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P�F�E 

The problems of technolog ical innovation in the mineral industries 
stem from a wide var iety of factor s ,  many of which are common to 
industry in general . S ignif icantly , however , there are  unique or 
unusual character istics of the mineral industr ies that bear heavily on 
a company's outlook on innovation and its ability to undertake new and 
r isky technology enterp r ises .  . 

The problems of the mineral industries , discussed at leng th and 
brought into focus by the Paley COmmission in its 1952 report 
• Resources for Freedom• , are clearly ones of long standing that have 
spanned several government administrations . The Nat ional Academy of 
Sc iences, in its 1969 publ icat ion Mineral Sc ience and TechnologY :  
Needs , Challenge s ,  and Opportunit ies , further reported on the state of 
mineral sc ience and technology . In the Academy's 1978 report, 
Technological Innovation and Forces for Change in the Mineral 
Industry, the bar r iers to technolog ical innovation were examined . The 
present report ,  cover ing the per iod through Novembe r 1980 , is an 
add i tional contr ibution to an understand ing of the problems bearing on 
technolog ical innovation in the mineral industr ies and the need to 
encourage and stimulate new technology for domestic mineral production . 

The essential value of this report is  1 )  the contemporary 
descr iption of the issues , 2) a reminder that many of these issues are 
of long duration , and 3)  the recognition that industry , universities 
and government all have important roles to per form in resolving these 
issues . Fur thermore, it is valuable to recogni ze that the issues 
identif ied in this report as well as some of the recommendat ions for 
the i r  resolution are both important and timely . Indeed , some are 
already rece iving attention . The former admin istrat ion init iated an 
examination of federal activities in nonfuel mineral policy and the 
p resent administration is tak ing add it ional important steps in this 
airection . Among these are a review of the stockpil ing of strateg ic 
minerals , stuaies of regulatory reform, and an examination of 
f inanc ial incentives for industrial modernization . This report , 
therefore , serves a valuable purpose of directing attention to the 
pr imary issues related to technolog ical innovation in the nonfue l 
minerals industry and provides a rat ionale for industry , university 
and government interaction in the ir  resolution . 

Cha rles J .  Mank in , Chairman 
Board on Mineral and Energy Resource s 

x i  
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OVERVIEW 

Technolog ical innovation is the dr iving force behind economic 
g rowth in the United States.  In this context • innovation • 
means the process by which a new idea i s  successfully 
translated into economic impact within our soc iety by 
providing better products and simultaneously creating new 
jobs in the manufactur ing and application of those products . 
Thus , an idea or invention is a necessary but not suff icient 
prerequisite for innovation . Only after an invent ion is  put 
into suff ic ient use to have an economic effect is it to be 
termed an innovation .  

--Rober t  A .  Charpie ( 1967)  

The United States is becoming increas ingly dependent on foreign 
countr ies for mineral raw mater ials essent ial to ita industr ial 
enterpr ise . Recently this dependency has become not just a mineral 
r esource dependency but also a mineral process ing dependency . The 
details of thi s dependency have been extensively examined in numerou s 
s tudies and analyses by the National Research Counc il and others . The 
moat recent of these is  the repor t of the Subcommittee on Mines and 
Mining of the Committee on Inter ior and Insular Affairs  of the u . s .  
House o f  Representative s ( 1980a ) titled •u. s .  Minerals Vulnerability : 
National Pol icy Implications . •  The highl ights of this report are 
g iven in Append ix A.  A major reason for the increasing dependence on 
foreign impor ts is that the domestic mineral industries are no longer 
as advanced in mineral-processing technology as many of the ir  fore ign 
competitors and lacking technolog ical solutions to present problems, 
these industr ies are falter ing . I f  it is cons idered in the national 
interest to maintain a strong and healthy domestic mineral industry , 
then special attention will have to be g iven to improving the 
development and adoption of new mineral technology . 

The problem of technology def ic iency in the mineral industries ha s 
been addressed in both the �ining and Minerals Policy Act of 1970 and 
the National Minerals and Mater ials Policy Research and Development 
Act of 1980 . However ,  ne ither of these acts has resulted in 

x i i i  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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def initive action on the par t  of either government or indust ry to 
remedy this def iciency . Numerous stud ies have pointed to a general 
decline in industr ial innovation in the United States in recent years , 
and the Executive Off ice of the President dur ing 1980 completed a 
domestic pol icy review on innovation that furthe r  elaborated on thi s 
decline . Several other studies have spec ifically addressed this 
decline within the mineral industr ies . 

Many factors have cont r ibuted to ou r failure to improve our 
mineral technology . These range from unusual character istics of the 
mineral industr ies to polic ies and act ions of the government that 
discourage innovation . The National Research Council , through its 
Commi ttee on Mineral Technology Development Options , has cont inued to 
study the problem of declining technology and has developed 
r ecommendations on actions that might be taken by the federal 
government ,  the companies compr ising the mineral industr ies , 
universities , and professional societies to enhance cooperation and to 
stimulate technolog ical innovation in the mine ral industr ies . 

The dr iving force behind technolog ical innovation i s  the 
expectation of a satisfactory return on invested capital . Thus , i f  
there are factors , real o r  perce ived , that are li kely to increase 
cost , lengthen the time to commercialization , increase r isk, or 
otherwise reduce the return on investment, innovation will be 
discouraged . No innovation will take place, regardless of the amount 
of �&D performed or the salience of its results, i f  ant icipat ions of 
return on investment are negative or low . 

Therefore , the Committee has concluded that for innovation to 
occur in the mineral industr ies two conditions must ex ist : ( 1 )  
adequate business incentives must exist to encourage both the 
initiation of the innovation process and the steps leading to 
commercialization--i . e . , the bus iness and political atmosphere must be 
favorable--and ( 2 )  an institutional structure must focus the necessary 
science and eng ineering talents on the research, development , and 
demonstration (RD&D) phases of the process so that opportunities for 
investment can be created . 

In  the last quarter century, the chang ing set of incentives and 
disincentives for innovation by the mineral industries has discouraged 
innovation and brought on a decline in the vitality of the 
industr ies. Thi s  has resulted in increased impor t  dependence by the 
United State s .  Ne ither the business incentives nor insti tut ional 
structures were suf f ic iently strong dur ing that period to encourage 
technolog ical innovation on a broad front . Wi thout new-reasoned 
actions by both government and the mineral industr ies, conditions will 
continue to discourage technological innovation and limit concomitant 
benef its to the country .  

I f  adequate business incentives are to mater ialize , the federal 
government will have to provide a favorable atmosphere for 
technological innovation by adj usting policies and regulations that 
cur rently discourage innovation .  The federal government should also 
assist in the innovation process through the suppor t of RD&D in areas 
involving innovation for social benefit, the use of domestic 
resources , and in those cases where the r isk and cost of demonstration 

x iv 
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1 .  INTRODUCTION 

There are a number of indications that the United States may be 
witnessing the early stages of a • raw mater ials crisi s •  that will have 
many of the attr ibutes of the • energy crisis . • Because of the great 
diversity of nonfuel minerals and the i r  sources of supply , it has 
g enerally been supposed that act ions l i ke OPEC's cannot take place with 
most nonfuel minerals . On a number of occasions in the last seve ral 
years , however , supplies of vital mineral commodities such as bauxite , 
chromium , cobalt, and tantalum have been interrupted or the i r  pr ices 
increased at an abnormal rate . As with petroleum, the United States is 
becoming increasing ly dependent on politically sens it ive countries--for 
example , Gabon, Guinea, South Africa, Jamaica, Surinam, Zaire , Zambia , 
Zimbabwe , and the USSR--for many of the critical metallic and 
nonmetallic mineral commodities required to sustain the u.s. economy 
and to insure its security .  The United States has both a mineral 
resource dependency and a mineral processing dependency inasmuch as 
increasing quantities of processed mineral-derived products are being 
impor ted in the form of metals and alloys . While some would argue that 
this is healthy, history has shown that even fr iendly governments can 
control pr ices and production in a manner that may be d isadvantageous 
to the United States , such as happened with Canad ian and Mex ican 
controls on natural gas . In addition, there are national defense 
implications to dependence on imports for many of our mineral 
cOIIIIDCdities . 

