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( ABSTRACT ( 

~xpenditu;' on rese~rch and development 1s an investment for 
which a return is expected. The economic outcome of a mineral research 
project is greatly influenced by the interaction of broad economic" , 
social and political forces with theQinnovation process in the mining 
industry. -T-h-is--jnt~_taction detennines technologieal progress and the 

------------ .1 

ra te pf adopti on of new technoloW--tly--the---tndust-ry ... ---Ttrese-facl:or~C al 50 
-

determine the expected value of ares project and its probability 
of success. In a large mineral research organization, potential and 
existing projects compete for the resources available. The organization's 
research and development activities need to be coordinated and planned 
in order to optim1ze the overall result. The problem of resource 

, allocation to mineral research projeets is eomplicated by the high level - , 
of uncerta1nty associated with project outcome, the multiple purposes 
for which mineral research lS undertaken, and the various social and 

, 

organizat10nal contexts within which mineral research is conducte~. 

This thesis concerns economic planning of mineral research and 
devélopment activities. A conceptual assessment framework is formulated 
for guiding reséarch and development investment deeisions in the mineral 
industry. Two research and development project evaluation and selection 
approaches - the cost-effectiveness analysis approach and the cost-
benefit analysis approach - are recommended for allocat1ng resources to­
mineral research projects in a large organization. The cost .. effectiveness /~. 
analysis approach makes use Qf additive scor1ng models and employs the 
Delphi method for polling expert opinions. The cost~ene~it analysis 
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. . 
appr8ach employs d1fferent~tonom1c models. depend1ng on the resear 
project's stage. The models selected should be commensurate with t e 

~..,' l , 

qua lit y and quant1ty of data àva1lable. 
( . 

The Canada Centre for Mineral and Energy Technology' ... ca~a a's 
largest mineral research' organ1zation .. 1s s~lected as a specif1 "---
case study to investi'gate the suitab11ity of' these approaches." T e 

\ -
cost-effect1veness analys1s approach offers clear advantages over the 

~ 

cost-benefit analysis approach when investment dec1s1ons are -made- re-
gard1ng a set of research and development projects 'of d1fferent natures -and at various·research stag~s. On the other hand~ the cost~benefit 
analysis approach 1s recommended for analys1ng research and development 
projects that require a long t1me comm1tment,and à sizable amount of 
resou~fe~ for complet1on. 
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STRUCTURE DE PLAN lFICATlON \' OIIDM UE POUR ~ RECHERCHE ET ~~ • 

DlVELOPPEMENT MINI S: ,LE CAS DU CENTRE CANADIEN DE LA TECHNOLOGIE 
DES MINERAUX ET DE' "'ENERGi 

.. 

" 

'RESUME' 

, Une ~onme dêboursê l' bour un 'projet de • recherche et de dêve 1 oppement 
est un investiss~nt q i! ~oft @tre rentable. ~e ~ênêfice êC~r:\o~ique 
d'u~ projet de recherch ~in1~re est grandement influenc~ par de 
puissantes forces êcon i ue~, sociales' et polit1ques qui agissent de 
concert avec le process s d'innovation sur l'industrie miniêre. Ces 
forces dêterminent l~ p rês technologique ainsi que le rythme avec 

cette nouvelle technologie. Ces facteurs 
mesurent aussi l~esp~ran e~mathêmatiq~e du rendement d'un projet de~ 
r~cherche et sa probabil.t de,succês. Dans une grande organisation 
de recherc,he minH!re, lEi, rojets potentiels et ceux dêj3 exis.tants, se' , . 
rivalisent face a la quant tê de ressourcéS disponibles. in y a6donc ' . , 

intêr@t a coordonner et·a planifier l'ensemble des'activitês afin de 
tirer le meilleur parti du budget. Le problême de la distribution des 

• 1 

/ 

'" 
fonds pour les projets de recherche miniêre est compliquê pa~ le haut 
niveau d'incertitude quant aux chances de succês des projets, la multitude', . , 
des raisons pour le~quelles les di~es recherches Isont entreprises e't la 

diffêrence des contextes, sociaux et d'organisatio~, 'dans lequels e11es 
sont mentes. 

