	. 
,•  

D to whom? 
46 	 (position) 	47 48 49 

(c) 	Consultant (Engineer) 
50 • 

• 
• 
• 

00 0  

c u A 

000 
 e u A 

(d) 	Mining Contractor 	 0 
51 

7 •40 Do you try out new product innovations in cooperation with mining companies? 

52 
nnnn••nn• 

Yes No 

8•41 For your company what would you estimate is the total cost of bringing a ne"  product 
to market? 

(a) 	under S5,000 	 53 E l 

D 2 (b ) $ 5,000 - $ 20,000 

(c) $ 20,000 - $ 50,000 

(d) 5 50,000 - $ 100,000 

(e) $100,000 - 	500,000 

( 1)  •  $500,000 • 51,000,000 

(g) 	over $1,000,000 

.42 In response to above question (No. 8), how would these costs be allocated? 

(a) Research and development 	 54 

(b) Licensing 	 56 

(e) 	Production tooling and manufacture set-up 	58 

(d)  •  Marketing 	 60 

• 

t 	
. 

. 	 . 

g 	 . 	 . 

qt 	

- 	" . 	. 
. 	

. 
. 	

. 

u 	. 	 . 	. 	 . 

4 	 . 
, 

	

' 	 . ... . 	 . 	 . 

D 4  

E 5  

E 6  

E 7  

0 
c u : 55 

57 
59 

6 



E100 
c u A 

total number 

number successful 

number failures 

EE 
62 63 

64 65 

f 1 1 

68 69 70 

12 .45 	Do you  Set  substantial opportunities for product innovation in minimg  industry process 
equipment in the next 10 years? 

71 72 73 

13 .46 	11 yes, how will this affect your own product range? 

t 
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10-43 	How many new products were developed by your n.oinpany over the last 5 years? 

' 	66 67 

000 
c U A 

11 .44 	What particular obstacles, if any, does your  Company encounter in the Canadian 
mining industry? 1 

1 

000 
c u A 

000 
 C U A 

1 	1  
74 75 76 

• 14 .47 	Do you sue the mining supply force becoming export oriented .or import oriented? 
000  
C U A 	 (a) 	import 	 77 E 1 

(b) export 	 E 2 
Please specify why? 	  

78  79 80 

' 
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CANADIAN MINING INDUSTRY 
QUESTIONNAIRE 

SCHOOL OF BUSINESS ADMINISTRATION 
THE UNIVERSITY OF WESTERN ONTARIO 

:PARTICIPATING NUMBER 

DATE COMPLETED 	  



01 02 03 04 05  06 U7 08 09 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). 

What were your Company's total sales in the fiscal years 1968 - 1973 inclusive? 

1968 	SI  1 	I  
11 12 13 14 15 

-I I T6 
26 27 28 29 30 

0 1,01 0 1 1971 0 0 0 I o 

D 	1970 s L 	 
A 	 21 22 23 24 25 

I o I .o I o lo I Li 1973 
(est.) 36 37 38 39 40 

0 .0 o lo 

41 42 43 44 45 46 

0 1968 s I 	E .o lo io 

1969 	sr 	toi.oloiol 
47 48 49 50 51 52 

0 
53 54 55 56 57 58 

1970 5 .0 o I o 

1969 $ Olo lojo 
12 13 14 15 16 

1970 0 0 0 
17 18 19 20 21 

1968 $ 
77 78 79 80 11 

C2 

o I .01  oI o l 1971 	5 1 	1 	1 	1 -l0 
22 23 24 25 26 

,o I o I o 

1972 	51 	[ 	[ 	1 	1 	I°  
27 28 29 30 31 

0 .01 o  1973 	5 

o o 

A 

0 

.0 

0 
A 
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1969 SrittI 	la 101.010 10 1 	1972 $  [ Ti 	10 lo î.0i0 

16 17 18 19 20 	 31 32 33 34 35 

2-2 	What v.'ere your Company's revenues from mining operations in the fiscal years 1968 • 1973 
inclusive? 