What may be a •raw mater ials cri sis•  seems to be emerg ing at a time 
when the application of science and technology to problems of the 
mineral industr ies i s  at a low ebb . Dee ( 19 8 0 )  summar izes the state of 
affairs of industry in general in these words : 

Of the many economic problems facing the United States today , 
one of the most frustrating has been the nat ion ' s  growing 
inability to inc rease productivity through technological 
innovation . Thi s  failure has reduced our abil ity to compete 
w ith other nations in the world marketplace and has 
contr ibuted significantly to inflation as productivity has 
lagged behind wages . 

1 
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2 

THE PROBLEM OF MINERAL SUPPLY 

Data of the Bureau of Mines ( 19 7 9 )  show that the United States now 
imports nearly half of the dollar value of minerals and metals needed 
to keep the wheels of Amer ica turning--e . g . , manganese and chromium for 
steel , tantalum for electronics , cobalt and nickel for j e t  eng ines , and 
the plat inum-g roup metals for catalysts in automobile muffler systems . 
Impor t dependency for several metals (columbium , strontium , titanium , 
manganese , tantalum , aluminum [as bauxi te and alumina ) ,  cobalt, 
chromium, and the platinum group metals ) is in excess of 90 pe rcent of 
consumption . For example , 92 percent of our chromium is imported1 of 
this , 3 5  �ercent comes from South Af r ica , 18 percent from the USSR . 
The United States i s  9 7  percent dependent on imports for its c�balt 
supply , 4 2  percent of cobalt impor ts coming from Zaire and another 7 
percent f rom Zambia . Some of this import dependency will of necessity 
continue simply because domest ic sources do not ex ist for many mineral 
commodities . However , for certain minerals , such as lead and z inc ,  the 
potential for increased domestic production , and a lessening of 
depenaence on foreign sources , is very real . 

The Nat ional Commission on Mater ials Policy ( 1 9 7 3 ) , in i ts repor t 
Mater ial Needs and the Envi ronment Today and Tomorrow , p roj ected that 
U . b .  mineral dependency in the year 2000 will be over $60 billion per 
year . (It will , in fac t ,  be nearer $100 billion in 1980  dollars . )  
Spot shortages of critical mineral commodities--cobalt , molybdenum, 
tantalum, titanium--have already occur red , and until the 1980 
recession, pr ice s for most mineral raw mater ials as well as for many 
other raw mater ials were rapidly r ising ,  cobalt and platinum be ing 
extreme examples . The raw material shortages of 197 3-197 4  following 
the high worldwide demand in 1972  appears now to have been a 
forewarning of events to come . 

The National Commission on Supplies and Shor�ages (NCSS 1976 )  
attr ibuted the 1973-1974  commodity shortages to three factors :  a 
worldwide surge in demand , insuf f icient production capacity , and a 
• shortage mentality . • Most important , the commiss ion determined that a 

high proportion of the spot shortages were due not to resource 
exhaustion but either directly or ind irectly to the act ions of 
governments .  

President Truman perceived the possibility of an import dependency 
problem in 1950 ,  and he commissioned a panel of citizens under the 
chairmanship of William s. Paley to investigate the status of the 
United States with regard to raw materials and ene rgy . In Resource s 
for Freedom , the President's Mater ials Policy Commission ( 1952 )  
reported that , although the balance of  trade in minerals ( excluding 
fuel m inerals) was then positive, conditions were developing that , if 
not checked, would eventually lead to serious dependency on foreign 
nat ions for vital energy and raw material goods . The repor t 
recommended that the federal government establish programs for ensuring 
a stable flow of materials f rom both domestic and foreign sources at 
the lowest cost consistent with national security and the welfare of 
fr ienaly nations . Unfor tunately , few if  any of the Paley Commission 
recommendations were implemented . 
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In recent years, the United States has had annual def icits of .$2 
b illion to $8 billion in mineral trade . The imbalance for 1979 was 
down to $2 billion, owing to a large expor t of gold ($5  billion ) and 
plastics ( $2 . 9  billion ) *  as reported by the u. s. Department of Commerce 
ana summar i zed in Table 1 . 1 .  Because of g rowing problems in domestic 
mineral supply brought about by diminishing ore grade , high labor 
costs , hig h energy costs, and environmental regulations , in 1977 the 
President orde red an interagency study, the Domestic Policy Review of 
Nonfuel Minerals . While a final report on thi s  study has not been 
i ssued , the work ing papers indicate, among other things , that the 
problems of obtaining mineral supplies from domestic sources are 
becoming increasingly complex , and a var iety of steps must be taken , 
including the development and installation of new technology, if  ou r 
domestic suppl ies of mineral mater ials are to be improved . The moat 
recent analysis of the problems of u.s. mineral supply was made by the 
House Subcommittee on Mines and Mining and was released in November 
1980 (U . S .  House of Representatives 1980a) . With the exception of the 
l imited prog rams of the Bureau of Mines, there has been no concerted 
effort on the part of the federal government to improve the 
technolog ical status of the Amer ican mineral industr ies . 

Out of concern for predicted material problems in general , and 
concern for mater ials R&D in particular, the Federal counc il  for 
Sc ience and Technology established the Interagency Committee on 
Mater ials (COMAT) in 1975  to 

ident ify key points of emphasis for federal materials R&D within 
the context of the total mater ials system (or cycle ) in the 
economy--from the or ig in of resources , both renewable and 
nonrenewable, through translation into mater ials for use to the i r  
d i sposal . [COMAT 1976, p .  1] 

In 1976 COMAT conducted an inventory of federal expenditures i n  
•mater ials life cycle R&D , • based on the definition o f  materials as 

such substances as minerals, metals, ceramics , semiconductors, 
d ielectr ics , glasses , polymers , and natural substances l ike wood, 
fibers, leather , and other non-food agr icultural and animal 
products . It excludes foods , drugs, and fuels . [COMAT 1976, p .  1] 

Table 1 . 2 shows the distr ibution of funds for R&D on mater ials as 
related to function ( stages in the mater ials cycle ) for FY 1976 ,  as 
inventoriea by COMAT with the assistance of Battelle-columbus 
Laborator ies . 

As part of the President's Domestic Pol icy Review of Nonfuel 
hine rals, the National Science Foundation ( NSF) analyzed the FY 1976 
COMAT data for the component that pertained to nonfuel minerals . Table 

*Imports and exports of plastics are included as part of the Bureau of 
Mines reporting of foreign trade in raw and processed nonfuel 
minerals . Plastics, however , are a processed form of fuel minerals . 
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TABLE 1 . 1  u.s. Imports and Exports of Raw and 
Processed Nonfuel Minerals 

1978 
Commodity Import Export Difference 

Iron and s teel 6.5 2.1 (4.4) 

Iron and s teel scrap 0.7 0.7 
Iron ore 0.9 (0 .9) 

Manganese 0.2 (0 .2) 
Gold 0.9 1 . 1 0.2 
Chromium 0.2 (0.2) 
Nickel 0.9 0.2 (0. 7 )  

Silver and platinum 0.8 0.2 (0.6) 

Cement 0.2 (0 .2) 
Molybdenum 0.4 0.4 

Tin 0.6 (0.6) 

Aluminum, alumina, 
bawcite 2.2 0.9 (1.3) 

Titanium 0.2 (0 .2) 
Clays 0.2 0.2 
Copper 0.9 0.6 co . 3) 

Cobalt 0 . 2 (0 . 2) 

Gem stones 2.3 0 . 8 (1.5) 

Z inc 0.5 (0.5) 

Phosphate s 0 . 7 0.7 

Nitrogen 0.5 0.3 (0 . 2) 

Potash 0 . 4 (0 .4) 

Asbe s tos 0.2 (0 .2) 
Plas tics 0.4 1.9 1.5 

Other chemicals 0.2 0.6 0.4 

All others 1. 8  2. 3 0.5 

Total 21.0 13.0 (8.0) 

SOURCE: Data from U.s. Bureau of Mines Cl979). 