Cette êtude traite de la planification êconomique de la reéherche , 
et du dêveloppement minier. Une structure de planifièation conceptuelle' , 
y est fo~ulêe'pour orienter les dêcisions concernant les investissements 

~~~'la recherc~e et le dêveloppement dans l'industrie miniêre. Deux 
'Yapproches sont recOOll\8ndêes pour l'Evaluation et la sElection des projets 

,~ 

de recherche dans une grande organisation.' 'Çe sont l'approche de 
. , \ 
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'l'an'alyse coOt-éfficacit~ et celle de ('anal.yse coOt .. b~n~fic,. 
L',pproche de l'analyse coOt-efficatit~: fait usage de modêles a 

l ' P 

pointage additif et ut1~ise la ~thode Delphi pour obtenir l'Gpinion , ' " 

des experts. L'approche de l'analyse coQt-b~nêfice emploie dijferents 
, ! , J 

modêles ~conomfques suivant le stade du projet de recherche. 'la 
complexitê des modêl~s choisi~ doit etrei~,conménsu~e avec 'l~ quaÜtê 
et pla quantitê des '~onnêes disponibles. :i 

> • 
Le cas du Centre canadien de la technologie des minêraux et de 

, . . 
l'ênergie '- la plus grande organ1sat1on 1de recherche miniêre au 

/ 1 

Canada .. est choisi afin d'examiner'jusqu'a quel pointl ces approches 
peuvent 's'appliquer. L'approche de l'analyse coOt-efficacit~,prlsente 
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éHAPTER 1· 

.INTRODUCTION 

Recent economic and political changes have profound1y affected 
the supp1y of m1nera1s and the future availability of energy sources~ 
These changes will have a strong impact on/the mining technology of)the 
next 20-30 years. As a result, min1ng technology forecasting has 
received considerable attention and the technological trends in mining 
have been intensive1y analysed recently. 

Due to the important position and role~ of the minera1 industry in 
the national economies of a number of mineral Pfoducing countries, 
there is strong re~on to believe - on the basis of present development 
~ that the mineral industry will not decrease in importance. On the 
contrary, it will become more important dyring the next decades. This 
resul~s from the fact that the demand{?~ineral raw materials will 
increase progressively, both in order to meèt rising energy demands and 
to produce metallic, non-metallic and building materials. 

The historieal pattern of mineral research and development (R&D) 
shows a heavy re1iance on the results of researeh in other industries. 
It is difficult to tell whether this pattern will change significantly 
in the future. Tne~fs, however, a growing awareness that greater 

, efforts in R&D will be required ta meet the future demand for minerals 
in -a changing environment under less favourab1e geolog1c, geographic and , 
climatic conditions. 

Although al1 management functions must cope with uncertainty, R&D 
1s generally agreed to be the function involving the largest number and 
widest range of uncertainties. Thus the R&D manager faces huge problems, 
not only in decid1ng on R&D objectives and programs, but also in defining 
the R&D level of effort to ensure a steady flow of technically successful 
projects. Bas i ca lly, the R&D manager ; s concerned wi th ma~! ng ~ .by ilfhatever 

.. 1 ... 
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particula~selection technique'he may favour, estimates of the fol1owing 
thré~ parameters: " 'ci) 'thê probable costs of developing, launching and 
use or marketing of the innovation and the approxjmate timing of these 
expenditures; (2) the probable future incarne stream arising fram the 
sale or use of the innovation and the timl~g involvedi (3) the 
probability of suceess, teehnieal1y and commercially. 

~ 

If a flow of suceessful innovatio~S 4s eonsidered as the final output 
Dt an R&O program, then these may be measured in terms of their contri-
bution to specifie goals, in relation t their eosts. The type of' . 
measurement which is relevant will vary with the lever of declsion-maklng. / \ 
At the' level of the firm, a great deal of detalled information will be 
available which ean be used in project evaluat10n but cannat be used at 

1 

a higher level of ~regation. At t e level of the industry or the " 
government ft may~~ossible to asse s external benefits and costs which 
are dfsregarded at a 10wer level. 

AlthOugh several; hundred prescr pt1ve models alreaqy exist for the 
assessment of industrial R&O, these dels"have recelved very litÜe 
acceptànce in practice. This lack of .atceptance 1s due to the excessive 
emphasis in the mode1s on mathematical sophistication and complexity and 
a1so, in part, because these models rail to include al1 aspects that 
research managers consider important. Furthermore, research character~ 
istics are often treated inadequately. 

On the other hand, the a~alysis of the R&O process in the mineral 
industry has received little attention in the past, and the'development 
of,lspecific dec1sion-making models to guide RIO investment has been 
undertaken by very few researchers. The mineral Rao. investment decision 
has been examined by means of simple scor1ng models or expected value 

'-

analysis techniques but, ·in the author's opinion, these models represent 
partial approaches to the pr~blem. In the first place, they are des1gned 

'--

to compare R&O projects of similar type and. secGndly, they do not 
adequate ly treat uncerta,i nt y • 
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The various research management" and budgeting systems ,described c 

in the literature were reviewed by the ,author wh11'e employèd as a 
mineral economist at the Canada Centre for Mineral and Energy Technology. 
A dec1sion-making model was subsequently developed by the author for the 

1 

assessment of the Centre's extensive mineral research activities. ,The . . 
author also had the responsibility of implementing this moclel during 
three consecutive fiscal years. This study summarizes the author's 
experience in the assessment of mineral ·R&D activities. 

This study offers an as'sessment framework for mineral R&D activities 
designed ~o produce more rèliable estimates for gu1ding R&D jnvestment in 
the mineral industry. ,Jhis approach mal<es use of the mos~ recent . 
developments in econonth: èvaluatioq.and deèision--making techniques in the 
hope that 1t will produce more realistic and ge~erally apPl~cable results., 

\' ' • , 1 / 

J 
One of the main steps towards the development of analytical methods 

for the evaluatio'n and selection of mineral R&D projects is to obtain a 
better understanding Of the dimensions of the R&D process in the mineral 
industry. ---Chapter 2 deals with the innovation process in the mineral 
industry. A review of criteria by which resources are al10cated ta R&D 
1s made. The factors ~ontro111ng the rate of technolog'ical progress in 

~the mineral industry and the development of industrial R&D in Canada are 
also,discussed in that chaPtèr. The analysis of'the technical, economic, 
social, ecological and political factors that have influenced the innova~ 

, 1/ 

tion process in the mineral industry contributes to the advancement of 
the technology assessment of mineral R&D activities. 

, \ 

A review of the literature pertinent to the evaluation and selection 
methods for mineral R&D projects, a10ng with the development of an assess­
ment framework for the allocation of public r~sources to mineral re~earch 
projects, are the subject of Chapter 3. 

. ' 

Chapter'4 out11nes the role of the Canada Centre for Mineral and 
Energy Technology (CANMET) 1n planning R&D in the mineral 1ndustry and . 
in conducting'R&D within the Canadian government. 

" 
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In Chapter 5 'the cost-effectiveness analysis approaèh is 'applied 
", ~ CANMET's Mineral Resea~ch Program as a support system for budgeting 
/ purposes. Results are presented and discussed. 

Chapter 6 contains a deta1led deséription of the cost-benefit 
analysis approach'for mineral resèarch projects. Two case studies 
1l1ustrate application of th1s approach. Finally. a summary and con-

f 

clusions are presented in Chaptèr- 7. 
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CHAPTER 2 

" 
"' THE RESEARCH AND ~EVELOPMENT PROCESS IN THE MINERALjNDUSTRY 

\ 
" nie R&D process encompas~es work. of many different Idnds and, ,1~ 
practice, the distinction between the two activities is often ha~ 
But, to generalize, research tends to be directed to the search for new 
knowle~ge while development 1s devoted to the eapacity to produce. 

, 1 

On the bas1s of "how it 1s~one", three categories of R&D are 
normally distingUiS~ed: basic,research, applied research, and develop­
ment. 'rhe defiriti!on of these categories is as fol1ows: (1) basic 
research consistf of original investigation~ for the advancement of 
scientific knOwl~dge that do not have specifie commercial Objectives; 
(2) applied research consists of investigations that are directed to the 
diS'covery of new sc1entific knowledge with specifie c""'rcial objectiv,es" 
with respect to products or processes; and \3) development means teçh-

....... "1.-. 
,~ 

nical activities of a non-routine nature conce,rned with translating 
research findings or other scientific knDwledge into products or processes. 

, In order to assess the impact of the R&D process on the mineral 
indus{ry, it is necessary to study th'e economic content of R&D as it 

affects society as a whole and to clarify the question of criteria by 
which resources are allocated to R&D. 

2.1 The Economies of Research and Development 

The econom1c nature of R&D and the econom1c"pr1nc1ples governing 
its gr~h cannot be understood without examining 1'ts socio-economié 
content. Every R&D project, 1s a~eTement of a single_system collecting 

l' ", 

scientific knowledge, and any form of research is connected with produc-
, ' -----

tion and has an econom1c Objective • 

... 5 .. 

'. 
, 1 
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The study of the relat1onsh1p between research and production is 
beyond the scope of this thesfs. Suffice it' to say that a st'!dy of 
this relat10nship requires a detai1ed analysis of (1) the character oi' 
the socio-économic relations of the R&O, and-(2) the place 'and role of 
R&O in the proc~ss of industrial development. 

The prevalence of R&O, the importance,of public policy~mak1ng in 
the allocation of resources ta R&~, and cQntinuing discussion and debate 
about appropriate criteria for allocating such reso~rces are discu;~e~ 
briefly in t~is section. 

The main conclusion reached by Arraw (1962) regard;ng the allocation 
of resources to investion is that the socially optimal leve1 will not b~ 
reali zed by the investrnent of prhate ftrms in the market. 'In this 
respect, many constraints have been mentioned: in the first place, any 
information obtained (for example, a new method of production) should, 
fram a social point of view, be available free of charge (apart from the 
cost of transmitting information). This ensures, optimal utilization of 

~ 

the information, i.e. that one and the same result o~ ~&O m~ be'used 1n 
a11 e~terprises whenever necessary. The grave difficulties which a 
corporation encounters in sèeking information on research supported by 
other corporations campel it to increase the size of its research machinery 
and the scope of research. This accounts 'for the accelerated growth of 
industrial R&D. A part of this growth"however, involves duplication 
so that substantial material and manpower resources go ta waste. 

The smaller the link between R&D and direct production, the less the 
" , 

possibility of information being marketed directly as a commodity and, 
consequently, serving as a source of profit •. 

A business firm operat1ng in a competitive environment will seldom 
find it profitable-to engage in a research project which is not likely 
to result qu1ckly i,n something ,patentable~ even if the finn can predict 
the "!ture of the research results, unless' the f1rm keeps tigh~CreCY. 

\' . 
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The force of this tendency to impose secrecy on scientific and techn1cal 
information varies according to the circumstances: the nature of the 
information, its importance for a given company, and the character of 
the industry. 

\ 

The argument for market failure in t~e production of information 
has to do mainly with the characteristics of information as a commodity, 

o 
especial1y those of indivisibi1ity, inappropriability and uncertainty 
(Arrow, 1962)1. Thes~ characteristics lead one to expect that the 
private sector will systematically under-invest in the production of 
technica1 information relativê to its socially optimal l~vel. 

From the viewpoint of economic analysis, the high degree of uncer­
tainty characteristic of the R&D process is an important feature. 
One aspect of this uncertainty 1s that outputs of research cannot be 
pre~1cted very easily on the basis of inp~ts. Thus, the expected value 
of the process cannot be projected in advance with any degree of con­
fi'dence. ' 'Furthermore, uncertainty may be expressed as the difficulty of 

" exactly detenmining the time required for the production of information , . 
to solve the problem aryd the resources that will be spent on its solution. 

Uncertainty is partieularly high in basic research\ Even when a 
specifie search is underway, a high degree of uncertainty is still 
present. This uncertainty remains, a1though to a lesser degree, in the 
develcfpment stage. As a consequence of this uncertainty, the pri vate' 

. ~ " 

firm discriminates against investment in research act1vities even though 
the expected,socia1 returns fram such efforts may be very high. 

Two problems arise if the g~rnment and other non-profit institutions 
are involved in pe~orming industrial R&D. The first problem is r.~ated , , 

to determining the amount of resources devoted to invention. The second ., 
deals with ,thft efficient use of these resources. The formal answer to 
these questions is that resources shou1d be devoted to R&D unt;l the 

'1 Goods or cOIIII1Odides are appropriables where it is possible to • 
prevent everyone except the paying consumer fram enjoying the benefit 
of 'the goods. (Arrow, 1962)'. ' , 

1 

" 

, , 
" ~, 
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expected marginal social benefit there equals the marginal social 
benefit in a11 kind~ of uses- (Arrow, 1962"- But the, presence of 
uncertainty makes suah calculations more difficult and tenuous th an in' 
the case of public inves~nt decisions. 

There is no way to measure by the conventions of economic accounting 
the s~parate contribution of scient1fic knowledge to the gross national 
product. One can evaluate the costs of basic science but the benefits 
a~pear in such a generalized manner that ft is often impossible to 
separate thém fram 't,ose caused by other factors contributing to increased 
economie productiyity (Johnson, 1975). However, there js sorne evidence 
of"a positive relat10nship between inventive aet1vity and the level of 
resourees devoted to ft. 

D ~ 

One approach -to an understanding of the relation between R&D activity 
1 

and econom1-c growth via technfcal progress 1s to treat' R&D act1vity as 
ff 1t were a direct input into the PrQduetive system and'to see what 
resul to emerges. the use of Cobb-Ooug1as ,production funct1on,s fs<) s~~gested 
for this purpose. 'However, the difficulties involved in using Cobb­
Douglas production functiQns to estimate the contribution of various inputs 
are notorious (UNESCO, 1970). 

In sumar1zing th1s section. the following conclusions may be drawn. 
Basic'scientifie research eonstitutes that portion of the R&D spectrum 
which has the strongest theoretiea1 justification for government support 
in thé formal economies literature. The economies literature, however, 

l , 

offers little guidance on the overa11 'leve1 of budget for basic research, 
~ 

nor do es ft provide much assistance on the allocation among fields of 
science. On the other hand, spokesmen for the scientif10 commun1ty have - , 

made progress in considering criteria by which to al10cate resources among 
sub-fields of a givén scientific area, though they have yet to extend their 
analysis ta the level of the trade-offs between physics and chem1stry. for 

~ 

example. The scientif1c conmun1ty has not done very much to address the 
~ • ~ - r " CI. 

prob1em of the appropriate overalJ level of support fo~basic science 
from a,societal perspective, preferring instead to reason from the perceiyed 
internal needs of science. 

o 
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It is c~ear from the literature that the question of c~iter1a for 
the allocation of resources. especial1y public r~sources. to applied . 

. sçt!nt1fic research.has received substantially. less atte~tion th~n that 
:of basic sc1entific research. One of the major conclusions to emerge 

i' 

f~ th1s 11tera~ure has been that a substantiel growth in productiv1ty 
," 1 

can be attr1but~ 'to t~e fmpact of research and deve10pment e~penditures. 
The causal relationsh1p has not been def1nitively establ1shed, but a11 

• , 1 

ev1dence consistently points in the direction of RIO ~estment as a 
J ' • 

• '1 

factor contributing to growth' and productivity. 

ln his review of th1s subject, Rettig (1974), having in mind the . ' 

U.S. situation. indicates the relative roles of the public and private 
, ' 

sectors i~R&D for the public, mixed and private'goods (F1gure 1). 
~. Where pUle private gOOds are be1ng produ~edt the PUb1jc:~sponSi~ili~ 

FIGURE 1: . PUBLIC AND PRIVAT! SECTOR RESPONSIBILITIES 
FOR THE SUPPORT OF RESEARCH AND DEVELOPMENT 

Types of Goods 
and 'Servi ces 

P.ure private 
goods 

: Mixed pub Ti c 
goods 

Pute public 
,,;, ... ~ :rg()ôds 

Publ i;t: 
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should be for basi~ research with a fairly sharp boundary between basic 
and more applied research. For mixed public goods. like health and 
agriculture, the public respons1bi1ity extends a10ng the spectrum and 
-the boundary should be less sharp. The public sector, finally, should 

(,,; ..... 

be wholly 'responsible for R&D in support of pure public goods, like national 
defence. In order ta suggest criteria for the allocàtioh of resources 

~ . 
to scientific and technological researcn. in pàrticular mineral R&D in the 
Canadian context, it 1s necessary ta ~eview the innovation RrocesS in the 
_m1~eral industry in this country. , 

According to the Lamontagne Report ~1972), scientific and techno­
logi cal aC,ti.yities shoul,d be appriJised on the basts o~ the fo'llo~ing aims 
which are detine~ as the broad purpose of society: cul~ural enrichment, , , 
including national prestige. economic growth and public welfare. The 
review of the innoVation process in the I!lineral industrJ' and the develop­
ment of industrial R&D in Canada will be considered in the next sections 
from this perspective. 

2.2 The Innovation Processcin the 'Mineràl Indus~ry 

The value of an R&O project is a function of three basic parameters: 
probabi11ty qf success, net present value given a success, and the cost 

'of conducting'the R&6 project. In this sense there 1s a strong analogy 
to a mineral explpration praject. It is poss1 ble to apply to an R&D 

project a similar framewo~k of analysis to that which has been developed 
for exploration planning (Mackenzié', 1-972). 

In most research projects, the number of possible outcomes at each 
research stage is large and the estimation of all the probabil1ties would 

-, II '0 

be v~ry difficult;~ a simple approx1m~tion, therefore, i5 clearly needed 
\ 

\ \ fôr the p~rpose of i 11 us tra,t1 n9 the ~a 1 ue of an R&D project. 

Thus,oEV. pe x p~ x R - C 

where _iV - expected value oflan RlD project; 
, ~ 

. \ 

\ 
\ 

.' 

. . 
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pe = probability of economic success; 
pt,,· probability of technical.success; . . 
R ~ return result1ng from a successful project; in other words, 

the differenee between discounted benefits and costs (èxeluding 
C) ; 

C· R&D project eosts. 

S1nee these parameters are u~ally estimlted as frequency distributions 
,J" t" 

"to reflect variations in the value of'successful projects and the multi-
stage nature of the research investment process, the expected value 
function is modified as fol10ws: 

iI# 

~V " t pei x Pt; x Ri .. r c. (2) 

( . J' 
J . < 

where f pei = pe and ~ ptt -= pt. 
1 

, 
These basic parameters vary sîgnificantly according to the nature of 

'the research undertaken, and vary a1so with,othe .R&O stage considered. 
Even more important, these parameters are affectèd by a. mpnber of factors, . 
external to the innovation process itself, which detenmine teebnological 
progress and the rate of adoption gf a new technology by an industry and 
consequently the expeeted value of an RIO projeet and its probability of 
success. Figure '2 shows the innovatioQ process in ,the mineral industry 
as the cumulative result of 'ee~nomic, politieai and soc;e1 fo~ces'a~d 
in the contex~ of government poliey and corporaie organ~zation. -

'il f" ~ 

In arder to develop sorne analytical me~hods to guide R&O investment_,.1'o 
an exp 1 anat1 on of how these fact~rs i nteract wi th the 1 nnovati on proCé~' 
in the m(ner~l industry 1s necessary. It ~lso facffftates the d~fin1tfon 
of an optimal R&O s trategy ; 

\ " 

.;r.... For the purposes of the analys1s 1, an effor.t hàs been made to group 
1nd1vidual ,factors into sub ... categor1es(e.g. econom1c, pol1t1eal and 

'. \ " 

o 

1· ~ 

The analys1s 15 l1mited to those factors that"fnfluènce the innovation 
proeess in the ferrous and non .. ferrous secters. Any further reference 
to the mineral industry refers to these sectors. ) 

, " 

, , 

'. ' 

........... , 

, , 
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Figure 2; 'FACTORS AFFECTING THE INNOVAtION PROCESS 

IN THE MINERAL :IICIIImY 

TECHNOlOG'ICAL 
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social}. However, because these factors are not 1ndependent, there 1s 
a mutual interaction among them and with the innov~t1ve process itself. 

1 

An exhaustive ana1ysis of the factors affecting the innovation 
process is beyond the scope of thl6~study. Thus, only a brief review 
of their main c~aracteristics is undertaken in order to contribut~ to 
the technology assessment of m1ner~1 R&O activit1es. Emphas1s 1s g1ven, 
however, to those areas of relev~ce for the development of an assessment 
framework for the mineral-based research activities. 

2.2.1 Political Factors 

The evolution of political forces has had a decisive influence on 
the development of :the mineral:"industry and on the introduction of 
new technologies. The development of the cap1talist system 
1nltiated by the Industrial ~evolution in the l8th Century, ,the 
emergenee of a large number of IIThird World" eountries in the last 
few deeades, and ,the development of a number of centrally p'lanned 
eeon6mies after th~ Second World War need to be considered among the 
political factors that form the frame of. reference f~ technologieal 
progress in the mineral industry. Thus, for example, the structural 
changes in the mineral industry that have reeently taken place on 
thefworld scene are a consequence of the evolution of these pQlitical 

. l 
forces. These structural chang~s have reduced the mineral producer's 
confidence that the, Third World countries' mineral resources will 

.() ., 

meet future requi rements'. These changes subsequent ly have dd ven 
them to look for minerals in countries with more acconmodating 
political climates. Improved technologies have been developed, 
therefore, to face less favourable geolog1cal, geographical and 
climatic conditions. 

p , 

This' trend has been reinfor.ced by the possibility of mineral shortage~-" .. .:,.-......-. 

and consequently higher priees for m1neral products resulting fram 

J 

1 The nationalitations carried out by developing countries have 
profoundly modified t~e structure of the world mineral industry. . :. 

). 
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decisions made by groups of mineral producer countries l1nked in 
cartel-type associations. For example, the formation of the 
International Bauxite Association (ISA), in 1974~ coupled with the . 
Bauxite Production Levy Act passed by the government of Jamaica 0 .. , 
and mayes by other bauxite-producing countries to increase 
revenues fram bauxite production gave rise to apprehens10n re-, 

·gard1ng the availability and price of bauxite and allll1ina a~ a 
time wh en aluminum métal was in sh~rt supply. Thus. an intensive 
research and development effort was ündertaken by aluminum pro­
ducers to develop non-conventiona1 aluminum resources: c1ays, 
shales, anorthosite, alunite, fly-ash. Alcan, in partnership 
with Pechiney/Ugine-Kuhlmann, has successfully developed an '~ 

experimental process for treat1ng aluminum-bearing clays., The 
U.~. Bureau of Mines has been sponsoring sorne pilot plant projects 
of its own. 

2.2.2 Economic Factors 

2.2.2.1 The Oemand for Mineral Products 

The R&D process in the mineral industry has been greatly in-
fl uenced over time by the pattern of world minera 1 conslll1pti'on t 
which, in turn, has been largely a function bf the stage of 
economic development in the various countries ~dlregions of 

, "'"" . the world, together with the rate of economic growth. There-
--- -' 1'-' 

fore, i t i s not surpri s i ng tha t ttTEi"i ndus tri al i zed countri es 
, have consumed the major share of the world's minerals. 

Consumption of mineral raw materials on a large scale statted 
J 

w1.th the Industrial Revolution and has continued ta grow at an 
extraordinary rate. Thus, for example, copper manufacturing 
was changed from an industry which had previously been mainly 

""concerned with producing buttons and pins and provid1ng the 
basic materia1 for sculptûre and other fine arts, to one which 
supp11ed an entirely new market for heavier industrial goods. 

1 

Consequently an entirely new technology arose fram th1,s need 
(Prain, 1975). 't. 

...... 



2.2.2.2 

@. 

' ..... 

- 15 -

The development and growth of the ne~ automobile and electrical 
~ industries create~a~great ~emand for iro~ and steel as well 

as other mineral-based products. For example, the automo~i1e 
r 

1ndustry, which in 1900 was ins1gnificant as far as mineral 
demand was'concerned, is now one of the biggest consumers of 
metals. An outstanding development ~n steel dur1ng the 1920s 
- continuous wide strip rolling - is cons1~ered as having 
been induced by the great demand for steel (Gale, 19&7). 

Mi,nera 1 Producti on in the Economy and the leve 1 of Resèarch 
and Developmenta1 Effort 

Mineral production in the f1rst post-war decade grew faster 
than ~anufacturi ng producti on. However, the rate of 9~~th 
slowed down during the 1958-1970 period and the production of 
the mineral industry became less important than the output of 
other sectors of the economy in most countries of the wor1d, 
w1rth the exception of lat1n American nations where the ex .. 
pl01tation of iron and bauxite deposits experienced a rapid 

'" expansion. Thu's, the growth rate of mineral products is 
appreciaply below those of production in genera1. As a resu1t, 
their share 1n production and in capital formatio~has declined. 
For example, the share of the United States minera1~ustry 
in industrial production in relation to GNP dropped from 3.9% 
in 1950 to 2.3% in '1970. This has n~t heen the case in Canada, 
however, where minera1 production as a percentage of GNP has' 
grown fram 5~8% in 1950 ta 6.8% in 1970 (Richardson et al, 1976). . - . 
In genera1, the relative importance in the'economy has shifted 
t9 t~ industries wi th higher kna«ledge content and'--these are 
a1so the most dynamic, e.g. nuclear, aerospace, electronic and 
chemica1. This trend has'made larger-lnvestment ln lndustrial 
R&D necessary 1n arder to ma1ntain the growth rate of these - . ' 

sectors. This 15 contrary ta what happens in the mineral 
1ndustry as a whole. The decl1ne,of 1ts share 1n prgduction 
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and in capital formation reduces the interest of f1rms in 
mineral RIO 1nvestment and the ratio of Rao expend1tures/va1ue 
of mineral production has dectfned progressive1,Y. In the 
tase of Canada, mineral industry expend1tures on RiO have 
diminished in absolute value in the last few years, reflecting 
the effect of the economic cycles. Table 1 shows the miner~l 
1ndustry expenditJres on RIO in Canada. 

, . 
Table 1: MINERAL INDUSTRY EXPENDITURES ON RaO* IN CANADA 

(Millions of DOllars) .,.. 
fi> 

MINES MINES 1 
{Excl. 011 a Gas} METALS** METALS 
Current ~ 1971 t Current ~ 1971 '1 1971 $ 

14.7 14.7, 59.7 59.7 74.4 
12.2 11.6 62.2 59.2 10.8 . 
15.5 13.5 61.8 53.9 67.4 
15.0 11.4 74.7 56.7 68.1 
18.6 12.7 91.3 62.3 75.0 
16.1 10.0 99.1 61.8 71 ~8 
17.3 10.0 99.5 57.8, -67.8 

, 

,-
* Composed of expenditures funded by performers and excludes government 

assistance to industry. Figures include current and capital expendi-
ture and extramura1 RIO funded by the industry. vi 

** The term "metals" comprehends primary ferrous and non-ferrous pro­
cessing activity and metal fabricatfng. 

SOURCE: The Science Statist1çs Bulleting (Cat. 'No. 13 ... 003) 

2.2.2.3 Mineral Resources, Priee and Technolo~ 

Historical1y, technologies employed by the mineral 1ndustr,y 
have needed to a4apt to an increasfng demand ... _~ In order to '" 

meet th1s requ1rement. new equi~nt and techniques with 
greater capacfty and higher product1vity have f)een des1gned. [, 
,On the other hand. these new technolog~es were develoPed to 

\ 
1 . \ 

, , 
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face the progressive decline of ore grade for sorne types of . 
4 miner~l deposits (e.g. porphyry copper) and the~xh~stion 
, of certain types of mineral deposits and their rèpJâ,cement by 

others with lower ~rades and/or more complex p~cessing and 
refining (e.g. porphyry €opper deposits at the turn of the 
last century, tac,onite iron deposits sorne decades aga and 
l ateri ti c n1 cke l depos i ts in recent years). 1) , 

The amoun~ and fonm in which minerals occur 1n the earth 
ultimately control trends in production. 1 Three fundamental 
geological factors that affect long~tenm availability of 
mineral resources are usually mentioned: the amount of metal 
available in the earth's crust in each range of grades; its , 

inin~ralogical form and chemi~~l,,,~lstate; and its spatial dis-
tribution. Although their effects vary from metal to meta1, 
the factors apply to al1. Thus, sorne time in the future, it 
will probably be necessary ta rely on silicate minerals for 
sorne metals now produced fram non-silicate minerals. 

1 

'Mineral technologies for findin~ and producing mineral materials 
in most cases have outstripped ~emand for minerals. resulting 
in progressively lower real pri~es for minerals. Price re­
ducti<,ns have been accompanied ~ot on1y by increased consumption 
but also by steadily increasing reserves (Nordhaus, 1974). 

Among the major techno10gieal ae ievements that have contributed 
to increase mineral supply and t the economic justification 
of producing from lower grades 0 ore have been the flotation 
process, the process for maki~g Je11ets from taconite iron ores, 
and the ammonium pressure leach process for extractin~. nickel 
frOll laterltlc ores. 2 " \ ". 

--------------------- 1 1 

1 A great.many variables will affect the f~iure production' of metals. 
Socia), economic and technological changes have 'greatly influéneed ,and 
w11tlundoubtedly continue to influence ~tal production. Important 
as these variables are, they cannot be,;used alone to determine long-tenn 
availab111ty of metals (Singer, 1977)., , ' 

2 Sherritt Gordon, a Canad1an company. has done much of the pioneering 
rese~rch'~n the processiftt·of lateritic ores. 
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Economic Cycles. the ,Investment Process and Technological 
1 Change l , 

_ ... _ .. _l\.o-~~ ... 

An important characteristic pf mineral supply and demaAd , 
, responsible for cyclicar f1uttuation~ 1s the substantial impact 

that changes in the ov~all level of economic activity have on 
, ' 

the demand for mos t mi/nera 11 products. ' As ares u l t t for mas t 
mi nera 1. products the/ demand curve shi fts cons; derab ly over the , 
economic cycle. ~ Jhe heav use of mineral products in industries 
of capital and d9table goo s where production 1s greatly affected 
by changes in the overall level ot economlc activity (appliance 
and equipment; aûtomobil and other transportation; construction; 
e1ectrical and mach1nery,) 1s 1arge1y responsible for the cyc1ical 

/ . 
fluctuations affecting the mineral industry (Ti1ton, 1977) . 

, / 
Economic cycles ip the western industrialized countries are 
becoming increé\singly' synchronized as thelr, economies have 
grown more int,gr~t~d and interdependent, and consequently the . ~ . 

mineral industry ls/becoming more vulnerable to cyclical fluc-
tuations; hence the instability of mineral markets has in­

-creased 1n severi~y (T11ton, 1977; Menshlkov, 1975). The 
! -#' last recession fQr steel provides a clear example. The demahd 

1 

for steel in the/United States was increasing at less than 3% , 
per year during 11978; thus expansion of any kind was a debatable 

, 1 

,proposition (F~~tennayer, 1978). Steel ~onsumPtion in • 
European countries was not 'better either. This was not the 
case for Canada. where the average age of steelmaking plants 
is estimated to be about 10 years and domestic consumption during 
the past 20 years has expanded at an annual rate of 5.5% 
(Anderson, 1978). 

The d~velopment of techniques and technology proceeds irregulfrly, / 
in the form of specifie techno~econom1c cycles. Each of these' 
cycles opens with revolunt1onary changes in prQduction techniques, 
followed by a per10d of evolutionary ass1mflat)on and imprave .. 
ment of the new technology. Then another breakthrough takes place • 

.f 
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The emphas1s' sh1fts fram one forro of RIO to another according , 
'< to an evolutic;nary or revolut10nary period. The period before 

a revoJut10nary breakthrough demands high-level basic research 
and inventive activity. The evolutionary period {with a 
total increase in the volume of basic research and inventive 
activity} involves a relatively faster increase ifl development 
work. 

~ 

Revolutionary changes in technology lead to changes in economic 
( 

relations; through the mechanism of market competition they 
1 

greatly influence the economic cycles of industria1 development. 
The massive replacement of existing equipment. prepared ob­
jectively by a revol,ution in technology, becomes an economic 
necessity under the impact of cyclic economic deve1opmen~ and 
creates a powerful stimulus to RIO. It 1s evident thàt the 
shorter the interva1 between the revo1ut1ons in technique~, 
the greater the demand for the renewal of fixed capital invested 
in production, as well as for the advancement of R&D (Nikolayev, 
1975) • 

Economie cycles invariable have contradictory effects on 
technological progress. Init1al1y these check or slow down 
develo~nt because the market shrinks; then depreciation of 
capital occurs, a fall in the rate of profit forces finms to 
seek,new technical and'economi~lutions to expand the,market, 
cut production costs and thus increase their profits. 

The replacement of obsolete cap1tal.goods by new investment 
and the building of new enterprises pr~ceeds unevenly. Every 
new economic crisis. by forcibly restoring the equilibrium 

.;; 

previously upset, opens up possibilities for a new round of 
extensive capital investment. This occurs onl~ when the rate 
of profit, after the 1a5t cris1s, returns to an attractive 
level for the ffrm. In the past. however. not every type of 

/ 
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equipment was replaced immediately after each cr1sis. This 
replacement process could develop, subject to the availabi11ty 
of financial resources of entrepreneurs (Menshikov, 1975). 

A case in point is "the United States 'steel industry. Part 
of its current troub)es stem from imports which have reduced 
profits, causing investment'to be postponed and eventua11y 
cancel1ed. The major problem, however, is that many plans 

" are worn out and obsolete. The industry has been extensively 
modernized since 1960 and capital expend1tures,over the last 
10 years totalled $21 billion. Despite this 1evel of spending, 
there still remains a sign1ficant need for additional modern­
ization of plant and e~uipment. 

,Researeh and development expenditures represent capital invest-
I 1 

ment of a special type: In contrast to ordinary investment 
which goes for the purchase of equipment or buildings, 

, resources are spent on information-gathering for the creation 
and improvement of a product or process technology and not for 

, 
the buying of plant. 

In the eventuality of süccess, R&D investment can bring a hi'gh 
1evel of profit and a swift recoupment of the expenditure. 
Owing to its special prqfitabi1ity, R&D investment' is less 
sUbject to cyclical fluct~ations than is ordinary ;nves~nt. 
If financ~al possibilities al10w, firms uti1ize a period of 
comparatively loW economic activity for experimenta1 work with 
new equipment and new products (Menshikov, 1975). For 
examp1e,'1 during the 1914 .. 18 war~ the demand for nick,e1 was high. 
After the war demand decreased and a recess10n per10d fol10wed. 
The Canad1an producer, INCa. in weaning itself from the war 
economy. undertook a program of research and ,market development 
designed ta d1versify sales, This strategy met w1th considerable 
success as the growing automobile and rad~o industries provide~ 
substantial new outlets for the var10us nickel alloys 
(Oeverell, 1975). 

, ' 
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During boom per1ods 1 the swtft rise of demand makes lt 
possible to sell exlst1ng types' of goods prof1tably and to 
work with the ordin~ry types of equ1pment aval1able on the 
market. 0 Dur1ng these periods 1t 1s unprofitable to experiment 
w1th new goods. Moreover, there are shortages of free 
capacity in such times. 

The countercyclical movement of investment in research has its 
11mits: If the crisis is suffic1ently acute and prolonged 
1t may prove to be disadvantageous to put the results of 

1 

research into production. 

There are considerable d1s1ncentives ln the mineral industry 
to use new techno10gy and replacement lnvestment is relatively 
hard to justify because of high risk, including shbrt uncertain 
'mine life. The increasing capital costs and decreasing 
1ncentives of new mining ventures progressively tend to'make 
the indu~try more conservative in 1t5 des1re to avoid risks 
additional to those inherent in the uncertain nature of ore­
bodies and the f1utuating hazards of markets. This creates 
~ serious hold-up in the flow of innovations into industrial 
practice. Inventors, universities and other research organiza­
tions can usually show that their new processes work under 

, 
favourable conditions, often on a small and discontinuous scale. 
laboratory conditions are either of the small batch type or 
closed-circuit recycling"to avoid having to cope w1th large 
quantit1es of ore; therefore they cannot fairly reflect the 
conditions ,of industrial through-put. Consequently, informa-, 
t10n provided 1n th1s way on product grade, power consumption 
and long-term cont1nuous running reliabl11ty 1s clearly insuf­
ficient. At this stage there is thus a serious credibility 
gap which many inventions fail ta 'bridge; even the successful 
ones may take up to twenty years to atain full industrial ac­
cep.tance. Sorne five or six years of th1s t1me may be spent 
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in arranging support for the production of an industrial 
prototype for long-term applications test1ng'on production 
l1nes at mines (Cohen. 1976). {) 

-:,' 