1971 r--1-M-r—F::dT7r-) 10-it 
59 60 61 62 63 - 64 

1972 	S....I  1 	1 	101,0j0101 
65 66 67 68 69 70 

1973 	5 	1 17  1 10 .0i0101 
(est.) 	71 72 73 74 75 76 

3.3 	What were your Company's total net income in the years, 1968 • 1973 inclusive? 

(est.) 	- 32 33 34 35 36 

4 
.4 flow many employees did you have in Canada at December 31, 1913? 

0 El 
C UA  

11  
37 38 39 40 41 

s".""7.7, •n•,•.1-`.,•> ,  • e•••1••,..""1.'"C"`• •••*.Y1----r--•,,r, 	 yr-nr."-e 



ODD 
• C  UA  

f 	i 	1 
42 43 

ODD 
C  u I 

44 45 
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$ .5 	At how many Canadian locations do you have mining operations? 

6 .6 	(A) 	The effective controlling interest in your company's shares arc held in which 
country? 

(B) 	The tnajority of your company's shares are held in which country? 

CI 0 
C  UA  

coo 
C U A  

46 

7
-7 	Is your company effectively controlled by another company? 

47 E: 
Yes' 	No2 

If so, state the company's name and nationality please. 

48 49 	SO 

8 .8 	What percentage of revenue comes from these operations? 
LIDO 
C U A 	(a) 	Smelting 	  

(b) Refining 	 51 
(e) 	(Nletal) Processing 	 53 

(rolling, drawing, etc.) 	 55 
(d) (Metal) Fabricating 	  
(c) Mining Equipment .;.1 fg. 	 57 
(0 	Exploration Services 	- 	 59 
(8) 	Mining  	 61 

(cg. consulting services) 	 63 

52 
54 
56 

58 
60 
62 
64 

100% 

9 .9 	What are the principal minerals produced by your company? 

EJ00 
C  u A 

	 ED CE 
65 66 	67 68  69 70 	71 

1.1nnn• 

72 

10 .10 Does your company have: 
(u) A Management services staff (R&D, Purchasing, Sales) located at the mine site? 

73 
Yes j 	No2 

DOD 
C UA  



10•10b) 
000  

 c u A 

• 
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A mining services staff away frotn the mine site'? 

I) 	only (a) 	74 CI  i 	(at the mine site) 
ii) only (b) 	 02 (away from the mine site) 
iii) both (ad:, b) 	03 

Section  11 	 Research & Development•Undertaken by your Company 

In this section would you guide your responses in accordance with the following definitions. (Taken from Statistics 
Canada). 

RESEARCH & DEVELOPIENT 

(a) 	R&D is investigative work carried out: 

• i) to acquire new scientific and technological knowledge, 
ii) to devise and develop new products or processes, or 

' ill) 	to apply newly acquired knowledge in making techniCally significant improvements to existing 
products or processes. 

(b) 	For the purposes of this survey. R&D does not include: 

i) 	market research and sales promotion. 
31) 	rescarch in the social sciences, 

iii) operations research. except when required durina the development phase of a product or process, 
iv) quality control or routine testinti of products and materials, 
v) geological and geophysical surveys, mapping, exploration and similar activities not resulting 

in scientiFic or technological advance, 
vi) scientific and technical information except when conducted for the sole or primary purpose 

of R&1) support, 
. vii) 	all activities neeessary for commercial production of the new or improved product or process 

after development is completed. 
• • 

( c) 	Research and de.velopment may be carried out either by a permanent R&D unit (c.a. R&D division or 
department, or by a unit generally engaged in any non R&D activity such as éneinecring or production. 
In the first case, the R&D unit may' spend part of its time on routine testing or trouble shooting 
or on sonic other activities whieli should not be included in R&D. In Me second, consider only 
.thc R&D portion of such units' total activity. 

Basic Research 

This type of research is a generalized search for new knowledge ,without specilic application in mind. 
It is usually judged on the contributions which it makes to the conceptual development or science. 

Applied Research 
.• 

This•type or tescarch is the search for new knowledge to provide a Solution to a specific 'problem which. 
is . defined at the cu:set of the reseatch program. It does not differ radically from basic research in methods 
or xcoPe, but in motivation. 