( in $Billions ) 

1979 
Import Export 

7 . 8 2.6 

1.2 

0.9 

0.3 

1 . 5  5.0 
0.2 
0.9 0.3 

1. 7 0.7 

0.3 

0.8 

0.8 

2.1 1.4 

0.2 

0.3 

0.9 0.8 

0.5 

2.2 1.0 

0.5 

1.0 

0.4 0 . 4 

0.5 

0.2 

0 . 7 2.9 

0.2 0. 8 

2. 2 3.8 

25.0 23.0 

Cha!!Je 
Difference 1979- 78 

(5  .2) (0 .8) 

1.2 0.5 
(0 .9) 

(0 .3) (0 . 1 )  

3.5 3.3 

(0 .2) 
(0 .6) 0.1 

(1.0) (0 .4) 

(0 . 3) (0 . 1 )  

0.8 0.4 

(0 . 8) (0.2) 

co. 7 )  0.6 

(0 . 2) 

0.3 0.1 

(0 . 1 )  0.3 

(0 .5) (0 .3) 

(1. 2) 0 . 3 

co .5) 

1.0 0.3 

o.o 0.2 

(0 .5) co .1) 

(0 .2) 

2.2 0.7 

0.6 0.4 
1.6 1.1 

(2.0) 6.0 
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TABLE 1.2 Distribution of FY 1976 Materials R&D Funds Related to Function (Stage in Materials Cycle) 
by Sponsoring Agency ($1,000) 
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1101 
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SOURCE: Battelle-Columbus Laboratories (1979). 
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1 . 3 shows the distr ibution of expenditures for nonfue l 
minerals/mater ials R&D by agency . Estimates made by Battelle-columbus 
Laborator ies (1979 ) for NSF on expenditures for mine rals and mater ials 
R&D in the United States in the per iod 1976-1 977  by sector are shown in 
Table 1 . 4 .  

These estimates of R&D expenditures are cause for concer n .  Firat , 
the ex�enditures for R&D in mineral supply ( shown in Table 1 . 4  as 
exploration , mining , and minerals process ing ) ar e  a minor portion of 
both total feaeral and total pr ivate expenditures for nonfuel mineral s 
R&D . Note that in Table 1 . 4 ,  federally funded R&D in exploration , 
mining , minerals process ing , and pr imary mater ial processing amounts to 
8 percent, and industr ially funded R&D amounts to 10 . 1  percent . Moat 
of the federal R&D budget is consumed by expenditures for application 
and utilization , evaluation of properties , and development of 
mater ials--metals , alloys , and ceramics der ived from nonfuel minerals . 
Second, the federal government spends much more on R&D in supply 
problems of fuel minerals and renewable resources than of nonfuel 
mine rals . Thi rd ,  although the estimated R&D expenditures of the 
pr ivate sector in such materials research is  nearly double that of the 
f ederal sector, it too focuses, in the ma in , on mater ials-use problema 
rathe r than on mater ials-supply problems . Never theless, pr ivate sector 
expenditures on mineral supply problema exceeded federal expenditures 
by three to one . But even thi s  apparently gene rous support is , in 
fact , relat ively small compared with support in other industries in the 
United States ( see Table 1 . 5 ) . 

THIS STUDY 

The National Research Counc il  (19 78b) , in ita report Technologica l 
I nnovation and Forces for Change in the Mineral Industry , called 
attent ion to forces already shaping needs for more advanced technology 
in  the mineral industr ies . A subsequent report prepared for the 
National Sc ience Foundation by Battelle-columbus Laborator ies (1979 ) , 
under the Domestic Policy Review of Nonfuel Minerals , identif ied 
opportunities for minerals R&D, discussed recent federal funding 
patterns in nonfuel minerals R&D , and ident if ied barr iers that might 
retard this country's ability to conduct R&D and to use the resulting 
scienti f ic and technolog ical advances . 

Since then, studies by the u. s. General Accounting Office ( 1979 ) 
and by the interagency Domestic Policy Review of Nonfuel Minerals (U . S .  
Department o f  the Inte rior 1979 ) have conf i rmed the previous concerns 
of the National Research Council (NRC 1978b) and have documented a 
noticeable decline in the position of the United States relative to its 
mineral raw-mater ial needs . The conclusion of the inter im report of 
the Domestic Policy Review of Nonfuel Minerals was that • there is  some 
indication to suggest that the Un ited States--that is , industry and 
government together--may not be investing agg ressively in R&D at the 
f ront end of the minerals cycle . • • • The balance of minerals-related 
R&D may be too heavily weighted toward near-term ,  rapid payof f  
activities and insignif icantly concentrated o n  longer-term work . •  
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'!'ABLE 1. 3 Distribution of !'Y 1976 !lcmfuel-Minera1s/M&terials 
ll&D. B�forts by Pederal Agency Providinq the Fundinq 

Fundinq aqency $ Million Percent 

Enerqy Basearch and Development Administration 242 36.5 

Department of Defense 132 19 . 8 

Depan..nt ef Interior 63 9.5 

National Science Foundation 69 10.4 

National Aeronautics and Space Administration 49 7.4 

Bnviroru.ntal Protection Aqency 36 5.4 

Department of CcaDerce 21 3.2 

Department of Health, Education and Welfare 14 2.1 

"nlnnessee Valley Author! ty 9 1.4 

NUclear Requlatory Commission 7 1.1 

Department of Housinq and Urban Development 7 1.1 

Department of Transportation 6 0.9 

Department of Labor 4 0.6 

Department of Aqricul ture 4 0.6 

Smithsonian Institution * * 

Department of Treasury * * 

Department of State * * 

General Services Administration * * 

Total 663 100.0 

*Less than $1 million. 

SOURCE: Battelle-COlumbus Laboratories (1979). 
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-- -- --'!ABLE 1.-4 · SUIIltary of Estimated Fundinq of Nonfuel
Minerals/Materials R&D in the united States, 1976-77 

-- - -Federal funding Industrial funding 
Millions of Millions of 

dollars dol lars 
Part of the cycle annually Percent annually Percent 

Exploration 19 3 2 0.1 

Mininq 

} 14 2 54 3 
Minerals processinq 

Primary material 
processinq 17 3 116 7 

Utilization of materials 
devoted explicitly to 
alleviatinq supply 
problems 5 ·<1 * * 

All other utilization 490 72 1564 88 

Racyclinq 9 1 34 2 

unspecified 190 16 

Total 663 1770 

*No data are available. '11lere is probably very little devoted to 
the purpose of conservinq materials. 