The present cost of properly designing and building a prototype, 
unit, with attendant requ!rements for patenting, pre-prototype 
test, etc., is very high and 1s rapidly increasing. The 
development of a new technology for ocean mining illustratés 
thi s trend. -: '.1' 

2.2.2.5' Substitution in the Materials Market 

The preference' for one, material over al'!other is determined by 
the interplay of technology and priee. The user will not 

1 

change to another -material on the basis of price alone. Con-
sideration is also given to the overall technical problems 
associated with the substitution: 

Ouring this century, potential substitutions for mineral based 
products and the availability of'mineral ~sources, have played 
a significant role in increasing mineral producers' efforts ta 
capture a share of the market for the "new metals" (alurninum, 
nickel, magnesiwn°, "titani'ùm) in place of the traditionally 
employed Itold metals" (copper, lead, zinc, tin and, more 
recently, steel). This has been a great sti~ulus to the 

" undertaking of systematic R&D programs to deve10p new processes 
, " . 

~ and products. to~improve existing processes or to up-grade the 
e'characteristics of existing materials. 

2.2.3 50&1a1 Factors 

2.2.3.1 The Labour Force 

The decades fo11owing the Second Wor1d War have been marked by 
a h19h level of industr1al development, givin~ rise, in turn, 

. to sorne new labour trends as we 11 as rei nforci ng others whi ch 

already existed. Sorne of these labour trends extend ta al1 

1 , , 
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1 • 

industr1al sectors and have a broad influence over technological 
prôgress although this influence varies w1th the particular 
fndustry in questi~h. 

1 

.. l ' 

Among these labour/factors are: a higher level of education 
, and better technic 1 Skil,lS attained 'by the labour for;e; the 
",growing attraction of the labour force to urban centres; a 
greater number qf trade uni on members and trade un ions; and 
the increasingl influence of the labour unions. . Other factors 
more specifie to the development of the Can~ëlian mining industry . 
areassociated with the establishmenj: of mining eORl1\unities in 
remote and isolated areas and the high labour turnover ratè 

- 1 
which characterizes the labour force in the mining 'industry. 

A 11 these factor~ work together to stimulate R&D programs a;med ) 
at 1mproving hea1th and safety conditions in the work place and 
to mechanize and auto~ate the niost hazardous operations. For 

, 
example, these have been major considerations in the development 
of the raise-and .. tunnel borers for hard-rock mining. l 

The replàcement of manpower, first by machines for energy 
sources and, more recently, by a great variety of instruments 

, 

and automatic contràls tao provide eontinuous attention, has 
been a domi nant moti ve of thi s century. The hard fact i s that 
the cost of labour has always increased at a greater relative 
rate than the cost of either power or ·supplies. Thus labour 
has been the principal target for cost reduction. 

2.2.3.2 The Conservation and Environmental Movements 

In the last fifteen years, new 'social trends have emerged in 

developed countries ,to produGe changes in the mineral industry 
, and stimulate R&D related to these changes. These trends are 

v 

the conservation and environmental movements. 

l The introduction of these machines has SP9tred technological improvernents 
in the conventional raise .. and .. tunnel equipment and techniques, which have 
been greatly reduced in cast. They'can compete advantageously with the 
tunnel and raise borer, thus retarding full adoption of the new technology • .. 

~ . .-
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The importante of the"con~ervation mov~ent in thi,s context 
is that it has created a polemic that has helped define the 

, " 

. problems now fa~ing the mineral industry. These problems 
will undoubtedly 1ncrease in the future but an initial con~ 
sequence has 'been to emp~asize -the importance of mineral 
materials hitherto unexplojted and ta create incentives for ~ 

,the development of technology required for their exploitation. 

Wi th regard to the' extraction of mi neral material s, the en- ' 
vi~onmentalists' position has exerted considerable influence 
in theodevelopment of a number of innovations designed to reduce 

" . 
the possibility of irreverst,ble damage to the enyironment or 

a • 

to reclaim damaged sites. For example, new RQning methods 
have been conceived to minim1ze' the subsidence resulting'from 

• underground mining and reclamation research has been carried 
, .-

out On re-vegetation and rehabilitation of mine sites. 

«q" 

There i5 mounting ~ressure from groups which consider their . , 

well-being threatened by pollution to find solutions to these 
" . 

problems. , A number of technologies have been developed to 
deal with pollution resul'ting from mineral processes. For 
example, R~D seeking a long-term solution to poilution problems 

, , 

has focussed on the development of hydrometallurgical processes 
which do not,produce~sulphur oxides - a major source of pol-... 
lution. Hence, Sherri,tt Gordon Mines have developed a high 
temper.ature and pressure prècess for beneficiation of nickel­

. cobalt sulphides, and a chlorinat1on prpcess for beneficiation , 
of zinc, lead, copper co,mplex ores i5 currently under development - ~ 

ai the Canada Centre for Miqeral and Energy Technology (CANMET). 
, . 

,2.2.4 ,The Mining Company and Research and De~el0Pffl!nt 
~ 

2.2.4.1 Mineral Prôduêérs ' , 

R&O 1s an important c~ponent 1n strategies for growth and sur-
vival in the m1nèr.al indust~ but 1ts ·importanc~ varies according ~ 

" " 

to the sfze of the "',1n1n9 comp'any • .s 

\ 

~ , 
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The small operator has l1mited ore reserves and other resources 
and faces long-term amortization of equ1pment and installations. 
In addition, the smal1 operatorls future ;s uncertain because ,-
of the fluctuation of mineral priees in the market. Thus his 

, ' 

major concern in ensuring his survival 1s exploration for new 
reserves and, in order to avo1d further risk, he 1s reluctant 
to innovate or to adopt new technology. 

In general, the small mining company, given its low rate of 
production, does not normally have any incentive to carry out 
fonmal R&O programs. However, it may invest in such aetivities 
ii faeed with tèchnieal or economic problems that threaten ils 
existence, requiring an improvement in operational efficiency. 

Similarly, the independent s~i-fabricator or·fabricator with 
a small production does not carry out systematic R&D programs 
as there is limited ineentive to do 50. Through R&D he eould 
reduee his operat}ng eosts but would hardly increase h1s sales 
which are dependent pn final consumption. 

In contrast, ~Jt~t from the largest mineral producers accounts 
for the major share of production and any decision made by them 
has ,tonsiderable impact on the whole industry. Usually, the 

, 
lar,gest producers integrate their operations vertically, the 
degree of this integration varying according ta the mineral 
p'roduct under consideration. In spite of the diversity of 

, alternative strategies followed by the largest mineral producers 
and the eomplex picture_that emerges from this situ~tion, it is 
posstple ta find cOlllno,n- el'ements in relat10n to RIO. 

(1) The largest prOducers are ln the best pos1'don ,ta ,conduct 
long-range R&O progr~s since they are 1n possession of 
mineral reserves which al10w production over ~ reasonably 

• 
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long perfod of time~ Furthennore they have rich and 

varied 1ndus~ria1 experience and the required'financia1 

resources, or access to these. 
". , 

(2) Large mining companies integrate development activities 

and by doing so are able to patent, and l icense new pro-, 

cesses,. They percei ve tha t possession of propri etary 

rfghts ta a process tha. reduces the tosts of mineral 

recovery al10ws them to make greater profits than their 

(3) 

compet; tors. Thus they may carry out R&O aet; vUi es to 

r~cover mineral$ at lower cost or to develop new techniques 

to proc~ss ore'from deposits which they have discovered 

but wh;'ch cannot be econom,ically exploited under present 

condi ti ons. 

large '~ining canpanies show a more flexible attitude 

towar"êI the modernization of equipment and the improvement 

of ex1sting processes ,as well as the adoption of new 

techniques. In addition, they co-operate more close1y 

with equipment manufacturers and processe~ in order to 

implement innovations. 

On the other hand, the innovation process for base metal products , . 
has been somewhat inhibf~ed by the discontrnufty wl!ich exists 

between producers of metal 'products and the semf-fabricators and 
, 

fabricators. Thus, metal producers see few fncentives to 

conduct RIO for new products and new uses since this 1s not per-

~eived ~s part of their bus.iness. On1y recently, in.order to 

face strong competition fran other metals and materia1s., prf,mary 

producers have 'in1tfated a defensive RIO strategy designed"to 

avoid further market losses. 1 

2.2.4.2 Egu1pment 'and Process Suppliers: Conpetftion and Innovation 

Another major factor bear1ng on technolog1cal progress in the 

m1neral 1ndustry 15 the compe~1t1ve pressure to 1nnovate wh1ch 

" 
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is found in the m1n1ng equipment and material supplies market. 
Equipment and mater1a1-~upp11ers, in an effort to increase 
their share of the market or to avoid a 10ss of it, have been 
important sources of innovation over time. 

Q , 

The development of new mining techniques is performed primarily 
,~ , 

by machinery and electrica1 equ1pment companies, whereas research 
on m1nerals is carried out by·the chemiea1 and oil-r.eftning 
industries. This is due mainly to the higher rate of techno-
1091ea1 progress accruing to these industries, the need "to find 

, ., 

new market outlets for thei r products, and the structure of the 
minera1 industry, Mining equipment suppliers profit fram 
innovation, b~th through a larger share of the equipme~t market 
and an expansion of the total sales of equipment that accompanies 
an accelerated rate of obsolescence of existing machinery and 

l , 

the increased consumption of mineral products. 
~) -

ln relation to the Canadian suppliers for~/mining 1ndustry, 
Rt~ardson et al. (1976) state that the supp1y industry in Canada 
has certain characteristics which seem to inhibit domestic RAD ~-j 

act1v1ties. They argue that, since mast of the large companies 
are owned by foreign corporations and aet as subsidiaries ln 
the C~nadian market, these tend to be oriented primari1y towards 
t~at market. Consequently, these companies have little or no 
applied R&O capability 1~ Canada (the parent organizat10n usual1y 
having a research centre in its hOme country), and frequently 
the manufacturing operation in Canada is 1itt1e more than an 

, -
assembly~ and service operation. It is a1so contended that it 
seems unlikely that sma11 suppliers have the resources necessary 

i 

to effect a continuing program of process innovatton for the 
m1n1ng industry. Under these circumstances it ;s not surprising 
that, in spite of the. fact that the ""Canadi an mining equipment 
market 1s currently the second largest and consfdered to be the 

l' 
most technological1y advanced in the wor1d, on1y 26 percent of 
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/ 1 

the total dril1fng, minin~ and coneentrating equipment sold 
1 

in Canada in 1974 was manufae~ured by compan1es fneorpo~ated 
~ 1 

fn Canada (Findlay et al., 1977). On the other hand, and in 
sharp contrast, some of the 1argest equ1pment supp1iers, in 
Canada are among the most innovative. Companies 1ike poy 
Manufacturing, Jarvis Clark and Ga~dner Denver ar~ oft~n 
mentioned in this respect. 

, 1 
, , 
, 

2.2.5 Technologieal Progress in other Industries 
1 _ 

.. 

The aceelera~ed advance of science anq" technology, partieularly 
in the last few .~~cades, has created the basis for the dev,elopment 
of new industriesorequiring new materials and of new sourdes of 
abundant', cheaper energy. For examp 1 e, the growth of meebanf zati on 
and the increased reliance on capital equipment has been supported 
by 1 ncreased avaf 1 abil ; ty of energy and power based on naitural 
fuels and hydro-electric sources. This <was possible onllY because 
of technologieal dev~lopments that took place in these i~dustries . . ~ , 
The development of nuclear energy technology, whlch creat.ed a 

1 

demand for the exploitation of uranium deposits, is anotijer example. 
,1 

As by-products, the exploitation of uranium deposits maa~ available 
1 

a number of mi nerà·l products associ ated wi th uran i um oref' 
1 

The seareh for ways 1 of reducing energy consumption has r~sulted in 
conti nuous i mprovement of mi nera 1 product processes. R~cent 

increases in energy priees have stimulated greater rese~rch efforts 
to reduce théir impact on production cost5"of energy-in~ensive' 

1 

mineral' produets (e.g. aluminU1l, magnesill1l, titanlum). l' 

The recent development of sorne knowledge-intensive ~ndu~tries. such 
! 

as aero-space, computers, teleeommunications, has creatèd a demand 

for high performance'~ineral products (e.g. t1tan1um altoys; semf­
.conductors). Althoug'h thê-;impact Of such -industries i~~1'9nff1cant in 
do 11 a r va 1 ue tenns, it has been 1 ess drama ti c than the /i mpact 
provoked by the energy i ~dus try • ! 

1 
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2.2.6 The Role of Non-Ptof1t Institûtions in Research·and'Oevelopment . 
The major impact of universities in the innovation process for the 
mineral industry has been indirect, mainly throug~ basic research 
contr1buting enormously to the advancement of knowledge in all 
disciplines and through the education of the engi'neers and scientists 

, , 

\" Wllo perfonn RIO. Non-profit research institutio~s, although under-
jtaking research more closely related to short-tenn industrial needs, 

have played a secondary role in mineral R&O because of their 
1 imi ted efforts. 

2.2.7 Fiscal Policies and Tecbnological Progress 

Following the Second World War, the governments of industr~lized 
countries have increased their control over the econ~ and R&O 
has been one of their major concerns. Oirect government inter­
vention in industrial RIO has been translated into large RIO 
expenditures: On the other hand, governments arê in a unique 
position to have great influence, by means of1various fiscal 
poUcies, on the RiO carried out by the private sector. 

(l).From the point of view of stimulus to technological progress 
, ' 

) ."", and the process of capital renewal in the mineral industry, ' .. 
.~ 

the fast write~off'of capital costs for tax purposes:~nèourages 
inves,tmen~ in the replacemént of equipment and the 'introduction' 
of new technologies witb higher productivity. 

, (2) Protect10nist fiscal policies, such as tariffs, quotas Jand 
< 

procurement, designed to protect domestic mineral industries 
and to limit competition from abroad, slow down the rate of "­
investment in R&D and retard the adoption of new techniques. 
Consequently, a~d contra~ to what is be1ng sought. the long-

~ term effect of these polic1es is to expose the protected 
industry to even higher f~ture risks. 

, ! 
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(3) Foreign trade policies can st1mulate the development of a 
technologica1 capability in the exporting country. Inter­
national credit. aid as well as trade agreements, helps to 

1 

find markets for the export of domestically produced technologies. 

Jhe impact of al1 these factors in th~ Canadian context ~analYSed 
briefly in the ~ext section whlch deals with the developmerlf of 
industrial RAD ln Canada. 

2.3 Industrial Researèfi and Development ln Can~da , 
. . 

Industrial R&D and its impact on the econ~ have rece1ved growtng 
attent10n in Canada during 'the last few, years.. A nuniler of studiet re ... 
1atëd to these matters have been undertaken and reports have subsequently 
been published by governmental and parliamentary commissions as well as 
by private and seml-private institutions. The subjects of these studies 
range from the history of the most important research centres to the 
formulation of a comprehensive and coherent Canadlan science policy, 
its discussion and ~he analysis of its prellminary results. This interest 
is due, obviously, to the recognized and increasing importance that -
industrial RAD plays in the continuous progress of contemporary Canadian 
society. Because of this fact. the Canadian govemment '-..has tended to 
stimulate RAD in Canadian industries through diverse initiatives. 

The pres~nt situatlon of scientific and technological researc~ in 
Canada and. in particular, the progress of industrial R&D in the mineral 
industries cannot be fully understood without con~idering their past and 
their evolution. Consequently a ~rief review of the accomplishment, 

, deficiencies and perspectives of Canadian RAD is presented in this section. 
1 

Canadians are backed by more natural resource wealth per capita than 
the citizens of any ()ther land.' It is not surpr1sing that sorne of the 
first scientiffc interest 1n Canada was focussed on these resources. .The 
intervention of the Canad1an government in the matter of research was 
orfented towards exploring and developing an extremely vast terr1tory and 
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then to assess the potential and exploit ~he ample and abundant resources 
of the subsoil. It was for these purposes that the Geological Survey .. 
of Canada was created in 1841. The founding of the Geo'logical Survey 
and the publication in 1863 of the IIGeology of Canada Il laid the foundation 
for the Canadian mining industry". The industry did not become prominent 
unti1 the 1890's in British Co1umbia,and the ear1y years of this century 
when rich depos1ts of gold and si1ver were discovered'in northern Ontario. 

, ' 

The Canada Centre for Mineral and (nergy Technology (CANMET), the present-
day descendant of the Mines Branch which was created in 1907,together with 
the Geologica1 Survey, were the origin of the present Department of Energy, 
Mi nes ~nd Resources (EMR). " , 

~ ~-~Î 

The very ~mportant place of agricu1tùre in the Canadian economy and 
the exP1oitatio~ of minera1 r~sources explain why research in these' areas 
is still a majO/ element '1n the governmenf industria1 ,research sector in 
Canada. In 19 4 their total- R&D expenditure represented about 14% of 
total R&D expen iture of the federal government and their in-house R&D 
expenditure ab~~ 26% of the federal government's total intramural R&DI 
expenditure. l.t1e bulk of the research financed j)y thesé bodies is 

f ' 

.carried out in their own laboratories. In 19~4, the intramura1 R&D 
expenditure of the Department of Agriculture represented 99 percent of 
its total R&D expenditure, whi1e the percentage for the Department of 
Energy, Mines and Resources was 89%, (CordeN and Gi1mour, 1976). 

The Mines Branch has, since its creation, played a preponderant 
ro1e in mineral R&D. For èxamp1e, during the thirt1es the Mines S'ranch 
laboratories were co~sidered to be sorne of the main federal government 
laboratories invo1ved in research (Lamontagne, 1972). At that time the 

1 

Mines Branch 1aboratories were regarded as being concerned wi~h the 
( character of the mineral resources located by the Geological Su~vey. Its 

Divisions of'Ore Dressing &nd Metal1urgy, F.uels, etc., were generally 
recognized,as being concerned with the utilization of mineral resourceSi 
the Ore Dressing and Metallurgical Division focussed more part1cularly 
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on the winnfng of metals fram or,~s. Some coordination of effort . , 

between the Mines Branch and the more recently created National Research 
Council {NRC)l was also sought at that time in order to avoid duplication 
1n minera1 R&D. 

From 1945 to 1960, new organ1zations re1ated to science and 
technology were established and new major R&o."_programs were in1tiated. 

~ 1 
For examp1e, in 1944 Eldorado Min1ng and Refining Ltd. was founded as a 
Crown company for the task of mining and refining uranium ore" and for 
the production of nuclear fuèls. Atomic Energy of Canada limited was 
created in 1952 to carry on the Canadian R&D nuclear program. The 
federal government's decislon was to continue and enlarge the mà30r 
program in nuclear power. 

" 

Ouring the sixties, several specifie subs1dy programs of aid ta 
industria1 R&O were started. The1'1programs that re1ated to mineral/R&D 
were the Industrial Researeh" Assistance Program (IRAP), adminis~ered by 

, NRC, and the Program for the Advancement of Industria1 Technology (PAIT), 
administered by the Oepartment of Industry, Trade and Co~rce (IT&C). 

<' 

!. 
In 1973 on1y one federa1 government department (Energy, Mines 

and Resources), out.of eight which participated in conducting mineral 
researeh, has the development of the mineral industry as a specifie 
mission: EMR's e~pendftures in researeh for that same year represented 
46% of a total of $24.9 million spent by al1 government institutions 
in mineral R&D. More than half was spent 1n support of yrograms in 
seven other departments or agencies, mainly Industry, Tràde and Commerce 
(PAIT) - 16.5%; Nat10nal Researeh Counc11 (IRAP) - 16.5%; and 

, Atomic Energy of Canada ltd. ~ 16.4%. The remaining 3.4% was spent on 
programs of the Departments of Envirohme~t, Hea1th and Welfare, Regional 
Economie Expansion, and National Defence (CANMET, 1974). The fact that 

l The NRC was created 1n 1917 but the construction of laboratorfes on 
a large enoug~ sca1e to conduct industr1al rèsearch began in 1930; 
by 1935 these lélforatorfes were in operation. 

',' 

/ 
'/ 

/ 
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agencies other than EMR contributed 50 heavi1y to minera1 R&D was found . . 
to be partly fortuitous and part1y due to the initiative of industry 
and university R&D staffs, and only slightly, if at al1, due to co­
ordinated government planning a~med at s~c1fic goals related to the 
minera1 industry. ~ . '" 

t~ 1972, and as a consequence of the severe criticisms for the 
lack of a coherent industria1 research strategy, particularly by the 
Lamontagne Report (1'972), the federa 1 government announced the "Make or 
Buy" policy d1rected at making a new and more comprehensive effort to 

• 1 

strengthen industrial R&D.- Thus, the government announced its intention 
ta mave an increasing part 'of publicly financed R&D from government 
laborator1es to industry. 

Under th1s policy, the federal departments should normal1y cantract 
~ 

out new or additional research for which capab11ity exist~ or can be 
developed in 1ndustry. New research done in government facilities 
should be justified by criteria such as consideration of nationa1 security, 
lack of suitable industrial capab11ity, and research activities essential 
to provide direct support to a regulatory function. Late1y, this policy 
has been expanded to allow financing of unsolicitea proposals for R&D 
fram the pl"ivate sector. 

Industry reacted favourably to this policy, though,with sorne reser­
va~ions. Recently sorne preliminary results concerning this new policy 
have been pub}ished (Ministry of State, Science and Technology, 1976). 
It seem>, however, \that government efforts were still considered 
.insufficient by seme industry representatives. 

As a respanse ta the Canadian industry requirement for incentives 
for firms ta undertake the risks of in-house R&D and to untie gradual1y 
·,thei 1" dependence -on~ linported techno l ogy, the federa 1 govemment announced 
1n '1971 the new "Enterprise Development program" (the sole successor to " , 
the proU ferat10n of research subs1 dy programs). Its statement of 
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4 

purpose is "to enhance the growth of the manufacturing and processing 
sectors of the Canadian econ~ by providing assistance to seTected 
finns to make them more viable and internatlonally competitive ll (Crookell, 1977) • 

\ 

Another effort th'ât ,1has' recently been in1t1ated 1s aimed at 
/ .-' 

commerc1aliz1ng successful innovations 1n government laborator~es. The 
Pilot IndustrY/laboratory Program (PIlP) provides funds to enable the 
transfer of technology from govemment laborator'les to 1ndustry and its 
subsequent seale-up, which is usually the most expens1ve part of cam-

, , 1 

merc1alizing R&O. 

These programs have been cons1dered by Canadlan industry .~presen­
tatives as important steps in the r1ght direction. Thèy consider that 

, ' 

building technological ekpertise requires strong econom1c rewards for 
success, not protection from the risk of failure and certainly not'ex-
tensiv~ red tape legalism. 

In sU1llllarizing this seetion-,1t is &possible to conelude that, over 
the years, much has been written about what government laboratories should 
be doing and how well they should be performing in onel~rea or anot~er. 
However, this is not based on the h1storical conditionS within Which each 
laboratory was established; rather, it apPears that those who assert that 
laboratories should hé dOing more or less of ~ny activity have a highly 
simplified model of the government scient1fic establishment that does not 
correspond ta reality (Cordell and Gilmour, 1976). 

1 

In general, government expenditures are just'fied whenever they 
provide a public good. Public goods are usually commod1t1es or s~rvices 
that everyone wants but the private sector is not willing ta supply since 
1t cannot obtain a'profit from,them. 

In Canada, for example, where industry comprises both foreign-owned 
and Canadian-owned companles, industrial R60 has been earried on at a II' 

_ very low level. In the fore1gn-owned c~an1-es. the concem for 
, ' 
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Canada's technological future has been minimal, while Canadian campan .... 
~ 

either have been engaged 1h low-techno1ogy act1v1t1es or have not 
carr1ed out Any R&D. 

Because of extensive penetration by multinational corporations, 
Canada receives much of its technology in fully embod1ed forro fram the 
parent to the subsidiary. Transferring technology fram a foreign 
source in th1s fully deve10ped and detailed fonn will have ''the effect 
of favouring foreign suppliers of ma~er1als and parts. This is the 
reverse of what happens when technology is developed and elaborated 
domestically (Richardson et a1., 1916). 

It 1s in this context that government expendit~res for scientific 
r activities in a wi~e range of areas become necessary to cover the insuf­

ficlency of the privâte ·sector. Thus, the expanded role of government 
in soe1al welfare, maintenance of the economy, international matters 

. and el sewhere has spill ed over i nto areas of sei enti fi c acti vi ty . 

The federal government has been involved in a var1ety of scientific 
activities for over one hundred years. Recognition of the growing need 

Q 

for industria'l research coincided with the First World War. Since then, 
government-funded R&D has been undertaken in government establilhments 

, , ' 
rather than in private ,ones because, it was concl.uded, ~he only satis-
factor~ way of establishing an industrial RAD capability was first to 
establish an in-house government capability. 

However, the opposit~ funetions, goals~ approaches, values and 
end results that typify science and industry have been the sour~e of 
confl i cts between them. For examp let one of ,the major cOll1llents made by , 
mining firms on Canadian government research agencies 1S the lack of 
ability within the agencies to develop a usable process. Two problems 

J , 

have been mentioned 1n th1s respect. The f1rst was the sl~ rat~of 
diffusion for new technology developed by the government. The secpnd was 
the orientation of government work to basic research versus applied research 
or develo~nt. 

f 

, 
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New government initiatives like the "Ma ke",or:.B ui' policy have 
stemned frcJf1 the recognition of these .differences. The aim of ~is 
pOlicy has been to increase the proportion of government-funded R&O 
carried out under contract by industry as opposed to government 

- 1 aboratori es. 

CANMET"(initially known as the Mines Branch) hast since its 
creation in 1907, been the main government agency in charge of conducting 
mineral R&O necessary for the development of the Canadian minera1 industry. 
However, due to the l ack of a coherent and comprehens i ve mi nera l poli cy • 
government efforts in ~ineral R&O have been uncoordinated and have 

, 
responded to partial approaches. For example, government subsidy 
programs for research conducted· .by the private sector were' used to 
stimulate the equipment and machinery suppliers for ~e mineral industry. 
However, these government mechanisms have been revea1ed as being inadequate 
to attain their objectives . 

On the other hand, the major share of minera1 R&D expenditures 
in Canada in recent times corresponds to that of the private sector. , . ' 

Thus. t for example, Canadian federal expenditures in R&D as a percentage 
of federal pius industry expenditures represented on1y 26.7% in 1975. 
. ~ . 
The major portion of the private sector mining R&O expenditures in Canada 
is spent by the largest mining ~ompanies • 

• 
From a societal point of view, the Canadian mineral industry has 

adjusted effectively in th~~a~t to the technological challenge which it 
faced. It owes its pr~sent position to its ability to provide reliable< 

1 

supplies of minerals at competitive priees. Canada's minlng industry 
will not rema1n éompetitive, however, without continued and increasing 
scientific input and technological innovation. For exa~le, as a result 
of the trend towards the use of lower~grade ores, there will be a need 
for extensive R&O to ease the impacts of the more intensive use of energy 
in mining and'ml1l1ng and to reduce the pOllution and envfronmental 
d1sturbance effects assoc1ated w1th the greater quantlties of mine waste. 

, , -.-
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In part1cular, government intervention in m1n~ral ~&O will be essent1~1 
to develop technologies which will be needed by the domestic mineral 
industry in the future but which the private se~tor has no incentive to 
undertake. 

The cr1tical characterist1cs of the R&a process in the mineral 
a 1ndustry examined in th1s chapter. in particu!ar the long t1me-frame re-
~ quired for return on investment, coupled with the high level of uncerta1nty, 

emphasizè the need to develop improved method~ for the evaluation and 
selection of mineral R&O projects to allow for more accurate planning. 
The following sections describe the formulation of an assessment framework 
to opt1mize investment'ig mineral R&O. The application of this framework 
15 illustrated w1th actual case studies. CANMET 1s selected- for the 
application of this framework because of its long-tfme comm1tment and 

> (,l' ~ • 

h1gh level of effort in mineral RAD and- the ~road spect~um of its 
research act1vities under,taken. 

J 
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CHAPTER 3 

DECISION .. MAKING ~ELS fOR THE ALLOCATION' OF RESOURCES 

Ta MINfNG RESEARCH AND OEVELOPMENT PROJECiS 

. 
The problem of resource allocation for mineral RAD 1s comp11catéd 

by the inherent uncertainty of R~O, the multiple purpose for which 1t 1s 
undertaken, the numerous social and organizatlonal contexts within which , , 

H: is conducted and the.differing values placed upon it by 'Yar10us groups 
y •• 

1n society. The decision problem ot R&D project selection and resource 
allocation arises whenever the pattern of funding 1s to be established 
and when new and on-90ing projects hequi re more reSources than are , 
.ava1lable. In this way, R&D...project selection can be viewed as a specifie 

""'" " example of a mOre_~neral management problem of resource alloc~tion and 
capita1 budgeti~g. In -!ts m~st CORmon fom, the 'project selection 
decision is concerned with the ~llocation of organizational resources, 

• (. v 

such a$ mon~y, skills an~ facilit1es, to a set of proposals for scientific 
"research and develop!œnt. The R&O, manager ~ust then decide which new 
, proposal should be selecte<t for"fund1ng, which existing projects should 
b~' con~jn~ed and what resource levels shou]d be associated ~ith each 
selected or continuing project. 

~ 0 

Project managers consider!"many criteria when they detenmine the R&O 
budget; SOnie .are related, others can be treated as constraints, but many 

, ~ 

must be cOhsidered as objectives. Thus the problem 1s a multi-crlterlon 
(1 o(t...' \ ... 

one. Arthough dècisions on R&O project sel~ct1on and resource allocation 
have much in common with o~er sel~ction and allocation decisions, they 0 

,rare suff1ciently distinct to warrant detailed study by numerous'researche 
Nevertheless, on1y a few formal models 1ntendëd to support mining R&O 

l ' ," J 

o t nves tment deci s 1 ons are found 1 n~ the '11 tetature;----' , 
, 
lhere 1s a wide choiee of pub11shed methods for the evaluation and 

selection of R&D projects 1n other industries, but an exhaustive analysis 

.- '38 .... 
... 
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of al~ernatlves ~s not proposed ln th1s sect1ôn. Several reviews of 
methodology already existe Instead, a critical analysis 1s carried out 
for 11) those models whose characteristlcs are found to be of interest 
for the minera1 R&D process, and (2) the few pub1ished models proposed 
for the evaluatlon and selection of mineral RAD projects. 

3.1 Literature Survey 

Literature reviews by several investigators have revealed the 
existence to date of well over one hundred prescriptivecproject evaluation 
and selection models. 

Cetr~n et al. (1967) in their study selected a number of R&D model 
performance characteristics which they believed were relevant to one of 
the United States military services. They proceeded ta judge each of 
thirty ~e1s qualitatively to ascertain whether or not it achieyed each 
perfonnancè-characteristic. 0" " 

""-
This survey has been up-dated periodica11y in the prefatory remarks 

of numerous papers, as i s the case o,f papers by Moore and Baker (1969) 
and Souder (1972). More recent1y, the studies of Augood (1973), Clarke 
(1974) and Baker and Freeland (1975) have reviewed the literature and , 
provided a complete listing of articles and reports~ich have been 
pUblished sinee the study of Cetron et a1 1

• in 1967. Table 2 sUIIIIJarizes 
the content of the relevant portions of the eited papers. It is apparent., 
from these surveys that, to date, no one has come up"with an overall 
system for classifying the various proposed models or techniques. For 
purposes of the present study. however. the models may be grouped into -
the follow1ng ~ategor1es. 

3.1.1 Rank1ng and Storirtg Models 

The cost~ffect1veness ana1ys1s offe~t a systematized technique by 
whfch the analyst can adv1se research managers on the order of 
pr10r1ty in projeet select10n based on an acceptable criterion. 

~'I , 

f'. 
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TABLE 2 
SUMMARY Of tITERATURE ON R&D SELECTION MOOELS 

f«>DEL CATEGORIES ' 
Oeci s 1 on Theory 
Economie Analysis 
Operations Research 

COMPARISON AND EVALUATION OF MODELS 
Thirty models are described briefly. 
These models are compared and contras~ed 
with each other relative to a standard 
set of features which they may possess. 
The mode1s are compared'in relation to . ,. 
ease of use and to scientific or tech­
nologica1 area of,app1icability. 

---------------------------------------------------------------.----------
Moore/Baker Scoring IModels A brief discussion of each model type 
{1969) Economie Models 

Ri s'k Afla lys i sr 

Constrained 
Optimization 

1s presented. A sunmary of 'sorne ac~. ' 
cepted descriptive 1nsights is prQY;ded. 
It contains empirical data relating 
output from different model forms. 

~---------------------------------------------~-------~-----------------Souder 
(1972) , 

Scoring 
linear 
Non-l inear 
Zero-one ! 

Profitability Index 

Scoring model used to assess repre­
,sentative mode1s from each class are 
discussed. Uses data fram 30 actuaT 
projects to perform comparative analysis 
of four models designed ta represent 
main categories. 

---------~----------------------------------------------------------------Augood Check Lists A brief"description of each model type 0 

(1973) i s presented. A s UITIIIèlry of some 
Prof1tability Index descriptive insights is provided. 
Risk;A.alysis 
Decision Theory 
Delphi Technique 

-----------------------------------._-------------------------------------
Clarke 
(1974) 

. Ranking Models 
Scori n9 Mode 1 s 
Econom; c Mode 1 s 
Opt1m1zat1on Models 

The survey contains a general descrip~ 
tion of the nature of the innovation 
decision prooess. Results of surveys 
of project selection techniques actual1y 
employed are presented. A,brief dis­
cussion of each model category 1s 
provfded. 

~_.-------------.-----------------.--------------------------------------- ~ Baker/ 
Freeland 
(1975) 

Ranking Models A SunII1ary of model categories is pre"'" 
sented. Areas of appli cab111 ty are 

Scoring Mode~s descr1bèd. Opportun1ties for add1tional 
Benefit Contribu- 'research are discussed. 

tion Models 
Sensitjvity Analys1s 

\ 
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Frequently, early stage projects are too hazy for detailed numerical 
estimation of total research cost, plant capital cost and market '-.., vt 1 

specifies. Simi1ar1y, basic research could not be expressed in 
thes~ terms. Since basic research 1s not directly almed at the 
'sol11tlon of pract1cal prob.1ems and the prediction of benefits in an 
economic sense 1s very difficu1t because these benefits cannot be 
determined ln advance. and conf11ctlng goal~ or objectives and 
project intangibles may very often not be expressiblè'either ln 
trade-off terms or 1n the form of l1mitlng constraints, a compara­
tive cost-ben~f1t ana1ys1s is not app1i~able. Nevertheless, a 
logical set of evaluation criteria can be deve10ped by ex~1nlng 
the merits of any research proposa1. The use of cost-effeetiveness 
analysis based on scoring models 1s then suggested for projêct 

1 

selection. Consequently, the value of an RIO project, as defined_ 
by eq.1 (Chapter 1) is expressed 1n non-monetary relative terms. 

These techniques or models vary tremendously in their degree of 
comp1exity. At one extreme there ;s the sfmp-le relative ranking 
of projects. Examp1es of this techniques are the approaches de-, , 

ve10ped by Love (1975) and Tauss (1975). Love combines a decision 
analysis framework with the Oe1phi method of analysing expert opinion. 
Thus, this approach formal1zes group dec1s10n-making by provi'ding 
channels through which the group members can 1nteract. Tauss' 
approach is based on pairwise comparison by forced choice to rank . 
and rate RiO projects. First he defines a set of objectiyes which 
are rated by asslgning number vàlues on a ratio seale by palrwise 
comparison. Then, for each objective, the existi~g projects are 
rated pairwise too. These approaches are far too slmp1e to guide 
the decisions of large research organizations which involve many 
R&O projects of different natures. 

, , 

The scorlng models are the next step in comp1exity. They involve 
1 

the identification of a 5ma1l number of cr1teria'or factors which 
are cons1dered to be cr1t1cal to~the success of a project. These 

-
f 
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criteria, or factor ratings, can be added or multfpl1ed to produce 
an overa11 prbject score. Examp1es of th1s technique of 1nterest 

,'to the minera1 industry are the approaches 'developed by Klein {1966}, 