• Development _ 

Deve lopmen t is the use of know k•dge derived from ri..search in order to prinluce new ma terials. devices. 
Products or  tu  devise new proLesses, or to improve existing ones. Thus, the design, construction and 
testing of prototypes, models, pilot plants (so long Us they ate primarily used to acquirt.• experience 



II 

II 

ODD 
c u A 

000' 
C U A 

ODD 
c u A 

. GDO 
C U A 

000 
U A 

18(5 

and gather information necessary to the start-up of production) arc part of it. Moreover, development 
includes those activities required before the setting up of a process or production line and svhich embody 
the information gathered from development activities; for example, the preparation «drawings. report 
and instructions. 

Development ceases and pre-production begins when the work is no longer experimental. llence, the 
costs 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. 

Technological Innovation 

This is the transformation of a scientifically developed product (process) into a new or improved market-
able product (operational process). It covers the work necessary to carry a product from the end of the 

 R&D phase to succesSful production and sales (e.g. new product marketing. final design engineering, tooling 
and industrial engineering manufacturing startup, papent work, etc.). 

tiDD 
C U A 

1 .11 Does your Company have a specific research and development proerant in Canada? 

75 E 
yes, No, 

•12 If no, do you have any informal organization concerned with research and development 
in mining? 

76 D 
Yes I No 2 

3•13 What is your company's annual research and development budget? 

$ r  

77 78 79 80 11 12 13 

C3 

4 •14 What is your company's annual budget for exploration? 

14 15 16 17 18 19 20 

5 .15 {low many qualitied scientists and engineers holding at least- a D.Sc. or professional 
designation do you employ in your research autivities? 

2 I 22 23 

6 .16 What percentage of research and development funds  are  spent on: 

(a) basic research 
(b) applied research 
(c) development 

1011';. 

. 	 . , 

'''''',.-. ...?"e'.'"'......." '•• n-.... 7,  -rrn-,,,-, 	 erwr,,,,r,F...r.,,, 	 ,-- ,--- 7-e-r, ,,,T,....nr . ,..7.,,,,,t., 1,1- .- Ye`rt .7. Fs'il”e".1. ..,,,-.YrIar"..••n-•w......u.e...-.,-,-----....-•••=••••• 

24 
26 
28 

25 
27 
29 



0 El D. 
C  UA  (a) products, equipment ete. 

(b) processes 

(c) mining techniques 

4 1  41 

45 

1 3  

46 

000 
c  UA  47 [1] 

Yes 1 No 2 

48 El 

0 2  

03  

000 
c  UA  (a) very 

(b) moderately 

(c) slightly 

(d) not at  ail  

17-1  years (b) 	to Canadian Companies 
56 57 58 59 60 61 62 

181 

000 
c U A 

000 , 
c u A 

7-17 What percentage of research and development funds are spent on: 

(a) product research 	 30 
(b) mining research 	 32 
(c) uiiiling research 	 34 
(d) metal, ore processing research 	 36 

100% 

8-18 How is research and development evaluated? 

(a) return on investment 

(b) technological development 
(products, processes) 

(c) no formal evaluation 

(d) other, please sbecify 

is 
39 

40 0 

0,  

31 
33 
35 
37 

9-19 lin'S ydui . coriipany taken out any patents on products, processes, equipment or mining 
techniques in the last rive years? If so, please state how many.  •  

10-20 lime these patents been applied for in other countries? 

11 -21 Do you consider patents important to your company? 

000 
c  UA  

12 -12 Do you license, buy or sell new technology? If so, please indicate how many; type 
of product or process and arrangement. (During last ten years). 

_licenses __ 	Length of 
Number 	Product/Process. 	Arrangenit.•nt 

(a) 	(rom  Canadian Cbmpanies LLJ 	 • ItF1 
49 50 	51 52 53 

>..e. n !f`. 
•54 55 



15 .25 Do you obtain research and development funding from: 

(a) 	Federal Government 79E E 
E 
30 

182 

Licenses 
Number 	Product/Process  

Length of 
Arrangement 

13 .23 Do you import innovation  from  a parent company abroad? 
El 0 
C U A 	 77 

Yesi Nol 

14 .24 If yes,  lion  is the innovation paid for? 