SOURCE: Battelle-Columbus Laboratories (1979). 
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· ·  .::.-'rAllloB 1.5 Q;pucUtun to� lt5D 1n u.s. tllc!utzy, 1979 

R5D UJ�endi tu.r:e 
Percent of Alee $ pe.r: e.ployM 

Jlll.r:oepace 

Appliance• 

Au.tc.oti,., whiclee 

Au.tc.otiw, pa.r:U 

BuilclinCJ ute.r:i&le 
Olellicale 

CcaCJlcaentee 
Ccataine.r:• 

D.r:u9• 
Blect.r:ical 
Blect.r:cnice 
Food li bew.r:aCJe• 

"'-l, pet.r:oleua 

Information p.r:oceeeinCJ, 
ha.r:dwa.r:e 

Information p.r:oceeeinCJ, 
office equipmant 

Ineu-nte 

Leieu.r:e-tille p.r:oducte 

Machinery, fana, conet.r:uction 

Machinery, toole, indut.r:y, 
lllininCJ 

Mltale li llininCJ 

Miecellaneoue unufactu.r:inCJ 

0� Mzvice li eupply 

Pape.r: 

Penonal li ha.e-ca.r:e p.r:oducte 

Seaicanducton 
Steel 
�lecom.unicatione 

�xtilee li appa.r:el 

'l'ine " .r:u!me.r: 

Tobacco 

4.2 

1.5 

3.2 

1.5 

1.1 

2.3 

1.6 

0.8 

4.8 

2.8 

2.5 

0.5 

0.4 

6.1 

4.2 

3.9 

4.2 

2.7 

1.6 

0.5 

1.7 

1.7 

o.8 

1.7 

5.7 

0.6 

1.0 

0.6 

1.7 

0.3 

1.9 

SOURCE a Data fZ'CD Buineee Week (1980). 

2412 

700 

2628 

780 

811 

2152 

980 

574 

2953 

1461 

1247 

420 

1590 

3265 

2367 

1734 

2556 

2037 

923 

878 

1032 

940 

651 

1552 

1922 

423 

499 

241 

990 

312 

1553 
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With the foregoing in mind , the Board on Mineral and Energy 
Resources of the National Research Counc il e stablished the Committee on 
Mineral Technology Development Options to study and make 
r ecommendations on how the United States might better use the R&D 
resources and sk ills that currently exist and those that might be 
c reated to improve the rate of development and application of new 
technolog ies to help ensure domestic supplies of minerals . This volume 
r eports the Committee ' s  f inding s .  

The Committee was composed o f  nine member s ,  with backg rounds in 
mining , metallurg ical and chemical engineer ing , chemistry , and 
economic s ;  it  included a d iverse g roup of individuals rang ing f rom 
academic ians fami lar with problems of the mineral industr ies to forme r 
government employees involved with mineral resource affairs and present 
employees of the mineral industr ies . All have considerable knowledge 
of research , development ,  and demonstrat ion (RD&D) prog rams in 
industry , government , and universities . The Committee began its study 
by tentatively ident ify ing the main e lements of the problem and 
examining pert inent literature . As part of its backg round study , 
members interviewed a representative cross-section of executives , 
mostly in the mineral industr ies , to obtain current views on the 
p roblems of innovation ( see Acknowledgments ) . In add ition ,  the 
COmmittee drew upon its own expertise for academic and governmenta l 
perceptions of the incentives and disincentives to technolog ical 
innovation in the mineral industries . In assembling its ideas , i t  
became clear to the Committee that there are two essent ial requ irements 
of technolog ical innovation : }1) people and the necessary means to 
c arry out each stage of the innovation process , and (2) an appropr iate 
climate for undertak ing the ent ire process . Industry representative s  
part icularly c ited the need for large-scale demonstration proj ects 
before maj or investment dec isions can be made as being character istic 
of these industr ies . 

Th is study examine s the problems of declining innovation in mineral 
supply technology in the United States and looks at ways in which 
technolog ical innovation can be stimulated through act ions of the 
feaeral government , the mineral industrie s ,  universities , and 
professional societies . It d i scusses federal government programs and 
policies per taining to industrial innovat ion and examines approaches to 
technolog ical innovation both in the public and pr ivate sector s .  The 
report concludes with an analys is of the Committee ' s  f indings and a 
presentation of recommendations drawn from these f ind ings . *  Appendix C 
addresses the relationships of government ,  industry , and technolog ical 
innovation in a number of fore ign countr ies . 

�or the purpose of thi s  report the Committee cons iders •mineral s •  
t o  be the solid minerals and excludes petroleum, natural gas , helium , 

*Since the completion of the Committee's stud ies the Congress passed 
and the President signed into law the National Minerals and Mater ials 
Pol icy Research and Development Act of 1980 as a f inal step in 
reconc i l ing the def iciency in minerals and mater ials technology in the 
Un ited States.  
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ana water . Thus , the •mineral industr ies •  upon which th is repor t 
focuses include those which produce metallic , nonmetallic , and 
solid-fuel minerals (coal and uranium ) and mineral-der ived products . 
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2. THE PROBLEK OF DECLINING INNOVATION 
I N  MINERAL-SUPPLY TECHNOLOGY 

Many forces have brought about a decline in the f inancial vitality 
of u . s . -based mineral-produc ing companies . Interested observers may be 
aware of some of the causes--chang ing environmental protection 
requirements , the increasing complexity of obtaining permits , and 
e scalating costs of energy--but the aebilitating effects of these and 
other forces on the f inancial condition of mineral industries in the 
United States are not widely appreciated . This loss in f inancial 
vitality , together with other factors ,  has resulted in a decline i n  
mine ral supply technology in the United State s .  

The u.s. General Accounting Off ice (1979) reported a decline in the 
r eturn on invested capital for the mineral industries f rom nearly 17 
percent in 1966 to 4 percent in 1977 (compared with the average of 1 5  
percent for all u.s. manufacturing ) and a rapid increase in the 
relationship of debt to total equity ,  from around 9 percent in 1966 to 
nearly 54 percent in 1977. These two trends severely limit most 
mineral companies• ability to modernize existing mines and processing 
plants and to bu i ld new ones . The decline in the return on invested 
capital l imits the availability of internally generated funds, and the 
inc rease in debt reduces the f irm•s ability to attract external capital 
(see Table 2.1). 

The difficulty of generat ing capital comes at the same time that 
the government is mandating special expenditures to meet regulatory 
s tandards . As a result, the mineral industries, according to some 
company executives, have defer red modernization and are operating wit h 
some relatively inefficient facilities . Furthermore , the inflation 
rate for plant and equipment in the mineral industries has been nearly 
twice the average national inflation rate , and in the last two or three 
years, the cost of major operating supplies , including energy, has 
increased at an annual rate of about 45 percent . Funds have therefore 
been diverted from capital expenses to operating expenses in orde r to 
maintain cur rent operations . Costs of modernization have thus 
increased more rapidly than inflationr prof itability is  at a low ebbr 
ana as a consequence, the index of plant and equipment expenditures for 
these industries has been considerably below the GNP index (Bureau of 
Mines 1979). The mineral industr ies are in a weakened f inancial 

12 
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'fABLE 2.1 u .s.-Based Mineral Induatzy Financial 'l'renc!a 

Averaqe- percent Averaqe percent of total 
return on capital in debt and 

Year invested capital* preferred stock 

1966 16.6 9.4 

1967 12.5 9.7 

1968 14.2 12.4 

1969 18.5 17.9 

1970 18.0 22.9 

197 1 10.6 30.2 

1972 10.9 34.4 

1973 14.8 38.1 

1974 16.9 32.0 

1975 8.9 40.5 

1976 7.3 48.1 

1977 3.9 53.8 

*Return on investment computed after taxes; invested capital is 
equity and 1ong-tez:m debt with no credit for deferred taxes. 