Dean and Roepcke (1969), Benthaus (1970) and Vlad et al.' (1972). 

Kle1n's scoring mode1 is based on the rating of three corporate 
goals - one of wh1ch 1s prof1tability expressed as expected net 
present value - and fou~ detrimental factors. The value of a 
project is obtained by the product of the ach1evement-of these seven 
parameters ra1sed to the power of the relative objective weight. 
No reference is made to the experience ga1ned by the application of 
'" th1s model to real cases. Klein's model, 1ntended for research 

'", 

projects canducted by the pr1"ate sector, 15 not wel1 suited for 
the assessment of R&D projects of a more general nature or for 
declsions made at government research agenc1es or non-profit research 
1 nsti tutes. ti) , ' 

Benthaus describes a mode1 des1gned to assess R&D projects carried 
on by the coa1 mlning industry of West Germany. In this mode 1 , 
six weighted criteria are multiplied to produce an overall score., 

1 0 

1 n se l ecU ng criteria fa r the eva 1 ua t ion, emphas.i s 1 s pl aced on the 
organizational and technica1 as~ects of the coal mfning 1ndustry; 
therefore th1s model cannot be used for broad application. ~nthaus 

does not d1scuss the experience obtalned through the app11cation of 
this model. 

The model developed by ~lad et al. is another exarnp1e of a mu1ti-
~- -- .. ' 

plicative scoring ~del. The value of the product of six weighted 
criteria 1s cons1dered for ran,king RIO projeçts of the 80manian \ 
m1n1ng industry. Three of these criteria are better suited to the 
evaluat10n of basic research projects and the other three are 1ntended 
for the. assessment of projects of a more appl1ed research nature. "; -('-.;. 
~. . ' 

This'model 1s, of particular 1nterest to the present stuqy. It 
represents an attempt to assess m1n1ng R&D projects of d1fferent 
research natures and/d1fferent research stages, character1stic of 
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large research organizations. Howeve~ the main weaknèss of this 
model is that,,1n pract1ce. because criteria not applicable are 
held constant and equal to on., projects of d1fferent research 
natures are evaluated with different sets of cr1tera. As a 
result, it is not va11d to compare model scores wh en obta1ned from 
dtfferent types of research. Furthermore, the nature of the ~ 

budget1ng process 1s 19nored, and the experience ga1ned fram the 
• app11cation of the model is 'not discussed. 

Pre11minary research work conducted by Moore and Baker (1969) 
suggests that additive scoring models have important advantages over' 
multiplicative scoring models, in terms of a higher degree of rank 
order cons1stency. Dean and Roepcke's approaéh is an example of 
an add1tive scoring model. It was conceived for application to 
mi11tary research projects at a large Un1ted States'agency. ,This 
model 'presents characteristies of interest for the assessment of 

'1 

R&D projects in a large mineral 're~arch organizat10n. It makes 
use of systems analysis; this includes the use of r'èsource cos'ts, 
the relative value of research projects and information ~n scientific 
and'technologieal linkages. This approaeh takes, as the basic 
indicator of the value of the output of a project, tp~extent to 
whlch ult1mate Objectives are satisfied. In'this way the difficult 
problems associated with identifying and measuring intermedi'ate out .. 

'V ,...~ 

put are avoided. These concepts proposed Dy-Dean and Roepcke are 
important. In the present study they are used as a basis for the 
development of a dec1s10n-making model for the allocation of ~e~ 
sources to mineral researeh projects for b~dgeting purposes. 

3.l.2~eonomiç Models 

The eost-benef1t analys1s teehntque-ts-Sültable for app11ed research 
. activ1t1es. . These act1vtt1es are a1med' at solving prOblems of 

" pract1cal, value wh1ch can be expressed in terms of benef1ts. 

, " 



( 

.. 44 .. 

Different models have been developed for the evaluat10n and selection 
of this type of R&O p~ject. They'd1ffer 1n their degrees of c~ 
plexity in estimat1ng the basic parameters, name1y, probab11ity of 
suceess, net present value given a sueeess t and the cost of con­
dueting the R&D project, as defined by'eq.1 (Chapter 1). 

(l) ,Economie models base their investment dedsionJ~,on a single /' 
estimate of criteria such as rate of return,' net present value" 
or benef1t-cost ratio. The mode1s of Disman (1962) and 
Cochran et al. (1971) have been applied ta the private sector. 
This approach has also been app1ied by Sprague (1969), ' 
Robinson (1975) and Fleetwood (1977) to mineral RiD projects. 

(2) Constrained optimization models seek to optimize sorne econornic 
objective functions, subjeet to specified resource constraints. 
These mode1s are ge~erally the most complex. They usual1y 
emp10y linear,';nteger or dynamic programming. Examples of 
these mode1s are those developed by Hess (1962), Klein (1966) 
and Allen (1974). ' 1 

') (3) The most rece~t genera1 class of models 1s the risk ana1ys1s 
type; these models are based on a simulation ana1ysis Qf input 1 

, ~ 

data in distribution form and prov1de output distribution of 
such factors as rate of return, net present value, or market 
share. Examples of these models were developed by Allen and 
Johnson (1970), Freem~n and Gear (1971) and Maher and Rubenstein 
(1974). Typical1y, a risk analysis model utilizes the Monte 
Carlo simulation teèhnique developed by Hertz (1964) or a 

" combination of this technique with integer programm1ng. Thus, 
the project portfolio 1s optimized. 

3.1.3 Project Selection Pract1ces 

An examination of the relevant 1iterature revea1s that very l1tt1e 
use 15 made of formal sOph1st1cated mathematical models in deciding 
~n projects. 
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Gee (1971), for example, in a survey of project'se1ection practices 
in the private sector, found it most helpfu1 to classify R&D on 
the bas1s of the objective of the work (why 1t 1s done) in three 
categories: Exploratory, High Risk Business Development, and 
Support of Existing Business. He found that the selection-process 
in Exploratory Research was generally simple and unsophisticated. 
The project selection in Support of Existing Business was based 
on standard econom1c projection since there,was a great deal of 
quantitative data with relatively low uncertainty. The project 
selecti'on decision in the category of High Risk Business Development 
was based on a combination of the procedure used in Exploratory 
and 'Support1ng Research, wit~ sorne use of more sophisticated and 
quantitative techniques. 

Similarly, Ounn and Harnden (1974) found that 32% of the approxi­
mately two hundred Canadian companies studied did not use any 

"'-project selection techniques. The most popular methgds psed were 
simple ranking and economic models. Sophisticated mathematical 
models were rarel; used. .-
In a review of project evaluation and selection practices at two 
mineral~based R&D centres, Theme1is (1975) indicates that the 
Noranda Research Centre adopted, in 1967, a simple checklist for 
the selection of projects. He states that Kennecott Copper Corpor­
ation uses no formal procedure for R&D project selection. _Major 
projects at Kennecott, however, are evaluated by a technical ap-

'-praisa1 and an economic analysis which includes the use of sensitivity 
and.risk analysis techniques. Theme11s stressed that the amount of 
work expended on'techn1cal and economic evaluation of project 
proposals depends entirely on the stage of development and funds 
requested • 

. The lack of 1lSe~-of fonnal models can be partly ascr1bed to the facts 
'{" 

that (1) most of the models are not able to ,deScr1be the real1ty 
of the R&D evaluation and selection process, 1ts sequent1al nature 

1 .... ~' 

and the 1nter~relationship among projects; (2) the models do not 
" 

p 
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take into account multiple criteria, and r1sk and uncertainty are 
dealt with 1nadequate1y; C3} the models' IlGck of suff1c1ent 
information as input d~ta; and (4) most of the models are considered 
much too elaborate for the R&O ~anager's routine use (Clarke, 1974). 

Thus, a sui tab 1 e assessment framework for mi nera 1 'R&O actifi ttes 
needs to consider the fol1owing performance criteria: 

(1) Real1sm - the model must represent the real. decision-making . 
,~ ptbcess for R&D acti viti es; 

(2) Flexibility - the model needs to be used on different types 
of projects and at different stages of research; 

(3) ~se - a low degree of dlfficulty for the R&O manager in 
using the model should be one of itS main characteristics; 

(4) Cost - the model must have a low cost of sett'ing up and use. 

A formal approa~h for mineral R&O investment decisions 1s developed 
in the next section considering these performance criteria. 

3.2 A Decision-Making Approach- for Research and Development Project 
Planning in a Large Mineral Research Organizat1on 

In the management of R&O, a l~rge mineral R&O organization with 
many diverse projects presents particular problems in selecting and timi.ng 
nèW projects and in planning the progress of on-g01ng ones, Besides 

, taking ~nto account the merits of individual projects. it i5 neces5ary to ' 
relate them to the allocation of the available budget. research personnel 
and research facilities among the different projects. The basic prob1em, 
then, 1s to select projects in a w~ that will 1ead to the optimization 
of the potential pay ... off for the whole portfolio of projects, considering 
the mast efficient use of the available resources .• 

"'-

Accord1ng to the literature surveyed ;~ 'the course of this studY, 
J , 

the cost~benefit analysis technique has a stronger theoretical foundat10n 
for resource allocation than the cQst-effectiveness analysis téchnique. 
However, in practfce, the difficulties in obtaining r~liable information 
for the evaluat10n of a set of research projects at different stages of 
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thefr 'innovation process prevent its applic~tion to the entire set of 
projects. Thus, a cost-effectiveness analys1s based on scorfng models 
appears su1table for assessfng the different research projects and for 
providing a decis10n~akfng tool in matters related to R&D priorÙ;ies 
1n Canad1an mineral-based act1vities; specif1cally those concerned with 
mining, process1ng and ut1l1zation. 

Scor1ng models are ne1ther as restr1cted nor as powerless as 1s 
commonly thought when they are applied to advanced-stage R&D projects. 
However, their advantage over economic models disappe~rs when economic 
data neéd to be processed and the projectls associated risk needs to be 
considered. In dealing with research projects in advanced stages, the 
most serious shortcoming 1n the scor1ng models 1s the relative1y arbitrary 
fashion in which the mode1s have been constructed. Comparative analyses 
conducted by Moore and Ba~er. (1969) relating to project ranking produced, 
by' scor1ng mo~1s to ranking produced by economic models show that the 
performance.of a scoring model is highly sensitive ta decisions made during 
the development of the model. 

Thus, the cost-benefit analys'is technique provides a rational frame­
work for decision-mak1ng for those projects of an applied research nature -
requ1ring a long time commitment and a s1zab1e'amount of resources for 
complet1on. Th1s approach provides the assessment of the econom;c and 
social benefits accruing to Canada fram funding of R&D required to deve10p 
and introduce technological inoovations to the mineral industry. , 

Conseq~ently, two R&D project evaluation and selection,techniques 
)lppear suitable for allocating resources to minéral researçh p~jects in a 
large organi zat; on: " 

r , 

(l) A cost-effectiveness analysls approach based on additive 
scoring models. The Delphi method 1s recommended to attain 
group consensus among the research centre staff in defin1ng 
the objectives of the organization and in developing relative 
weights for these objectives; and 
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(2) A cost .. benef1t analysis approach for the evaluatiorr:and 
selection of large RIO pro~ects ~f appl1ed research 

-
natures. lt is proposed to use d1fferential economic 
models Iccord1ng to the research proJects' stage. ,The 
selected models must be commensuratè w1th the qual1ty 

1 l'and quant1ty of data Iva1lable at, each project stage. 

CANMET - Cana~a's largest m1ning research Organizat1o~ - 1s 
1 

j
Selected as a specifi~ case studY,to test and fnvestigate the $uftabfl1~ 
of these approaches to large mining research organfzat~ons. For the 
purpose of def1ning the parameters of these approaches, the character1stics 
of CANMET are examined in the next section. Special attentio" 1s given 

ç~-- fo CANMET's role in planning RIO in the Canad1an minerai industryand,in 
conduct1ng research within the Canadian federal government. 

1: • 

, 
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CHAPTE~ 4 

APPLICATION OF ECONOMIC PLANNING TO ~ESEARCH AND DEVELOPMENT 
PROJECTS OF THE CANADA CENTRE FOR MINERAL AND ENERGY TECHNOLOGY 

Canada ~as developed a strong base for generating scientific input 
and ,implementing technolo~ical change .in its mineral system through . , 

government, industry and university. The inter-re1ationship between 
these sectors and the innovation process in the mineral indllstry.was 
disc~~sed in Chapter 1 . 

. 
The Canadian federal government today pl~s an important rol~ in 

mineral research acttvitJes. Basic and app1ied research is conducted by 
the federa1 government 1n most seçtors of the mineral industry. Research 
conducted by the Oepartme~t of~Energy, Mines and Resour~es (EMR) has as 

1 
a specifie mission to contribute to the development of the Canadian 

, . 
minera1 industry. 

Thé largest component of EMR is its Science and Technology Sector. 
CANMET is an important bran ch of the Science and Technology Sector; its 
personnel represented 21% of total EMR staff in 1972, being composed of 
658 employees of whom 270 were ,professionafs. The size of the CANMET 
budget for its mineral RIO activitïes is significant. In the 1973-74 1 

" fiscal year, sorne $10 million of the CANMET budget was a110cated to mining, 
processing and uti11zat10n research projects. (CANMET an~ Depa~tment 
overheads are not included in this figure). 

The importance of CANMET in the historical development-of a techno-
/ 10g1cal capability 1n IItneral;RIil._s.bee~~S'tressed· ,11f'~r~ 1. CANMET 

conducts fundamental and app11ed/ R&O in mining ~nd processing technologies, 
metal fabrication a,nd work re1ated to environmental impact., " An examination 
of the minèral research act1v1ties undertaken from 1961 to 1973 shows that 

.... 49 ... 
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an average of 148 projects per year'were carrled out and a total of 24 

patents were granted,in Canada. The number of all kinds of publications 
amounted tô an average of 163 reports' per year during the same pedod. 

4. 1 CANMET Matrix Management 1 
In response to the general ~r1ticisms made in relation to R&D con­

dud:ed by the federal government and the state of ~ffairs in min1ng R&O 
within government re~earch organizat10ns, discussed briefly in Chapter 1. 
a m.rnber of initiatives were made to correct the observed deficiencies. 
One of these resulted in a new management structure for CANMET. 

In 1973 a task force was apPointed to report on the effectiveness 
of CANMET. As a result~ a program management method was suggested to 
replace the traditional functional structure. The introduction of a 
matrix approach to the management of R&O work undertaken in CANMET was 
init1ated early i~ 1974. 

Matrix management is a system in which the responsibilities for 
, ' 

defining. planning, developing and control11ng the program undertaken are 
the functions of program management. The responsibil ity for the resource 
aspects (~anpower and facilities) by which the pr6gram goals are achieved 

, ' l> 0 

rests with functional management. ,In CANMET, functfonal management 1s 
comprised of laboratory chiefs, managers and heads of sections. Program 
management consists of program directors. assistant directors and project 
leaders. Both ~rogram and functional management are responsible to the 
Oirector General of·CANMET. Under,this system. the program directors are 
résponsible for detennining priorities and objectives and for issuing the 
detailed research ,project structure and related statements, budgets and 
schedules. The research project structures specify what effort will be 
accompiish~d, wh~n ft will be'perfonned and which function unit will be 
accountable. 

, This new management s~u~ture plans and im~lements r~;earch activ~t1es 
througlt two programs': the Enèrgy ,Research Program (ERP) and the Mineral 
Research Program (MRP). The MRP operates across three func~ioo units: 
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the M1n1ng Research laboratories't the Mineral Science Laborator1es and 
the Phys i ca 1 Meta llurgy Research Laboratories. 

o 

The MRP llas been divi,ded into three companent activities - Mi,ning, 
, Processing and Uti1izati~n. 

Research projects in the M1ning Activity are concerned wfth the 
mechanical and phys1cal problems associated with efficiently extracting 

~ -
as l}Iuch of a mineral deposit fi"om the earth as possible and delivering it ._. 

to a pt6eessing plant. Mining technology is not constrained by the-
-- . --

partl~ular mineral being mined and 'thus, broadly speaking, mining may be~­

characterized as a process or operations .. oriented industry. 

The Processing Activity 1S conc\!rn~dw1th exploi~in9 differences in 
. the chemical and physical properties of minerals to develop processes for 

p,roducing marlcetable projects from both metallic and non' .. metallic ores. 
t1nee process t,eehnology 1s a functfon of the mineral involved, it is. 
COOIOOdity-oriented. \ 

, ' 
The Uti,lization Açtivity has two prime concems. The first is ta 

improve processes by which materials are fabricated and processed into' 
- , 

useful products. The second 1s with developing ;the optimym properties 
and perfonnance of product requi rèd to solve Canadi an materf al prob 1 ems. 

, 
Thus, this project is in par.t operations-or1ented and in part properties-
oriented. 

/ 

4.2 Mineral Research Program Objectives 
\ ' 

National goals" as defined in mineraT policy doc.-nts. are the bàsic elements 
( . 
that serve to define specifie objectives fol' a government mineral research 
progranr. These objectives are, ,1n turn, prerequis1tes for the developnent 

, '" . 
of a decision-making model to detennine pr1or1ties and to allocate public 
resourees to mi nera 1 R&O proj ects. 

, The governmefJt role 1n mfn"eral R&D, exaJilfnedlin Ch~pter-l, shOW$lthat 
this may be exercised through the use of dUferent mechanisms: direct .... 

, c 
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expenditures on 1n-house research projects, cQntractin9~ut research 
proje'cts to 11he private sec;tor, and the formulation of f1'5ca1 p011cies 
~es19ned to s~imu1ate ~1nera])research7 Thus, the government can have 
a s1gnificant i,nfluence on the innovation process 1n the mtning industrY. 
In partfcular, government intervention 1s essential to develop those 
technologies whose:fevelopment 1s not undertaken by the private sector 
because of lack of incentive and which are essentia1 for ,the future of 
the domestic mining industry based on the country's own resources. 

~ . 
, . 

In the policy review document, '!Towards a -Mirteral Policy for Cana a, 
- 'Opportun1ties for Choi!=e" (1974), a high pr10rity is given to the . 
increasefdiversificat10n and growth of national and regianal economies 
based on minerals. l This cannot be achieved without giving due oonsider­
a~ion to,the technology needed to improve~health and safety in the working , 
place and to protect the natural environment. Another high priority item 
15 the .assurance of an adequate suPpJy of minerals for Canada's future 
needs, In meeting these objectives, techno1ogical advantes that will 

, ~ 

make ft economically possible to mine and proces~ lower-grade, more 
compl~x and deeper deposits with increased recovery, and recycle more of 
the waste will a1so 1ead to the extension of the viable life of mines 

_ e .1 

and m1ning communities, the develop~nt of new mining ~istricts, and the 
< ~ 

conservation of Canadia'n resources. Thus, technological advances rare~y 
. ha~e an impact on a single organ1zational Objective, whether the organ;za­
tion be an'industry, a government or a éommunity. This isowhy the 

- 0 

assignment of priorities to R&O activities,' even when a clearf.t stated . . 
po11cy 1s enunciated, is_~ot an eas~task. 

1 

,~1th1n the context' of EMR' s Mineral and Energy Re-sources Progr~.1 
~NMET's mission bas been re-defined as follows: 

''''- ' 

(1 \ • 1 

~~: ;. . 1 

• '1 -, .' 1 

A recent government studY, "Mineral ~~ence and Tec~nalogy" '(F1ndlly 
, et. al'. t 1977) cons i Ciers the ro 1 e of R&D 1 ft the ass,essment of Canada' 
future mineral prospects, and. the requ1rements for the deve10pment a d 
oppo~tun1ties f~r new min1ng~technolog1es. _ 

• 

\ 
1 
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IITo ensure the effective extraction and ut111zation of 
Canada's mineral and enetgy resources by: 

" " 
,. performing, contracting and co-ordinating research on 

1 

extraction, up-grading, utilization, conservation and 
environmenta1 p'roblems;-

i -
- providing a ~chnica~~owledge base for developing 

federa1 government po1icies and plans; 

- prov; di ng the pub li c, ; ndus try and government wi th 
information on advanced technology" U 'JCANMET, 1974). 

! 

W1th such a mission, CANMET tends to be 1nvolved in R&D on techno-
~ , 

lngical matters and it is conceFned to see its find1ngs used in both the 
1 

private and public sectors. Technology transfer is essential in order 
to fulfil part of this mission. 

CANMET is expected ta contribute signif~cantly ta the technological 
, , ' 

improvements'that the Canadian mineral sector requires in the future. 

CANMET has the responsibility for determining R&D priorities 1n 
the minerals and energy areas, for co-ord1nating technologiea1 efforts 
of government ànd private research institutions, for perform1ning and 

c 

contracting required R&D not,being performed els~ere, and for ma1ntaining 
an up-to-date know1edge base. There 1s no implication that CANMET is 

. charged with funding all the work required, either in-house or on contract. 
, - -

In 1974, a CAHMeT development team analysed the state of its min!r41 
research activites and their relation to the mineral policy objectives ,,' , 

, '--
for Canada. It was considered that, although a statement on national 
-goals was avai'lable, current an~ future goverment strategies for atta1ning 

, "-
those goals had not been enunciated. However, public statements by . , 

Cabinet M1n1sters had given an indication of government th1nking on these 
matters. _ Thus, the ,CANMET development team evolved detal1s of th~ r-RP 

" 
on the basis of national 90a1s. gove~nt initiatives, social pressures 

'--and the l1ke. 

.. 
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A Methodo109Y for Resource Allocation in Canada Centre for Mineral 
and Energy Techno1ogy 

The conceptua1 economic plann~ng approach deve10ped in the previous 
ch~pter 1s applied to the MRP. The a1m is to provide a basis for decision­
mak1ng in matters related to R&D priorities ~through detennination of the 
relative contributions of various proposed R&D projects to national goals 
and ta the objecti ves of CANMET and. the MRP. 

In applying the economic planning approach, special consideratfon is 
given'to the specifie characteristics of the research activities under­
taken by GANMET. The following aspects are considered. 

(1) Atcording to,the role of the government scientific laboratories 
in industri al R&D and the nature of the innovation process in 
the mining industrj, specially applied research, but basic 
research as well, needs to be perfonned in CANMET to accomp1ish , 
MRP's objectives. Therefore, the contribution of thé different 
research elements to MRP's objectives should be assessed on the 
same basis. 

;; 
(2) The rigidity of staff and facilities in CANMET - the problem 

of transferr1ng government personnel ta other lttivit1es 1s a 
'rea1 one, as 1s that of ,util1z1ng or dispos1ng of equiplnent 

\ 

and laboratory space .. imposes constraints on the budget. 
Consequent]y 1t' limits the extension of projects and new 

... capital ol,.ltlays.l ThU5 7 on1y a few research projects reach 
the' deve 1 opment stage. 

(3) CANMET's mission contemplateS' neither the production of 
industrial prototypes nor the commercial exploitation of the o 

innovations developed by this research agency. On the other 
hand. reach1ng agreement w1th the private sector to carry out 

, 0 0 

'-" .. 

1 SonIe-82S of lntramural ~Xpe\dltures on research by EMIl went::"" 
salaries in 1972. o!1 . ~, 
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development and commercialization of these innovations is, 
for di fferent reasons, not an easy task. The transfer' of 
techno 1 ogy from the pub 1 1 c to the pri vate sector i s, therefore, " 
hindered and the economic benefits of an innovation developed 
at CANMEl-are-diff1cult to assess. 

, 

The cost-effect1veness ana1ys1s approach proposed in the previous 
chapter- seems to be suitable to assess the djfferent MRP projects. An 
additive scor1ng_model,-~ased initially on the technique de~eloped by 
Dean and Roep~ke (1969) and the~Delphi method to obtain group consensus 
~ong CANMET staff to define the objectives (and their relative importance) 
relevant for the MRP, is presented. The experience gained over a 
period of time is ana1ysed in the next section. 

The cost-benef1t ana1ysis approach 1s illustrated by its application 
ta two case studies outlined in Chapter 6 - -the New Brunswick Complex 
Base, Metal Ores Research Project and the Pit Slope Research Project. 
These projeçts involve the allocation of an appréciable amount of public 
resources over a relatively long peri04' of t1me .. 

These applications provide the bas1s\ fo,r a discussion of the ap­
proach's su1tability for a large min1ng R&D organ1zat1on and_their effect 
on reséarch projects and people. 

, 
) 
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1 
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C'fAPTER 5 

i "'- , 
OSt~EFFECTl'ENESS ANALYSIS APPROACH 
1 \ 

1 \ - 1 

fonna1 b dge~ ana1ysfs a~d prograrn planning have been under con .. 

s1derat1on at ANMfT s1nce the 1973 re~rganization of manageme~t. In 
1975. the var1 us research management and budgeting systems desfribed 1n 
the l1terature wer~ reviewed by the author with a view towards ',mplementing 
a suitab 1 e sys em Ifor the Mi nera 1 Program at CANMET (Henri quez, 1975). l, 

1 

A decisi n-mak1ng mode1 was su6sequent1y developed by the author 
for evaluation of Ithe Centre's extensive min~ra1 research actlvities under 
the cost-effectiv~ness criteria.",- This technique i5 essentia11y a scoring 
model supported by De1phl~,type survey procedures. Whi1e there may be 
variations in the De1phi method, 1ts essence 1s to obta1n 1ndependent 
est1mates-~rom, experts. Each expert 1s revlsited afte~ards and shown 
h15 response as we 11 as the responses of other, experts. He i5 then 
a1lowed to modify h1s ear11er est1mates. This cycle of exam1nations and 
re-estimation 1s repeated unti1 a c~nsensus is achieved (Da1key et al., 
1970; Martino," 1970; love, 1975)'. The First Scoring Model was lmple-

" mented 1n the 1976/77 fiscal year but was too limited to" adequately aSSlst 

management w1th deci~Jons on fund allocation to the various research 
projects and to new proposa1s (Henr1quez, 1976). Consequently, a 

, 
ration,al ization of var10us parameters and proced~res was undertaken in 
1976. The Second Scoring Model represents a departure from the previous 
one and h somewhat simpl1fied. This model was imp1emented by the author 

-
in the 1977/78 fiscal year (Henr1~uez, 1977). The con~ept of marginal 
cost-effect1veness for ass1gn1ng pr1orit1es amo,ngst cOll!Pet1ng research 
projects was incorporated inta the Second Scoring Model "for the 1978/79 
fiscal year (Henrfquez, 1978). 

, < 

A ~escr1ptfon of the character1stfcs of the Ffrst and Second Mod~lst 
a d1scus~ion of the results obtafned and conclusions are slIIIIJar1zed in 

, ' 

th1s chapter. ' 
1 
1 
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5.1 Fi rst Scor1"9 Model 

, In the search for a ~u1ta~le methodology to use in allocat1ng funds 
to R&D laboratory projects in order to accomp11sh CANMET's long-range 
t~me-frame objectives, it~eared that the method de~~loped by Dean and 
Roepcke (1969) presents certain charactenistics that are of interest. . 
~onsequently, this model was adapted to the mineral research context and 

'was implemented for the MRP on an~xperiemental basis for the 1976/77 
fiscal year.·, The main elements and the structure of this model are 
described in the next section. 

5.1.1 Methodo10gy 

Project activity mu~t, in fact, be related to long-range objectives. 
This method takes, as the basic 1ndicator of output value of a 

1 project, the extent to which ultimate objectives are satisfied. 
In this way, difficult problems associated w1th identify1ng and 
measur1ng intermediate output are avoided. Project performance __ 
is measured in terms of the contribution of proj~t e1emen~s to 
advancement of science and technology in furthering the achievement 
of MRP objectives. 

1 

The basic el~nts of the underlying model are: 

Objectives of MRP ~ 

Relative values of objectives 
Science and Technologies 
Criticality values of Sj 1n ach1ev1n9,Ok 
Project Elements 
Research Project 

- Research Act1v1ty 
Cost of perfonm1ng a Project Element 

, '0 

Ok 
Wk 
St 
b1jk 
Ti 

- Pm 

Al 
r Ci 

The element and structure are 11lustrated 'in Figure::3. 

... 
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FIGURE 3: Basic Elements and Structure of the First Scoring Model 

Costs ' 

5.1.1.1 

Project 
Elements 

.9 

Sciences èlnd 
Technologies 

1 

Object1ves 

Relative 
Value of 

Objectives 

Value of a Research and Development Project Element 

Cons1der a project element Ti. A number of sciences and 
technologies may be associated with this project element 
Ti + {~j}' where each Sj ~y be considered to be an output 
of the project el ement Ti •. 

Consider the set of sciences and technologies associated with 
a g1ven project element {Si}' ,For this project element and 
set we May estimate the crit1cality of the contribution of the 
individual element Sj to the achievement of an objective Ok" 

Let 
Il Il if science/technology is requ1red 

aij . -lo otherwise " 

Then akj x bijk x Wk 15 the weighted value of the ~inkage 
between the project el~nt'Ti and objective Ok, through the 

, underlying sc1ence/technology Sj. The SlII1· Ia1j x b1jk x Nt 
k 

measures the value of linkage Ti + {5j } expressed over the set 
of all objectives {Ok}' Final1y, the weighted value of project 
element Ti may be g1ven by the effect1veness ETp where 
~ 

ETi = i laij x b1jk x Wk 

An example of the l1nkage-for a m1n1ng proJect 15 gi,ven in 
~ ~ 

Figure 4. . 
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FIGURE 4: linkage between Project Element; Sc1encès[!echnologies 
and Objectives 

Project Science! 
Element Technology Objective* W(~îht Crit1cality 

(T) (S) (0) (b) 

7.7 0.3 
7.6 0.5 
6.5 0.8 

"-

7.7 0.5 
7.6 " 0.8 
6.5 0.8 
4.6 0.2 

6.5 0.5 
Rock 5.3 0.5 
Mechanics 4.6 0.3 

* The objectives relevant for the sciences and technologies considered 
in this 'example are defined in Table 3. 

S1nee the project elements are assoc1ated w1th specif1e 
act1v1t1es, the effectiveness of a Project (EP ml 15 given 
by 

and the effectiveness of an Activity (EA, ) 15 g1ven by 
'" 

The effect1~ene5s~st value E/C) for. a project el.nt, a 
j • 

project or an act1v1ty 15 calculated by 

EtC • ~ x 

where x represents an element, a project or an activity • 
. " 

.' 

. -'-

" 

" 



5.1.1.2 

, 

• 

The follow1ng assumptions are considered: 

(1) The value of achiev1ng several objectives at the same 
time is g1ven by the sum of valu~s for the individual 
object" ves • 

(2) The value of a project element havrng two cr1t1~al 
sc1entif1c/technolog1cal areas 51 and 52 15 g1v~~ by 
the sum of the 1nd1vidual cr1t1calities. This means 
that 51 1s fndependent of 52 in the sense that the 
desired accomplishment in 51 does not greatly depend 
upon the desired accompl1shment in 52' 

When the effectiveness value of the projects has been calculated, 
ft is poss1b1e to solve the problem of allocating resources to 
the different projects in order to optimize th'-ir use. A simple 
model to answer this problem 15 proposed in the next section • 

• 

Resource Allocation Model for Project Elements 

The resource allocation (or project elements selection) problem 
1s to find the values of Yi corresponding to the project element 
to be selected, wh1ch maxim1zes the objective funct10n Z. 

1 
, n 1 < 

subject to Ii Yi x Ci .. CT (CT III total available resources), 
1-1 

and. Yi = 1 or 0 

This model may be solved us1ng mathemat1caf progranllling; ;1_ 

however, a simple rank-ordering procedure will usually be 

, satisfactor)'. This met!1od consists of thè' followfng steps: 

- rant order_the projec~ elements on the bas1s of 
effect1veness~cost rat10 

ET11C1 > ET2/C2 > ••••••••••• > ETn/~n 

ri 
," , 

, '. 
, ' 



Il 

.f 

." 

' ... ' 

.. 61 .. 

.. allocate the funds to the first m project elements, 
such that 

The First Scoring Model was applfed ta inves't1gate the relat,ive 
merits of the Mineral Research Program projects for the, fiscal 
year 1976/77. The follow1ng are the main results and con-

• - clusions obta1ned with this model. 

5.1.2 Application of the First Scoring Model ' 

5.1.2.1 

, 

Measuri 

It can e argued as a1most inevitable that subjective est1mates 
are biased. The reason behind this preposit10n is that respon­
dent factors, as well as organizational and environmenta1 
factors, cause distortions in the subjective estimates. For 
example. subjective estima~es provided by an expert are, to a 
great extent, a function of his e~perience whjch cons1sts of 
his knowledge of successful R&O projects which have materialized 
in the pasto Furthermore, scientists tend to over-estimate 
their.own research projects. Finally, a respondent whose field 
of expertise is not fully coïncident or 1s indirectly related 
to the scientific area of a project tends to adopt a middle-of­
the-road position in his responses. His estimates are usual1y 
more optimist1c ~or projects with low probability of success and 
more pessimistic for projects with high probabiltty of success. 

In order tominimize the effect of anY individual participant's 
b1as on the oyerall'analys1s, great emphasis was placed on having 
~el pa~ameiers est1mated in~epend~n~ly by several different ex­
perts. Thus, for each project element, there were multiple 
response'S • 

Program and funct10n managers partic1pated 1n the assessment 
of models parameters. The major consideration 1n selecting 

fi! • 

,'~'" 
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participants was that they should have several years of prior 
, 1 

experfence in project supervision. This restriction was 
imposed in an'attempt to m1n1m1ze biases in measurement. 
The assistance of the MRP D1rector was crftical in th1s respect • 

. 
It 1s important to know 1'f subjective estimates,rat1ng, by R&D 

o 

personnel are, in fact, accurate and valid fndfcators of their 
projects' future potentials. If the projeçt effect1veness 

~ . 
value based on subje~t1ve est1mates is not a va11d 1ndicator, 
then there would seem to be little use in bas1ng prescr1ptive 
R&D models on such parameters or 1n using them at all. "Unti1' 
recently, these considerations have presented a ser10us impedi­
ment to wide'r app1ication • .1 This impediment appears to be the 
1ack of objective or scient1fic proof of the validity and re-, , , 

liabi11ty of the·expert's subjective judgement 1n;practical 
'bpera ti ons. 

T~ere aré many reasons for the s,hortage of convinting ev1dence. 
For èxample, the unique, non-repetitive charàt~riof many of 
the strat~g1c problems to which dec1sion analysis!has been 
applied prevents any control1ed comparison. Mo~over, only 

• l , 

,a f~ organizations have sustafned experience in the use of 
sUbjective estimates. 

However,.some studies tend to confirm the reliability of models 
based on expert opinion. Souder (1969) conducteà an~xperiment 
to test the va1id~ty of subjective judgement~ in ~e assess~nt 
of R&D projects. He states that subjective est1~tes can yield 
valid success/fafl predictors for RlD projects un~r controlled 
conditions (e.g. when participants 'are not he1d a~countab1e to 

n management for thei r predi ctions) • \ --~ 

Recen~ly. Balthasar ~t al. 0978) desc,rlbed a S"Cl'Sf"1 r .. 
petit1ve application of the subjective judgeme~t d; experts 
to RAD projects at a SW155 pharn.aceut1 ca 1 company. To test, 

."'" 
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the reliability of this process, sUbjective est1mates of •. 
success probabi11ty were compared with the observed frequency 
of success. It was found that the experts' judgement was 
fully validated statistically. 

An analogous test to verify the model·s reliabi11ty could be 

applied to the results of the F1rst S~orfng Mode1. A critical 
condition in perfonn1ng this test, however, 1s the continuous 

- - . 
application of the model for a suffitiently long period of time. 

Mineral Research Program Objectives and Thelr Relative Values 

Given appropriate conditions, one technique employed by decision­
makers ta nesolv.e multiple opinion is to apply Delphi methoas. 

A De1phi approach was used to reach group consensus amang 
CANMET manageme~t staff (love, 1975). The application of this 
approach cons1sted of defining the objectives relevant for the 

} 

MRP and developing relative weights for them. A group of 
mineral po11cy goà1s, as defined by"the gdvernment document 
'!National Mineral Policy Objective for Canada ll (1973). was used 
as a basis for defining the objectives. 8ecause of t1me con~ 
straints, only two Delphi rounds were used. 

I~ the first questionnaire, the panel, composed of 17 participants 
(CANNET senior management staff. MRP project leaders and sorne 

scient1'sts) establ1shed relative weights for four majo~ cate­
gories previously defined by CANMET senior m~nagement staff: 
(1) social-labour (objectives 1, 8, 14, 15, 18 and 19 in Table 3)~ 
(2) eco10gy èObjectives 3, 5. 10 and 12 in Table 3); (3) econômic 0 

(object1v,s 2. ( and 7 in Table 3); and (4) resource supp1y and 
soverelgnty (obje,ctives 6, ,9, 11. 13, 16 and 17 .,in T~le 3); 0 

-"na for the specifie Objectives of each major category. 

A seale frcJll 0 ta 10 was used firstly to weight the major 
categories and, second1y to weight the specifie Objectives 
with1n each categor,y. 

1 

• 1 
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1(1 the sl!cond round_, the obj~ctives were -reduced ~o 19 fram 

the previous 21 and the panelists were asked ta' answer 
, """ ~ questions related to thei~essment. 

" Table 3 shows the ranking of weighted objectives, together . ' 

with an estimati.on of overlap (n) among these objectives. 

Detailed results of this process are shawn in Table A-,1 1n 

A),pendi x A. 

An average of the estimates, each opinion,befng equally 

important, was computed and considered as the est1mate of the 

,objectives' relat1ve ~1ght. Howèver,,1n sp1te of the Delphi 

proçess, considerable dispersion of these values remained. 

Little i'mprovement was observed in the coefficient of variation 

of the ~bjectives' relative weight from the first to the ~econd , 
o ' 

Delphi round. However, this tact seems ta be consistent with 
o 

the value judgement of eachoparticipant when assessing mineral 