(c) from Foreign Companies 

(d) to Foreign Companies 

65 66 67 

1111  
72 73 74 

years 

68 69 

years 
75 76 

63 64 

70 71 

ta.., • • 	 • 

• 	 • 

DC10 
c U A 

DEICI 
C U A  

000 
c u A 

(a) royalty 

(b) transfer price 

(c) absorbed in product cost 

((1) 	Other 

(b) 	Provincial Government 

(c) 	Associations 

(d) Other mining companies 

(e) Parent companies 

(f) Other 

(a) 	other mining companies 

78  Di 

02  

03 

04 

If yes, what source? 

Yesl 	No', (for 'a' onlY) 

C4 

iiE D 
Yes' No 2 

120 E-

Yes I No 2 

13E 

Yes1 No 2 

Yes  i  No 2 

IS EE 
Yes1 No-) 

16 E 

Yes I No 2 

/6 .26 Do you enter into joint research and development agreements with: 



16 -26 (b) E] 
Yesi  NO 

18 El 17—.1 
Yesj No 2 

19 

Yes 

20 E: E 
Yesi No 2 

21 El E1 
Yesi Nol 

mining equipment suppliers 

(c) government (Federal) 

(d) government (Provincial) 

(c) 	universities 

(f) 	other, please specify 

• 22 O 1 
2 

03  

4 
05  

DOD 
c U A (a) 	return on investment 37 D 

' 	J.14.4444;241.1n414-.slY)adat e d,. .e..1;1= 	 ..e..-rin'a=creeese ave, 

is3 

17 -27 Do you consider research and development to your company: 
ODD 
C  u A - (a) essential 

(b) significant 

(c) important 

(d) important as other company functions 

(c) 	unimportant 

18-28 Do you have in your company: 
DOD 
c U A (a) cost reduction programs 

productivity programs that arc not 
included in research and development 
budgets? 

23 D  E 
yes No 2 

24 	E 
Yes1 No 2_ 

(b) 

19-29 In general, how much is spent by your company on such prog,rarns per year? 

E) (71 D 
»C U A 

DDE3 
c U A 

S[ 
25 26 27 28 .29 30 31 

20.30 Do you have full-titne personnel on these programs? 

32 E. 
Yesi No 2 

If yes, how many 

33 34 35 36 

21 .31 llow ale these programs evaluated? 
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1 	11  
44 45 

52 53 

I 	I  

57 58 59 

1 	1  

I 	 
60 61 

65 66 67 1 68 69 

74D 

750 

4! 

000 
c u A 

000 
c u A 

21 -31 (b) 	tetihnological diivelopment 

(c) • other, please specify 	 93 

D 2 

22-32 Does your company have an engineering croup  involved in: 
No. of 	Nature 

Size of 	projects 	 or 
Group 	per year 	Projects 

000 
c u A - 

(a) Equipment design for mining 

(b) Equipment design for processing 

(c), Product engineering 

(d) 	interdepartment joint programs 
(engineering and R & D etc.)  

ED:: DID 
38 39 40 	41 42 43 

46 47 48 	49 50 51 

Doe 
54 55 56 

62 63 64 

23 -33 Are•mining equipment innovations impottant to your company in ternis of making ore bodies 
economic or more profitable? 

7on E 
Ycsi 	No 2 

24 -34 Do you think the government should be involved in mininz research: 

(a) directly, i.e. carrying out R & D proarams 	 71 0 

(b) as a partner to mining companies through the provision 
of funds 	 — 	72 0 

(c) indirectly, through the use of tax incentives 	 73 0 

(d) not at all 

(e) . other, please specify 
Comments 

76 77 78 79 80 



77 

78 

79 

CI 0 
u A 

000  
C u  A 

000 
c u A 

000 
c u A 

000 
. C 11 A 

000 
C U A 

1••n•n 

20 18 19 
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Section III 	 Your Company's relationship with Mine — Supply Companies 

1 .35 Do Canadian mining equipment suppliers play a major rote in supplying new technology 
• 	D  D El 	to your company? 

C U A 
7 6 E] E 

Yes 1  NO2  

2 -36 Do you rely on mining equipment and process suppliers: 	0 
Yes No 

(a) for assistance in research 

(b) for assistance in .development work 

(c) for producing a product from concept 
form. 