SOURCE: U.s. General AccoWlting Office (1979) • 
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position , and available evidence portends no improvement unless major  
steps are  taken to address the problem. 

The consequences of lagg ing technological innovation and the 
weakening of the mineral-based industr ies in the United States are only 
beginning to be felt . Perhaps the most publ ici zed effect has been the 
h igh unemployment rates in such trad itional steel-making centers as 
Young stown , Ohio, resulting from the weakened cond ition of the steel 
industry . A s imilar weakening of the nonferrous metals industry has 
affected jobs in Butte , Montana , and other smalle r communities 
throughout the country . While macroeconomists argue that incentives 
should not be provided to di scourage the movement of labor and other 
resources toward the more efficient industries where the United States 
enjoys a competitive advantage in international trade, it is also 
recognized that in the short run the adverse effects of imports on 
employment can be quite severe , particularly for certain regions with i n  
the country . More important than local employment effects i s  the loss 
of capaci ty to exploit our domestic resources . 

Hi storically , the Un ited States has been dependent on imports for 
all or much of its supply of certain minerals (e . g . ,  tungsten, tin, 
cobalt , and chromium)  and may well remain so . But we now import many 
mineral commodities for which we were once a major producer, even an 
exporter , and for which there are domestic sources to be investigated 
and possibly developed . In some cases, such as lead , zinc, and 
f luorspar , u.s. supplies have simply lost part or all of the mar ket to 
foreign competitor s  because domestic operations could not remain 
competitive in the face of lagging technological innovation . 

aome economists argue that reliance on fore ign trade i s  perfectly 
acceptable insofar as it leads to the lowest-cost supplies of raw 
materials . Others, however, argue that the United States should not 
p lace its economy and its national secur ity in a vulnerable pos ition 
for admittedly small reductions in raw mater ial costs . National 
secur ity considerations are discussed in detail by Hanks  (1980 ) , Miller 
et a l .  ( 1980 ) , and the u.s. House of Representatives Committee on 
Inter ior and Insular Affairs, Subcommittee on Mines and Mining 
(1980b) . S ince the 1973-74 raw-mater ials shortages , the destabi lizing 
influences of new shor tages such as cobalt and molybdenum have been 
apparent . Recent act ions by a relatively few people in Iran have 
influenced our petroleum supply , and events in Zaire and Zambia , which 
provide most of the wor ld1s cobalt ( including half of that used in the 
Un ited States)  have created market uncertainty and elevated pr ices for 
this important commodity . Because of the growing pol itical unrest in 
foreign countr ies, it would appear to be increasingly desirable for the 
United States to improve its mineral technology ,  so that those mineral 
materials for which we do have domestic resources can be mined in 
competition with foreign production . 

Mineral resource estimates by the Geological Survey and ore reserve 
data from the Bureau of Mines released in thei r  extensive ser ie s  of 
publications and collected in their res�ective data systems ( USGS/CRIB 
and USBM/MAS) ind icate that the United States has substantial resources 
of many important minerals , despite the depletion of readily accessible 
and high-grade deposits . See for example , USGS Professional Paper 8 2 0  
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(USGS 1973 ) . However, inasmuch a s  i t  is technology and the abil ity to 
extract and process mineral resources economically which differentiates 
a •mineral deposit• from an •ore deposit , •  as ore grade declines 
technology must be capable of provid ing mineral commodities in a manner 
which i s  competit ive with alternative sources of supply if the United 
&tates is to provide for i ts need s .  �bile the United States will never 
be completely self-sufficient in all mineral commodities it could 
recover much of its internat ional advantage by using technolog ically 
advanced mining and processing systems . 

Present plants ana equipment for the mineral industries in the 
United States and throughout the world were bui lt largely in an era of 
cheap energy, easily accessible deposits and high-grade ore, and few 
environmental, safety, and health controls.  ��ay , there are numerous 
ideas for r ad ically new processes that appear to be consistent with 
emerg ing energy , environmental, safety, and health requirements . 
companies in the mineral industries , however, have been generally 
unwilling-- in view of the ir perceptions of the future economic and 
political environment--to cons ider such long-term possibil ities . 

Technolog ical innovation has been defined by the National Scienc e  
Foundat ion ( 1 9 7 6 )  as • all aspects of the process o f  innovation from 
conception or generation of an idea to its widespread uti l iz4tion by 
society, including activities involved in the creat ion , research, and 
development and diffusion of new and improved products, processes and 
services for private and public use . •  

A common perception exists that the conduct of basic research of 
suf f icient quantity and quality leads inevitably to technological 
innovation and economic g rowth (Figure 2 . 1 ) . A more real istic view 
ref lecting the NSF definition , recognizes that technological innovation 
i s  a complex process subj ect to many influences ( Figure 2 . 2 ) . R&D 
influences technolog ical innovation and i s  an indispensable part of the 
innovation process , but it  does not determine innovation .  The dr iving 
force of the process is  the expectation of a favorable return on 
investment ; the des i red result is  economic growth . 

FACTORS AFFECTING INNOVATION 

The factors leading to tbe decline in u.s. industrial innovation 
a re not unanimously ag reed upon by all segments of society . A g roup of 
inaustry panelists, for example, at the public hearings on the 
President ' s  Domestic Policy Review of Industr ial Innovation po inted to 
the following factor s as being responsible for the decline in 
technolog ical innovation in the United States : economic and trade 
polic ies ; environmental, health, and safety regulations ; patent and 
information pol icy;  and regulation of industry structure and 
competition . Labor representatives at the same hear ings pointed to 
business mergers and interlock ing relationships among g iant 
corporations as keys to pr ices and Amer ica ' s  pos ition in the world 
economy . Public interest groups called for alternative systems of 
�reductive enterpr ise to correct the problem ( Lepkowsk i  1979 ) . 
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FIGURE 2.1 Popular Perception of the Innovation Process 

SOURCE: Haeffner (1973) ,  p. 19 
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A report of the National Research Counc i l  ( 19 7 9 )  o n  the impact o f  
government regulation o n  industr ial innovation shows how federal 
regulatory policies have an adverse effect on profi t  expectations , 
thereby hindering the whole process of innovation from R&D to capital 
investment in new production facilities . Not only has the level of 
spending on R&D been affected , however , but what R&D efforts there are 
have been skewed toward fabr ication and uses (where short-term proj ects 
can lead to early payoff )  and away from ensur ing suppl ies over the long 
term . The impacts on the mineral industr ies have probably been more 
p rofound and more ser ious than impacts on most other industr ies , as 
evidenced by lagg ing modernization of plants and equipment , increas ing 
debt-to-equity ratios , and declining prof itability . 

TO clar ify why the impact of regulation has been severe on these 
i ndustries requ i res : (1)  a closer look at the operating characteristics 
of the mineral industries and the i r  influence on the innovation process 
and ( 2 )  an identif ication of the polic ies and actions of the federal 
government that have di scouraged investment .  

Characteri stics of the Mineral Industr ies Related to Innovation 

A numbe r of the salient characteristics of the mineral industr ie s 
a ffect the i r  rates of technological innovat ion and also affect the 
force of impact from external forces on their  rates of innovation . Fo r 
analysis purposes the mineral industr ies can be d ivided into three 
generali zed types according to the basi s  of their bus iness : 

• 

• 

• 

Ore deposit-centered industries , where competitiveness of an 
individual f i rm depends on the type , grade , and location of 
its ore deposit ( e . g . , copper , lead , or zinc ) . 
Process-centered industr ies , where competitiveness of 
individual f i rms depends on a preeminent pos ition with regard 
to a technolog ical process ( e . g . , aluminum) J and 
�arket-centered industr ies , where competi t iveness of 
individual firms depends on a preeminent product line or 
marketing position ( e . g . , iron and steel) . 