1 

po li cy g~a 1 s. 
, > 

" 1 
The group of object'1Yes related to social-labour consideratlons 

shows the highest relative weight: 26. T~e social-labour .' 

group o~ objectiVes presen~s a relative weight of about 8, 11 

and la percent h1gher than the relat1ve weights of the ecology 

group, the resource ,upply and sovereignty grouP. and the 

economic group"respe~tively. 

Science and Technologies relevant to Mineral Research Program 

A l1st of science and technologies of interest to MRP was dis'-- -
. cussed with the aétivity and project leaders, For this 11st. 

t~e MRP Director, and actfv1~ leaders est1mated the cr1tica11ty 

of the contritiut10n of the individual science or technology to 

the achievement of ~pts objectives." À si~leoaverag1ng of 
• J • 

1 

responses was adopted to estimate the cr1ticalities of the 

scfences and technologies to the objectives. A scale, with -

values ranging fram 0_0 to 1~0 for evaluat1ng the cr1t1cal1ty 

values of the Sciences and technologies to the objectives was 

'prov1ded. 
\ 

, , 
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TABLE l 
C.) RAN1<ING OF CANMETfS OBJECTIVES: FIRST SCORING MODEL 

C
-

" '. 

• ~, 

OBJECTIVE ' WEIGHT 

1. Ensure occupational health, safety and comfort 7.68 

2. Promote further domestic processing 7.64 
, 3. Mi nimi ze envi ronmenta l degradati on . 7.64 
4. Develop more effident method of winning materials 

from mineral s 7.36 
5. Recover, re-use or recycle waste materia~s 6.67. 

6. Promote optimum recovery and' use from'mining, 
processing and uti lization systems .16.54 

7. - Promo te the development of secondary industries 
based on utilization of mineral produéts 6.47 0 

8.~ Promote community stability by extending ~iable life 
o~ minera1 operations . 5.47 . . 

9. Improve the inventory of physical" technica1 and 
economic characteristics of earth resources available 
to Canada - 5.27 

~ 10. Improve water and soil quality 5.14 
o 

ll. Promote and encourage the rep1ac~nt of imports, 
int1uding equipment, supplies and services 

12. Harmonize mineral-based development with multiple 
and sequential land use 

13. Substitute abundant for scarcè materia1:, identify 
and develop key sub-marginal deposits 

, 0 

14. Identify and encourage viable mineral deve10pment in 
areas wit~insufficient emp10yment opportunities 

15. Meet consu~r demands in the provision of minera1 
based products 

16. Undertake development planning in Northern region 
terri tori es " . 

17. Strengthen bargaining position re lmport of minera1s . 
18. Promote better regional distribution of inçome 
19. Obtain a greater share of mineral resource income 

for social prog~ams 

OVERLAPS 

0) n 010 
D 56% . 

04 n 06 • 61% 

013 n 017 = 3~ 
'014 n 018 = 63% 

l" " 

,~ 

4.74 

4.62 

4.58 

4.20 

4.17 

3.95 

3.3? 
2.90 

1.64 

1 ..... 
~,..~ -.....: 

• o 

.0 

" 
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T~ble 4 shows the l1st of 62 sciences and technologies and 
their perceived relative contribution to the ach1evèmênt of 

tl 

MRP objective~~, The cbemistry discipline - O~ganic and 
Inorganic Chem1stry - has the greatest value.'I''' On the ot er 
hand, the technique Grade Control has the smallest value. 

, 0 

Its relative contribution ta the achievement of objectives 
1s i'n a ratio 5.9 : 1. The fhe major fields (toncentration'­
Engi neer; ng, farth Sei ences, ..Envi ronmenta 1 Contro 1 and 

'-.. 

Chem1stry) accouot for more than 48% of the total criticality 
score. .' 
The avera~e contribution of b'~S,ic sciences to MRP's objectives' 
(31.6) 1s s11ghtly higher th an the average contr1bution of v': 
applied technique~ to these object1ves (29.1). However, thë 4 

contribution of the whole set of basi~ sciences relevant to , 
MRP's objectives represents only 34% of the total contribution 
of the combined set o,f basic sciences and appl1ed techniques. 

i -il "l • 

These results reflect'the fact that applied research in parti-
~cular~ as.well as baslé résearch"needs to be-êerfonned in 
,CANMET t~ àccomp 11 sh MRP' s o~Jecii ves . . 

Cost-Effectiveness Results 
<::: , 

, . 

The Delphi lI1ethod JÎs not employed to estimate' the contribution .' 
of projec~ elements ta the sciences and technologies, primarily 

, be~use of, t1me cons tra 1 nts: Gi'ven the smaJ l numbe~. of ex­
per 1nvolved in the appraisal of a part1cular research . . . 
element, a simple average of the responses ~as computed. Lower 
level project superv1sors ~nly part1c1pated in the evaluation 

<t of projects for wh1ch they were respons1bl~. 
" 

, The effect1veness and effect~veness~cost ratio for each pr9jèct 
/ . . . 

• element and proj~t of the MRP's Proçess1ng and M1n1ng Acti-
,,'1 Y'1t1es w~re lcalculated. \ A 'rank order1ng for the.project 

"elements and ptbjects of the M1n1ng and Process1ng act1vit1es 
, was' obtai~ed us1ng th1s model. ~' This rank ordering' 15 based , .. 

on the evaluation of effect1veness-cost (E/C) ratios. J 
, 

o' 

," 

... 
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'. TABlE 4 , 
/'" 

Q 
SCIENCES AND TECHNOLOGIES RELEVANT TO MINERAL RESEARCH PROGRAM AND . , <: 

THEIR RELATIVE CONTRIBUTION Ta THE PROGRAM'S OBJE~TIVES , ., 
... RELATIVE FIELD CON-

CONTR'IBUTION lRIBUTION 
Ta THE TO THE 

FIELD GROUP \ 
OBJECTIVES OBJECTIVES 

'r 

Scientific 
Disci 1!1i ne 

AGRICULTURE 1. Soi1 Sei ence 22.5, 22.5 

CHEMISTRY 2. Organic and I~organic .Chemistry 58.1 
3. ~ica1 C~emistry 56.2 

'\ 
58.1. 172·.4 4. Surface and Co110id Chemistry 

EARTH SCIENCE 5. Cpsta110graphy 15.6 
6. Economie Geo10gy 30.3 . " ,.l" 
7 • Geophysics 28.5 . 

:;~y 8. Mineralogy 29.6 "1..A~ 

~ " 

9~ Petrogra phy 21.0 '- (i~~ ',- , ., 
. 10~ Rock Mechantes 24.2 l, 

1 • 1 11. Structural G~ology 31.3 J80.5 0"", r, 
i, 

. 

" 
MTERIAL 12. Engineering Mater1als 44.2 

" 

13. Metal10graphy r \ 41.3 85.7 

MATH. SCIENCE 14. Mathematics'and Statistics 40.5 '40.5 
'" J 

Physio16gy and Public Hea1th MEDICAL SCIENCE 15. 36.2 
~~ , 
~, ) 16. Bio10gy 26.3~ 62.5 

.. ~ . PHYSICS . 17. E~ect~icity'and Mag~et1sm 15.4 
~ ,\! 

18. Fl ui d Mechan; cs 10.7 
19. Sol1d State Phys,1cs 20.2 , 
20. Thennodynami cs J', 21~5 67.8 

-. , 
-......... . 

& ••• cont1nued • . 
" 

.. .. 
'11 ' 

~l 

~,. 



'L - 68.-
"'-. . 

® 
TABlE 41 'conti'nued 

~ 
RELATIVE FIElD CON-

(1' CONTRIBUTION TRIBUTION 
JO THE TO THE 

FIELD . GROUP OBJECTIVES - :OIâ'EtTIVES 

ft Technologies , 
ENV 1 RONMENTAL 
CONTROL. 21, Waste Disposa1 47.' .' 

22. Land Reclamation 43.3 
23. Air Pollution Abatement . 43.9 
24. Waste. Water Treatment 45.6 180.5 

... ENGINEERING 25. Automat1c Control /' 41.1 
26. Computer Applications 33.1 

• t' 

27. Groundwater and Seepage 32.6 c. 
}.~ 

28. E1ectronic and E1ectrical 
Engineering 37.0 

29. Operations Research 40.1 l83.go , 

(r,' 
. 

OPEN PIT 30. Pit Design and Planning Techniques 28.7 
3l. Dril1ing and Blasting 12.5 
32. Grade Control , '9.8 
33. Stabi1ity Control of Pit_~Slopes 20.2 

@ 

34. Loading and Transportation 
Equipnent 13.4 1~.6 

i UNDERGROUND 1 _ 

Min111g Methôds 27.4 1 MINING 35. . 
t 

.36 •. Deep M1ning Methods 28.2 
37. Hardrock Continuous Min1ng -- Methotls and Equi pment 24.2 

() 

38. Hoi s ti ng Equi pment' 13 .. 3 
Il ,......, 

39. Raise Driving and Shaft S1nk1ng 
Equ1pment 14.3 

40. Ground Cdntro1 24.2' 
0 

,41. Working Env1ronment yZ.7 
42, M1nin~" COI1IlIun1cat1.on Equ1pment 16.0 165.5 

• • 
.... cont1nued 

1 
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TABLE 4 cont'uded 

GROUP 

RELATIVE 
. CONtRIBUTION 

TO THE 
OBJECTIVES 

CONDITIONS \ 43. Arctic M1n1ng 
Deep-Sea Mining 

37.7 

CONCENTRATION 

1 

44. 

45. Comminution 
46. Gravit y 

'---. ' 47. Electrostatic Separation 
48. Magnetic SeparatiOn 
49. Electro~1c Sorters 
SO.. Flotation 
51.~ Agglomeration 

17.8 

26.6 
30.3 
32.9 
31.3 

30.3 
;" 28.6 

28.3 

HYDROMETALLURGY 52. Leachfng 35.1 
48.1 53. S~ 1 i d/L iqui d -Separation 

54. Solution Purification \l . 48.1 
./ 

55. ' Meta 1 Re co very 42.4 

PYROMETALLU~GY 56. Smelting 35.0 

INDUSTRIAl 
MINERAlS 

" '.' 

~ 57. Roasting/Sinter1ng/Indurat10n 10.1 
58. Dfrect Reduction 
59. Steelmak1ng (basic, oxygen or 

~ ,electr1c) 

60." Aggregates, Crushed Sands, 
Cements and Concretes 

61. Ceram1cs and Refractor1es 
62. Fuel Ce" and Heat Storlge 

Appl1 cations 

10.0 

28.3 

'31.2 

38.7 

18.2 

" ," 

., 

FIELD CON­
TRIBUTION 

1 TO THE 
OBJECTIVES 

55.S 

\ 208.3, 

173.7 

83.4 

88.1 

"'\ 
'--. 
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, 
Table 5 shows an example of the ef,fect1veness value and EIC 
ratio obtained~ The EIC ratios of the research'elements of 
the "Complex ~n/Pb/Cu Ores" project are compar~d w1th th~ 
average EIC ratio for the comb1ned M1n1ng and Process1ng 
act1vities. Eleven project elements h~ve E/C'ratios smaller 
than 4;1 - the average E/C ratio. 

If, all project elements ,of ~he M1n1n9 and Processing activities 
are considered together, then fort y research elements - 38% 
of the tOtal - have an E/C ratio below ttÎe average of both 
act1vit1es. Table A-2 1n Append1x A shows deta11ed results 
for the M1ning and Processing aetivities. 

Table 6 summarizes the results for the M1n1ng and Proeessing 
aetivit1es. The greatest effeet1veness values in the Min1ng 
act1vity correspond to the Environment project (2712) and the 
Open Pit project (2432). However., the Marine Min1ng project, 
which has the lowest effeetiveness value (154), has the greatest 

'mE/C ratio (28.6). This 1s due ma1.nly ta 1ts low annual cast .. 
, 

S1milàrly, for the Proeessing aetiv1ty, the Inorganic Non-Metal1ic 
Mater1als project and the Zn/Pb/Cu Complex Ores of New Brunswick 
pr~ject have the greatest effectiveness values '(2682 and 2170 
respeetive1y). However, the Seeur1ty of Supply projeet has 
the greatest EIC rat10 (15.4) because of 1ts low annual cost~ 

The E/Ç ratio criter1a, as 'shawn in Table 6, tends·'ta favour low 
cost projects. This EIC ratio b1as illustrates a partièular 
problem 1n deve10ping scor1ng models: the use of adequate' 
seales for estimat1ng the model's parameters. In th's case, 

\the results obtai~ed,~re b1ased toward the lower cost projects. 0 

~his 1s due to the distortion produced when the projeet cost 1s 
, e 

"measured as an absolute value, but the projeet's effecttveness 
.15 measured as a relative value. Thus, the proJ~ct cost para~~~ 

~
ter has a greàter ~mpact in the calcu1at1on of E/C ratio than 

t e effectiveness pa rame ter . ' ... 
, ~~~ -
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TABLE 5: COST-EFFECTIVENESS RESUlTS F08 THE COMPLEX 
Zn-Pb-Cu-Fe-S ORES RESEARCH PROJECr 

PROJECT ELEMENT 

Leach LiquQr Treatment: Bacterial Leaching 
Surface and Electrochemfcal Studfes of 

Sul phi des in Relation to Flotation 
Computer Programs for Analyt1eal Methods 1n 

the Chem1stry laboratory 
Ion Exchange Processes: Bacterial Leaching 

of Cu-Zn Sulphide Ores \ # 

Percolation Leaching ofChalcoc3te-Bornite 
Ore w1th Ammoniacal Solutions 

Recrystallization of Fine-<Gra.ined Sulphid~ 
Ore by Chemical Transp~t\ 

Mineralogy and Microscope Analysis 
Percolation leaching of Chalcopyrite Ore with 

Ammoniacal Solutions 

EjC 
EFFECTIVENESS RATIO 

61.4 

201.0 

91.2 

11'9,,5 

114.7 

79.6 
30.3 

14.6 . 

13.4 

13 .. 0 

10.·2 

10.1 

10.0 
8.0 

o 10. 
11. 

"'-

Anodic Dfssolutio~ of lead Sulphides 
Dissolution of Chalcopyrite in Ferric Ion Media 
Zinc E1ectrolysis ' 

114.7 
93.2 

114.7 
100.5 
88.4 

6.6 
6.0-., 
6.0 
6.0 
5.1 
4.7 
4.7 \ 

12. 
13. 

" 14. 
15. 

16. 

1T., 
18. 

19 .. 

20; 

21. 

22. 

23. 
24. 
25. 

Ore Chara.cterization 
ZnS-PbS-FeS Phase Studies 
E1ectrochemical Dissolution of Copper Sulph1des 
~rcolation leach1ng of Pyrite Zn-Pb-Cu Ores 

..:, wi th Ferri c Ion Medi a " 
Crys ta 1 Structure Studi es of Members of the '\. 

Stannite Faml1y* 
Crystallography of the Stannite Fam11y* 
The Ro1e of Chloride Ion and Organic Extractant ' 

01n the E1ectro-winn1ng of Co* 
ComputerlPrograms for Kinetic Stud1es in the 

Metal1urgieal Chem1stry Section 
The M1neralogy, St01chimetry and Stab11ity 

Relation of the Stannite Fami1y* 
Dissolution of'Sphalerite in Ferric Chloride 

Solutions 
X-Ray Fluorescence o. Line Analys1s of Pb-Zn 

Ore Fractions . 
Bacter;al f~~h1ng 
Ore Analysis by Optical Emission Spectroscopy 
Quantimet Analysis of Base Metal Ores 

93.1 
93.2 

114.7 

86.5 
86.5 

42.4 

.33.1 

88.4 

114.7 

58.1 
61.4 
58.1 
30.3 

TOTAL P-l PROJ~CT 2.169.5 

3.6 

2.4 

2.1 

1.8 
1.8 
1~ 
O.b 

4.Q 

* The MRP management dec1ded to 1nclude these project elements with1n 
the comp1ex Pb-Zn-Cu~Fe-S Ores Project because of the1r advanced stage 
of research when the c~rrent MRP was def1ned. The objectfve of these 
proJect elements does notfo1nc1de w1th the MRPls objectives.' 

. \..... 
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T~BLE 6: COST-EFFECTIVENESS RESULTS' -FOR THE"FIRST SCORING MODEL ~: 

COST-EFFECTIVENESS OF THE MINING ACTIVITY COST-EFFECTIVENESS OF THE PROCESSING ACTIVITY 
.L ! EFFECTIVENESS $~~~ EtC EFFECTIVENESS $~~bo EtC PROJECT RATIO PROJECT RATIO 

-
Op!tn Pit 2 432 671.8 3.6 Comp1ex Ores 21170 538.7 ! 4.0 

Waste Di~posal 1 642 175.7 9.4 

Underground M1n1ng 125 170.8 4.2 
:; 

Ferrous Extractive 1\205 513.5 2.4' 

M1n1ng Equ1pment 497 106..5 4.7 Non-Meta11fc Materfals 2 682 859.9 3.1 o~ • 

, 

Environmertt 2 712 517.4 5.2 Prec10us and Plat1num 714 155.'8 4.6 

Marine-Min1ng 154 6.0 28.6 Security of Supply 847 55.0 15.4-
_h 

.: , ........ ~ 

AVERAGE OF THE > AVERAGE OF THE ! " 
MI~ING ÀCTIVITY 8 162 1 648.2 5.0 PROCESSING ACTIVITY 7 61. 2 122.9' 3.6 . , ... {} 

1 
" 

,. 

G 
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The Effect of Considering the Over1ap of Objectives 

It was assumed that, for two given objectives, the value of 
achieving both 1s g1ven as the sum of the values for~he 
individual objectives. This is valid in the case of inde­
pendent objectives. However, the objectives in the set 
considered are not, in fact,'independent. Thus, the sum of 
values for the individual objectives somewhat over-estimates 
the value of achieving the combined objectives. 

An analysis was perfonmed on the effe~t of considering the 
" , 

overlàp of objectives in evaluating the project e1ements. 
• 1 

The we1ghts of the objectives were re-adjusted considering 
the overlaps of the objectives shown in Table 3 ana new 
effectiveness values were ca1culated. The approximate method 
over-estimates values in general. _ However, values for the 
activities were never ovèr-estimated by more than 20%. 

More importantly, the change in rank arder of the project 
element values was on1y in respect of a few project ~lements. 
For example~ in Table S, the rank arder of the project element, 
.Perco'lat1on leach1ng of Chalcocite-Bornite Ore with AnInoniacal 

1 • 

Solutions, prev10usly in the fifth position, resulted in the 
fourth position after considering the overlap of objectives. 
ln total ~ for all Mining and Proèess1ng activities' 
project elements presented changes in the rank order. 

Tab~e 7' illustrates the effect of using both approximate and 
exact methods in evaluating projects and activities. 

5.1.3 Conclusions 

The application of this model to the MRP's activities represents a 
first attempt tq use a systematic'and rational model for the,evalu­
at10n of R&D,projects 1n CANMET: ln the analysis of i~ results, 
however, sorne weak points were o~servedt as dJscus~ed below. 

• 1 J ' 

l, 

4 , , 

: ' 
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ITABlE 7: EFFECT, OF PERFORMING THE EXACT AND APPROXIMATE 
CAlCULATION Or EFFECTIVENESS-COST VALUES FOR THE FIRST SCORING MODEl 

MINItfG ACTIVITY APPROXIMATE EXACT METHOD PROCESSI'NG APPRBXIMATE EXACT METHOD METHOD ACT IVITY METHOD 
EFFEC-. E/C EFFEC- '" EFFEC-COST . EFFEC- EIC COST E/C E/C PROJECT $'000 ' TI~E-: RATIO TJVE- RATIO PROJECT $1000 TIVE- RATIO TIVE- RATIO NE S NESS NESS NESS 

... 
Open Pit 671.8 2432 3.6 2053 3.1 Comp1ex Ores 538.7 2170 4.0 1819 3.4 

~, 

Waste 'D1spos~1 . 175.7 1642 9.4 1387 7.9 ' Ferrous 513.5 1205 2.4 1046 2.0 Extractive Underground 170.8 '725 4.2 620 3.7 
, 

M1n1ng Non-Meta111c 859.9 2682 3.1 2360 2.7 . M1nera1s M1ning 106.5 497 4.7 428 4.0< -Equi-pment Prec1o.us and 155.8 714 4.6 597 3.8 
Environment 517.4 2712 5.2 2312 4.5 Plat1 nl.lll 

0 Security of Marine " 55.0 847 15.4 711 12!9 
/ M1n1ng 6.0 154 28.6 136 25.1 Suppl,)' 

./ 

. 
AVERAGE MINING AVERAGE 
ACTIVlTY 1648.2 8180 5.0 6959 4.2 PROCESSING 2122.9 7616 3.6 6533 3.1 

ACTIVITY 

~ 

" 

/ 

<' 

~ 

" ~ 

" ~ '.. 
!~ 
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~ 

The relative values -of the objectives and thé" linkage and criti-· 
cal1ties of' the sciences and technologies for the cost ... effect1veness 
analysis were sUbjectively estimated. Variation obv10usly exlsts " 
in such esti~tes. However 7 no attempt was made to assess the 

0' , 
variation associated with these estimates. 'The main reasons ~ 

behind this decision were the perceived requirement for model 
simplicity and t~me restraints. 

The errors that could be introduced into the crlticalities of 
~ence and technologies are the omission of relevant ,science and 

teChnologies and the inclusion of fields that are not, ln fact, 
essential. These errors of omission and commission affect' ln­
dividual project element evaluation. Nevertheless, the overall 
effect 1s sma11 due to (1) the small contribution of these science 
and technologies to the MRP1s objeçtives, and (2) counter-balancing • 
A review of the model paramet~rs would help to reduce this effect. 

1 

Total dlscounted costs of ,the projects were not available ât the 
'- time of evaluation; therefore annual .costs were emp10yèd tQ assess 

, \ 

. EIC ratios. The use of total future tosts of project elements 
di~counted at the social rate of discount would certainly i~prove 
the eva1uation. 

No c9nsideration was given to the interdependence among research 
elements. ,Very often, however~ the success of research work de­
pends ,upon the result of another research e1ement. In th~ model 
employeQ~ the contributions of prQject elements to the attainment 
of national goals were evaluated i~dependently and their effects 

" were added. Thus, a project with more project el,ements has a , . 
grea'ter possibility of arrhfng at a greater 'effectiveness value. 

, • c 

, For two or more' given project eleme.,nts which might contribute to 
h 

the advancement of ~ part1cular science or technology, the contr1-
but1o~ of one of them could be more sign1f1cant than the othe~ if 
the1r contribution 1s marg1nal. To consider this situation, â full 
scale should be used instead of two single values. 
/' 

, , ---- .. 

1 

" j 
:. " 
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A more important criticism 1s that the project elementS'wera 
indirectly related to nat10nal goals through the use of-pert nent 

~; 

science and technologies.'Howevèr, assess1ng the contr1but on of , 
a science of technology to national goa15 is quite a sUbject ve 
matter,and sometimes very dffficult. 

5.2, Second Scoring Mode1 

A second scoring model was developed in the 1ight of the shor ~ 

,comings demonstrated by the f{rst model. The second model is der; ed 
from the first and utilizes the same basic concepts; however it ha a 

c ' 

simpler struct~re wherein t~e c~racter1st1cs and divers1ty of the esearch 
activity of the Mineral Research,Program are more adequately consid red. 

a 

5.2.1 MethOdology 

-5.2.1.1 
o 

Mode 1 Character·i s ti cs 

The essential mechan1sm of th~ scoring technique develo d for 
-.' 1 ! ' the MRP compri ses a system for rat1ng projects. . In th s system. , , 

the scientific merit of a project is estimated in re1a~io~ to'a 
set of d~rect organizational or program objectives wh1ch were 
weighted separately by the MRP managers. A' project's sc1entif1c 
merit is express~d in tenns of scientific s1gnificance and l1keli­
hood of techn1ca1 success and economic viability in anticipated us~. 

, , 
The cost-effect1veness relationship 1s reduced t~ an expressiàn 
whi~ draws together ,the various parameters. This expression 
represents a' parti~1pantls subjective evaluation in the form . , . , 

of ~ d1mensionless effectiveness-cost ratio, as ,follows: 
(1 kan 

'pt X pe X l Nt X bk ' 
E/C. ' 'C k·; 

where ~ 
E/C' = a non~netary relative value/oost 

{effecti"eness/cost) ratio for the project; 
pt' = probabilfty of technical success 

" 

If ' 

, , 

" '---

, '-

':~I ' 
: f,.,r : 

" ,. , 
, , 

~ 
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pe = probab1lity of economic viab111ty for the results 
of the proposed (or on.going) re5earch in the 
foreseeable future; , 0 

k ~ 1, n (n ~ number of program objectives), 
bk • scien~ific significance of the research for the 

kth ob.i~cti.ve;· . 

Wk • rel~t1ve we1ght of ~he kth objective; 
C • RAD project cost. 
~ 

The average value of the effectiveness/cost ratio (E/C) for the 
, m participants in the aS5essment of a project i5 given by 

(
jCIJI / jam ~ r ej x Ej l ej" 

Ë/ë n =' -1 -1 
C 

where 
E. g '" project effectfveness a~~~timated bi participant j 

, " JI 

, kltn 
(Ej • Pt x Pe x r Wk x'bk) 
. k-l 

= self-rating.. coefficient of .tlJe parti~ipant's 
expertise and knowledge ~f the 5cfentific and/or 
technological field of the project; 0 ~ "ej ~ 1 

We19hting OrganizationalJ ObJeètives . " 

ln the scoring model used prev10usly, no distinction was ~ade 
~ " 

be,tween specifie CANMET objectives and mineral policy objectives 
recognized in the government document "Toward a Mineral Policy ... 
for: Canada - Opportunit1es for Choice" (1974). To rect1fy , 
this situation and avoid allocative distortions, direct organiz­
atiorial objectives were separated from tbe-DdDeral pol1cy 
objecti ves • 

A~ set of p'Te,l1mi'nary objectives deemed relevant to the mission 
of the MRP, togètner ~1'th an explanatton of the reasonfng under-
1y1ng th1s set, were structured and presented to management. 
The objectives' themselves were offered for refinement and amend .. 
ment unt11 1t.as general1y agreed that they covered the m1ssio~ 
of the MRP and·were technical1y sound. . , 
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• ' 1~ " ,. , 
" 

CANMET management was reques ted to 1 revi ew the proY; s i ona 1 

set of organizational objectives, paying particul,ar attention 

. to the criteri a for defi ni ng objecti ves in the pub li c budgeti n9 

.context. Following this stage came 1;f\e welghting of organiza­

~ionaT objectives_ wh1ch wa$ confined to program managers. 

/ Organizatlonal objectives were generatèd under four broad 
lI''' , 

Biniensions believed te encompass the ~cope of the Mineral 

Research Program's mission. Th~se dimensions transcend 

CANMET admini~trative div~sions,pi.e. M1nin9, Processing and 

Utilization, and thus tend to neujralize disciplinary or 

administrative bias in'~anking of~weighting objectives at this 

o lev~1. 

I~ • 
In wei'ghti ng the objecti v.é§, management was reques ted to 

observe poli cy di, recti vesC recei ved from EMR 1 s Pl anni ng and 

Evaluation Office or any other central planning and pol1cy-making 

authori ty. Where no, exp 1'1 ci t di recti ve exi s ted i management' 
, t 

was asked to weight according to its own interp'retation of the 

general orientation in government postures on related economic 

and soci al issues. As for the speci fi c 9bjectives, management 

1 was asked to weigh_~ these according .to its per~onal views on 

'the proper balance of research objectives within the Min~ral 

Pro9r~. A scale from 0 to 10 was indicated for use in the 

wei ghting of Dimensions and Objectives ~ The resul ts were 

nonnaliz,ed and average va1~es of the "eight ofyrograrn obje,cthes 

were considered. Table 8 shows the results obtained in thts 
" 

!!ssessment. Weights are expressed in terms of percentage. 

Sensitivity Analysis 

Info,nljation 0" the marginal change in effectiveness with 

marginal chang~ in resear~ e~fort was incorporated 1n the 

evaluation mo~el in order to perfonn,~ sens1tivity aria1ysis • 

• 1 

, , 
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TABLE 8: WEIGHTiHG ORGANlZATIONAL pBJECTIVES 

A~ 
,. 

,;> 

SECOND SCORING MODEl 

i'~ 
'"!-~~ ... ' 

~, 

~ 
y-

We19JJt - DlMENSlONS W 1 h' t OBJECTIVES OBJECTIVE 119 HUMBER 

.. 
Q 

, . 
27 HUNAN. HEALTH AND PROlECtION 

.. ' -i?'''-
22 ENV·IRONfobTAJ.. PROTECTION' 

AHQ HARM)NY 

11 Develop technology to redute all human diseases and envi,ron­
mental'health hazards related to mineral industry act1v1tfes 
fnclud1ng non-oeéüpat1onal diseases -

10 - Develop technology to improve safety from in jury in the 
. workplac~ " 

6, Develop technology to 1mprove worker comfort 
• j 

/' 
22 ,~~technology to conduct mineral 1ndustry act1v1t1es 
~ and dispose of wastes and ~ffluents in a manne~wh1ch m1n1m-

~ 1zes conflict w1th other resources and land uses, 1nclud1ng 
! recrnUona1 uses .-

1 e " ..... 

1 -:;. 

2 
~ 

3 

4 

28 : ECONOMIe EFFletEHCY AND 
" ·PRODUCTlVITY \ 

1 

- \0 

~. 
-:-. 

23 INDUSTRY DIVERSIFICATION 

i 6 Oevetop,-technology tQ lower operat1ng costs and raise levels 5 
1 o~re very in mining . 0" 

- 6_ Dev p ~echnology ta enable efficient or more efficient pro~ 
\",_ c .1ng pf m1n,erals for both conyentl0nal and unc6nyent1onal 6 

~aturàl resources . 
• 0 

6 Develop·technôlogy to improve efficiency in metallurg1cal 
extractions 

6 Develop technol~gy to 1mprove eff1ciency in sem1-fabr1cat1on .. 
9 

8 

6 

Develop technology to fmprove secondary recovery from wastes 
and scrap . 

• Develop technology tO'1mprove situations where specifie 
opportunit1es for further domestic up-grading of m1nerals and 
mineraI products are seen. or can be foreseen, to be lim1ted 
by def1c1encies tn or lack of technology 
Apply technologieal research to the development of 1mproved 
m1neral-based products and processes specially where these' 
replace the use of·scarce resources 

Undertake research ·to find new uses spec1fically for mineral 
and metal w~stes 

7 

8 

9 

10 

11 

'2 
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Th1s,requtrement was aimed at ac~u1r1ng information ta indicate. 
in terms of scient1fic eff1c1en~t wh1èh projects shou1d be eut 
baek under genera' budgetary contractions ~d wh1ch should be 
favoured under genera' budgetary expansions. 

Thus. the Marginal Effect1veness/Cost Ratio (MEC) for a change 
in the level of funding 1s given by 

MEC • 

.jam (k-n / jam !,6Pt j x pej x ej x k~' Wjk ·x bjk ~l ej 

1. whare .. 
apt = change 1n~ the probabi1tty of techn1ca' suceess 

due to a change in fund1ngl 
MC ~ margina' cost\ change 1n\ the 'present value of 

the proJect cost. , 
, 

\ ~ 

5.2.2 Applicatiorr of 'the S,cond Seor1n; Model to the 1978/79 Fiscal Vear • 

.. 

A questionnaire was des1gned and survey participants were asked 
to relate each project to each objective by indicating ~n a pre­
scr1bed scale) the1r estimation of the relative setent1ffe sign1f1-
eanc~ in 11ght of 8ach objective 1ndependently. Th~ probabl1ity 
of teçhn~al ;uccess an~lthe probab1l1ty of economie v1ability were 
estimated by each parUc1'pant for each project. l''Given the 
asstJnpt10n that the sc1entif1c s1gn1ficance of a project 15 1n-. , 

deBendent of the level of fund1ng, each.partic1pa~t was isked to 
est1mate the change in the probabi11ty of technica' success for 

1 

eech project upon a specif1ed marginal (1ncremental and decremantal) 
change of lOI, 301 and 501 in the estab11shed Jevel of effort or 
fund1ng of the respective projeet. F1nally, elch participant wes 
requ1rëd to est1mate a sel'-rating. ~oeff1c1ent for eàch proJect . 
ot his own expertise and knowledge of the sc1ent1f1c and/or techno-

~ 

logieal field" of t~e p,roje,ct • 
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Cosl.Effeçt1ye~ess Results 

Eighteen'respondents part1c1patjd in this survey. five from 
the Mfning act1v.ftyj' sfx f'rom the·P~ocess1ng. actfv1ty and seven 
from,the Ut1lization acttv1ty.- The meaning of th. different"' . "-

subjective estimates was explained ta all participants befora 
the survey bagan. Ih spite of th1s. some participants tended 

• ta cqnfuse the subjective probabil1ty concept with .the degree 
... 1 • 

of project achfevement. Others showed fncons1sten~ in " 
, ' " 

estimat1ng the model parameters. These rasponses were ex· 
cluded fram the analys1s, 

Table 9 shows the results of the cost-effectiveness model for . 
the Mfn1ng. Precetsfng and Uti1fzatfon act1vit1es of the MRP. 
The column "Effectiveness Consider1ng Self.Ratfng of Participants" -
indicates the average relative value of ea~h project as estimated 
by scfen.t1sts. Projects 1 1n the Proc~ss1ng act1v1ty genera'Ny l 

have h1gher effectiveness values, their average be1ng 12.2. 
Projects Nos. 17, 21 and 18 have the ~1ghest values: 23.2, 21.8 , 
and 20.0 respect1vel'y. Proj,cts in the M1n1ng act1v1ty are 
perce1ved as hav1ng lower effectivenèss valués, w1th an average 
of 8. 1. The 1 O\'leS t va'l ues are for Projects NOh 5. 8 and' 9 

",wh1ch show 2.6, 3,2 and 3.9 respectfvely. Projects in the 
"'" ' 

Ut111zat10n act1v1ty ~ave an fntermed1ate average effectiveness 
value (10.3). "; 

Thè column "Effect1veness/Co·st Ratio" indicates the .ffective!' 
"- ness:Cost value of projects. 1 Small projects show h1gher EIC 

ratios because of the1r 10w costs. The scale used for repre-. , 

santing project cast (absolute value) 1s greater than the scale 
employed for est1mating proJect effectiveness ('1 rel athe val ut). 
Consequently, projects w1th lower côsts tend ta have higher'E/C. 
ratios. However, the EIC rati. for those projects w'th costs 
of the same arder ot m,gn1tude 15 a usaful criterion in th, 
allocation of scaree resources. 

" 

, Proj~cts are tdent1f1ed by a number for s1mPl1c1ty of a~~'YS1S. 
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1 TABLE 9: COSI.EFFEC~IVENESS)RESULTS OBTAINED WITH SECON~ SCORIHG MQQ~L 
1 

i , 
• < 

, t 
0 

• t 

PReWECT SIGNIFI· AVERAGE AVER~GE EFFECTlVENESS PROJEtT 1 EIC AVERAGE 
, 1 "UM8ER CANCE TECHNICAL ECOMO le CONSIOERING caST ~TlO SELF-

PR08ASrbITV PB98ABILITY SELf-RAIl HO S (alO"'). BATING 
1 

1 tl1Dj08 ~sUxitx 

\ 
l 17.3 .83 .72 11.3 52800 21.4 .1S 
2 13.2 .71 .83 8.3 112 100 5.& .7& 

j 3 7.2 1 .91 .7g 5.0 115,400 32.4 .87 , 
. 4 10.7 .83 '" r 

.&8 S.O 79,100 7.a " .80 
S 7.8 .53 .74 2.a 5 ~500 4a.4 .27 

01 22.8 .85 .Sg '11.a 50,500 22.9 .80 
7 22.8 .78 .S5 n.s 41,800 27.6 .80 
8 4.8 .82 .73 3.2 41'200 1.9 .55 
9 8.5 .83 .54 3.9 " 13 200 29.5 \ .55 

< 10 ~ .17.2 .Ba .71 t.l 847/000 1.1 .85 
11 18.8 o .87 , .58 10.2 93 1000 .' 11.0 .55 

r 
12 , lt.5 .75 .77 10.3 18 500 17.5 .50 
13 19.8 .&2 .72 7.3 4',eoo 15.5 .53 
14 22.5 .&7 .sa t.5 103.000 t.2 .50 

• 15 20.4 .83 .53 ,8.4 &5,~ 13.0 .50 
, .1 16 21.& .79 .58 12.8 220 5.8 .50 

!")- trsSIu1na' !S$jvjÏY. 

i 17 35.3 .85 .75 23.2 , ooa 000 2.3 .70 
18 39.2 .82 .72 22.0 1.&73,,500 1.3 .73 
19 22.5 .78 .57 t.7 70.000 13.9 .70 
20 23.4 . .71 .49 10.2 23 ,000 44.5 .50 
21 33.8 ".84 .U 21.8 1 102,000 2.0 .so 

U 47.8 .45 .42 11.7 325,000 ,/ 3.8 .80 
24.2 .83 .45 t.7 23,000 42.0 .50 

2. 32 •• .71 . .ss 11.5 70000 11.4 .80 
25 zo.e .73 .72· 12.5 255 000 . 4.9 .47 
28 20.8 .51 .8S 7.2 13000 7.8 .50 
27 la •• .19 .45 I.! :~.= I.e .48 
28 , 10.a .to .SI 8.2 17.5 .53 
29 14.0 .80 ' .81 13.1 115,000 11.4 .50 
30 23.3 .81 .. 41 t.1 t3000 10.7 .84 
31 )'.7 .12 .11 1.5 23,000 28.1 . .52 

YSil!II~!2D as'fxf~ 
32 11.2 .Ba .g J.e ,., 000 3.3 .50 
33 '6.0 .12 .81 '4.3 3\' 000 4.8 .48 
34 ZO.7 ."74 .It 11.4 115 100 71' .S7 
H 14.' .10 .It 8.e . 74,700 11~ .48 

• 12.a .77 .4t 1.1 .700 15. , .17 
37 23.1, .tG .47 13.1 412100 '2.8 •• • 11.4 .84 .10 t.2 244,000 3.8 .40 '. (14.. .87 .71 12.' 59.200 Il.8 .70 .. 40 11.1 0 .70 .41 1.' 31.300 11.' .47 
41 1:-1 ~ .SI 13.3 748 .100 1.8 .77 

J ft ' 1 ~'r'--.-./' '.7t- .14 I.S 270 aoo 3.1 .77 
,,) 43' 11.7 ... .51 1.1 23t 1)0 . . Z.8 '.17 

~ 
44 17.' .Ie .1. 7.1 101 700 1.,4 .10 

<1 (;:~~ • 11.1 .71 .H t.S 7O.'aoo 13.1 .10 

• ZO •• .U .74 13.8 134,400 ,1.9 .H 
47 ".1 .11 .71 11.1 .•. 800 4.2 .80 

1 

, 1 

f 0 

i 
, . , 
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The col umn "Average Sel r .. Rat1ng" presents ln aV,er.ga val ua for 
the part1c1pant's .èxpert1se and knowledge or the sc1ent1f1c 
and/or'technolotical ffeld of the project; th1s qualifies the 
effectiveness and the E/C ratios shown in th, prev10us columns. 
Thus, for example, the effectiveness value (9.2) and E/t ratio 
(3.8) OfProject No. 38 were evaluated by participants whose 
knowledge and/or field of expertise were ind1rectly related (O.4) 
to that of the' project.. On, the other,ha!'1d, the effeCtiveness 
value (~.O) and the E/C ratio (7.6) of Project No.4 were assessed 
by participants in the survey whose knowledge and/or field of 

, 1 --
expertise are d1rectly related,(Q.8) to that of the project. 

The co 1 umn~ "Average Techn1 ca 1 Probabl1i ty" and "Average Economi c 
Probab1i1ty" 1nd1cate the averagr values of these parameters as 
estimated by the CANMET participants in the survey. rhe re­
latively h1gh values, of the projects' teèhn1cal probab111ty of 
success cOrrespond partly ta the selection process for research . . " 
proposals that takes p'~ce in CANMET. This process 1nvolves ~ 

number o~,proposal pre-screenings at d1fferent levels of research 
management respons1b111ty. Also. "these h1gh values are partly 
due ta the l1mited techn1cal Objectives f1xed for eac.h research 
proposal. The h1gh values of the projects' econom1c probab111ty, 
of suceess seem to 1nd1~ate that CANMET survey participants have 

, 1 

highly b1ased opinions about the econom1c v1ab111ty of the pro- , 
Ject,. An independent assessment of these parameters by external 
experts would certa1nly contribute to reduce th1s bies. 

Contribution of Projects ta the Ach1evement of the Mineral 
~esearch P~ggr«m Objectives 

Table 10 shows the relative contribution of research act1v1ties 
" . ' 

to the ach1evement of the MRP's objeèt1ves. Projects of the 
M1n1ng act1v1ty contr1bute more to Objectives 5 (Develop Tech­
no10gy to lower Oper4t1ng Costs and Raise Levels of'Recovery in 
M1n1ng), 1 (Develop Technology to Reduce al' Human Diseases and 
Env1ronmental Health Hazlrds' Rel~ted'to Mineral Industry 
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TAII.E 10: RELATIWE DI'RIBU1l .. OF RESEAmI ACIDmES 10 11E A01IElEJiiDr Of "'·S 0B.JEUlVES 

RDATIVE CIII11UIIIJ1IM 

PIOGIUiJ' ~[CTlYES " *"1119 PnJcessing Utflfati .. 
c Act1ri tr Artfri tr Actiri t.Y e 

t. u.-lop tedmology ta reduœ a11 m.n cHseasès Mel .35 .26 .04 
enrir ..... tal heal'th huards related ID Ilinen1 i ... ..e:t-
actI1PIties. ittc1uding noo-oc:cupatlonal cHS8SeS 

2. Oeftlap t:ècbnolagy ta 1..,. ove safet;y haa 1Ajury 1a tIIe 
wrtplac::e . 

3. -~-1D __ -_t . 
4. Dm!lap lag, =m cxanduct lrinenl indltrtry KtiYi tfes ... 

dis of was'tes .... effluents fft il -.mer .tdc:b Ilim.tZl!S 
CQIlfItct vttll otIIer resources Md land U!SeS. tnelucHng 
recr'Htfanal c&eS , " , 

5.. Dewetap tec:IInologr ta lca.er operating CQlSts ... raise'lnels 
of J'l!CO'Iery in IriRing . 

i. DeYelap tedmolagy tir enable efffcient or mre efficfeèt • 
processtllg of lrinenls for botb comrent'iaul ~ UftCDIiW!liU_l 
ratural 1'eSOUI"a!S 

,. Dewelop technologr 1:0 illpl'Ove effldellq' in Il!Ûllurgial .•. '_H. 
8.. Di!wlap tedInolagy ta i~ effici~ 1ft sari-fabricatton 
9. Develop tedWIologr to fllpnWe seconduy reaM!J'Y .",. WilStes 

.... scnps 

"10. Petelop t:eclumlagy tG tlllpf'Uft situatfons illien! specifie ap­
port_dUes fcjr furtller œ-estfe \lP-9ACHng of lrinerals ... 
lliaeral prodao.."tS aft seen or am be f'0ftSeen to be li_ted b}< 
deflcteacies in or lack of tedIaology • 

"11: Apply tedHIologiaal l'1!Sean:II to t2Ie deW!lor:-ent of illpn"ed " 
lIi .... l-based produc:ts .... prvcesses. espec:lany tIIIeJ'e tbese 
replke "Ille lISe of sc:arœ resourœs 
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Activf tiel. 1nc1 ud,1ng Non .. Occupationa1 ,Dis ..... ) and 4' 
(Deve'op Technology to Conduct Mineral Industry Act1v1t1a. 
a,nd Disposa of Wastl! and Effluents in a Mannar w~1ch M1n1m1zas 
Conflict w1th Oth,r Resources and Land U~e!. Including Recrea­
tiona' Uses). ~ Their scores are O.43.·~.36 and O~31 respect1ve1y. 

Projacts of the Processfng Ic1tiv1ty, in tu~n, contrfbute more , . 
to Objectives 6 (Develôp TÎchno1ogy to Enable Efficient or Mora 
Efficient Process1ng of M1neréls for 80th eonvent1onal and 
Unconvent1ônal Natural Resources). 10 (DevIlop Tlchnology to 
Improve Situations Whare Specifie Opportun1t1es for Further 
Domast1e Up-grading of Mjnera1s and M1nêral Produets are SIln. 

il or ean be Foreseen, to be L1m1ted by OI,1c1lne1a. in br Lack 
of Technology) , and 7 (Oavelop Technofogy to .lmprove Effieilncy 
in Metallurgieal Ext,raction). The1r scores are 0.53.0.48 
and 0',40 respectively. 

Projeets of the Ut11hat1on acth'1ty maka a greater contribution 
to Objectives 8 (Dev.lop Technology to lmprove €ff1ciency in 
Semi-Fabr1cat1on), ,10 (Develop Technology to Improve Situations 
where Specifie Opportun1t1es for Further Domast1e Up~grad1ngoof 

l' 

Minera's or Mineral Produets are seen. or can be Foreseen, to 
be L1m1ted by Oef1c1enc1es in or Lack of Technology), and 11 
(Apply Technologieal Res.arch to the Dave10pmant of Improved 
M1neral-Based Products and Processas, Espac1ally Whera the.e 
Replace the Use 9f Scarce Resourcas). The1r respective scorts 

1 are Q.54. 0.48 ,and 0,33. 

Effact of ChangjnA the PrgJects' L8~1 of Eynding ~ 
0& 

Th~ rasource re~al1oclt1on problem for an expansion or a redut­
tion in the overa11 resea~ch budget 11 to f1nd the values of 

<; the èff,ct1ven~ss variation (ME1) an~ cost ver1at1o~ (MC1 f. 
corresponding to tach rtsearch pr~j.~t. wh1ch opt1m1ze the 
Objective funct10n ~, 

p 

l , 
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lubjlct to r MC1 $ MCT .. ~nd ~ ME i .' 11 <r.i) 
, 1-], . ,} 

, J 

wher, MeT • o,ert" budget chang •• 
~ 

., 

For a budget reduct10n the ·following re,1at,1onsh,1ps allo- hold 
~ , 

ME1 ~ E1 and' MC1 ~ Ci 
• ,J}1 , " 

This mode' may be solved by' uting math~mat1ca' programmfng. ~ 
prov1ding. that the function ME1 ~ ,ft(MC) 'can bi·deftned •. rAn 
exam1nat1on of the effectivene.s variation for var10uï le,,'. , . 
af change in research,projeèt fund1ng raveal. that ME1 il 'not 
a lineer 1unct1~n of MC1 (se, Tables 8-2 to 8-4,1" Append1x B). 

, ' 1 

The problem of opt1m1z1ng the 1mpac~ of an ov.rill researeh 
budget change on the fffect1venfSs value of the projects 1s 
further comp11cated by the vat10us cQnstra1nts relatld to the 

1 o~gan1 ration of reS'farch and by the nature Qf th~ researeh 
proJects carried out'at CANM!T. Consequent1y. a simple rank1ng 
based on the marginal effect1veness-cost ratio criterion is 

'. ... ~ 

prov1~ed to help CANMET rasaarch management in dlc1d1ng wh1ch 
projects should first rece1ve, additiona1 fund1ng or be'cut 
back under budget reduction e1rcumstancls. 

Table " comparas the rélult. of rankin~the slr1~s of research 
projects under different cr~ttr1.: Ef'tct1veni •• /Cbst Reti0 
and Marginal Effect1vene.s/Colt' Ratio. Th.'purposi 01.this 
analys1s 1s to 1nvI.t1gate,whether or not the '~search projects 
ere funded at thlir optimal ltvtJ and', fri;not, wh1eh projects 

, should f1rst rece1vI add1t1~nal funding.or bl cu~ b.ck. ' 

The comparison revI.'s a radical ch Inge ln th. order of priority 
for an Ixpansion in the proJICts' 1evI' of fund1ng'when ~he 

. , 
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rABl.E 11: 

" 

, 
f' 31 1 .e· 
J~ 13 2 .5 

12 3 .• e 

\
3D 4'.8 1 

15 5 .1 
35 S .a 

,11 7 .a 
26 8 .5 
14 t .5 
te 10 .1 
. 2 11, '.8 
30 12 .8 
24 U '.a 
20 \4 .e 
4 15 .8 

·22 18 .7 
44 17 .7 
36 18 .6 
17 10 .7 
43 20 .8 
la 21 .7. 
3. 22 .5 
1.23 .8 
3,'23 .9 
, 23' .2 

, 6 23 .8 
7 23 .8 
8 U .S 

• D 23 .S 
10 23 .7 

. Je 23 .7 
21 23 .1 
23 23 .7 
25 23'.5 
27 23 .5 
28 23 •• 
21 13 ,,," 
32 Il .5, " 
33 23 IS'\ / 

'34.23 Il ,1 

37 t3.' , r, Il:~ \ ' . 
42 as .t' e 

41 13 -.·7,' , 
4e 23 1 .7 ' 
47 13 .7 . -

f . ...' 
• t'" 

. 
• 

PI r Proj,ct .... " 0 4 

tot _anking Order /, 
SRtI S,'f.Rltint Coefficilnt . " 

6 1 .2 
20 ,2 .& 
-23 3.7 
li 4.7 
31 ~ 5 .1 
11 a.e 
t 7.1 

27 8.6, 
13 9 .• 5 
2 '10 ;.8 

12 " .5 