3 .37 Do you ask  mining equipment suppliers to develop new products: 

(a) never 	 80 01 

(b) infrequently (once or twice every decade) 02 

(c) occasionally (once a year 

(d) fairly often (3 to 4 times per year) 	0 4 

(e) very often (once a month or more) 	Os 

4 • 38 Do you nomtally pay development costs? 

11 [I] E.  
yes .No 2 

5 -39 In general, are mining equipment suppliers in Canada willing to develop new products 
for your company? 

12 E E 
Yes1  NO2  

6-40 Who do you consider more innovative, large mining supply companies or small mining 
supply companies? 

(a) large 	 13 D 
(b) small 

(c) size not determining factor 	 03 

7 .41 Please list the naines or suppliers you consider to be more technologically innovative and 
advanced: 

••n•• 

CIE 
. 14 15 	16 17 

TV-Wr:".1 ,2,..ee.,",.... • 

Cs 



DUO 
CIIA  

0 
c u A 

ODD 
c U 

—P—r1 
1 — 2 — 3 

27 
23 24 25 26 

280 

29 

39 0  

40 41  42  

43 44  45 1 
I . 

epuecylityrakeebtatae• 	-)reucendersta. • 
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8 •42 Which of Lite folloWing do you perceive to be the most effective in applying and developing 
new technology? - a supplier who is primarily: 

(a) warehouse GC distribu tion  (non-manufacture) 	 21 C1 

(b) sales agency (non-manufacture) 

(c) assembly 	 0 3 
(d) manufacture 	 04 

(c) 	other, specify please 	 05 

9 -43 Do you consider your company very innovative relative to others in the mining industry? 

(a) .not very 	 22 Di 

(b) average 	 02 

(c) very 	 03 

10 .44 What do you consider to be the mOst significant technological innovation or advance in 
your company's last 10 years of operation? 

000 
c U A 

000 
C U A 

11 .45 How v..as that innovation attained? 

(a) developed by your company 

(b) developed by another 

(c) dollar cost to market stage $ 

30 31 32 33 34 35 36 37 38 

(d) 	major industry advance 

12 46  Do you work witlt: 

(a) mining uontractors 	0 	$ 	  

(b) consulting engineers 	0 	$ 	 •  

oon 
U A 

Please indicate tlic dollar amount spent with either group in 1972. 

13 .47 What partieular obstacles, if any, does your Company encounter in the Canadian Mine-Supply 
force? 

LJ  
46 4748 49 
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000 
c  u,  

• 14.48 Do you see substantial opportunities for product innovation in mining industry process 
equipment in the next ten years ? It' yes, please state in general terms the opportunity 
and the resulting affect on your Operation. 

5051 52 

000 
C IJA  

15.49 Do you see the Canadian mining supply force becoming export-oriented or import-
oriented?  •  

(a) export 

(b) import 

Please specify why? 

53 D 

02 

( 

1 
54 55 56 

16 .(e)50 Du you sec a greater co-ordinated activity between the supply force and the mining 
000 companies. 
Cu A 

(b) 	Do you sec a greater co-ordinated activity between the government and the mining 
companies? 

58 D E 
Ys  No 2 

What benefits do you see in any co-ordinated activity? 

, 57D E 
Yesj Nol 

59 60 61 



El 
C U A 

D D 
c u A 

• 	 • 
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17 -51 What would you estimate is the total cost in general of a major mining process 
innovation? 

(a) under  $5,000 	 D 1 

(b) 5,000 • 	20,000 	D 2 

(c) 20,000 • 	50,000 	D 3 

(d) 50,000 - 100,000 • 	D 4 

(e) 100.000 - 500,000 	 5• 

(f) 500,000 - 1,000,000 	D 6 

(g) .1,000,000 - 5,000,000 	D 7 

(h) over  $5,000,000 	 8 

18-52 In your opinion, what are the major innovations that are currently required in your 
company's sector of the mining industry? 

1. 

2. 

62 

1 	I 	I 
63 64 65 

11_1J 
66 67 68 

E:EE 
69 70 71 

3. 
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