The operations of companies of each type can be expected to vary 
according to the nature of the bus iness and how management perce ive s 
i ts goals . But while strategies may vary , the general goals for all 
industr ies remain the assurance of satisfactory return on investment 
and long-term survival . 

Ore depos it-centered companies tend to concentrate on discove ry and 
acqu isition of new , preeminent mineral deposits rather than on 
development of new technology . In these companies , a maj or cost of 
produc ing and deliver ing the pr imary metal is incurred in the mining 
phase . Companies can use two approaches in acqui r i ng access of 
preeminent deposits : ( a )  exploration for and acqu i sition of new 
mine ral deposi ts , and (b) acquisition of known mineral deposits . In 
the latte r case , quite often a company already holding the property i s  
also acqu i red . Ore deposit-centered companies are more innovative in  
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exploration than in proces s or product ion technology . Most of them 
spend more for explorat ion and new exploration techniques than for R&D 
on development , extract ion , or processing . The i r  accounting procedures 
are also different . For tax and other purposes these companies regard 
the i r  mine as a prof it center and the i r  mill and smelte r as cost 
centers . In othe r words , the processing operations are regarded as 
fac i l ities servic ing the mine , where the prof it is made . The net 
e f fect of this dist inct ion , largely psycholog ical , i s  to concentrate 
management interest in mine operat ion and take it away f rom 
p rocessing . Recent environmental and other regulatory pressures have 
tended to dive r t  management attention to meeting regulatory 
r equirements , still to the detriment of developing new process 
technology . The tendency i s  less to install a new process than to f ix 
up an ex ist ing one , a solution not conduc ive to technolog ical 
innovation on a bold scale . 

Process-centered companies rely on the i r  capability to produce 
mar ketable produc ts f rom purchased ores ana mineral concentrates . 
Generally the raw mater ial in such industries i s  a relatively plent iful 
mineral commodity ,  which is  traded on the open mar ket and represents a 
relatively small f ract ion of the cost of produc ing the pr imary metal . 
SOme of these industr ies--such as the aluminum industry--are integ rated 
and control the i r  own production of raw mater ial ( bauxite )  and 
intermediate processed mater ial ( alumina ) , often at a foreign 
locat ion . Given the plentiful raw mate r ial supply , more or less 
available to all who might be interested , competitiveness i� these 
i ndustries is  based on process . Companies gain cost advantages by 
moaifying ind ividual processes . In the pr imary aluminum industry , fo r 
example , ALCOA had a clear product ion cost advantage over other 
produce r s  unti l  �rld War I I .  At that time the federal governmen t 
torced the shar ing of ALCOA technology by awarding the government-bu ilt 
reduction plants to Reynolds Metals and Kai se r  Metals . Technical 
developments by the industry in the 1950s and 1960s s ignif icantly 
reduced the energy and labor requi rements for produc ing pr imary 
a luminum as each of the major aluminum producer s  attempted to improve 
its share of the mar ket . Meanwhile , ALCOA, continu ing its 
investigat ion of cheaper aluminum processes , developed the Chlor ide 
Reduction Process now in the demonstration stage . The new process , 
which consumes less energy than the RJll Process traditionally used by 
the industry , i s  gaining acceptance ( although no commercial-scale 
plants have yet been bu ilt) . 

karket-centered companies use product development and customer 
service as the main elements of their  growth and prof itability . Stee l 
f alls into this category . Raw mater ials are commonly available and 
openly traded J mature processing technology is used by most companies , 
and competitiveness i s  based on level of plant moderni zation , product 
characteristics and quality , and marketing effectiveness . While the 
s teel industry is generally cons idered a part  of the pr imary metals 
industr ies , steel f i rms also offe r semifabr icated products in a var iety 
of shapes and alloys . Thus , the distinct ion be tween metal producer and 
metal fabr icator becomes blurred . 
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I t should be noted that the three categor ies of mi nera l  
i naustr ies--mineral depos it-centered ,  process-centered , and 
mar ket-cente red--are based not on unique characteristics but on 
cond it ions unde r which the industry operates . The base metals industry 
of Japan , for example , is process-centered , not mine ral 
deposit-centered as in the Uni ted State s .  The Japanese must depend on 
impor ted mine ral concentrates because the i r  own domestic mines are 
i ncapable of providing adequate supplies . They have , in fact , made 
tremendous investments in sources of supply in other countr ies , which 
indicates the i r  cons ideration of the c r i t ical impor tance of supply . 
However ,  all Japanese copper producers are more or less on equal terms 
f rom the point of view of the i r  r aw mater ial supply . Competition among 
Japanese companies stems f rom differences in the i r  process technology , 
not f rom d ifferences in r aw mater ial pos itions . Thus Japan has more 
different types of copper smelters installed and operating today than 
any othe r  country , and the wor ld looks to Japan for copper-smelting 
technology . 

S imilarly , the u . s .  aluminum industry has for many years been 
pr imarily process-centered even though it had some mar ket-center ed 
tenaenc ies dur i ng the 1 950s and 1960 s .  Energy constra ints o n  the 
industry will undoubtedly keep the u . s .  aluminum industry process 
centered . Locat ion and process will be the determinants of success as 
energy costs increase . The industry i s  already making investments in  
countr ies where electr ical energy can be obtained at lower cost than in  
the United States , and the aluminum companies can be expected to 
compete with one another on the basi s  of energy costs . 

The mineral industries themselves character ist ically have bui lt-i n  
d is incentives to technolog ical innovation . Some o f  these are : 

Hature of the Product 

The products of the mineral industr ies are commoditie s  sold on the 
basis of availability and pr ice under upiform speci f ication of product 
form and pur ity . Pr ices of the products of the industr ies , 
part icularly those sold on commod ity exchanges , are generally highly 
cyclical , tend in the short term to be independent of product ion costs , 
and tend to be beyond the di rec t  influence of a company or even a large 
country such as the United S tates . Thus , added �oats , such as those 
for taxat ion and environmental controls , cannot be passed on to the 
c ustomer . In many other industr ies , such as the electronics industry , 
new products can create large prof itable markets within a few year s , 
whereas a new process in  the mineral industr ies may marg inally reduce 
the cost of production 5 to 15 years hence , when a new plant is to be 
built or an old one replaced . 

Nature of the Raw Materials and Processe s 

The raw mater ial for a mining company i s  an ore der ived f rom a 
mineral deposit , which is , in itself , an anomaly of nature . 
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Concentrat ions of g roups of elements were created ove r mi llions of 
years in scattered locat ions by natural processes dur ing the earth ' s  
formation and evolut ion . The competitiveness of a mining company of 
the ore deposit-centered type depends largely on the s i ze and g rade of 
the ore depos its it owns . Thus , managements of such compan ies 
naturally emphasi ze the exploration funct ion--maintaining the i r  
�ropr ietary pos ition by mineral property holdings . The role of R&D i n  
such companies consequently has been to devise new exploration methods 
and new mineral treatment processes that will allow the economic 
exploi tat ion of an ore depos i t .  The amount of R&D in mineral 
processing has been limited , however ,  because each type of ore depos i t  
has i ts own set of character istics , both i n  phys ical and chemical 
makeup . Thi s  has been a aisincentive to innovat ion because new 
technology applicable to one type of ore depos it i s unlikely to be 
a irectly applicable to a different type of ore depos it . 