40 12 .& 
39 13 .8 
11 14 .5 
30 15 .. 8 
28 U .5. 0 

44 17 .7 
4S 18 .7 
14 " .5 ' 
16 20 .1. ' 
17 t1 .7 
29 22 .& , 

, 24 ,23 '.8 - , ' 
42 .• 24 .9 

~ 4 .. 25 ".8 ' 
41 28 .7 
43 27 cie 

1 ts 28 .5 
22 2f .7 

,34 '30 .e 
. 8 31 .S 
'31 32 .~ .... 
28 33 .5 
18 34 ".7 
10 3a .7 
41 3& .9 

• J, Il 37 .a 
S8 sa .1 
1 30 '.8 
3. H •• 
1 39' .'8 

. 7 3t .8 
32 39 ., 
35 St .1 

. 36 " .1 
37, Jt .4 
47 l' .7 

. ' 

! ~ t t • 

, . 
... . . 
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°Marg1na1 Effect1ven.s.~Cost·er1tér1on'1. u •• d 1nstead of th. 
simp1e Cost-Effectiven". cri teri0n. Seven projects (Nos. 6. 1 

23~ 3', g: 7, 6 and 1) are inc1uded in the top ten under the 
s1,mple Cost ... Effect1veness cr1ttr1a but change the1r rank1ng 
order tO,thelow~st.pr10r1ty under the marg1n~1·cll'1t.r1a. 
Thi. change rtfltcts th. faet that the.e projects will not 1n-

\ 

. ere~'t the1r .ffectivent .. u!,der conditions of a budgetarlY ", 
"txpanlion in spHI o( th.~r high tffect1vene .. -cost ratios. 

, '. 
Converse1y, th. rankino.or,der of proJects Nos;" 13, ,12, 15, ~, 

, 26 and 16 tl a1tlred signifie,ntly under the mirgina, cr1terion. 
Th, .. e projlcts .rt included among the fi rit ten priori titi for 
an 1ncre~se -1 n,the pl'9jecti' lIve' of 'undin; beeault of., thl1 r 

~ high marginal ef~lct1v .. ness vJlues t 

. . 
On the oth~r hlnd, pr~ject ranking -order do •• not changt, 10 

\ 

" 

, radtca11l:under a (contra-cffon in- the project.' levtl. of fund1ng. . 
G F~e proj.cts 1~cl~.d in the ten f1rat prior1ttt' aceord1ng '. 
\ to t~e simple Cost~Eff.ct1v.n,sl cr1t.r1on are rètained in the 

f1rst ten under the marginal criterion, a1though in a d1fftrlnt 
order. _ Projects Nos. 19. 11, 27 and 2 haVI h1gher pr1or1,t1ts 
under the marginal cr1terionfwher.as Projects Nos, 3,7,6 

, and 1 have t~.~~ pr1or1tje, Ih1fted~o the lOWl.t ~ol1t1on 
under the marginal crit.rion. 

For, both an Ixpansion and a reduct10n in the projtcts t coat 
'leve'. th. marg1n.' effectivene .. of the projectl w1th lowllt 
priori ~ " rank order 23rd for' a co.t Ixpans10n and "ank ordlr 
3~th tor a c:ost contraction ,. hl. 1 value equel"to zero. 

l ' 

This mean. that the mlrginal efflcthen,_. 11 not afflctl~d "boY 
. a marginal change in ftnancing, This ,situation .t~ma from ' 
th. fect that e1th." the proj~ct. are finaneld et the max1m"" 

" ponible lev.,. or that the chlnge in input rel ource. u •• d to , 
• 1-

. d.fi ne ma,r; 1 nll va~ ut. 1, not eno,ugh 'to mod1 f1 the1 route •• 
A, ,greater, variation in input would b. n .. ded tO'~11 a changl , 
in th •• frlctivene •• valut" ln contrast, lrid ,1'Ien more . 

~. • l ~ r ~ 

> ,- • 
, 1 

• 
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important', projects having h1gher pr1ortt1es in AP ·incrus. 
of the pr~Jectsl leve' of fund1ng rank1ng Stem to be under­
ftnanced with present budget" allocations and could, in same 
cas.s, 1mprove the1r effect1veness s1gn1f1cantly w1th a budget 
expansion. 

-... 
5.2.2 4 Eff.ct on'ProJect Rank1ng Whe" Probab111ty of Econom1é Suceess 

Is Nat·Con.1~ered 
'The .ffect of not cons1der1ng projects l econom1c v1ab111ty. 
as represented by the1r probab111ty of econom1c SUCCtlS, in 
determ1n1ng pr1or1t1es 15 shown in Table 12. The rank1ng 
arder obtl1n.d under simple Effect1~eness/Cost Ratio criterion 

.' ' 

'- and Margina' Effect1Yeness/Cost Ratio crfter1on, consider1ng 

\ 

:' 

. ' 

.1 , 
, 

,. 1 

, 
" 

the economie effect of the projects. 1s contrasted w1th the 
'rÎrik1ng order und.r the sam.J!r1ter1a when on1y sc1ent1fie and 
·techn1cal mer1ts of proj.èts Ire cons1der.~d.· 

Un der the simple Eff.ct1vtness-Cost Ratio eriterion, on1y sm'all 
o • 

changes are producld.' For example, "ght projecis are 1nclud.d 
amon; the ten fi rs t pr10ri t '.s w1 th and without cons i derat 1 on . 

\ 

o~ the1 r eeonom1 c effect, al though the ord.'r 1 s _ 41 1fer.nt. 

ln contrait, under the ma~g1na' criter10n for a 10% budget 1n­
cr.~se. lome s1gn111e,nt changiS are ob •• rvld. For 1n~taneet 
Proj.ct No. 24 changes 1ts rank order from'13~h to 3rd if 1ts 
economic v1abil1ty 1s not cons1dlr~d. Pr~0.15 change, 
.its pos1tion'from rank order 6 to rank order 10. 

, 
S1mi1arly, s1gn1f1cant change. art obstrved whtn the marginal 
criteria for a 101 budget reduct10n 1s cons1d.red, For 
e~lmp'e, Project No. 1-5 ·chlnges 1 ta" rank arder from l4th ta 
6th posi tian if 1t.' econom1c v1lb111ty ,liS not tlk.n 1nto ,le­
count. Project No, 24 chang.s its position ~ rank ordtr 

,23 to rank order 4 undlr th. same ctrcumstancI •• 

• 
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TABLE 12: ~QMeABI~gH 2E B~§U~T~ Qij61,H~g HH~H lHi ~,gHQMI' ~EEi~T 
(') gF I~~ ~BQ~E'l~AII ,QH§IQiBiQ. AHQ WUiH gM~V S~lENIIFI~ 

/J 
ANp ~ECHNICAL MERITS ARE CQ~SIDEBED . ' \\ 

~ 

THE ECONOMIe EffECT OF tHE PROJECTS ARE( ONLV SCIENTIFIC AND TECHNICAL MERtTS ARE 
_ ,OMS 1 D~B.fJl. .' *. • CgH~JgEBED. .,---
EFFECT/COST, MARGINAL EIC MARGINAL EIC EFFECT/COST MARGINAL EIC MARGINAL EIC 
---'W'.~_,- fJ).!U,mt COSt fQB .. lO%..iQll, M1U)_ fi)!..:t.m.~ fQR "f12~~U • , , , 

fL..B9J.~C_ p, BQ, A PI BQ SR~ .... JL1!P~Lfl.Jo Slt.. ,N BL§!'tc.~ . .. 
6 1 ,.3 , 

:~ 5 1 .2 '3 1 .6 '31 1 ,,6 5 1 '.3 
20 2 .6 13 2' 20 2 .,6 20 2 .5 13 2 .6 20 2 .6 
23 3 .6 -12 3 .6 23 ' 3 .7 6 3 .3 24 3 .8 23 3 .7 
3 4 .9 39 4 .B 19' 4 .1 31 4 .5 12 4 .6 24 4 .8 
9 G .6 16 6 .5 31 6 .6 40 6 .4 

, 
30 5 .8 31 5 .6 

31 6 .6 36 6 .5 11 ,6 .6 9 (; .6 26 6 .5 15 6 .5 
7 7 .8 11 7 .6 . 9 7 .6 3 7 .8 35 1 .6 19 7 .7 
6 8 .8 26 8 .5 21 8 .6 ~ 7 8 .8 '39 8 .1 " 8 .6 

39 9 .7 14 9 .5 13, 9 .5 36 9 .5 11 9 .6 9 9 .6 
, 1 10 ,.8 16 10 .5 2 10 .8 6 10 .8 15 10 .5 13 10 .6 
40 . 11 .5 2 11 .8 12 " .6 24 11 .8 20 11 .6 12 11 .6 

t 12 1? .6 30 12 .8 40 12 .6 1 12' .8 14 12 .5 40 12 .4 
28 13, .6 24 13 .8 39 13 }.8 ' 28 13 .6 2 13 .8 28 13 .7 
24 14 .8 20 14 .6 15 14 .5 39 14 .7 16 14 .5 27 14 .6 
13 15 '.5 4 15 .8 30 '15 .8 1~ 15 .7 4 15 .7 2 15 .8 
36 16 .6 22 -16 .7 26 16 .6 13 16 .6 ~ 22 16 ~ 2, 44 16 .7 
19- 17 .7 44 17 .7 44 17 .• 1 . 12 11 .6 36 17 .6 ,30, 17 .8 
46 18 .6 , 36 18 .6 '45 18 .7_ 30 l8 .6 44 18 .7 26 18 .5

0 

( 15 19 .5 17 19 .7 14 19 .5 15 19 .5 43 19 .6 39 19 .7 
36 20 .5 43 20 .6 16 20 .5 46 20 .6 11 20 .7 45 20 .7 
29 21 .6 18 21 .7 17 21 .7 35 21 .5 18 21 .7 29 21 .7 
II 22 .6 38 ~22 .5 29 22 .6 11 22 .5 38 22 ,.5 14 22 .5 
30 23 .6 1 23 .8 24 23 .8 14 23 .5 1 23 .8 16 23 .6 
14 24 .5 3 23 .9 42 24 .9 29 24 .S 3 23 .8 17 2' .7 
26" 25 .5 5 23 .2 4 25 .8 26 25 .5 ' 5 23 .3 \, 4 25 .1 
4 26 .8 6 23 .8 46 26 .7 4 26 .7 6 23 .8 -43 26 .6 . 

44 27 .6 7 23 .8 43 27 .6 ' 34 27 .5 7 23 .• 8 U 27 .7 
34 28 .6 8 23 .• 5' • 26 28 .5 44, 28 .6 8 23 .6 8 28 .6 
8 29 .6 9 23 .6 22 29 .7 8 29 .6 9 "'3 .6 46 29 .7 

46 30 .1 10 23 .7 34 30 .6 27 30 •• 4 '0 23 .6 42 30 .9 
16 31 :: 19 23 .7 "8 '3t .5 ·16 31 .6 19 23 .7 25 31 .5 

< , 

2 32 21 23 .5 33 32 .6 2 32 .8 21 2S '.6 34 32 .6 
27 33 .5 23 23 .1 28 33 .5 22 33 ,.6 23 23 .7 33 33 .6 
25, 34 .5 ,25 23 .5 la 34 .7 46 , 34" .7 26 23 .5 ~o 34 .6 
33 35 .6 21' 23 .5 10 36 .7 32 35 .6 27 23 .5 ,. 36 ...... 7 
47 36 .6 28 23 .5 41 36 .9 .38 36 .4 28 23 .7 41 36 .9 

f 38 37 .4 29 23 .6 21 37 .6 42 37 .8 29 23 .1 21 37 .5 
.;J 22 38 .6 32 23 .5 38 38 .5 25 38 .5 32 23 .6 38 38 .6 

42 39 .8 33 23 .8 1 39 .8 3! 3t .5 33 23 .6 
< l' " .8 

32 40 .6 -34 23 .6 3 39 .9 47 40 •• 34 U ... 6 3 39 .8 ~1 

37 4\ .4 37 23 .4 S -39 .8 43 41 .6 37 fr .4 s 3t .8 
0 42 .6 40 t3 .6 7 39 .8 37 42 .4 40 2 .4 } st .8 
17 43 .7 41 23 . , 32 39 .5 \7 43 .7 41 23 •• 3 39 .5 

\ 21 44 .5 42 23 •• H 39 .5 ' 21 44 .6 42 23 ., a6 39 .S 
41 45 .8 45 23 .7 se 39 .6 41 45 .8 45 2L.7 36 31 .5 
18 46 .7 46 23 .7 87 39 .4 la 46 .7 46 23 .7 37~ 39 .4 

, , 
10 47 .7 47 23 .7 , 47 39 .7 10 47 .1 41 Il .6, 41 3r .S 

. \, 0 . \. 
" SRt: Averag. s.'f.Ra~1ng t~ff1ct.~t "'"~ , . PI: ProJtct Nllllbtr& ROr·R.nk~ng Ord.r~ 
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5.2.2.5 Eff,ct of Cons1der10Q the Self ... Rat1ng Coefffc1ent 
, . 

on Projec t Rank 1 ng " 

\" Tab,'e' 13 shows the effect of t~e part1cipan~s' se.lf ... rat1ng 
,coefficient in obta1n1ng prior1tie,. _ The rank orderoresul~ 
t'rom the use of' s 1mpl'e Effecti veness-Cost Ratto' crtteria 1'n-
di cites tha~ some projec~s -have their priori t1es changed when 
the self ... rat1ng coefficients"are not cons1dered. However·s 

the!e changes are 1ns1gn1ficant. o 

0, 

The resul ts obta1ned by uSing the Marg1 nal 'Effect1 veness-Cost " , 
Ratio cri teria - under condi tions 'of a 10% budgètary increment 
.. show"greater ,variations. For instance. Project ~o.10 and 
Project "No. 4 sw1 tch thei r rank orders (2nd: and 5th) wh en the . ' 
sel f .. rati ng coefficient 15 not consi dered. 

" 

The rank orle.r of pr?Jects ~oy1ng the Marginal Efféctivenes-soo 
Cost Ratio for a 10% budget reduetion presents 'ess s1gn1f1cant 

" changes. A comparhon of results • w1th and w1thout self-
rat1ng coefficient,· indicates thet 'tb.tf1rst four" rank 
orders remain unchangid. 

5.2.3 Conclusions ., . 
The Second Scoring Model provtdes a ~use'ul work1ng tool for 

.' 

-davelop1ng pr10r1t1es _ptong MRP projects. Rank o!,der~ngs for these 
projects were obtained under d1ff'~l"ent cr:01ter1& uSing thi~ model. 

• 

"ihe-fol1ow1ng conchisions can be drawn fram the present appHcation \. 
~ 

of th1s tech'rfque. 

(1) Effecttven,,, criterion dhcr1m1nates aga1nst. smaller projects 
and tends to favour major' projetts. Furthennore •. th1s 
cri tlrton dots not conli der hOw effeèt1 valy resources are 
spent. 

(2) At the t1me of the ,valuation. esttmated future costs-1»f 
projects were not avanablé. Annu.l project costs were 
employed 1nsttad in calculatfng effecthenus .. cost ratio. 

!J • • 
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TABLE 13: EFFECT OF CONSIDERING SELF7 RATING"'COEFFlCIENTS ON PROJECTS 
!. RMKlIG tJI)ER DIFFERBCT CRITERIA ' 

CQlSIIJEJUIIfi' SB.F-RATUIG 'COEFFICIEJ(:JS VITIllUT COlSlDERIMt SELf.'-RATIftG- COEFFICIENTS 

EfFEet/COST MRGINAl. 'E/C MARGIIIAL EIC 
RATIO f> FOR +lOS COST FOR -lMfCOST 

" PI II) 

f 1 
1 

15 

12 
~ 

8 

3 
13 

14 
10 
11 

9 

2 
3 

• 5 

6 
7 

8 

9 
10 

11 
6 12 

1 13 
5_---14-
z 15 

,PI RD, 

15 '-
10 2 
14 ',3 

1 

-8 4 

4 

6 
1 

2 

3 

5 

6 
7 

7 
o 

7 
5 - 7 

'7 ~ 7-
9 ~. 

t~ 7 
12 7' 
13 7' 

PI RD 
'4 1 
,7' 
3 

lS 
11 

14 
la 

1 

13 
'8 

9 

2 
3 

4 
5 

6 
7 -

8 

9 
la 

11 
S ,-12 

'12 13 
2 14 

,5 15 

le 

~ . 

/ 

~ 

Erncr/coST MARGINAL ElC ,MARSiNAL EIC 
RATIO FOR +10% OOST FOR -lOS COST 

PI RO J'PI RD., 

7 - 1 15 1 
~ 

4' 2' 
15 3, 

'8 4 

3'.0 5 

12 ~6' . 
,la 7 

l1t" 14 9 
1 10, 

9 11 
.' fi 12 

1, 13 
5 14 

/2 15 

/ 

4 '2 

8. 3",· .. 

1.4 4 ~ 
lO -5 

6 0 6· 

9 7 

1 ·8 

2 0 .8 
3 . 8, 

5 _ 8 
7 8 
.r-

8 
8 

8 

g 

PI RO 

4 l' 
7 2 
3 3 

%15 4 

)4, ~ 5· 

13 6 
~ 

1,1 7 

1 8 

10 9-
,8 10 

6- 11 
12 12 

o 9 -~ 13 

2 14 
5 ' 15 
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v . 
However, given the sequential nature of research projects 
and the rapidly increas1ng tosts 1ssoc1ated wfth more advtnced 

~ 

stage$, effectiveness-cost ratios calculated using annual . 
project costs are.biesed1to those projects whic~ are in the 
earlier stages of research. The u~e of estimated future 
costs for proJects~ d1scounted at the appropriate"soc1al rate 
pf'discount. would certainly 1mprove the evaluat1on. Ho~ever. 

~ these costs are diff1cult~o obtain because of the reluctance 
of scientists to estimate fut~re 'inputs, to projects. A 
furthe~ complication arises in selecting an adequate social 
discount rate. 

• ,l Q 

, An al ternate approach 1 n de.a li ng w1 th project cos ts wou 1 d 0 be 
to 'express'-them .1n relative ~erms. The development of,an 
appropriate scale for indicat1ng the relative importance of 
project,costs - as percefved by ,. MRP's management .. 1s 
suggested. Project categories such as 0,) very high cast; 
(2) h1gh cast. (3) medium cost, (4) 10w cost. and (5) ver-y low , , 

cost could be used for this,purpos~. Due ta time constraints. 
the effect of-project costs expressed in relative terms has . '. 
not been. investigated. '1 

~ 

~,~lOU 'be the first to receive ,additional fund1ng or 
ta be cut b k under budget contraction c1rcumsctances. This· 

criterio~ favours only those projects thet are morê sensitive 
o 

to bUdget Change. As a result, the bias ,introduced by project 
cost size under the simple effect1veness-cost ratio criterion 
1s largely avo1ded~ 

J -

{4} The vll1d1ty of the renk1:ng orden obta1ned w1.t~,tMs ~el: and 
their usefulness ,for m~.g~nt desh~~~~k)nt depend. to a 
greàt extent. on tfte ,cooperation ,of, the project coord1nato,rs ' 
part1cipating in th~ assèssment. The s~rvey participants' 

, , 

l, , 
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comprehension of the charaeter1st1cs and limitations of the. 

\\ ' 

modal employed 1s another cr1ttcal factor '1n th1s respect. ' 

,,(5), The sens1tiv1ty an.1ysl$ prefonned shows that. when the , 
econom1 c vi ab 111 ty :of projects and the se l f .. ra t1 n9 eoeff1 ci ents 
are not cons1dered in the ~valuat1on. signifieant departures 
in ~roject ranking order are produced. 

(6) Final re11ab11ity of the model was not tested. The model was 
not appl1ed for a suff1c1ently long period of time 'to allow 

-' 

for such a test. Therefore 1t was Flot possible at this stage 
, ' 

to compare project est1mates - prov1ded by the application 
of the mode 1 ... w~ th aetui l projèct outcorne. 

" 
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CHAPTER 6 

THE COST-BENEFIT ANALYSIS APPROACH 

~undin9 research and development 1s a type of' investment where 
externa 1 factors - benefits and cOùs beyond the, decis.,i on-maker 1 s 
control - are usual1y"important~ The results of research and dêvelop­
ment are 'not easl1y k~pt private. usual1y they are widely disseminated. 
Hence the soc1~l, return from sctent1fic research 15 l1kely to te 

, \ 
greater than the pr1vat~ return t9 those ,who have f1nanced it. 

The choi ce of one project over another, .from a pub 1 i c sector poi n~ , 
of- v1ew. must be examined in the context of its relat'1ve nat1a.nal impact 
wh1ch, in turn, has to be' evaluated in term~ of a consistent and appro-
priate set of Objectives. When a projec~ is selected, the choice may 
have consequènces for employment, output, consu~pt1on, sav1ngs, foreign 
exchallge earnings, income dis·tr1bution and other factors relevant to . ... ~ 

national objectives. 'The purpose of social cost-b_ef)ef1t analys1s 1s, 
, therefore, ta detenn1ne whe,ther these consequences, taken together, are 
désirable in the l1ght of national planning objectives. 

" Cost-bénefit analys~~ i5 à quantitative evaluation technique for 
determfn1ng whicn of several courses of -ac.tion will be the most profitable. 

r 

It prov1des a rati~nal framework for project selection, 'us1ng national. 
Objectives and values. ProSécts are judged in tenns of the1r impact -on 
the economy, and th1 S impact 15 eva 1 uated by us 1 ng paramèters refl ecti ng 
national goals. The' r~nge of alternatives 'éxamined 15 l1mfted by 
var10us constraints such as the size of budget available for 1nvestment. 
the nature of the purpose to be served by a proposed ,project. 'and 
techn1cal ·feasib1l1ty. 

6.1 'Basic Assumpt10ns and Concepts of Cost-Benefit AnalYsis 

The asséssments made in cost-benef1 t ana1ys 15 fa 11 1nto four 
, ,broad categories: 

- 95 • 
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, , 

~ (1) the Ist1mat101' of. costs and be~ef1 ts at the t"1me 
\ when they occur; 

(2) I the evaluation of °costs and benefi,ts at a eonnon point 
in time requirfng assumptfons regard1ng t1me preference 
ar)d the opportun1 ty cos t of cÂpi ta h . 

(3) the evaluation of risky outcomes; 
~ 

(4) ,th~ evaluation of costs and benef1ts assoc1ated w1th 
!nd1v1 dua 1 S .havi ng di fferent 1 ncomés and reg10ns havi ng 
di fferent 1 neomes. ' 

, 6.1.1· The Estimation· of ~tsts and Benef1ts ' 
j ~ e 

Benef1ts and costs are measured on an·1ncremental bas1s • the value 
of an inerease or decrease 1'n the output level of the unit under 
measurement. For example. benef1ts result from an 1nerease in 
the outpu~ of a good or service. as well as from a deerease in the 
level of env1ronmental pollution. 

All specifie goods and services are yalued on the buis' of market 
priees expected to preval1 at the time when costs are 1ncurred and 
beneffts realized. However, a constant average priee level is 
Jssumed for each project t1me horizon. Such an assumpt10n 
~eutral,zes 'the impact of any general,1nflat1onàry or deflat10nary 
trend •. 

If market priees are e1:ther distorted (e.g. by taxes or monopoly) 
or reflect a market dfsequl1ibr111Y1 (e.g. unempl'oyment or balance of 

, " 

payment problems). corrective action needs to be considered. ,For 
example, to avoid b1ased market priees. all output should be valued 
w1thout cons1der1ng indirect taxes and subsid1es. in other wards, 
at factor cost. 

Direct benef1ts are'measured ~y the est1mated 1ncremental output 
of the associated good or service. less associated costs. Associated . . 
costs ~re producers t payments for necessary factors of production • 
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\ 

The distinction between direct and indirect benefits 1s somewhat 
arb1trary. Nevertheless, projects often y1eld a net gain ,to 
society that 1s not whol1y captured by those that. acqu1re the 
project output. For exemple, ind1rect benef1ts result f.rom the' 
building of transportation systems necessary for the project. The 
benefit provided by such fac11ftie5 15 not lfm1ted ta the service 
of the project as they will 81so 1mprove c~mmun1cat1ons and lower 
t~ansport costs for the who1e area. Th1s,is likely to result 

.~ 

w 

in lower costs for local' industry and hence net consumption benefits ' 
for the commun1ty as a whole. Another external1ty may occur when 
r~search resu1ts are adopted by industries other then the one to 
which the project research was primari1y directed. 

There may a1so be external costs that represent a net 10ss to 
society. Po"ut10n 1s a prom1nent examp1e of this. C~anges 

in existing levels of air, water and land pOllution should be 
measured for their potential effects on the env1ronmen~. These 
effects may be expressed in do 11 ar tenns. by ôrder of magnitude, 

, or in intang1b'~ terms where applicable. < 

Indirect national benefits are not 1nc1udèd in the cost-benef1t 
calculations. Such benefits aSSIJI18 an important roll! only when i~ 

a s1gnif1cant portion of al1 natural résources are projected to be 
idle Over most or al1 of the project's time-span and when the 
project will use prev10usly unemployed resources. 

The redistribution aspects of ft project are 1mportant in the 
regiona' economy and thus redistributiona' benefits and costs are , 
normal1y calculated and submitted as supplementary mater1al. 
These benefits and costs are not included in project cash 'lows 
or final calculations unless redistribution i5 spec1f1cally intended 
15 a pre~cribed objective. AnY expansion in local employment and 
income, as well as any additional 'ocal 1nvestment, occurr1~g as 
a result of the project should be assessed. 

1 

; .... 

• 
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6.1.2 The Social Time Preference Rate 

Choosing an appropriate' ~,i.hoQutltl'l,r.tte 1s one of ,the most 
d1ff1cult and most 1mpo~tlnt problems in the evaluation of pUblic 
1nvestment projects. The existence of social t1me preference 
requ1res that the present benefit be we1ghte~ mOre heavily then 
the fut~re benefit, in calculating ~he social value of a proJect. 
Thus. the soé1al rate of discount ensures that the t1me-stream 
of benef1ts and costs in one proJect 1s pr~perly)compared with 
the time-stream of benefits and costs in all alternative projects. 

The social rate of discount may differ from commercial rates of 
1nterest for many"reasons. There are no compe',ing raasons why 
the market rate of interest should be the appropriate rate at which 
to d1scount,future benef1ts. 

The choiee of the appropr1ate rate of discount 1s a problem fac1ng 
al1 project planners. It ,1s. therefore. a matter of national 
polic~ and 1t would be 1ncor~ect to expect the government proJect 
analy,st to detérmine the rat~ •. Rat~rt the social discount rate 
should be assessed and)des1gn:ated by the central planning agency. 

/J' 

Different 'approaches have'beén suggested as acceptable if the social 
, \ 

rate of discount 15 not available. Some analysts rec,ommend the 
use of the gover~ent borrowing rate as an applicable measure of 
costs. Other analysts treat the social rate of discount as an 

, unknown in the planning problem and recommend rank1ng projects on 
the basis of internal rate of return. 

6.1.3' De ,Gb94cé contu~ \ 
The necessary condition for the adoption of a project.1s that dis­
counted benefits should exceed discounted"costs. The d1fference 
between benef1ts and costs 1s the net present value. which 1s 
cal,culated at the relevant sochl discount rate. Fo~ulated in 
this way. the value of'a proje~t 1s express1ble as a unique' \ 
abso1ute magnitude. with costs and benefits measured in the same , : 

/' . \ 
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'uni ts. ln ,practice. however. th1s rule will requ1re same 

~ 

modification 'due, to the -presence of co~n-the obJective 
! 'funct10n (e.g. capital rationing) an~ n the light of a110wa1rces 
t for ul'lcertainty. 
i j,r" 

l ---..' 

1 

6.1.4 The Effect of Unsert~jn~ 

The implications of uncertainty for public 1nvestment decisions 
are controversial and there are severa1 positions on th1s issue. 

(lJ One ,point of view 1s that r1sk should be discountéd in the 
same way for pUblic investment as 1,t 1~ for prhate inveftment.. 
It is argued tlrat to treat rlsk dlff.rently ln th. PUb17 

.J ,sector w~uld res~'t in over-1nvestment in th1s $ector a the 
expense of private invastmebt yield1ng h1gher re~urns. "/ti sec~nd POS1t1~n' 15 th~t the g~verrwnent is 1'n a bette~ position 

! 
to cope w1th uncertainty than are private 1nvestors and there-

î ( fore government investment should ~ot be evaluated by the sama 
! 

' 0 { 

criteria used'for private markets. In supp~rt of th1s position, 
1t 15 arguéd that the 90vernmen~ typical1y undertakes many .. 
projects and the net benef1ts from each are (generally' speak1ng) 
small relative to the .aggregate c~nsumpt1on of the economy. ,., 
The government should then eVlluate 1nvestment opportun1ties 

«l 
according to the1r expected net present value. us1ng a rate of 
dhcount equal to the social discount rate. Nevertheless. 1t 

'Il" 
1s probably correct ta assume that only under exceptional 
c1rcumstances 15 the expected net present value rule appropr1ate ' .. . ~ 
in the eontext of a reg10nal distribution objective. For 
example. the fai1ure of a project may have particularly damaging 

" 
consequences for the reg10n in which it 1s lacated. Thus. 
the simple expected net present value rule would not be suff1c1ent 
for eval~at1ng net reg10nal benefits. It appears raasonable. 
up to a point. ta reward projects with a relat1ve1y certain 

" 
t~ 

Q 
outcome (i.e. w1th a small variance) even if they have a lower , " 

'\~ '.\ 

,1" 
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expeete~' 1neome, (hence lower expeeted nit prisent yalul). 'Onl 
suggested method for deaHng with such eeses 1s ta use the 
Monte Carlo simulation technique to s1mulate possible 
• 
variations of outCOmè~. -

, 

\ 6.\1.5 Redistribution of Incorne ,.' 
\ 

A government has severat means of redistr1buting income: fiscal 
poltcy, taxes and $ubs1d1es. But to assume that the desl,red .... 

~ JO. 

redistribution of consumpt1on 15 to be ach1eved 1hdependèntly of 
projects 15 to place undue reliance on fiscal poHcy .. taxes and 
subsid1es - and on the pr1cfng pol1cies used in the distribution 
of the outputs of public enterpr1ses. 

, , 

A government tt\ay express 1ts red1s~ribut10n objéct1ves by attaching 
$ome positive we1ght to the net benefit accruing to the môr~ . , 
deserv1ng group(s) and/or by attach1ng sQme negat1ve we1ght to the 

. / . 
, net benefit accru1ng to the less deservin9 group(s). 

Whether the net benetits aecru1ng to a particular reg10n are 
consUII'Ied or 1nvested, a portion will be re-spent within the reg 1 on. 
To the extent that th1s spend1ng results 1"n a net transfer of wage 
01" profit 1ncome from ,1sewhere in the econ~ to the project 
reg1on, 1t will result in additional benefits to the region. For 
example, the expend1ture ar1stng from,tncomes earn~d on the project 
may draw smalt business and services into the araa. The income o~ 
these enterprhes 1 s now earned in ,the project rag10n and contr1butes 

'to the redistribution of benefits in its favour. Such a chafn of 
indirect benefits can. in principl!h continue indef1n1teb. witlt 
the benef1ts on ea~h successive round progr.esstvely dec11n1ng. 

In practice. one may'wall have to abandon th~ attempt to mea$u~ 
the economy-w1de redistributional consequences of a given project 
~nd concent~ate s1mply on 1 ts major impact on tha local rag10n and 
local groups. For example. 1t 15 usullly possible to lssess 

\ 

" 
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\ 

fa1rly accurately the consequences of consumpt10n ben.f1~s and 
costs,. or 'cash transfars. wh1ch ara conf1ned to the project rag10n -
a~d affect sOlely a well-def1ned group w1thin that reg1on. Thus, 
,the employment of labour on a project or the cansumpt10n of tha 
project output by local consumers 1nv~lves read11y-measurable 
redistribution effects. But 1t ·15 generally very d1ff1cult to. 
isolate such benef1ts and costs or cash transfers since they 

\ 

. affect the econolT\Y as ft whol •• 
':" / 

6.2 A Cost-Benef1t Research' Pro ects 

The use of cost-benefit analys1s'has been suggested in recent t1mes 
ta help'.assess pr10r1t1es hl relation to minera' R&D projects. 1 It has 
been proposed to evaluate alternative appl1ed research projects that 
regu1re ft 10ng time eomm1tment and sizable amounts of resources for com­
plet10n. 

The cost-benefit methodology developed in th1s chapter 15 1ntended 
for app11ed research. wh1ch normal~y has a specifie goal such as the 
more efficient ut11hation' of a scaree resource. increased ut1Hzat10n 
of an abundant resource, or reduct10n in environmental pollution. The 
potentbl benef1ts of an applied research project can be predicted and . ' 

evalua!ed because of a reasonabl~degr~e of certa1nty as to its extent 
and area of '1~pact and because of the:relat1vely short t1me·s~an between 

"performance of the research and implementat1~n of the resul ts. 

D1ff1cult1es exist in es~1.mat1ng in advlnce the cost of reselrch 
and the sc1ent1st May res1st est1mattng project complet1on time. This 
15 part1cular1y true in the earl1er stages of projects. However, 1'f 
on ly the major s teps 11 ke ly to be necess"ary in a research program are . 
pred1cted, then 1t 15 possible to estimate the cost of reaching a g1ven 

\ 

object1v,e. Even though th1s estimate h sUbject to 1naccurac1es and 
stat1stical variations, it 15 Hkely' ta be lidëqu.te for most cost':'benafit " 
~al cul etions. 

1 See Sprague (1969) and Robi nson . .(1975) 

. " 
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6.2.1 Evaluation and Selection of Minin; Researçh ProJects 

'Saquent1ality in decis10p-mak1ng 1s an 1nherent characteristic . 
of the R&D process." Conceptuel changes from the idea stage to 
the prOduction stage are noted in the course of an appl1ed research 
project. A cont1nuous 1mprovement in the q~'l1ty of data avallable 
15 ,observed dur1ng the various project stages. 

When using single evaluation models, ft contradiction 15 o.bserved: 
i.e. the same tool 1s used for vary1ng conditions such as levels 
of R&D cast. time needed. and degree of risk and uncerta1nty at a 
'given stage. As a result;' the technique does not always fit the 
need. Since each stage has certa1n distinctive character1stics. 
a.usefu1 criterion 1s to assoc1ate the evaluation factors w1th , 

evaluat10n methods adequatè ta èach stage (Albll., 1975). 

On tWe other haod. the economic outcome of a mining rese~rch 
• 

pro~,ct iS,great1y 1nfluenced by broad èconom1c and non-econom1c 
forces 1nteraéting with the innovation process in the m1n1ng 1ndustry . 

. ' ~. 

Thus. ,the specifie eharacteristics of the m1n1ng research process; 
d1scussed in Chapter 1. need to be considered in order to develop 

~\ '.. " 

\lomè analyt1cal methods to guide RaO investment in the mineral 
Andustry. Essent1illy. (1) min1ng research 15 general'y process 

/-/-or operations oriente~. (2) the"1ndustry output 15 Il comnod1ty 

(

r- w1th almost no product d1fferent1at10n and there is 10w uncerta1nty 
, in the future specification o( products. (3) given the h1gh R&O 

\ cost" 'aboratory conditions are e1th7r_of~e small batch type or 
) closed circuit recy.c11ng. 'Infonnation pro 1ded in thfs way 15 

~~ oR h1ghly ùncertain. : p 

'" l ' 

• 

o 

The foTlbw1ng criteria. are proposed to"selèct the propè.r analyt1cal' 
~thod for elch st~ge: .. (1) 'the method must suit t,he spec1 fic 
éharacter1st1cs'of'the particular stage; , (2) the evaluation factors , ~ 

selècted and the answer demanded must be commensurate w1th the 
~~ant1'ty and qua11ty 0' ava11able data at eech pre-stage.evaluat10n 

\, 
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" point, and (3) the r1gor of the ev'aluat1on technique should in .. 
crease w1th the 1 ncreas'e 1 n magn1 tude of nsources deinanded. 

1" 
1 The h1ghest level of uncerta1nty of the outcome of a research 

project 1s in its ear11est stage of development. Thu~, deta1led 
numerical estimation of total research cost. capital cost and 
market spac1fftts to be employed in complex mathemat1cal modéls. 

~, appears to be an unnecessary tnvestment of. ti"" and other valuable 
resources. 

Moreover, in arder to deal w1th th1s uncerta1nty and to cape w1th 
.. 

. . 
the pressure of ljm1ted t1m~ and information. two or more approaches 
towards rea'l1zat10n of the objective may be cont1nued in parallel 
unt11 a clear choice between them can be made. 5uch a strategy 
could prov1de better information fur a dec1sion, ma1nta1n opt1'ons, 
or hedge against the occurrence of an unsat1sfactory outcome. The 
alternative to a parallel strategy 1s to pursue the best ev1dent 
approach, with ~ther poss1b111t1es to be pursued only if the f1rst 
proves unsuccessful. A simple econom1c model can be constructed 
for choice between parallel and sequ'ntia'-strategie~. 

Econdmic models which consolidate the various quantitative el~ments' 
1nto a single value (e.g. net present value or rate of return) are 
recommended for the evaluat10n of early stage projects •. 

As the project progress~s and 1ts scope is.enlarged, there ts a 
progressive 1ncrease in accuracy in the'data employed to deter.m1ne 
the techn1cal parameters (~perat1ng cost, equ1pment,size, grade of 
product, '1ong-term continuous runn1ng rel1ab1lity), commercial 
parametérs (market size. priees), financial and econom1c value$ 
linvestment size, prof1tab111ty). Naturally, the most accurate 
da~a are avâ11able at the end of the R&~ process, i.e. when the 
project 1s relqy for commercia1 1mplementat1on and the degree' of 
uncerta1nty 1s et 1ts lowest. 

\. 
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It f0110wt. then, that the more comp1ex mode's are more useful in 
the advanced stages of the project, The rhk anal,ysts model uS1ng 
a Monte Carlo simulation technique' appear~ approprtate to deal w1~h 

. the evaluat10n of advanced stage projects. 

The project selection 1$ based on the model desCl"ibed by',Hertz (1964) . - \ 

which systemat1cal1y comb1ned probab111ty est1mates assoc~ated w1th 
possible outcome values. T~us. an overall v1e~ of all projects 
evaluated 1s obtafned and projetts are more adequately related to 
one anot~er a10n9 r1sk and profit dimensions. 

6.3 -Case StUdY #, - The New Brunsw1ck Comeléx Base Métal Or~s 

Research Project 

This case study il1ustrates the nature of the calculat10ns descr1bed 
/ earl1er in thh chapt,r. 'An expend1ture of public funds 1s exam1ned to 

determine if the development of a'new process for treat1ng the complex 
base metal ores of New Brunswick 1s just1f11ble on economfc grounds. 

r • , 

This assessment 15 carr1ed out f~110w1ng ,complet1on of the bench 
seale research stage for three prospective process alternatives. At th1s 
point, a decision needs'to be made on whether or not to 1nvest publie 
funds in a pilot plant stage of research and. if sa, wh1ch pr~cess alter~ 
native y1elds the h1ghest social return. 

6.3, l The ZtnclLead/CoRper M1n1n9, Industry of New Brunswick 

~ T~e Bathurst-Newcastle area of New Brunswick 15 well known for 1ts 
--Il 

large pyr1t1c base metal deposits. Known major depos1ts-conta1n 
about 250 million tons of ore, Approximatel,y 90S of thes. reservas 
are in six major deposits, the balance be1ng in sixteen much smaller 
ones ~ Brunswick Mining ànd Smel ting (8MS) Nos,,6 and 1,2 orebodies . 
and the Heath Steele (HS) Little River Deposit are now produë1ng, 
Other major depositt are: Anaconda CaribOU, wh1ch has bain in pro .. 
duct10n but has closed down due ta metallurg1cal problems; Chester; 
Hllf.M11e Lake; Murray arook~ Mtddl. Landin; and New Land1ng, 

. ~ 

, 
• 
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S tra ta of the same age occurr1 n9 .1 n sou~h:wes t New Brunsw1 ck mey 
a)so havè potentiel for ~epos1t$ of this tyPe. Ores of th1s type' 

. ' are not conf1ned to New Brun$wick~ other Canadien f1ne~gra1ned 
su~ph1de deposits are the Err1ngton and Verm1l1on deposits in Ontario 
and the Sw1m Lak~. Vangorda'Creek and Howard's Pass depos1ts in the 
Yukon. 

For l'arge tonnage of f1ne .. gra1ned z1nc/lead/copperlsl1yer sulph1de 
'ore in the ,Bathurst re91o~ of'New Brunswick and elsewhere in Canada. 
the minera' process1ng technology presently in use cannot efficiently 

, l 

reeoyer the contained metal value. Current flotation pract1ce re-

" . 
1 

su1ts in losses df approximately 35 to 45% copper, 30% le"ad. 15 to 20% . , 

z1 nc and' 35 to 50% silver to the ta~ l1ngs . Si nce the mi nor base 
meta1s in the coppel", laaa and zinc concentrates are not pa1d for, 

o ~ 

the ovmll recovet-1es of coppel". lead and zinc, even al10w1ng for , 
some reported 1mprovements. are '1 n the arder of 50%,' 60% and 75% re-
spect1ve1y. The root of the d1ff1cul~ 1s in thê complex tntergrowth , ~ 

of the ore m1nera1s. in massive pyrite (G~w,·1912). 

The BMS and HS campanies are able to mine the1r deposits profitably 
-in sp1te of the h1gh losses. However, metal'urgical shortcom1ngs 
of kna~n technology have resulted in one m1n~,-(Anaconda Caribou) 
ceasi09'Operations and in other mines not' be1ng developed because of 
unfavourab 1 e econom1 cs •. 

Much work has been done by fndustry to 1mprove flotat10n recover1es. 
Sorne success has recently been reported on the refloat1ng ofo tanings 

\. " \ 

to rec~ver some of the lost zinc. ln sp.i te of s.uch ·progress. there 
15 a need for further 1mproyement. Solution of the Bathurst ores 
treatment problem would s1gn1f1eantly inereese the amount of metels 
that could be recovered econom1cally, 

, 

Production of zinc, le~d end copper accounts for over 75~ of all ôNew 
~runsw1ck mtneral output,' Zinc productton alone repreHnts more 

IJ • 

then 60%. M1neràl productt6i represents al)out 71 of the total net 
value of commodtty production in the province. 

" 0 

CI 
-1 
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At present. a11 zinc 15 exported ,overse~s ~s concentrate. Lead 
concentrat,s f~m thé BMS'cOmpany go to the Belledune smelter in 
New Brunsw1 ck. those from Heath Steel e go to Europe. 'Co.pper ~ 

/-1'-
concentrate 1s sold to the Gaspe smelter in Quebec. 

, 

A market ana1ys1s for zinc prepared; for the BMS company has fore~ .. 

1 • 

casted that, commencing in '980. there wil' be a market for the sale .. 
of an addit10nal,.~lOO 000 metric tons ,of ,zinc metal production (rom 
eastern Canada. Howeyer, prel1m1nary studies ha've· 1nd1~atêd that 
a zinc reduct10n plant (employing the dead roast conve~nal tech-

• '1 
no109Y) 1s not economical at present under competitive 1nterflationa·' 
conditions. Thus, the buflding of a proposed electrolytic zinc 
plant has been postponed. .; 

,6.3.2 GovernmentPlnterests -
\ ' , 

. The depressed state of New Brunswick and t.he part1çularly high 
unemployrnent rate 1$ A cause of serious concern to the Canadhn 
government. The problem arose from a slowdown in the rate of growth 

'" ., in economie a,ct1,vity, coupled with a high rate of growth in the labour 
force. In 1975. the three thousand new Jobs aval1 able in the pro-
vince were le5~ th an one third of th~ 1nerease experienced by the 
1 abour force. 

The c10s1ng down of the Anaconda Cari bou operation due to metall urg1cal 
diff1cult1es was ~ serious blo~ to an a1ready weak area economy. 
Increased min1ng'act1vity in the a,rea 15 obvioûsly des1rable, bu~ 
th1s de pends to sorne extent on the deve10pment of 1mproved mètallurgy. 

"-
From 'a conservation v1ewpo1nt. the'high losses result1ng from present, 
fl otati on pract1 ce represent a s"er!~us concern ,J' 

" 

One means of increas1ng the contribution of the z1nc/lead/copper 
.in1ning 1ndustry to the New Brunswick econOl1\Y spec1f1caHy and the 
tanadian eC9n~ in'general 15 through the development of a process 
(or ~rocesses) to 1ncrease s1gn1f1cantly the overell recovery of the 
l' .' 

metal content of the complex New Brunswick ores. Accord1ngly. in 
/ 

.. 
-', 

, . -
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1972 the Governroent of Can~da stud1ed the poss1b111 ty of develop1ng 
an economica11y successful 'new process (Gow, 1972).' 

In v1e!i of the feas1bi li ty study undertak~n by the BMS éomilany in 
1976 on a'conv.ent10nal zinc refinery, ft was decid~d to have Jt 
leasto preliminary tectlnical and econ~ië devaluat1.on data aVili ~able 
on alternative processes. These potential alternatives would. 

- therefore, be duly cons1dered beforè a decision 'on a zinc refinery 
" 

for the BMS company was realized. Thus, a paralle1 résea~ch strategy 
" 

was undertaken due to tire constraints. 

Three alternative ,processe~ have been 1nvestigated sinee that time 
Ilnd the re~ults obtain~d for the bench s~ale resear',c~ stage tlave 

, ' recently been repor~ed. The new processing Illtern~t1vës are: 
, \ , , 

{l} the Dry-Way Chlor1nat1on Process' developed by CANMET 
(Kelly, 1978);'" 

(2) the Sulphat10n Ro~st Process developed by the Research and , 
Prod,uct1 vi ty Council of New Brunswi ek -{Research and 'Producti vHy 
Couneil, 19~a}; " , 

13) the application pf the Sherritt Pressure LeBch1ng process ta 
, New Brunswick z1nc/lead toricentrates (Sherritt Gordon Mines 

'" ,Ltd .. 1978). ' 
D " 

A br1~f description of these processes is given in Appendix C. 
,,' 

Ato th1s point,' a dec1sion needs to'be made on whether or not tO invest 
'" .' o 1 

public funds in a pilot plant stage of research and. if sa. wH1ch 
0.... n .. tI 

process tlternative y1elds the highest social retu"rn, ' Consequentl,,, 
a c9st~benefit ~nalys1s of a pilot plant 1nvestmént 1s'developed by' 

.... iJ' _ 0 

the author tO','Provide guidance in these matters,. 
i A\ ," \ \ , . 

~.3.3 ssumptions and Methodology 
~ J '='> 

" ' . 
for the purpose of ~n economic assessment. ~e auttlor _s$umed in th1s 
stud,y that,1 new process1ng technology. succe$sful1y developed. is 

" ~ lJ • 1 

pr1mar11y.. used for the tteatment of the New Brùnsw1ck complf!x base 
• 0 0 

metal o'res. T.t\ts te.cftnology cOuld later Ile appl1ed th the treatme~t 
" 

. , 
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of s1m11ar ores occurring else~ere in Canadl ~ ores wh1ch are 
, not economical und~r present technological conditions. 

A marginal analysis is performed by the,author to compare the present 
sit~ation in New Brunswick .. al1 minerals sold in concentrate form 
.. with the benefits and costs ar1s1ng 'from an improved process1ng 
situation. Thus. an investment either in the construction of a Cdn­
ventional technology plant (Dead Roast Zinc ref1nery) or in the pilot 

Q -

plant and further cOnstruction of any of the three ,alternate processing 
plants emyJoying new techn~lo9Y 1$ an,alyzed. 

~ 

F9r this purpose, 1t is assumed that concentrates are purchased from 
m1ning producers at a.price -equal to 30%'of the value of the metal 
content in thelconcentrates. This concentrate price 1s assumed to 
be sufficiently,high to,~nèourage the production of bulk and~or tailings 
refloat concentrates by the existing and/or potential producers and, 
in th1s w~. to return a profit to the mine/mi 11 operations. 

" 
,It 1s assumed thlltthe,m1neralJndustry will. implement or accept the 

; • 1 

results of the p1~ot plant research stage only if. the required invest-
ment p~omises to yield a rate equal to, or grea~er than; what 15- con­
sidered the normal rate of return available from alternative investment 
opportunit1es. It 15 assumed'that a 15% b~fore-taxes rate 1s repre­
sentative of the private séètor. . Ii is 'a1so assumed that Il proc~ss1ng 
plant us1ng a new technology would be financed by a domestic corporation. 

On the o~her hand, from the"public,secto~ point of view, an investment 
of public funds in a pilot plant research project sho~ld yield a'rate 

, '; 

of r~turn equal tO, or 9~~ter tnan, ,the so~~al rate "bf return. 
for the purpose of thi~ study, ~he social rate of return"1s assumed 
to be 10%. Two expected rates of return are calculated"for each 
alternative. One uses only direct benef1ts and costs (including 
research costs) and the other 1ncludes indirect benefits and costs 
as wel1. ~ 

\, 

• 



; 

0' 

" , 

" 

'" 109 .. 

A base case 1s structured for the purpose·of analys1s and compar1son 
of the different process1ng technologies, . The author assumes that 
t~~re will be adequate concentrates ava11able to feed a ne~ process1ng 
pl àn.t located 1 n New Brunsw1 ck produci ng '100 000 tons of z1 ne annu! lly 
for 15 years. Because of the cyclical nature of zinc markets, the . ~ 

plant 1s expécted to operate on an average of 90% of des1gned 
capac1ty. 

~nput paraméters for th1s base case ~ 'capital cost, operat1ng cost 
and revenue .. .are represented as spl1t .. normal dtstr1but1ons. It 
1s also assumed that rev~nue and cost do not change w1th t1me. A 
Monte Carlo simulation technigue 1s used to evaluate the effect of , 

" , uneertainty on the profftab1l1ty of the d1fferent project al~ernatives. 
Thus. the risk 1nvolved 1s est1mated as the probab111ty of the rate 
of 'return: (1), a 15% rate of 'return is assumed to be the requ1 red 
before-tax min1mum for a commercial operation, and (2) a 10% rate of 
,return 1s assumed to be the social rate of return. A two .. year per10d 
i5 cons1dered for 'the pilot plant research stage, fol10wed by a four ", 

t ' 

year pre-production period. .' 

,6.3.4 Estimating Costs and Benefits 

All benefits and costs ass~c1ated with the development and operation 
of a processing plant,us1ng alternate technology are assessed and 
presented below. ~De~ailed values are given in Appendix C. Also. 
in order to e11minate,1nflat10n effects. mid~1978 constant dollar 

, ;,.' 

~ values are used in the project evalu~t1on. 
\ 

Revenues for eaeh proces51ng alternative are shoWn in Table l4. 
Est1mates ar~ based on ava1Jable data. The metal priees are Issumed 
to be: $O.32/1b.' for zinc and lead, $O.62/lb. for copperj' 
$5.40/troy oz. for sllver t' and $2.25/lb, for cadmhn. Since the e<-

sulphur1c ae1d market 15 volatile and the transportation of ac1d 
d1ff1cult and eostly, 1t 1s expected that the net revenue after trans~ 
portation eosts would be $5/tonne, . '~) 

l'One pound : '0. 4535~237 kg ~ { 

\ 
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TABLE 14: REVENUE ESTlMATES FOR A 100.000 ]lRNE I 

ZINC PROCESSING PLANT* 

REVENUE 
MOSt. 'l t lE[tt~ 'vnUE 

. 95% CONFIDENC
n 

lIMITS 
LOWER LIMIT PPER LIAIT 

1978 mil. 1978 mil. 1978 mil. 

Dead Roast Process 67.6 64~.2 71.0 

Dry-Way Chlorinat10n 89.2 75.6 93.6 
Process 

Pressure Leaehing 83.7 71.1 89.6 
Process 

Sulphation Roast' 93.7 79.6 98.5 
Process 

. 
* These est1m~tes are based on the output uncértiinty of the zinc 

processing ~lant. Curreftt metal priees were used in a parametric 
fom in the, estimation of the plants' 'revenue: A sensit1v1ty 
analysts was perfo~ed sUbsequently to invest1gate the effect of 
metal priee changes. 
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Capital costs are estima~ed from aVl1llble dat~.' The values ob. 
tained are presented in Table 15. Details of the esttmetton are 
shown in Append1x C. Operat1ng costs are shown in Table 16. The 
casts of the pilot plant research'stage are est1mated ta be $4 million 
and are d1str1buted evenly over a two~year research per10d. 

An 1ncreased m1n1ng act1v1ty in the area of construction of the new 
plant represents an lnd1rect benefft .. \poss1bly about $1.5 .mill ion 
per yeer. ~r~sent uneconom1cal z1nc/lead/copper depas1ts m1ght be 
brought into production and the operators would be able to sel1 
the1r concentrate to the plant. 

The development of a new processing technology will increase the 
pos 5 tbtl1 ty of econom1 ca lly exp 1 oHi ng comp 1 ex z,1 ncll eadl copper ore 
depos1ts in other provinces, wh1ch are not ecanom1cal us1ng present 
process1ng technology. Tabie 17 shows est1mates of therecoverable 
value from f1ne .. gra1ned sulphide ores over and above thos·e exploited 
at present. 

The capital cost est1mates for the different processing alternatives 
1nclude env1ronmental control and'waste treatment equ1pment. As ft 

consequence, these processing alternatives 1mprove the existing 
hygenic and environmental control aSp~tts·~f the -base metal comp1ex 
ore treatment. However. due to the h1gh1y cor~s1ve and toxic nature 
of the chlor1ne gas employed in the tiry~Way Chlor1nat1on prQcess,c 
the risk of a potential contamination' by accident 1s relâf1vely h1gh. 
This 1ncreased risk is a cost ~ possibly about $1 million - in 
terms of in jury and 10ss of 11fe. lost produ~tton and the ~vacuat1on 
~I people from the contam1nated area. 

A process1ng plant for the treatment' of base metal complex ores ~. 
/ 

~ffects a w1de range of components in the reg10nal economy, For 
exemple, a new process1ng plant woutd st1mulate the open1ng of 
new z1nc/lead/copper mines whtch could be devel~ped in the re~ion. 
The multiplier effect would be reflected through 1ncreased sales 

l K~lly (1978), Research and Product1v1ty Counc1J (1978) and·Sherritt 
Gordon Mines Ltd. (1918). 

\ 
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TABLE -15: CAPITAL COST ~STIMATES 'FOR A 

100 .000 r2~nE~ . ZINC. PROe!SSfH.~ptaNT 

CAPITAL COST 95% CONFIDENCE LIMITS 
PLANT TEÇHNOLOGY MOST LIKELY VALUE lOWER LIMIT UPpER LIAIT 

!1978 m11.~l (1978 m1'.~l (197§ mi1.Sl 
/' 

Dead Roast Process 136.1 129.2 163.3 
) 

- Dry-Way Chlorination 
Process· 13-2.6 114.5 172.2 

Pressure Leachi'ng 
Process 118.0 82.6 \53.4 

Sulphation Roast _':!'-

Process 164.0 123.0 . 205.0 

* 'Fhe values repres'ent capital.cost estimates for ch10rinat10n and 
f1rst stage ox1dat10n relctor un1ts of 30. 60'and 180 min.1 tetent10n t1me. 
These est1mates are expected to be w1th1n ±30% of the actual cost 
(at 95% tonfidente 11mits). . 

TABLE 16: OPERATING COST ESTIMATES FOR A 
100.000 TONIE: : Z.'!Il8ŒS$!NI!PLANT 

OPERA TING COST 95% COKFIDENCE LIMITS 
PLANT TECHNOLOGY MOST lIKELY VAlUE 1; LONER LIAIT msPER LIAIt 

(1978 m1'.~1 (1978 m1'.~l (1978 mi'.Sl 

Dead Roast Process 21 .. 8 . 20.7 26.2 
Dry-Way Chlorinat10n 

Process-A:* 19.4 18.1 22.2 
Pressure Leaching 
Process 25.9 18.2 33.6, 

Su1phat10n Roast 
Process 26.0 19.4 32.6 

" 

." 

** The values re~re$ent operating cost estimates for chlor1nat10n anar 
f1rst stage oxidation reactor'un1ts of 30. 60 and 180 min. retention 
t1me. These est1mates are expected to be w1th1n ±30% of the actual 
cost (at 951 confidence limits). -
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~ TABLE 17: FINE-GRAINED Zn-Ph-Cu SULPHlDE DEPOSITS 

~ 

ORE DEPOSIT Cu Pb ln Ag VALUE 

New Brunsw1 cie non-eroducers 
(1Iri_l.$) 

(known deposits) (tons -of Etal") 619 005 1 590 268 3 895,262 113~096il00 (oz)** 
Recoverable lletal (tons) 473_539 . 1 216 555 2;979,,875 86.518517 (oz) 

, 

$ Va1ue* (.n11ions) 646 856 2098 467 4067 

- ~ 

. Non-p-roducers lranainder of Canada} 
~ 

Errtngton & Vennillion~ Ont. (tons) 167 400 133 650 522.450 21 465:000 (oz) \ 1: 
~. Lake, Yukon (tons) 200 000 275 000 7 500.000 (oz) • 
Vangorda Creele. Yuton. (tons) 28.200 300,000 466,000 16,,544.000 Coz) F 

195.600 633.650 1 263 450 45 509 000 (oz) 

Recoverable Ileta1 (tons) 149 534 484.742 966 539 34.814 385 (oz) 
, 

$ Value* (.rtl1ions) 204 341 680 .188 1413 
• 

Howard's Pass, Yukop. , . 
(large tonnage = 1001n plus) 8-9% Average Pb-Zn sSOOO \ 

Total $ Ya-1ue (Millions) , 10010000 
. 

* Mining di-lut1on :1( 0.9; Expected Overal1 Recovery :: 851; 
JJetal priees: Zn =- $O .. 32/1b; Cu =-SO.62/1b; Ag. $5 .. 4/troy· oz .. 

** One oUn~' (troy) :: 31.10334 sr-s. 
• 

., 
~ 
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in supplies and services. : Employment in the area would be 
1ncreased in both the process1ng complex and, the reg10na1 service 
seetor. .The process1ng plant would provide employment for 440 
'people and it 1s projected that 'another 150' jobs would be cr,ated 
in the service sector plus an additional 150 jobs result1ng from 
accelerated economic activ1ty in thé reg10n. The total job 
generat10n effect of a new process1ng plant 1s thus projected as 
740. 

The potentiel jObs created by the project would result in a .' .. 
reduct10n of unemployment payments in the reg10n. It 1s projected 
that. from the 740 n~w jobs in tWe reg1on. 500 people living in 
the area will f1nd emplo~nt and of these 250 (50X) could be 
assumed to come off unemployment. By ass~1ng an annual average 
of $4.700 in unemployment payments, the total estimate for annual ' 

".. 

benefits through a reduct10n of unemployment i5 poss1bly about' 

$1 .2 ml11i Dt .' 
The 1nc~eased industrial sophistication ga1ned-by the labour force 
in the reg10n represents another benefit. Operati~g ~xper~ 

" on a manager1al as well as technical level 1$ an important input 
, . 

. and requ1rement in Any economic aet1v1ty, and operat1ng exper1enee 
beyond the pr1mvy extractive' stage 1s h1ghly desiral51e. A project', 
o~ this n~ture, 1nvolving new technology, would. if successful. make 
a major contribution to "know .. how" on such matters as productiv1 ty , 

; . 

of Canadian labour, maintenance and operatfng expertenée. 

6.3.5 Economie Evaluation 

Given the value of beneffts and costs prevfously ,ssessed. ft 1s 
now possible to calculate the research project's profitab111ty. 
S1nee the project is a pr1vate .. seetor one. fts profitabflity will, 
in the last analysis. determine whether it will be undertaken. 
,If the private seetor does not consider the proJect suffic1ently 
profitable~ ft mfght be in the national fnterest to stimulate 
fnterest in 1t. 

~" '. 



o 

w' 
1 

, (:0 , 

( 

j) 

i 
" ( 

. ' ,r 

• / 

Table 18 11stt the expected before-tax conwnercial rate of return ~ 
for àach technologieal alternative. together with an est1mate of , 

the r1sk 1nvo1ved. R1sk ts calculated as the probab1l1ty of 
the rate of return for the project baing lass than a 15% rate of 
return av~i1able from alternative 1nvestment opportun1t1es. 

. TABLE 18: EXP~TED RATt OF BEIU~~ AH~ aSSOèlATED RISK 
FOR THE PRIVATE SECTQR 

EXPECTED PROBA8ILITY OF THE 
PLANT TECHNOLOGY BEfORE-TAX RATE OF RETURN 

RATE OF RETURN 8EING LESS THAN 15% 

Dead Roast Process 5.8% 100.0% 

Dry-Wey Chlor1nat1on 
' Process 18.9% 15.5% 

Pressure Leach1ng 13.5% 40.0% Process 

Sulphat10n R~ast Procass 14.7% 38.3% 

, , 

T~e Dry-Way Ch10r1nat1on proce,s5 presents the most favourable 
conditions: the h1ghést expected rate of return and the lowest 
probab111ty of the rate of r~turn be1ng less than 15%. O~ the 
~ther hand, the results for the Dead Roa~t process show the most 
unfavourable conditions in terms of expected rate of return and 
associated r1sk. The values obta1ned for the Pressure Leach1ng 
process and the Sulphat10n Rout procass are la1'so below the 15% 
.rate of return level. 

\ 

f 

1 • 
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Thus, th~'analis1s Of the results 1nd1cates that a procerssing 
Plant,for a complex ora from New Brunswick under the g1ven priee 
system 1r an unattractive venture by commercial standards, except 
in ~he case of a Ury~Way Chlor1nat10n' plant wh1ch looks profitable 
from , pr1vate point of vtew. Whether the development of a new 
procèss1ng alternative 1$ p'rofitable enough to attract 1nvestors 

'is open to question since there are a number of cHsincentivés for. 
a m1n1ng company to Ose new technology (as d1scussed ear11er, in 
Chaptér 1). These d1s1ncentives are, in part~cutar. Ih1~h',eap1tal 
costs and a h19h level of performanc~ uncerta1r)ty .. ,' : 

" . . " . 
In consequence. a d1fferent.expected c~ro1~1 rate.of return 
and assoc1ated r1sk are calculated on the assumpt10n that the .. . ., 
researeh cost 1s financëd by the pubH e $ector. Table 19 gives ' 
the values obta1ned. 

\ 
TABLE 19: EXPECTED RATE OF RETURN AND ASSOCIATED RISK FOR THE 

PRIVATE SEtTOR: COST OF RIO NOT CONSIDERED 
',' 

EXPECTED PROBABILITY OF THE 
PLANT-TECHNOLOGY BEFORE-TAX RA TE OF RETU.RN 

RATE OF RETURN, BEING LESS THAN 15% 
i 

Dead ROlst Process 5.8% lOO.OS 

Dry-W~ Chlor1nat10n 
Process 20.01 10.3% 

Pressure Leaching 14.41 31.91 Process 

Sulphation Roast Process 15.51 29.~1 

" 
. 

The Dry-Way Chlor1nat1on process 1s the best alternative. both in 
tenns of the expec-ted rate of return and 1 ts a S,soc 1 ated risk. The' 
Sulphat10n Roast process 1s the second best choie.. Its expected 

. . 
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rate of return ts slightly higher than the 151 requ1red prof1tab111tY 
" levelt but 1ts a550c1ated r1sk 1s relat1vely h1gh, w1th a 29.61 

probab111ty of the rate of return being le55 than 151. The 
economic results for the Pressure Leach1ng process, although less 
attractive than the prev10us two alternatives, 1s very close to the , 
requ1 red 15~ prof1 tab1111 ty l eve 1. 

Table 2'0 shows the project's -expected rate of return and associated 
r1sk for the public sector. These re5ults do not d1ffer much fram 
those ind1cated for the private sector in Table 19. Thus, the 
'Dry-Way Chlorinat1on process represents, the best economic alternative. 
However, the results g1ven for the Pressure Leach1ng and Su1phation 
Roast processes are relatively close to those g1ven for the Dry-Way 
Chlor1nat10n process and besides their expected rates of return 
are also h1gher than the assumed social rate of discount. Moreover. 
these processing alternat1

1
ves present a low social risk in ,terms of' 

the rate of return be1ng les5 than the ass'umed social rate of 
diScount • 

) 

\ -
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;Tlb1e 21 shows the effect of increesing metel priees on the expected 
rate of return ~nd tts l$soc1lted rUk, " This sens1t1v1ty analys1s , , 

was necessary to 1nvest1gate the effect of chang1ng meta' priees, 
\ -

"since these input parameters were treated in a parametric forme 
This was due to the faet that no information on t~e meta' priee 
frequency distributions was ava11able to the author at the time of 

, \ 
the eva1uation. Inereasing meta1 priees by 10% augments the project's 
rate of return by 17% for the Dry~Way Ch1or1nat10n proees~, 21% for 
the Pressure leaehing proces!, '7% for the Sulphat10n Roast process 
and 35% for the Dead Roast process. On the other hand. 1ncreasing ~ 

meta1 pr1çes by 30% adds to the project's expected rate of return by 
. 47% for the Dry ... Way Chlorination process. 60% for the Pressure Leaching 

process, 5'% for the Sulphat10n Roast process and 83% for the Dead . 
Rout process. 

TABLE 21: EFFECT OF INCREAStNG METAL PRICES ON THE ~XPECTED 
RATE OF RETURN AND ASSOCIATED RISK; PRIVATE SECTOR 

+ 10~ METAL PRIeES . + 30% METAL PRIeES 
PLANT EXPE TED fttsk EXPECTED RISK 
TECHNOlOQV BEFORE ... TAX (Pr.<15%)- BEFORE .. TAX (Pr.<15S) 

RATE OF RETURN RATE OF RETURN 

Dead Rout 10.1% 100.0% 13.7% 64.9% Process 
Dry-Way Chlor1n- 22.8%" 5.5% 28.5% 1.4% at10n Process 
Pressure Leach1ng 17.9% 18,2% 23.7% 4.4% Process 
Sulphat10n Roast 18.2% 13.6%' 23.6% 2.7% Process 

The effect of potent1al d1ff1cult1es in the early per10d of process1ng 
, pl~nt operations 15 exam1ned for the Dry-N~ Chlor1nat1~n process~ 
If production levels for the ftrst three years of operation, --­
before reach1ng a n~al level, a~ 60%, 80X and 90% respec~ 
t1ve1y, then the ~pected before-tax rate of' return decreases 
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by , 41 %. tha t 15 from 20.0% to 11. B%. and 1 ts ri s k J eve 1 1 nc.reases 
accQrd1ngly fram a 10.3% probab1l1ty of the rate of return'being 
less than 15% to a risk leve' of 57.1%, expréssed in the same tenns. 

\1 - " -

The proje~t. therefore, becomes an unattract1ve venture from..tbe ' 
priva te sector point 'of view. 

...'1"..-
t 4... ............. " 

The effect of à higher concentrate purchase priee is examined for 
the Dry-Way Chlorination process unde .. conditions of production 
d1fficulties mentioned before. It 1s found that,. for a 10% h1gher 
concentra te cost, the expected rate of return decreases to 9.8%. 
w1th an. associ ated risk 'evel of 71.8%. 

6.3.6 Comment on the Results 

The results indicate that the conventiona1 te~hnology for < treat1ng 
comp 1 ex meta 1 ores - the Dead .Roas t pro cess 
for the g1ven env1ronmental parameters. , 

i s "uneconom1 c 

All new proeessing technologies considered in th1.s study are 
better economic alternatives than the process employ1ng conventional 
technology. The Ory-Way Chlor1nation process presents comparative, 
advantages, in terms of h1gher expected rate of return 'and lower 
level of risk, as compared to~thé Pressure Leaching process and' 

'the Sulphation Roast process. 

Sinee aRy new techno1ogy will be used by the private sector. 
, ~ 

eorporate preferences about the expected prof1tabil~ty and the 
rhk assôciated with these new teehnologi,cal process are esser'ltial 
for the future adoption of any of these technologies. ' Thus, the 
Ory-Way Chlor1nat1on process 15 _the only alternative that presents" 
a chance of prof1tab11ity exceeding the Imiriirnum l\evel acceptable 
to the private sector. Nevertheless, its ,profitabil1ty does not 
~eem high enough to 1nduce private investors to deve10p the new 
process1ng technology. The rea~on,for this ris~ advers1on'shown 
by min1ng companies to new processfng technologies wu d,1scussed 
earlier. 



, ,.. /' ,,' • , ,'" '. t ':J ~' j _ *, \,' 
1 ~. ,~ i.. f...\~, , .. ' t, ~~:', ',' ~ 1 r .., ~ ':t"" ,h}' :.t,~. au 

" \ 
, ' 

o 

b -. t • 1 far th. • rèi r _ tII U t UU Lt •• HIII ! P 1 

, 

.. 120 ... .. .. 
" ' 

A cost .. benef1t ~n~lys1s was perfonned to study the effect of publ1 c 
f1nanc1ng for a pt10t plan: research stage, The resuJts 1ndicate 
that the expected rate of return 15 h1gher titan the social rate of 

, " 

discount for all the new process1ng altern~t1ves cons1dered. G ,I~ 
, ", 

addition. their assoc1ated level of r1sk is relatively low. Con-
sequently, the investment of public funds 1tt 8 pilot plant stage r 

of resèarch 1s fully Justifiable on econom1c grOunds. 

On the other hand, if the research costs are not f1nanced by the 
priva te sector, a corrmerd li l cost-benefi t ana lys 1 s - on 1y di rect 
costs and benef~ ts - shows that theV expected rate of return fo'r 
the best alternati,ve - the Ory .. Way Chlor1nat1on process -
1ncreases about 6% (1.e. from 18.9% to 20.0%), and that the level 
of rfsk decreases. Hence the adopti'3n of a new technology by the 
private ,sector 1s more l1kely. 

\ \ ~ 

" . 
Var'at10ns in the d1fferent env1ronmental parameters affect the 
fin~l outcome markedly, and it 1s important "to stress the high o 

1 " 
uncerta1 nt y assoc1ated with these parameters.· For exampl e. an 
1 nè~fase in meta 1 pr1 ces has a strong effect on the expected ' 

y p~tabÙ1ty and its assoctated r1sk of ft new proposed 'technology. 
/ A 10% metal priees increase results in a 17% inereas~ in the ex-

pected rate of return for the best economic alternative. ~ 

The effect of possible techn1cal troubles in the ~arly per10d of 
operation of any of these new processing technologies cannot be 
over-emphasized. For example. the e~pect~d rate of return fo~ 
the Dry,-Way 'Chlor;nat1on process decreases. under the giVen 8S .. 

o 

SlI1Ipttons. from 18.9%, to 11.8%. making the pro~ect uneconomiçal 
from a private sector pOint of view, ~ 
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6.4 Case StudY #2 -tîe pft Sl~pe Research Project 
, ' 

Ttva.purpose in presenting this case study 1s to illustrate .. discuss~ an . " 
actual application of the cost-benefit analys1s approach for mining 

• • i 

research projects. lt i$ based on a cur~t research project being 
condu~ted by CANMET. , 

6.4.1 Background 

The s~arting point for considering research on rock slopes was 
provided by the. following question,s. ts 'an imp~oved pit s10pe 
design approach'. which cou1d replace" ttle safety factor concept, 
worthwhile1 If so, what shou1d the-. lever of financial support 
required for the suc~essful develDpment of ~n·improved pit. s10pe 
design approach be? Given these considera~ions, stud1es were 
unaertaken at CANNET and, sUbseQuent1y;{a comprehensive ~it S10pe 
Research Project was proposed by CAN~t for Treaspry Board approva1. 

" As a preliminary evaluation of t~e project, a social cost-benefit 
analy.sis of the 'R&O~effort,was conducted (Coates ana DubniE!. ~971). 
The a"a1ysis indicates tt)at increasing pit s10pe cou1d 'result in. 
large savings in minlng costs, and a yery,.high ratio of tang,ib1e 
benefits ta cost was estimated. -This ,cost-beneflt analys1s was 
Obv1ouslY'Quit~ 1nfluential Jn winni'ng Treasury Bo~rd support ~nd 
condit1ona1 approval. 
, ~ ~ 

FOllowing approval 1n princ1p1e 1n June 19n, a briefin~ sess.ion ,../ . . 
w1~ representatives of industry~nd government departments'was 
arranged, and invitations to tender for the work were sent to 

, 
1nterested grganizations. An interdepartmental selection com-. " 
mittee chose the successful contractors, ~nd contract negotiatioris 
were comp1eted by the end of 1971. ,Official notification of 
lreasury Board approva1 for imp1ementation was given on March 9, 

~ ~ 

1972, co~tracts were signed, and wark started on April l, 1972. 

, . 
" 
! 

. " 

~ 
, " 
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The Pit Slope Research Project entalls two five-year phases of. 
execution,~--", The f1rst phase. which was completed in 1977. 1nvolved 
preparation,of a comprehensive engineering manual for the design 
of open pit mine slopes and support systems. The second phase. 
now in progress, consists of conferences. industry sem1nars and 

() 

company workshops. This phase attempts to explain, to users the 
design methods which have been developed. 'Transfer of technology 
to priva te industry and its diffusion throughout the industry is 
the objecti ve. 

6.4.2 Proje~t Description 

The economi. importance· of mi nera 1 product10n in Canada and the 
percelved need for greater mining production efficie,ncy were 
fundamental in conceiving the "Pit Slope Research Project. 

8riefly, open pit mining involves th~ excavation of a large amount 
of waste rock as well as of mi neral-bearing ore. On average in 
Canada, one ton of waste roçk is mined for each ton of ore rec9vered 
and almost 70% of the minerals mined in Canada are extracted by the 
open pit method. In many mines the waste rock 15 removed primarily , 
from the perimeter of the pit. If th~otal amount of,material to 
b~ moved can be reduced by cutting ste1per slopes. the amount of 
waste rock involved can be ~ubstant1ally d1m1n1shed. In Canadian~ 
open pit mines, wall slopes are known to vary between 38 and 65 

1 t) U '" 

degrees, the average being about 40 degrees. Coates and Dubnie 
(1971) indicated th&t an appropriate research and deve10pment program 
co~ld lead tO a~'average 1ncrease in slope angles of at least 5 de­
gre~s for approximately 751 of open pit production. 

, A conceptùal analysis of the impact of pit slope research - based 
on the theory of the mining finn .. was included in the cost-benefit 
s tudy. . t t was cone 1 uded that. for' conditi ons preva 111 n9 in mos t -
metal markets. a decrease in 'average costs would usually result in , , 

an increase of total production from a mine. 
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Since rock sl1des rarely occur in the maj~rity of open pi~s, 1t 
was suggested that the eXisting safety margin 15 larger th~n 
necessary. It was suggested that research work coul d provide 
the requi rèd scientific data on the 'behav10ur of rock slopes to 
optimize pit slope design. 

\ 

It was found that individual ~ining companies .are reluctant to 
undertake a comprehensive research program on this problem. It 

. was al50 argued that the benefits fram .the requ1Yled development' 
trials, carried out in a pit of advanced life, might come too late 
to ~e of benefit to that particular mine. Al5o, when such trials 

';- are being conducted, current operations can be affected. Finally, 
9i ven the nature of this research' project - an 1nvestnlent to 
provide techn1ca1 information - a m1n1ng company will not invest 
at the social optimlll1 level, as wu discussed in Chapter 1. Hence. 
Coates and Dubnie eoncluded that this research project should be . 

o 0 

1ni t1ated e1ther by a government research ageney or by some other. 
organization serving the industry. 

The CANMET submission 'to Tr..easury Board for the Pit Slope Research 
Projeet proposed - in keeping with the newly-promulgated "Make 
or Buy PÇ)l i Cylll .. to contract-out 75% of the research to outs1de 

• 
organizations or' individuals. Treasury Board approved. the spending 
of $3.95 million for this' purpose; a brëa~down of the côst alloca­
tion 1s g1ven in Table 22. Two conditions were attached to the 
project by Treasury Board: (l) sinee mining companies wer:e to be 

1 

the chief recipients of the direct benefits, the private ~ndustry 
was required to contribute 50% of the ov.eral1 project cost, and 
(2) 'an annual evaluat10n of the previous year's progress should'be 
undertaken usi~g. performance measuremen.ts prescribed by the selection 
conwnittee. \ '. 

\1. 

1 See Treasury Bôard (1973) 
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TABLE 22: FEDERAL GOVERNMENT ESTIMATES* 
FOR PIT SLOPE RESEARCH PROJECT 

BUDGET YEAR MAN-YEARS $,000 

1972-73. 800 8 

197,3-74 800 8 

1974-75 800 8 

1975-76 700 6 
1976-77 700 6 
19'77-78 301 1 

-_.J--

1978~79 30 1 
'\ 

1979-80 30 1 

1980-81 30 1 
1981-82 30 l 

TOTAL , 3.950 

* Est1mated in 1971 

The reporting framework seems to hàve va ri ed from year to year 
but has .1ways entaned e yeer-end progress re,port. drawf~g on 
detailed.techn:l,cal reports ,to present an overall performance pi ctUrè. 
Project efforts can be broadly classified, for the first phase, . . 

. as (1) organizational and procedural; (2) reseal'ch and development 
of new techniques; (3) modification of exist1ng techniques to " 
suit the intent- of the projecti (4) f1eld test1ng of techn1que~; 
and (5) preparation of the" Pit Slope Manuale \ 

The total cost of the Pit Slope Research Project to the 90vernm,nt 
has been lower than ,the ve..lues '&stimated in Table 22. The' total . ' 
cost to govèrnment as 01 March 31, 1977 was $2.82 million. Of 
this. $1.84 mil 11 on was spent on outside contr"acts for RaD. Over-
al'. roughly 30f of the pl'imary research was perfonned it:'-:house. 

. 

fJ 

\ 
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The bulk of the pr1mary research. however. together with ~irtually 
o 

al1 the development work. was contracted out. ,Table 23 summar1zes 
the actual cost of the proj~ct tn its f1rst phase. 

The actual cost of the project for the government has been 29% 
- \ 1 .-

lower than the cost est1mated < in 1971. 
1 

6.4.3 The Cost-Benefit Analysis - An Overview 

A check-list was used toi ident1fy, and later to evaluate, the 
potential benef1ts aris1~g .from the Pit Slope Research Project. 
All possible effects were ta ken into account. The main benefits 
are as follows. 

(1) Direct Benef1ts accru1ng to "1n1ns Companies 

The relationship of the techno1og1ca1 impro~ements stemm1ng 
from the project to the resu1tant economic effects and ,the 
nature of the benefits have been conc15e1y stated 11'\ the 

J 
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introduction to the Pit S'ope Manual (Sage; 1976). Essent1al1y. cl 

improving the technology of rock stability by investtng an 
optimal amount in stabilizing procedures penn1ts lower unit 
excavation cost wh11e maintaining the same or an acceptable 
level of safety. In the cost-benefit study (Coates and Dubnie. 
1971J it was estimated that benefits could possibly total 
$40 million. No 'estimate of the uncertainty assoc1ated with . , 

th1s value was prov1ded. However, a sens1tivity analysis 
conducted by the author on the possible ~venue for a range 
of increase in slope angles (rang1ng fram l degree to 5 degrees) 

, 0 

·indicates a signif1cant revenue variation. Table 24 shows the 
effect of increasing the slope angle on revenues~' . 

TABLE 24: RANGE OF OrSCOUNTEO REVENUES FROM INCREASE~ 

PIT SlOPE ANGLES 

SlOPE ANGLE OrSCOUNTEO REVENUE OISCOUNTED REVENUE 
INCREASE RATE OF INTEREST RATE OF INTEREST 

DEGREE @ 10% @ 15% 
$ mil. $ mil • 

1.0 . 7.0 6.5 
2.5 33.6 16.2 
5.0 63.0 30.1 

As a resu1t of the reséarch project carried out, an improved 
pit slope design approach was developed. Thus, thè Pit Slope 
Manual describes procedures to detelmine the risk of slope 
instability and a1so exp1ains how to 1ncorporate the benefits 

, , 

-f 

and costs associated with steeper slopes into overall planning •. 
These procedures are based on reliab11ity theory: that is, 
the analysis of many factors to estimate the probab111ty that 
a wall or part of a wall wi 11 rama 1 n s tab le. The approach '. 

\ 
developed gives methods of est1mating the costs associated with 
instab1.1ity. Know1ngl these costs as well as the min1ng cost. 
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". 
the planner can detenn1ne the costs and benef1ts of a g1ven 
wall layout and the associated risks. This information (an 
then b.e usec1. in making mine i'nvestment decisions and in selecting 
the optimum l~out. 

(2) Regional Impact 

It was indi cated in ,the cost-benef1 t study that the project 
~ould result in increased reg10nal economic activity.due to 
an 1ncrease in product~on. proportional to increase in gross "­
revenue of, possibly. $100 million. Regional activity would 
also benefit. fram expansion 1n'the local ~9Pulat1on. Qn the 
ot~er hand, a decrease in competition ~or'scarce ~sources, 
such as ski11ed labour, an.d ~ decrease 1~ demand for environ- . 
mental support~ like air and water~ were not foreseen if 

" . 
production ex~anded. 

(3) National Results 

It was estimated that the national econamy would benefit in ' 
proportion to eoth the increased net revenue and ~nèreased 

gross revenue. 
at $75 million. 

Expanded foreign exchange eami ngs were assessed 
Increas~d tax recei pts were expected to be 

, $35 million. ln this respect, it must be stressed that only 
\ 

in so far as foreign-owned c~panies automatically take addi-
tional profits'out of the country, are taxes permitted to'be 
counted jn a cost-beoefit analys1s. 

( 4) 'Techno l 091 ca 1 Benéf1 ts 

Another indirect benefit mentioned in the cost-benefit study 
was the technological sp11lover - that is. the potential 
benefits that cou'ld be obta1ned by other inddstries • due to 
technical fal'-out. for e~ample. highway and d~ excavation in 
rock wh1ch are comparable to open pit slopes. "0 effort was 
made to quant1fy these benef1ts. 
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Only research costs were cons1dered for the evall.tation of the 
proj,ect. The estimated and actual costs are given in Tables 22 
and 23 respeètively. Al though an effort was made to identi fy and 
estimate al1 pQssible costs resulting from the use of a new pit 

" ' 

slope des'tgn approach - possib ly some $3 mi 11 ion per yeer -
these costs were not emphasized in the final analysis beceuse they 

were considered to ~e of an order of magnitude lower than ,the 
probable\benefits. A few qualifications are necessary tn this 
respect. In any given geo10gi ca l envi ronment, the design \)f pit 
slopes involves a trade-off between waste rock removal costs on 
the one hand and the cos ts of 1 ns tabi 11 ty on the other. Assumi ng 
a certain low level of ri sk. deemed to be safe because a low angle 
15 used. increasing the slope angle will increase risk. decreasing 
safety. This introduces a counterval1ing cost which must be ex· 
cee<led by cos t-sa vi ngs i n tenns of was te remova 1 • However. the 

o 

risk in the new si tuation must be reduced to the prev10us (or ; 
alternative design) level by certain precautions (techniques and 
devices); otherw1se the increased risk·is a cost that shou1d be 
eccounted for. These risk costs CaVer n~t only cleaning up slides 
and res'haping·contours. delays or postponetnent of mining, and loss 
of ore (which are factors'a min-ing company 1s 11kely to consider 
'when plaflning). but a1so the cast ta socièty in terms of in jury and 
10ss of life (wh1ch the min1ng company may not allow for in its 
plans). In any case, 10ss stemming from increased risk should 

\ 
be entered on the cost si de of the cost-benef1 t calculus. 

This dimension of the problem has been duly recognized and analyzed 
by Kim et a 1. (1977). The, cast aspect of i ncreèlsed s 1 ope angl e 
has been emphas ized in an examp 1 ~ of th,e app li ca t1 on of the new 
approach where a less steep sl~pe design (38 degrees), 1s ·clearly 
'shown as a bètter alterna t ive to the base case cons i dered (a s 1 ope 
angle of 45 degrees). :rhe probability of achieving an,y given level 

. of net present value 1$ greater for the less steep sloj)e design 
than for the base case. 
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6.4.4 Connents on the Results 
> 

The objective of the Pit S'ope Research P~ject was to detennine 
the pit T~out that max1mizes f1nane1al returns and mineral recovery. 

i 

As a pre11m1nary evaluat10n of the researcn proJect. a eost-benefit 
analysis of the RaO effort was conducted. The results of this 
cost-benefit stu~ are d1scussed in"the light of the project~s 
actual outcome. 

Strictly, in economic te~s. the dominant measurable benefit accrues 
directly to the opera~ing eompanies in the tonn of cost-saving and 
1ncreased after-tax profit. Redistribution of monetary effects 
oecurs by way of taxes to :governments and 1 in sorne cases. royalties 
to governments and/or resource'owners. 

The cost-benefit analysis emphasized' the importance of min1ng actjvity 
in providing new and extended emplo~nt opportunit1es in econom1callY 
under-developed regions. The analysis rightly noted the nature of 
the forei gn exehange imp li cati ons for the nati ona 1 economy. 

The 1mproved efficiency of the Canadian mining industry is des1rabl~ 
whatever the ownersh1p and market structure of the industry. In 
the short tenn, until advancements in pit planning resulting from 
this research project are put 1nto practice elsewhere. th1s new 
capaci~ will assist the industry's competitive position,in inter­
national mineral markets. Widespread fore19n adoption of such 

, practices. hqwever. while add1ng to benefits in terms of national 
prestige for Canad~; will eventua11y reduce-this technological ad­
vantage. 

, 

In this case study, where improved eff1ciency 15 achfeved through 
design procedures, there is the attractive feature of eff1éiency 
being ga1ned w1thout the emp10yment 105s that u5ua11y accompanies 
teehno 1091 ca 1 1mp,rovements ~ Dy enab 11n9 more of the nation 1 s re" " 
source endowment to be èxtraèted econom1ca11Y. the effect on employ­
mè~t is positive. 

/, 
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Technolog1cll cons1d~rations also came into pley in CANMET's 
decision to~elect the most appropriate form of research 1n·effecting 
a basic 1ndustry-w1de eff1ciency drive. The options open to CANMET 
were to undertake design research or to pursue development of con­
tinuous mining systems. Pit slope design was viewed as the 

, approprhte approach sinee cont.inuous mining systems could not be 
, developed and tested at the production scale because of prattical 

J 

constra1nts with1n both CANMET and the 1ndustry itself. Ease of 
field application waSt no doubt t a factor favouring stability 
stud1es since from this stage it would be a short step to operational 
application, In fact, consistent w1th the natural inclinations of ' 
sclentists, scient1f1c eff1ciency was likely the first consideration. 
This application of the cost-benefit analysis approach emphasizes 
the researeh aspect of the project rather then the analysis ,of 
identifiable economic effects. It stresses the likelihood of 
project success as opposed to mere hypothetical benefits. FormaT 
cos t-benefit analyses clln .of course, cope wi th uncerta 1 nty by 
attaching probability estimates and deriving expected values, but 
thfs 1s no~ the same approach and will not necessarily lead to 

• 0 

the same decision as one plac1ng emphasis on technological success. 

The Pit STOpe Research Project was not financed under the normal' 
CANMET budget and consequentl~ was not Seen to compete ~1th its 
on-go1ng restar.ch projects. In this case, the corree~ budget 
perception entafled a choice among competing new projects at the 
conceptual stage,' Of the two technôlogical options suiting the' ~ 
Qbject1ves, onl~ the s~ability technology was deemed feasible, 
considering practical aspects of mining research. Under these 
circumstances, there was no need to consider the opportunity, cost 
of alternative expenditures and the decis10n was reache~ on the 
bas1s of a favourable cost-benefit ratio of a single option • 

An analys1s of the project's outcome reveals that a probab11istic . , 
design approach was developed as Il, result of the Pit Slope ~esearch . 
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Project. This approach proVides the mine oper~tor w1th guidance 
in select1ng opt1m\l1l wall angles consistent with his attitude to, . , 
r1sk. These procedures pe~it opera tors to select appropr1ate 
wall ~nglès on the buis of slope stability probabiHty. --These 
concepts are fully expl.1ned in a comprehensive-engineering manual 

, for 9pen pit planning that has recently been publi,shed by CANMET. , 

The probabil1st1c design Rrocedure requires more deta1led analys1s ' 
than the conventional factor-of-safety approach. The extra work 
required 1$ justif1ed by the richness of its results as compared 
ta the results of the factor-of-safety analys1s. As an additional 
benefit of the probab11istic approach. 1t 1s ment10ned that the 
effort involved in gathe~ing much of the extra information. such as 
the cost impact of failure. has the effect of focussing the co~­
sequences of a particular design for the decision-maker. 
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CHAPTER 7 ... 
SUMMARY. CONCLUSIONS AND RECOMMENDATIONS 

\ 

7. 1 SUI1I11ary 
"-

This study has described the development of an assessment frame-
work to guide R&D investment decisions in the mineral industry. This 
framework has been developed considering al1 asp~cts of the mineral 

4 

RIO process. The study ~onsists of seven chapters covering the import­
ance of the research. the R&O process in the mineral industry. pr~vious , 
-research. development of a conceptual assessment framework, application 
to case stud1es and a'discussion of their results. 

The review of the economic characteristics of the ~nnovat1~n 
process reveals that basic research constitutes that portion of the R&D 

spectrum which has the strongest theoretical justification_ for government 
support. The question of criteria for the allocation of resources. 