Financial Charac teristics 

The mineral industries are among the most capital intensive in the 
world .  The Cer ro Colorado copper proj ect in Panama , for example , 
involves an investment of nearly $1 billion . The plant that was be ing 
considered in Conneaut , Ohio , by u . s .  Steel Corporation reportedly 
would have requ ired an investment of nearly $4 billion . The 
construction of new fac i l i ties involves long lead times : opening a new 
mine and mill may require 10 to 15 years . Th is long per iod combined 
wi th large capital expenditures means high r i s k .  Most mine ral 
compan ies are unwilling to add to the r isk by investing in radically 
new technology . 

While not of the magnitude of the full-scale development of a 
mineral depos it , the investment requi red to car ry a new mineral proce s s  
through the aevelopment and demonstration stages today i s  large enough 
to cause most mining companies to think twice before carrying new 
process ideas beyond the laboratory scale . The s i ze of the investment 
requ i red was the most common reason g iven by mining company executives 
when quer ied by members of  the Committee as to what functions most 
intluencea the i r  dec isions regarding new technology . 

Manpower 

The manpower requ i rements of the mine ral industr ies span the range 
f rom unsk illed to highly skilled workers . Particular ly to oversee the 
technolog ical aspects of mineral product ion , and espec ially for the 
generat ing of new technology , highly ski llea technic ians and sc ientists 
are neeaed . Howeve r ,  in recent years universities have barely kept up 
with the manpowe r needs for industry ' s  operat ing personnel , let alone 
provided R&D per sonnel for the mining industr ies (Battelle-columbus 
Laborator ies 1 9 7 9 ) . Graduate-student enrollment in mineral sc ience and 
eng ineer ing has generally been low and has not improved mar kedly in 
recent years . Therefore , the supply of profess ionals with postg raduate 
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degrees to these industr ies has been minimal . In  fact , not even enoug h 
quali f ied people are be ing produced to maintain the faculties of u . s .  
mineral science and eng ineering institutions . TOday , most mining 
s chools are f inding i t  necessary to recruit f rom Europe , South Af r ica , 
Canada , and Australia because of the shor tage of u . s .  graduate 
qual if ied for teaching and research faculties in the United S tate s .  
These schools a r e  already staffed by faculties that are 30 t o  6 0  
percent fore ign . The decline in the number of �er ican graduates 
qualifea for teaching and research in our univers ities is symptomati c 
of the broader problems affecting technological innovat ion in the 
domestic mineral industr ies . The National Research Counc il (1969 ) 
addressed i tself spec if ically to this i ssue in an earl ier report .  The 
conaition , whi le somewhat improved , remains essent ially the same as a 
decade ago . 

The reasons for the shortages of people with advanced deg rees in 
the mineral sc ience and eng ineer ing f ields appear to be several . Among 
the more important is the current strong demand for B . S . -level 
eng ineers at salaries that are high , and that lure B . S .  g raduates into 
immediate employment in preference to postgraduate study . Equally 
important is  company philosophy , which has emphas i zed short-term 
p roj ects p romi sing early returns on investment and avoided company 
commitment to long-term R&D prog rams for which personnel with advanced 
degree are requ i red . In short ,  operat ing exper ience is  held to be more 
important to a company than i s  technical training . The net result i s  
that students have l ittle interest in seeking postg raduate degrees i n  
the mineral sc iences and related f ields . Many o f  the enrollment 
p roblems of g raduate deg ree prog rams in the mineral resources 
disc iplines in universities would be solved if employment opportunitie s 
were ava ilable that utilized the spec ial skills obtained through 
graduate study . �hile the mineral resource sc ience and eng ineer ing 
d isc iplines have traditionally exper ienced this problem ( NRC  1 9 6 9 ) , 
othe r disc ipl ines , such as chemical eng ineer ing , are today finding 
themselves in a s imilar posi t ion (Beylin 1981 , Worthy 1 9 8 1 ) . I t  
follows that with limited employment opportunities for Ph . D . -leve l 
g raduates there will be a l imited supply of Ph . D . ' s  available to assume 
faculty pos itions in universit ies--a phenomena that will exacerbate the 
manpower problem further . 

Company Organ ization and Philosophy 

�oat mineral companies are staf fed pr imar i ly for operations . They 
generally have not been organ ized and staffed for research and 
development activi t ies . Undoubtedly companies have evolved such 
organizational structures and philosophies because of the nature of the 
i ndustry and the maturat ion that has occur red over the last 30 to 50 
years . There are examples of successful exploration by one company 
uncove r ing new sources of high-grade ore and thereby undercutt ing 
successful R&D by another company on processes des igned to use marg inal 
ore . Furthermore , because many u . s .  companies depend on the possession 
of a super ior ore deposi t  to mainta in the i r  competi tve posit ions , there 
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is  a reluctance to develop process technology for marg inal ores because 
i t  might be used by a competitor to convert a previously unminable 
deposit into a prof itable one , the reby g iving that competitor a mor e  
f avorable posit ion i n  the mineral mar ket . Thus , past pr iorities o f  the 
industry have established a management pattern that is not conduc ive to 
f ac i ng the problems of the future through the technology opt ion . That 
R&D practiced is  of a short-term , problem-solving nature , a imed at an 
immediate return on investment . 

�echnology Transfer 

Processes and equ ipment used in mining and mineral process ing are 
for the most par t  not propr ietary . New technolog ies are more often 
purchased in the form of equipment and chemicals from suppl iers than 
aeveloped by the mining companies themselves . Because of pe rceptions 
of overall r i sks , including technolog ical risk , mineral companies have 
been reluctant to try technolog ies that have not been proved 
e lsewhere . Suppliers to the mineral industr ies , on the other hand , 
develo� incremental new technology to provide a competitive edge in 
their  own businesses . Such incremental advances as are developed are 
therefore spread through the mineral industr ies by this form of 
technology transfer .  Even these inc remental advances have not been 
fully exploited in recent years because of the poor capital formation 
performance of these industr ies . The ease wi th which technology is 
transferred within the mineral industries tends to discourage 
individual companies f rom embarking on prog rams for developing 
propr ietary technology � 

Polic ies and Actions of the u . s .  Government 
Influenc ing Innovation in the Minerals Industr ie s 

In recent studies of innovat ion in u . s .  industries , a number of 
disincentives have been ident if ied as stemming f rom the u . s .  
government ' s  polic ies and actions , and these are f requently aggravated 
by similar actions of state and local governments . The general picture 
is  described by Dee ( 1980 ) as follows : 

A maj or cause of the decl ine in productivity in the United State s 
has been federal policies and regulat ions that d i scourage 
investment in research and development . • • • In addition ,  
technolog ical innovat ion i s  burdened by an unfavorable , i f  not 
host ile , regulatory cl imate . 

In a message announc ing his industr ial innovat ion initatives late 
last year , President Car ter acknowledged that government has placed 
• stifling restraints • on innovation . Be expressed the need for 

government to form a ' close partnership ' with the private sector to 
restore the innovat ive nature of the Amer ican f ree enterpr ise 
system as one of the most precious resources of our country . 
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• • •  Sc ience and technology are our nation ' s  fundamenta l 
resources . Gove rnment ' s  role should be to nur ture these resources ,  
not to suppress them . 

Envi ronmental Reg ulat ions 

It is the opinion of the Committee that environmental regulations 
are having a profouna effect on the mineral industr ies of the United 
S tates . The effor t toward innovation is reduced by the diversion of 
R&D manpowe r and money to coping with envi ronmental problems and by 
aelays in capi tal budget ing caused by the uncertainty of future 
standaras . As noted by Atkinson ( 1980 ) : 

Environmental g roups urge the agency [ EPA] to enforce str ict 
controls . EPA ' s detractors argue that regulat ions are established 
arbitrar i ly to meet leg islat ive deadlines and are based on 
inadequate sc ientific and techn ical information . Until recently , 
there has been l ittle cons ideration of the economic cost and 
soc ial impact of environmental protection .  The implementation o f  
r egulat ions has become character i zed by adversary relat ionships 
that inhibit obj ective use of the best sc ient if ic data ava ilable 
and the development of technically optimal solut ions . 