especial1y public resources, ta applied research has rec~lved substan­
tially less attent'on than that of basic scientific research. With 
regard to mineral R&O, it is found that government support 1s essential 
in develoei~g those technologies ne~dèd for the future development of the 
domestic mineral 1ndustry but not undertaken by t~e pr1vate sector beeause 
of lack of incentive. 

TJté economic outcome of a mineral research projeet 15 greatly in .. 
fluenced by broad economie, soch,l and politiea.l forces 1nteracting with 
the innovation process in the mineral industry. These factors determine 
/technologieal progress and the rate of adoption of a new technology by 

--";the 1ndustry and. consequently; the ,expeeted value of an R&O project and 
its probabi11~ of success. The specifie character1st1cs of the mineral 
rese~h proéess were considered in ord~r to develop sorne analyticel 
methods,'fo'r project evaluation and selection. Essentially, (1) mineral 
reserh 15, generally process or operations oriente~; (2)' the fndustry 
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output 15 a conmodity wi th almos t no product differentiation; (3) given 
the high R&D cost, laboratory ton~ttions are either of tne small batc,h 
type or closed circuit recycl1ng, infonnat-ion provided in this way be'ing 
highly uncertain~ 

The project selection decision is concerned with the allocation 
of 'organizational resources, such as money, sk111s and fa~i11t1es, to a , 
set of R&O projects. The rev1ew of the literature regard1ng teqhniques, 
for the evaluation and selection of R&O projects shows the existence of 

1 

a large number of proposed models. It 1s found, however, that litt1e 
, r 1 

use 1s made of these mo~els, partly due to the fact that most of them are 
not able to describe the reality of the innovation process or the' 
sequential nature of the decision process and they do not take into ac-

, , , 

count multiple criteria. The development of a su1table assessment 
f\amework was then undertaken with consideration being gi,en to the 

, fOllowing perfonnance criteria: realism, flexibility, use and cost. 

The dec1sion process in innovation 1s considered to be_sequential 
from the idea stage to the production stage. A 109ica1 consequence of 
process s equenti al i ty i s the recogni ti on of mi les tones that represent 
the completion of distinct RIO phases. Conceptual changes are noted 
during the course of the project and represent a continuQus improvemeot 
in the quality of the data avai1ab~e dur1ng various project stages. 

In a multi-project mfneral R&O organization, the selection of new 
projects has ta be accommodated to the planning of on-901n9 projects 
since they compete for t~:same expert staff, laboratory equ1pment and 
other facilities and'resources. The approach developed in this study 
selects projects which w111 achieve the best total benef1t, within the 
limits set by the resources .avallable. Two ,R&D project evaluation and 
selection technique's are reconmended for allocating resources to Mineral 
research projects in a 'large organization - the'cost-effectiveness 

o 

ana lys 1 s approach and the' cost-ben,efi t ana lys i s approach. 
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~; 
fj~ "-The cost-benef1t analysis approach has a stronger theoretical 

1 • 

foundation for resource allocation than the cost .. effectiveness analys.1s, 
, 

technique. However, in practice, the d1fficulties ,in obtaining reliable 
infonnation for evaluating à set of research projects at different stages 

, of the i nnovat1 on process pt:'event i ts app 11 cati on to the enti re set of 
. '. projects. ,Thus, a cost-effecti veness ana lys 15 approach, based on 

additive scoring models and employing the Delphi method for polling 
experts' opinion, 1s recommended for assessing the different research 
projects. 

On. the other hand, the cost-benefit ~alysis technique provides a 
rational framewor~. for decision-mak1ng in the case of projécts 1n:applied 
research whiçh require a long time conmi tment and sizable quantity of 
~esources for completion. The use of different economic models, depending 
~ 4,4,1 • 

<on projectostage, has beert~proposed here. These models must suit the 
specifie characteristics of a particular stage. The rigor of the evalu-
4tion technique should increase'with the .increase in magnitude of resources . , 
demanded. 

~ CANMET - Canada's largest mining research organization - is 
selected as a spe~ific case study to .test and invest1gate the su1tability 
of these approaches t~ large miner.l research o~ani.z.tions: The c'harac~ 
teristics of CANMET's,~ineral Research program are examined for the 
purpose of defining the pa~ameters of the cost-effectivene~s and cost­
benefit approaches. 

r 
In IChapter 5, the cost-effectiveness approach 1s appl1ed to 'CANMET's 

" \ 
mineral research program. Two sforing models, supported by a Delphi " 
method of polling expert opinion, are emp)oyed. The first model·repre-
sents the first-~ttempt to use a system~tic and rational model for the 

,'eva 1 uation of: R&O projects in CANMET. The second scori ng mode r dèparts 
from the first, utiliziflg ba-sicallY the same concepts but possessing a , ' 

, , ' 

s1mpler structure> . 
~ "i ' 

~ @ . ' 

1 
\ 
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The co~t-benefit analysis approach 1s 111ustrated by its applica­
tion to,two case studies outlfned in Chapter 6 0. the New Brunswick 
Complex Base Metal o~s Resea~ Project ~nd the Pit Slope Research 
Project. The assessment of a new process for treating the complex 

o co- u 

base"metal ores of New Brunswick 1s carr1ed out when the berich scale 

, l 

rése9rch stage '10~ three prospective process alternatives has concluded. 
The r1sk analysis m9del, us1ng a ~onte Carlo'simulation ~echnfque, is 
applie,d for dealing l witb -the e,val,uat1on of this advanced stage project. 
The application of ''the cost-benefit approach to the Pit Slope Researcn 
'Project ~'â~'actual research project-conducted py CANMET - is 
descr1bed ,and a critiqu~"of t~e application 1,5 presehted. 

! 

1 l , 

7.2 Conclusions and Recommendations, ,e . 
Expenditure on R&D is an inves1;ment for w~ich a return is expectect, 

'1 c 

as ~ith any other business investment. In a large,R&D organization, 
potential an9 exis.ting projects compete for the l1mited resources avaiJable. 
The whole range of its activities, therefore, needs to be coordinated and 
,plan~ed to ensure that resourc~s are used efficiently to obta1n the be~t ~ 

PQ~i~le totâl benef1ts. 'The problem of resource allocation for mineral 0 

~'O is complicated by the inherent uncer~ainty of R&D, the multiple purpose 

. ::: , 

1 
i 

for 'which it 1s undertaken, the numerous social and organizat1onal contexts 
wlth1n which ft 1$ conducted and the.diffe~1ng~values platedoupon ft by 

/r---~ 

f/~:' '"" varfou,s "group~ tn society. Th,is study has descrfbed ,the development of 
, ~ an assessmënt ~~~ork fo; guiding mineral RIO i~veSbnent declsfons f~r a 

) large research' organizat1qn. This assessmerlt framework makes use of a 

0"" ". , 

" 

r, rJ p " 

cost-éff~ctiveness analysis ~pproach and of a cost-~nefit,analysis approach 
o ~ 

for the all~catjo~of resources to mineral research projects. These ap-
proaches in~rpo~te the most 'recent developments in economic evaluation and 

~~ d~çiS1~n .. mak1ng techniques. Fü~the~rè. s~eral aspects, which have been 
omitted in prevjous studies but which ~re. ievertheless, important con~ 

~ , , ~ 

sfderations in mineral R&O investment decis1ons, are included in the assessment 
framework p~posed 1n this study. T~e case stuci1es ~n~lYSed in Chapters 4., 0 

5 8n~ 6 demonstrate the practical applicabflity of the inves"tment optimizaUon 

o 

f 
, 1 

" .- . 
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framework. It is ~oped that this study may prOvide gÙidelines for R&D 
investment in the IÎlÙ,er'al industry at large. 

, il" , 

Se~eral important conclusions are drawn fram the case study< 
_app 11 cati ons. 

• (1) The cost-effectiveness analysis approaeh presents clearly defined 

(3)' 

\ 

advantages over the cost-benefit analysis approach when investment 
deeisions are made regarding a set of R&D projects of d1fferent 
research natures and at various research stag,s. On the other 
hand, the cost-benefit analysis"approach 1s recommended as a useful 
toot for decision-makers for analysing those R&D projects that 
require a long time commitment. and a sizable amount of resources 
for completion. 

T~e cost-effectiveness analysis approach is based on additivé 
scori~ models, supported by a Delphi method of polling expert 
opin1on~,Add1tive scoring models do not produce a large range 
of scores for project effect1veness. This narrow range' of values 
results in biases when projects are ~xpressed in terms of 
effectiveness-cost ratio and cost is considered as an absolute 

, 
value. The case study results presented in Chapter 5 show this 
effect. Thus, a critieal fac~r of these scoring models is the 
choiee of appropriate seales to express input estimates. Further 
investigation of the effect of using different seales over project 
scores and ranking 1s reconmended. 

!~ '-3 

Applifation of the margi~al'effectiveness-cost\rat1Q criteria within 
a budget1ng ·context provides a more appropr1ate tool 'than simple 
effectiveness-cost ratio criteria in déeid1ng which projects are 
the first to receive addit~onal funding or to be eut ba~k under 
budget constraints: The marginal effectiveness-cost ratio criteria 
reduceso the Mas towards s~l1 projects which ts found in the 
rankings b~sed on simple effectiveness-eost ratio criteria. The 

• marginal effect1veness-eost ratio criteria favours only those.projects 
that are more sensitive to budget cha~ge. Further research 15 

/ 
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recommended to examine the valid1ty of the assumptibn that only 
the probab1l1ty of technical success'of a project 1s affected by 
a change in the levet,of project funding. 

(4) The experience of using the cost-effectiveness,analysis approach 
is limited'to three years and the çost-benefit analysis approach 

. ' 

(5) 

has been used on two o<!casions.. However. the assesSlllent , .. 
framework developed 1s conceptual1y attractive and flexible enough 
to be easily adopte~ in operating environments different frorn those 
considered in this study. More actual case studies mùst be 

, an~Jysed to investigate the suitabil1ty of these approaches for 
different environmen~s, namely commercial and non-profit R&O 
organi zations. 

ln order to be of any value, the formulation of a model must be 
" , 

~cceptable ta the research staff and management as a realistic 
representation of their organization's situation and activit1es. 
Since a model needs to be tailored to the particular needs of the 
orgahiza~ion, it is advisable to start with a re1ttively simple 
model to gain experience. As the need arises. tlle complexity of 
the model can be increased. Acceptance of the model 1s made eas1er 
when ft 1s gradually introduced, first'as a trial on a few projects 

\, and later extended to the whole set of projects. For instance, 
the cost-effectiveness analysis approach was applied to the research 

o 

projects of CANME1's Utilization activity only after the approach 
• 

was applied ta the research projects of "the Mining and Process1ng 
activities. 

A'. C6} 
.;~ 

A major benefit to CANMET. ar1sing fram t~e use of the models 
developed, has bee" that it has made managers more aware of the 
1nfonmation they should have 1n order to make good dec1sions. As 
à result. R&D managers con~ider R&D projects more carefu11y and 

i' 

" ~l' 

/, 
l • 

fram a broader ,perspective. The use of thes~ models allows managers 
to identify more clearlY.t~ose projects which are ,el 1 worth investing 
t1me and effort 1n, and thase p~jects which are clearly not worth 

.. 
o 
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serious consideration. 'Furthermore, it enables managers to 
terminate unsuccessful projects at the earliest time justified. 
However, like othër quantitative management techniques. the use 
of these models constitutes an aid to management decision processes 
and is not a substitute for them. The use of these models helps 
researchers more readily to accept closure of a project by making 
the argument for project termination less subjectjve. In addition, 
the use of these models makes scientists more aware of the effective­
ness of their projects in meeting the p~ganization's objectives; 
consequently. scientists submit more elaborated justifications 
for their'R&D project proposals. 

(7) The talidity of the results obtained from the ~odels developed 
and their usefulness ~n manag~nt decision-making depend, to a 
great extent. on the cooperation of the researchers and managers 

, who particpate in the project assessment. Comprehension on the 
part of project assessment participants concerning the characteristics 
and limitations of the model employed ts another critical factor in 
thi s respect. 

{8} The models employed contain elements ~uch as estimates of probability 
of success, tfme to çompletion of R&D,.research project costs and 
~roduction costs, amongst others. The accuracy of these input 
estimates cannot be predicted initial1y and ft may take many years 

. to judge their accuracy. Undoubtedly, the \nvolvement of researchers" 
and managër:~ tn~project evaluation has- helped the learning process, 
and the accuracy of model parameters ~ill improve. It is recommended 
in this studY that furtfter research be tonducted 1nto the question 
of the accuracy of input estimates necessary to remove inconsistency 
of results. More importantly, this research should provide 
guidance to researchers and managers in order t~ make foreéast 
estimates more accurate. 

\ 
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I!) 
V:. 

STATEMENT OF ORIGINALITY AND CONTRIBUTION TO KNOWlEOGE 

.... '. ?~-.,,~:; .. > ~ ';:-~~!.,.:r~ 
,-' .. ;: , } .... .<-.~-_:....-, ... -. ...... 

The fol10wing aspects 'of the present work are considered to be 
contributions, to knowledge: 

1. A systemat1c stuQy of the technieal, economfc, social. ecological . . 
and politfeal factors that have 1nfluenced the fnnovatfo~ prQcess 
in the mine~al iRdustry was presented. To the author1s knowledge, 
no study of these factors in relation to·the mineral R&O proeess 
has previously been made. The analysis of these factors contributes 
to the advancement of the technology assessment of minera1 RiO 
activit1es, sinee these factors determine technologieal progress 
and the r~te of àdop~n of a ~ew technology by the ind~strY. It 
has als~ been shown that the analysis of these factors provides a 
frame of reference for the development of realfstic decis1on-making 
models for mineral R&D aetivit1es. 

2. An ~sses$ment framework for guiding mineral R&O investment decis1o~s 
. for a large research, organization was developed. This assessment 

framework makes use of a cost~effectiveness analysis apprôach and 
a cost-benefit analys1s approach for the allocation of resources to 

- mineral rese~rch projects. These approaches incorporate theomost 
. " 

: 

rec~nt developments in eco~om1c evaluation,and dec1sion-making tech- ~,' 

3. 

niques. Furthermore, several aspects, whieh have been omitted in 
previous studies but which are. nevertheless, important considerations . , 

in mineral RAD investment decisions, are included in the assessment . ..!, • 

fraIDeWork proposèd in th1s study ...... 
. ' 

Additive scoring models, employing the Delphi method for polling 
experts' 9P1n1~ns. were developed for a cost~ffectiveness analysis 
~f rese,rch projects in a large mineral RaD organ1zat1on. The 
application of these scortng models to CANMET's research projects 
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, . ... 
has, shown that the cost-effe~tiveness. analysis approac:h pf'.es'ents 
clearly def1ned advantages over the cost-benefit 'nalys1s when 
fnvestment dec1.s10ns are made regarding a set of RaD projects of 
d1fferent research natures and at various researèh stages. 

". 
4. The appl1cability of a cost-benefit analys1s approac:h fol" the 

1 

evaluation and selection of large mineral RaO projects of appl1ed 
research nature was investigated. This appro~ch mates use of 
d1fferent1al economic models accord1ng to the research projects' 
stage. The application of this approach to \case studies has shown . . 
that the 1nfomation obta1ned·w1th the, proposed modéls provides "ar' , 
useful tool to decis10n~kérs for analysing those RAD projects 
that require a long time cotm'litment and a s1zable amount of resources 
for completion. 
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CONSENSUS DEVELOPMEKT BV THE DElPHI METHOD. 
RANKING OF THE FIRST NODEL'S OBJECTIVES 

Ftrst Round 'SeçO(!d Round 
O!JECTlVES Mean Sundard Ranklng "un' Standard Ranll:1119 

_Wt1!i1t {J] DeV.tltion _ Order----*jjlb.~J . ~ltf~Ord!tr 

,.n $oç1.I-L!bour Çonsfdtra;1qn. 
1.1 Icltnttfy 1IId' ~ut. viabl. linet.' dtv"01*f1t tn Il'tas wfth 

tftluffiettl'lt IIIPloyllent O9PQ1"tIIn1tiK 
1.2 ,,...,te _fb' sUbtltt;y lIy utandfll9 vfable 11l'e of aI ...... l 

oper!tfons , . 
1.1 .... t COMUIIII' dtIIlnds in the pro'lfsion of III1ner.l-bastd pl'OdllCU 

1.4 ',...U CCIIIf'orUbl •• Sltfsfyint .nd lIt.lttly ~1ty 1ff. 
'1.5 El\Sura"OCCUPltton.l ,",.1 th, • s.t'ab' and CGIIf'ort 

1.6 , ...... U ,"U" ,..,101\" ItIltl'1butfon of fnco. 

1.7 Obutft 1 .... ttar IHI't of lI1.,..ra1 l'ftource tnCGIII fol' Soci.l 
Prof .... 

C2) lco1. Wfdar.tt9ll!., _ 

t.l Ha,.",,. 111"""-1111" tfevllhWUh .'tfpl. Md IlqUIfttf.l 
blld lIS. . 

2.t Iftntllt_ lft'rl'l'OfllllttUl degra 1 
2.' ..."..,. .. ter lM so11 qualft;y 

%.4 ~r. NUIt or ,..êyel. watt .. UI'1"1 

(3) lC!ft9!te CôntJ1ttatfons f.' Fost.er indust .... l produc:tfyf~ 
3.2 """te fvrtIIer .... t1c: procass1", 
3.3 ProMote tJIt dtYelapllllftt of lecondIry illitustl'1ts tIHed 01\ 

vtfliz.t.fOll of af/lt'l'.l pl"OCfuct •• .,.. .., . 
S.4 Dewe1op.".. et'fic:ient llethods of' wimlng .. tari.lI frœ 1It,.,..ls 
______ ...L. _ ~__ _ __ ....... __ ~ ____ ~ __ 

J,> 

(4) "'""Di' SyppJr lft4 5cwtf!tqnty Conlfc!trttions 
4.1 St"'~ (or ON.ter •• ,f-sufffciency 

4.2 ""-ote and enc»w&ge th. 1'eJ)"~t of flllpOl'tS. inc1ueS1", 
equf.-.m •• ~Ues and .eMees. : . 

4.3 UncIttUkt dlv"opMlftt p1ann1119 ln Nortll.rn regfons and terrltol'its ,.. 
4.4 Substitut. lbundant for sc:an:a .. te .... 1s: 1dent11y and _lOP 

U7 .... 1'91"'1 dapos1ts 
4.5 P....oU opt.111111 N.COYer)' .nd use {". "nfll9, proceslfll9 lIICf 

vttltzat,fon !1Ita1s , 

4.' StNllgthtft baI'P1nfng posftion re f1Iports 
4.7 ~ tM fnY.ntor"Y of p/I1Sfc:a1. tedlnfc:al lM econollfc: 

cM1"acurlst1cs of ur1b rùources .vaflill', to CIAICII 

3.42 

4.25 
3.49 
S.13 
4,69 

2.35 

jf.82 

4.26 
7.08 
4.82 

6.54 

6.19 
7.84 

J.~ 

6.75 
1.U . 

4.04 
3.&3 

4.45 

6.17 
3.0\ 

4.S3 ' 

, 
0.90 17 

1.10 13 
0.91 16 
0.95 18 
1.33 9 

0.67 20 

0.56 21 

1.13 12 
1.80 • 3 

J.25 8 

1.68 5 

1.61 6 
2.01 1 

1.74 4 
1.95 2 

1.10 14 

0.94 15 

.1.14 11 

'1.56 7 
0.79 19 

1.17 10 

4.20 

5.47 

4.17 

1.68 

2.90 

1.64 

4.62 
7.64 
5.14 

, 6.&7 

7.64 

6.47 

1.~ -
~~ 

4.74. 

3.9S· 

4.58 

6.54 
3.32 

5.27 

1.11 

1.4S 

1.14 

"2.15 

0.87 

0.50 

1.22 
1.98 
1.36 

1.76 

2.03 

1-.71 
1.95 

1.30 

1.08 

1.21 

1.75 
0.92 

1.5 

14 

8 
15 

1 

18 

19 

12 
3 

10 

5 

.2 

1 

4 

11 

16 

13 

6 
11 
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0 TABLE A.,2: COST EFFECTIVENESS RESULTS FOR M.R.P.IS PROJECT ELEMENTS: 
:s 

PROCESSING ACTIVITY 

P-l Project - Complex Pb-Zn-Cu-Fe-S Ores 
t 

E/C 
PROJECT ELEMENT EFFECTIVENESS RATIO 

1- Leach liquor Treatment: Bacter;al ., leaching 61.4 14.6 0 

2. Surface and E1ectrochemical Studies of 
Su1phides\in Relation to Flotation 201.0 13.4 

l. Computer programs for Ar'la 1yt1 ca 1 Me-thods 
in the Chemistry Laboratory 91.2 13.0 

4. \ Ion Exchange Processes: Bacterial 
LeacM,ng of Cu-Zn Sul phi de Ores ll~.5 10.2 

5. Percolation Leaching of Chalcocite-
Bornite Ore with Ammoniacal Solutions 114.7 " 10.1 

6'. Recrystallization of Fine-Srained 
Su1phide Ore by Chemica1 Transport 19.'6 10.0 

7. Mineralogy and Microscope Analysis 30.3 8.0 
,C' " Percolation Leaching of Chalcopyrite,Gre 8. 

with Ammoniacal Solutions 114.7 . 6.6 
9. Anodic Di·ssolution of Lead Sulphides" 93.2 6.0 

10. Dissolution of Chalcopyrite in Fertic 
Ion Media 11.4.7 6.0 ,.r 

11. Zinc Electro1ysis 100.5 
~ 

6.0 
12.- Ore Characterization 88~4 5.1 
13. ZnS-PbS-FeS Phase Studies 93.1 4.7 
14. Electrochemica1 Dissolution of Copper 

Sulphides ~93.2 4.1 

------- MINING + PROCESSING ACTIVITIES AVERAGE - - '. ~ - 4.1 
, 

15. Percolation Leaching of Pyrite Zn-Pb-Cu 
Ores wi th Ferri c Ion Medi a 114.7 3.6 

- - - - - - - -.. - PROCESSING ACTIVITY AVERAGE - - - - - - - - 3.5 

16 .. Crystal Structure Studies of Members of 
tbe Stanni te Fami ly 86.5 3.3 

, 

17. Crystallography of thé Stannite Family 86.5 3.1 

0 ' 18. .. 
The Role of Chloride Ion and Organic . 
Extractant 1n the Electrowinning of Co 42.4 .' 2.8 .... 

\ . 
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tABLE A-2 cont1nued - P-l Project cont1nued 

PROJECT ELEMENT EFFECTIVENESS 
19. Computer Programs for Kinet1c Studies 

in the Metallurgical Chemistry Section 33.1' 
20. The Mineralogy. Stoichimetry and Stabi11ty 

Relation of the Stannite Family 88.4 
Dissolution of Sphalerite in Ferric 
Chloride Solutions 114.7 

22. X-Ray" Fluorescence on Line Ana1ysis of 
Pb-Zn Ore Fractions 

23. Bacteria1 Leaching 
24. Ore Ana1ysis 6y Optical Emission 

Spectroscopy , 
25. Quantimet Ana1ysis of Base Metal Ores 

TOTAL P-l PROJECT 

P-2 Project - Ferrous Extractive Meta11urgy 
. ,1. Steelmak1ng by Shaft Electric Reduction 

Fuma'Ce -<' 

2. Iron and Steelmaking 
3. Ferro-Al1oy Manufacture 

58.1 
61.4 

58-.1 

30.3 

2.169.5 

84.8 
84'.8 

56.5 

E/C 
RATIO 
--r-

2.5 

2.4 

2.1 

1.8 
\ 

1.8 

1.7 
0.6 

4.0 -

20.1 

15.1 

13.5 
4. E1ectric Fumace Technology: State-of-

the-Art Rey'iew 1 c. 63.3 11.3 

5. Treatment of Leach Residue 59.8 10.7 

- - - - - - \ MINING + PROCESSING ACTIVIJIES AVERAGE - - - - - 4.1 
6. Cupola Smelting of PRIO 94.9 4.0 
7. Beneficiation of PRIO 317.4 3.6 

- - - - - - - - - - PROCESSING ACTIVITY AVERAGE - - •. - - - - - 3.5 
1-';'~ 

8. Eastern Titaniferous Magnetite Project: f 

Roast, Leach and Separatipn 241.9 
9.. Electric Smelting of PRIO 136.7 

10. . Mi ne ra 1 ogy of PRIO and Concentra'te 29.6 

11. Effect of,Zn on Iron Ore Pellets in the 
'\ 81ast Fumace 

TOTAL P-2 PROJECT 

35.0 

1,204.7 

2.9 
0.9 
0.6 

0.4 

~ 
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0 TABLE A-2 continued 
. - ----

:!:, 

P-3 Project - Inorganic Non-Metallic Materials 
E/C . 

PROJECT ELEMENT EFFECTIVENESS RATIO 
1 

1 
l. Design of an Efficient Kiln for 

Processing lightweight Aggregates 114.4 19.1 
.~ 1 2. Degràdation of High-A1ùm1na Cements 75.6 16.8 

3. Use of Waste for Rai1road Ballast 91.0 13.0 
. . 

4. Recovery of Useful Materials from Plant 
Wastes 92.1 10.8 

5. Research in Asbestos 92.1 10.2 

6. Conmodi.ties 69.9 10.0 

7. Evaluation of Biodegradable Flotation 
Reagents 131.1 9.'4 

8. Thermal Prop,erties of Materials for Heat 
Storege 125.4 8.1 

9. Development of Beta-Alumina 159.4 8.0 

"(', 10. Electronic Mineral 'Sbr"ting Techniques 30.3 6.7 

1l. Development of a Dry-Pressed Building Brick 47.7 6.5 
~ 12. Development of Translucent A1l111ina 159.4 6.4· 

13. Comparative Grindability of Non~Metallics 55 .. 2 5.5 

14. Thennal Properties of Concrete 97.1 5.1 
" 

.15. Gla~s as a Bonding Agent in Ceramics 83.2 5.0 

16. In~Place Evaluation of Concrete 75.6 4.5 
. . MINING + PROCESSING ACTIVITIES AVERAGE - - - .. - 4.1 .-------

0 , 

17. Use of Waste as Aggregate in Concrete and ~ 

Asphal t 217.2 4.0 

18. Bloat'ng P.roperties of lightwe1gh.t 
Ag~regates 75.6 3.7 

19. Reduction of Energy Required for Glass / 

Production 84.1 3.5 , 

- - - - .. - - - - - PROCESSING ACTIYITY AVERAGE - .. - - .. - - .. 3 .. 5 

20. Deve10pment of an Autoclave Building Brick 47.7 3.4 
1 . 21- Development of Hfgh K Mic~ave Dfelectrfcs 114.4 3.4 

C~arative Flotability of .Non-Meta1Hcs 55.2 
, 

'22. 3.3 

~(t 23. Deve 10pment of ~ Types of Concréte 
(No Fines and Sulphur Inf11trated)- . ' 123.3 2.8 

! , 

<10 

, 
1 
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TABLE A-2 conti nued - P-3 Project cont1nued 

PROJECT ELEMENT ~ EFFECTIVENESS 
24. Was te Source Reports 
25, 'De~elopment of a High Grade Zirconia 

El ectro 1yte 
26. Behaviour of Concrete at High. and lC1tl 

Temperatures 
27. Evaluation of Crusl.d Sand and Aggregate 
2B. Pr~cess1ng Cl~ and Shales 
29. Development of Mineral Benef1ciation 

Techniques (for C~rbonates) 

TOTAL P-3 PROJECT 

. 

86.4 

159.4 

75.6 
75.6 
38.7 \ 

28.6 

2,681.5 

P-5 Project .' Precious and Platin"", Group Metals 
1. Characterization of Precious-Metal-8earing 

1.9 

1..5 

0.9 
0.4 

0.2 

Minerals Associated wtth Ni-Cu Ores- 189.8 6.1 
2. Developmept of Economiçal Methods for 

Controlling Concentration of Cyan1de and 
Cyanite Complex in Effluents fram Gold 422.3 4.7 

- .'. - - - - MINING f PROCESSING ACTIVITIES AVERAGE .. - - _ .. 4.1 
- ... ~ . - - - PROCESSING ACTIVITY AVE~GE - - - • - - _. 3.5 

3. The Mineralogy of the Platinllft-Group 
Elements 

TOTAL P-5 PROJECT 

P-6 Project - Securi ty of Supp lx 
1 • Me 1 t-Quench 
2. C1~-Acid Leach 

101.4 

713.6 

395.5 
395.1 

15.8 
15 .. 8 

3. Investigation of Some Aspects of the 
Physical Chemistr.y of the lime·Soda Process 

.-f~-Extracting Alumina from Anorthos1te 56.2 11.2 
-. - .. .. .. .. - MININS + PROCESSING ACTIVITIES AVERAGE .. .. .. .. - 4:1 
- - .. - ...... - - - PR06ESSIN6 ACTIVITY AVERAGE .... - ........ - 3.5 -roTAl P-6 PROJECT 846.7 

\\ 
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TABlE A-2 continued 

Research Agreements Related to the Processing Activity 
, 

PROJECT ELEMENT EFFECTIVENESS 
1. Recovery of Magnes.ium Sulphate. from 

Saline Lakes. Saskatchewan Research 
Counctl ,f 

2. Development of Solvent Extraction System 
for Cobalt and Nickel in Acid Media .. 
York University 

3. Electrochemical Studies on Mineral Flotation. 

240.1 

183.7 

Oniversity of Ottawa 142.9 
4. Computer Calculation of Phase Equilibrillll 

Conditions for Ternary Systems Containing 
Oxygen, Sulphur and C. Ecole Polytechnique 126.2 ~ 

5. Rèclamation of Water from Mill Tai1in9s. 
University of British Columbia 0 

6. The Effect of Trace Elements as Lattice-Bound 
Impurities on the Flotation of Common Base 

78.3 

Metal Sulphides. New Brunswick Research and . 
Productivity Council 79.4 

7. Digital Simulation of the Brenda Concentrator . 

8. 

9. 

University of British Columbia 88.2 
Caractêrisat10n des minêrais de fer au moyen 
d'un rêacteur l contre-courant. Ecole 
POlytechnique " ' 
A Study of the Ferric Speciesfoent in 
Leaching Solutions by Mossbauer Speçtroscopy. 

73.3 

Carleton University 83.2 

Ele 
RATIO 

. 
24.0 

20.4 

14.3 

14.0 

13.0 

11.3 

11.2 

9.8 

10. Ore Hin&ralogy of the Anaconda-Caribou ' 
Primary Ore. New Brunswick Research and 
Productivity Council' 29.6 4.2 

- - - - - _.. MINING + PROCESSING ACTIVITIES AVERAGE .. - - _.. 4.1 
- .. - ....... - - .. - PROCESSING ACTIVITY AVERAGE - .. ": .. - - .: - 3.5 
11. Environmenta1 Effects in COIIRinution and 

Rock Drilling. University of B .. C. . " 26.6 2.7 
12. ,The Effect of Grind1ng Media on Selective 

Flotation 'of Pb-Cu-Fe-S Ores"., Lakefield 
Research of Canada ltd. 55.2 0.5 

TOTAl RESEARCH AGREBENTS RELATED 10 
THE PRdCfsStl6:l'tTlvln 1,206.6 5." -TOTAl RESEARCH AGREEMENTS ~ElATED TO 

THE MtNtNs AND PROCEssttl XcflVlTlES 2,236.8 8.3 -

i ' 
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TABLE A-2 cont1nued 

MINING ACTIVITY 

PROJECT ELEMENT EFFECTIVENESS 

0R!n Pit M1n1ng ProJect 

1- Embanlcments· 171.1 
2. Blasting 330.0 
3. Grounclwater 251.9 
4. Monitoring . 373.6 

- ~ ~ - .. .. .. .. .. - .. MINING ACTIVITY AVERAGE - - -- ... - .. .. .. 
_ "._ .... J~ MINING + PROCESSING ACTIVITIES AVERAGE .. .. .. - -. 
5. Material Testing 289.8 
6. Structural Geol0~ 305.6 
7.'- Environmental Planning 352.0 -... 
8. Design 210.9 

, '-" 

9. Supp~ 141.7 

TOTAL OPEN PIT MINING PROJEtT 2,4~2.5 
i 

Waste Disposa1 Project 
1. Mater Treatment 
2: 'Revegetation 
3. Ta111ng Treatment 

474.9 
"-_____ . , 361 .0 

~'------361.0 

E/t 
RATIO 

27.3 
22.5 
9.1 
6.5 . '. 

5.0 
4.1 
3.0 
3.0 
2.2 
1.8 

• 
1.6 

3.6 -
12.3 
12:2 
10.2 . 

4. ,,B1010gicâl Wëather1n9. 445.5 6.2 
......... - ...... - .... MINIMG ACTIVITY AVERAGE .............. - .' 5.0 
.. - - ".- .... MININ6 f. PROCESSING ACTIVITIES AVERAGE - .. .. .... 4.1' 

. toTAl WASTt OISPOSAl PROJECT 1,642.4 9.4 " -
Underground "1"1n9 Methods Prgject / " 
1. E1ectro-Osmosis, ' 19~.5 17.0 

.. - - .. .. .. .. ~ - .... "INI~G ACTIVITY AVERAGE - - .. - .. ... .. .... 5,\0 
2. tut and Fill 353.7 4.5 

.. - ........ - . MININS • PROCESSIN6 ACTIVITIES AVERAGE "" - ... ":"" 4: l' 
3. Op~ ~it to Underground 173.6 2.1 

TOTAL U/S MININS fITHODS PRo.JE~ . 724.8 4 .. 2 . 
: 8"~ 

", 
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TABLE A-2 cont1nued - M1n1n9 Act1v1ty cont1nued 
C\ 

PROJECT ELEMENT EFFECTIVENESS 

"1nin9 Eguipment Project ' 

tIC 
RATIO 

1. COfIIllunications 211.2 16.9 
- - - - - - - - - - - MINING ACTIVITY AVERAGE - - - - . -'. - - 5.0 

o 

- - - - - - ~ MINING. PROCESSING ACTIVITtES AVERAGE ~ - . - - 4.1 
2: Raise Borer 59.6 3.0 

-
TOTAL MINING EQUIPMENT PROJECT 497.1 4.7 

/ 

Env1ronment project 
.i 

~ 

1. Radiation \ 609.0 15 .. 2 
2. Noise. 445.7 8.6 
3. Conti nuous Moni tori'ng 507.0 8.0 
4. Oust 502.0 ".6 o-

5. Infrared Quartz 106.8 5.9 

- - - - - - - - - - . MINING ACTIVITY AVERAGE - - - - - - - - -,1 "I~ 
5.0 

6. Exp los i Vès FlJRes, 1'83.9 4.8 

------- MINING + PROCESSING ACTIVITIES AVERAGE - - - - - 4.1 
7. Di ese 1 Emi ss ions 194.8 4.0 
8 • Explosives Hazards 163.0 0.9 

TOTAL ENVIRONNENT PROJECT 2.7.!l2.0 ,5.2 -
Marine-Mfnift9 Project 

'" 
., 

1. Mar,ne M1n1n9 171.5 28.6 
:) 

/ 
'" 

CI; " 

,- ....... 

~ 
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TABlE A-2 oontinued - Minin9.Activity continued 
" 

PROJECT ELEMENT - EFFECTIVENÈSS 
\ 

Research' Agreements Rel~ted to the Min1n9 Activity 
1 • The Capae1 ty of Mi nera l Produeti on and 

Transportation Systems. E~ole 
Polytechnique' 122.7 

2. ,Underground Controlled-~lse 'Aeoustie 
Measurement. University of Saskatchewan 200.9_ 

3. Mine Production Standard without Judgement 
Factors. . Queen's University 

4. Application of Photogrammetrie Terrain 

.5. 

Digitizat1ng Systems in Surface Min1ng. 
, Queen' s Uni vers i ty 
.Determination of Stresses in Potash'Mines 
for Application of M1ning Designs:' .,­
Saskat~ewan Research Counçil 

6. laser Rock Breakage 
7. Influence of the Wat~r Table on Open Pit 

140.1 

186.6 

199.9 

12Ô.4 

E/C 
RATIO 

33.2 

26.4 

20.7 

20.0 

12.0 

Mines and its Control. Laval University 59.6 6.0 
- - - - -.'" ... - -: ... '- MINING ACTIVITY AVERAGE - - ':' - ...... - ... - 5.0 

- - - - - ...... MINING ... PROCESSING" ACTIVITIES AVERAGE - - - - - 4.1 

TOTAL RESEARCH.AGREEMENTS RELEVANT 10 THE 
MINI"G ACTIVITY . 1,030.2 .. 

TOTAL RESEARCH AGREEMENTS RELA TED 10 THE 
MINIKG AND'PROCESStNG ACtIVITIES 2,236.8 8.3 -

/ 



o 

• 0 

• 

B 
.. 

RESUl TS OF THE SECOND SCORING MlOEl 
D... 1 

, , 

r , 

/ ' 

• ........ ''"1 

, ." 
\ , ' 

" 

\ 
/ 
" 

" 



, 
, 

Q 

~ 

~ 0 

" 

. 
0' 

(.) 

--~---'--.A-

o 

-lfIq 

TABLE 8-l:' EVALUATION OF A RESEARCH PROPOSAL 

t 

'Please refer to the' accompanying l~st and definition of projects. 

1) Identification of 'the proj~ct ~ 
D 

Activ1ty: 
Sub-Acti vi ty: 
oSub/Sub-Acti vi ty 
Project: 
Project Annual Cost: 
Fiscal Year: 

2) Assessment of the project significance to MRP objectives. 

J. 

Using the scale shawn below, assess the significanceJof the 
project to each of the MRP objectives listed. 

ftRp OBJECTIVES 

Develop ted1nology to reduce a11 huNn dfseues Iftd 
en'Y1roraental health hlzards rifat:e4 to .iner,,' 
1ndustry act1vities. including non-oceupationa' 

, PROJECT SIGNIFlCA,!CE 

dhea~M .•••••••••••••••••••••••••• .. " ,. " ........ ,. 

2 a 'Oevelop technolCl9Y to 111!prove safety ft"Oll fnjUl'1 
in tJIe workplace • • • • • • • • • • • • • • • • • • 

. 
5 

q 

5 

6 

7 

8 

9 

10 • 

Il 

l2 

.. ,. . .. ... ................. " .. 

Oevelop technology to iqlrove wontr c:œfort ••••••••• ' •••••.•••• 

Develop œdlnology to conduct .'"e"1 iftduStry 
a~Uv1ties and dispose of ""stes and emueftts t. 
a 1II4nner wh1ell .ini .. i~es c;onfHct lI1th oÜlltr ' 
resourc:es Ind land uses. 1ncluding ~c",.t10ft11 uses •••• \ .••••••••• 

Oevelop technology toolower operaUng "COs" aM "~ • 

:::~:~j:~;:toYe~ry I::e·::~:t~: ~ .~~ . . . . . .•. .\ ...... 'c 
efftci.nt processlng of: .iner«" for botll COftftllU .... , ' 
and unc:onventional nitv 1 resoul"t'tS • • • • • • • • • • • • .. • • • • • • • • • , 

Oe~lop technology ta flllpT'Oft -efffci~ 1 .. • ul- ._'> 
lurgtc.l eKtr"ctlon •••• ,.... • • • • • • • .............. . 

Oevelop tedlnolOllJ tG 'JIIII"O" efflc:ttftC;1 ill , ~ 

'setlt-fabrlc:aUon • • • • • • • • • • • • •• -. • • • • • • • • • • • • • ..... 

Oe~lop tedmolOllJ fA) 'IAPro .. ~..,. rtCCft'tf7 
,,.. .. 5 teJ IIKI sa." 11 11'" • • 11 ... .. .. f" .. .~-. .. .. ... .. .. ... .. .. .. ~ ... ... .. • .. '" 

Oevelop tedIIIol. to itllpt'OVe sltQ.'tioas eft! . 
specifie opportuftities for f~u.er ~ttc IIIP-grMt1ll 
of .fner.1s and trfnef'.l fl"ICIUcb .,. $NIt, or CM Ile " 
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C.l The Dry-W!y Chlorination Process 

\In this process, a zinc-lead-copper bulk concentra te is dried 
and"contacted with chlorine to convert the mineral ,sulph1des to soluble 

, ,chlortdes. The chlorfnated calcine'1s then ~'.'tacted with oxygen to 
ox1dize and remove iron. .The oxidized calcine 15 leached ,in a brine 
solution to dissolve the soluble chlorides. • The next step, cfystall1za-,' 

, 
tion, 1s to recov~r lead.' This is followed hy the solvent extraction' 
and elect~-winning steps to recover zinc and copper. 

TA8~C-l:, ESTIMATEO INSTALLED CAPITAL COSTS: 
,-/' ORY-MAY CHLORlNATION PROCESS* 

ITEM 

Drying Section 1.6L 1.61 
Ch1orinat1on Section 13.39 18.62 
Sulphur RecOvery Section 4.38 4.38 
First Stage Oxidation Section 13.39 18.62 

, ,Second Stage Ox1dation_ Section 5.54 5.54 
Brine Leaching Section 1.40 1.40 
Chlorine Recycle Sec~ion 1.50 1.50 
Oxygen Plant 5.43 5.43 
Steam Plant 1.33 1.33 
Electroly~is, ~ltin9 and Casting , 

and Auxi1iary Facilities (Zn P1ant)~ 36.53' '36.53 
Copper Sx-Electro-winning Plant** 3.27 3.'27 

. lead/Silver Recovery Plant 4.10 4.10 
Leach-Purification Càdmfum Recovery~ 17.40 17.40 
Plant Facilities . 4.36 5.84 
Plant Uti1ities 5.23 7.01 

Total Capital Costs 114.45 132.55 

* based on estimates provided by Kelly (1978)' 

o m n. 
11111. 

\"-.L~~, 
34.86 
4.38' 

34.86 
5.54 
1.40 ' 
1.50 
5.43 

1 1.33 

36.53 
3.27 
4.10 

17.40 
9.09 

1Q.91 

172.18 

~ , 
** based on estimates pro~ided by Research and Productiv1ty Council (1978) 
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TABlE C":2: ESTIMATED ANNtlAL,OPERATING èOSTS: 

'pJY';'WAY C~lINATION PROCESS* , 

J}tl 

o REACTOR RETENTION TIME 
ITEM 30 min. 0 60 min; 180 min. 

$ mn. $ mil . $ mil. 

Raw Materi a 1$ 3.83 3.83 3.83 

Utilitles 3.05 ,3.07\ 3.17 

Di rect labour 4.98 4.98 4.98 

Plant Maintenance 2.33 "2.90 4~63 
\ 

P~ro11 Overhead and Operating Supplies 2.69 3.15 3.36 

Taxes and Insurance 
1. 

1.19 ' 1.43 o -2.22 
> 

Total Operating Costs 18.07 19.36 22.19 
. 

Kelly (1978) and Re~earch aftd'lProductlVity Council * \ sources: (1978) 
,t 0 

C.2 The She~ritt Pressure leaching Process 

oThe proposed processing tethn010gy 1s a combination of Sherrttt's 
, "-

acid pressure leach prooess and conventional purification and electro-

winning technology. 

The Sherritt p!Ocess comprises th~ direct acid 1eaching of the 

concentrate in an autoclave under an o)(ygen overpressure and is followed' 

by a counter current decantation wasl\ of the leach residues.. A second 

stage counter CIIrrent pressure leactfing of the, resi4ues is necessary to 
o • 

e"hance copper extracti on and to make the recovery of that meta 1 !COnalt-
" , , 

. ica1ly feasib1e. The acid zinc pr~ssure leach solution fram the first 

stage leach undergoes a two-stage process to remove iron. This is 

f61lowed by conventiona1 solution ,purification and cadmium recovery. 

Zinc metal is extrac~ a~jumbo cathodes by electrolysis. Melting and 

casting ~ zinc into slabs or 1ngots produces the f1nal product .. 

The leach res1due from thé second stage pressure lea.ch, which. 

consists of lead and 'Iron sulphates, elemental sulphur and gangue, ean 

0 

'. 

l' 
" 
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'be further processed to recover 'by-products. El_ntal sulphur and 
pyri te ,re removed fram the washed leach res1 due wh1 ch i s then further 
up-graded to produce a silver/lead sulphate concentraté. 

o 

TABLE C-3: CAPITAL COST ESTlMATES: 
i 

SHERRtTJ PRESSURE lEACHING PROCESS* 

"ITEM BULK CONCENTRATE, UPGRADED TAIlINGS 
$ mil. $ mil. 

Leach and Purification Plants 33.91 34.12 
• Elèctro-w1qning Plant 31.09 31.09 

Me1ting and Casting Plant 2.82 2.82' 

Auxil 1ary and Uti fity Plan°ts 16.38 16.38 
- . 

Sitework and Non-Process Buildings 8.97 8.97 
In'direets 22.85 22.85 
Fe~sibil1ty Study and Start-up Costs 2.0? - " 2.02 

Total Capital Costs 118.04 118.25 

* based on estimates~provided by Sherritt Gordon Mineslt4. (1978) 
and Research ~roductivitY Counei1 - RPC (1978) 

TABlE C-4: OPERATING COST ESTIMATES 

" 

ITEM 

Labour 
Operating Supplies 
~intenance Materials 
Uti11tfes 
Taxes and InSurance ' 

Total Operating Costs 
1 ~ 

SHERRITI PRESSURE LEACHtNG PROCESS* 

BULK CONCENTRATE qUPGRADED TAILINGS 
$ .1l. $ mil. 

• 

7.24 
5.60 
1.33 

10.81 
0 .. 95 .q,. 

25~93 

, , 

1.24 

4.80 

1.33· 
10.76 
0 .. 95 

25 .. 08 

* based on estimateslprOvided by'Sherritt Gordon Mines ltd. (1~78), 
and RPC (1978) \' " 
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C.3 The RPC Sul ation ROilSt Proœss 

The RPC Sulphation Roa t Process is siinllar to conventional zinc 
'---- ~ 

dead roast-leach-electrowinning practiœs. Differences occur in the 

roastitlg candi tians, methods of separatlng zinc fram lron present in 
, ô 

the feed and the method of copper recovery. 

The RPC Sulphation Roast Process consists of a, nui di zed bed 

sulphation roast, fol1owed by a two-s'tage leach of roaster calcines •. 

The fi rst stage is a di'ute sulphuric acid -leach. . The second stage " 

consists of a hot strong acid leach. Purification includes solvent . ~ 

extraction. extraction-e1ectrowinning of copper, iron oxidation and 
percipitation, and cadmillll ret:very. Zinc r 1s then recovered by ~ 
electrolysis. 

~" 
{'. '" 

TABLE C-5: CAPITAl COST ESTIMATES: DEAD ROAST 

AND SlLPHATION ROAST PROCESSES* 
é • 

.\ 

SUlPHATION ROAST 
ITEM '. , BUCK tAnINGS DUO ROAST 

$ mil. 
,toHcENTRATES REFlOATS 

Zinc Plant ""'. 

Copper Sx-Electrowinning Plant 

Lead/Si lver Recovery ,Plant. 1 

Indi rect Cos ts 

Total Capital Costs 

106.48 

29.63 

136.1) 

... Source: Research Productivity Counçi"1 (1978) 

. ' 
\ 

<,' 

$ mil. $ mil.' 

122.28 125.42-
3.27 3.27 
5.31 2.88 

33.10 33.79 

l6~.96 165.36 

. " 

C> 
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TABlE C-6~ OPERATING COST ESTIMTES; 1 'DEAn ROAST " " 
, 1 

MD SUlPHATION ~ST PROCESSES* \ 

. " 
~ ITEM 

labour 

Power 

Reag~nts , 
Operating and Maintenance 

Supplies .. / 

, 

J 

, Mai "tenance tapi ta 1 Êxpendi tures 

j Fuel 

DEAD"ROAST 

$" mfl. 

7.50 
7.27 
1.31 

2.94 
0.80 

1.07 

SULPAATION ROAST 
iiilK TAllINGS 

CONCENTRATES REFlOATS 
'1 • $ mil" $ mil. 

• . 8.46 , 8.46 
-

7.48 7.47 
3.57 3.49 

3 .. 23 3 .. 21 
1.:00 1.00 

·1 ~23 1.15 

0 

(J 

T~xes and 'Insu7ce , 0.86 -1.07 1.08 . \ . 

Total Operating Costs 21.16 , l, 26.04 25.86 
'-

'&: Source: Research Producti vH;y Council (1978) . , 
~ 
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