Remedies have been attempted . In 1977 , the National Academy 
of  Sciences undertook a study of dec ision-mak ing at EPA J some of 
its recommendat ions have been implemented . Pres ident Carter  
i ssued an Executive Order in 1 9 7 8  inst ituting spec ific steps to 
improve regulation . The General Account ing Off ice publ ished a 
repor t in 1979  on improving the use of sc ienti f ic and technical 
information at EPA. There are currently at least three bills 
under cons ideration by Congress on regulatory reform and r isk 
assessment .  

Energy Availability 

I n  the seven years following the OPEC embargo , federal and state 
governments in the Un ited States have not reached a clear dec ision on 
energy policy . Energy conservat ion is in itself a spur to innovation , 
but owing to lac k  of dec i sion on nat ional goals , choices of fuels , 
development of alternatives , acceptable standards , stable regulat ions , 
ana on othe r pol icy matters , technical efforts are diffuse , often short 
term ,  and sometimes misdirected . 

Plans for mining , mineral processing , and subsequent manufacturing 
operations must be based on assured supplies of energy . The mineral 
i ndustr ies have been estimated to consume as much as 10 percent of the 
energy used in the Un ited States (DOE 1977) . Des ign of mines , mills 
and smelters involve complex trade-offs between the energy costs , other 
operating cost , and capital investment .  Uncertainty ove r energy 
availability and pr ices confuses attempts to opt imi ze designs , de lays 
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investment decisions , and hence postpones the f inal steps in the 
innovation process . 

Safety and Health Regulat ions 

Uncer tainty with respect to safety and health standards and the 
prospect of increas ingly restr ictive regulat ions for an indef inite 
per iod into the future are delaying , i f  not stopping , investment in 
some parts of the mineral industr ies ' e . g . , those industr ies producing 
lead , z inc , and copper .  Opportunities for adopting (or even 
exper imenting with) innovative technolog ies are thereby forgone , and 
existing plants are often mod if ied only to comply with regulat ions . At 
issue is not the des irability of safety and health standards but the 
manner in which the standards are developed , promulgated , and enforced . 

Antitrust Regulations 

Cooperative R&D programs among companies within the mineral 
industr ies as well as other industr ies have been retarded by confus ion 
over antitrust s tatutes . An NRC r eport entitled •Antitrust , 
Uncerta inty , and Technolog ical Innovation • (NRC 1980a) pointed out how 
the perceptions of ant itrust statutes by legal advisors to corporations 
have retarded cooperative research programs . That and other reports 
dur ing the White House domestic policy review of industr ial innovation 
in 1978 and 1979  showed a need to clar ify antitrust statutes to provide 
guidelines for u.s. companies interested in developing cooperative R&D 
programs . As a result , the Department of Justice prepared a repor t 
dated November 1980 , entitled Anti-Trust Gu ide Concerning Research 
Joint Ventures ( USDJ 1980 ) . One of the purposes of this report was to 
clar ify the position of the Depar tment of Justice on collaboration 
among f irms in conducting R&D to help make sure that ant itrust laws are 
not •mistakenly understood to prevent cooperative activity even in 
c ircumstances where it would foster innovat ion wi thout harming 
competi t ion . • 

In the guide , the depar tment points out that there are many 
sensible reasons for research to be conducted jointly by two or mor e  
f irms , by a n  association , o r  by j o int venture . It also acknowledges 
that antitrust issues can arise f rom such research because the results 
could lead to •market dominating •  technology , because the research 
could be conducted by competitor s or potential competitor s ,  or becaus e  
there may be restrictive ag reements relative t o  the results . The guide 
provides • an analytic approach • to evaluat ing the legality of joint 
r esearch proj ects and restr ictive clauses . The analysis indicates that 
there are four general condi tions or s ituations that influence the 
department ' s  j udgment of legality : ( 1 )  the nature of the proposed 
research , ( 2 )  the characte r istics of the j oint venturer s ,  ( 3 )  the 
characteristics of the industry , and ( 4 )  collateral restr ictions upon 
the venturers or outsiders .  No attempt will be made he re to summarize 
the details of the department ' s  analysis of these four major points . 
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I t  i s  suf f icient here to point up that gu idel ine s  are available . 
Fu rthermore , a number of case examples are used in the gu ide to 
interpret the analysis presented . 

Even p r ior to th is clar if icat ion , companies in  some sectors of the 
mineral industr ies had successfully organi zed cooperative R&D 
p rog rams . Then as now i t  appears that the problem of ant itrust 
regulat ions may be more one of perception than real ity .  It  is 
impor tant therefore that leader s  of the mineral industr ies vigorously 
pursue opportunities to reduce R&D costs through cooperative prog rams . 
I t  is  also important for the Department of Justice to continue to 
clar ify and interpret the publ ished guidel ines as they affect on the 
mineral industr ie s .  

Fiscal and Monetary Policies 

All capi tal-intensive industries are severely affected by the 
present rate of inflation in the United States . Because of federal tax 
policy , deprec iation rates have not been suff ic ient to replace plant 
and equ ipment in capital-intensive industr ies like the mineral 
industr ies . Inadequate depreciation and the decreased ability of 
companies to generate capital internally have retarded the adoption of 
new technology in the mineral industr ies . 

u . s .  Trade Policy 

In  recent years , a number of domestic industries have been 
displaced by foreign competition . FOr example , thirty year s  ago the 
domestic steel industry produced nearly half of the world ' s  steel and 
the Un ited States imported a neg l ig ible amount r in 1979 , the United 
S tates produced only 15 percent of the world ' s  steel and imported about 
20 percent of the steel it used . u . s .  product ion has g rown only 
modestly . Many in the mineral industries bel ieve that exports of 
fore ign steel to the United States fall within the legal def inition of 
• aumping • ( see the Anti-Dumping Act of 1971 and the Trade Adjustment 
Act of 19 7 6 ) . Dumping refers  to the sale of a foreign-produced produc t 
below the pr ice i t  sells for in the country of manufacture . The 
dumping pr ice can even be below the average cost of manufacture 
i nasmuch as incremental costs near plant capac ity are less than those 
at reduced capac ity .  The governments of many countr ies produc ing and 
export ing mineral-der ived commodities have continued to support g rowth 
pol ic ies for the i r  mineral industr ies . This raises the quest ion of 
whether commodities produced overseas with these relatively inexpensive 
raw mater ials are in a sense being •dumped • in thi s  country as well . 

Act ions of Other Governments 
Influenc ing Innovation in the Mineral Industr ies 

Act ions of fore ign governments , too , have had negative impacts in 
recent yea r s  on innovat ion in the u . s .  mineral industr ies . 
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Nonmarket Actions 

In some develop ing countr ies , governments have chosen to ma inta in 
production of commodities despite fall ing demand and pr ices . Such 
actions have c reated uncer tainty regarding the poss ibility of future 
actions that run counte r to concepts of a normal economic mar ket . As a 
g rowing number of developing countr ies bu ild the ir own mineral 
producing and processing industr ies , the likelihood of such act ion s 
increases . When mineral product ion accounts for a s ignif icant 
proportion of the gross national product , there are intense pressures 
on the pol it ical structure of the country against clos ing mines and 
laying off worker s  in response to softening mineral-commodity mar kets . 
The tendency i s  to overproduce ( see Bardin 1968 )  and thus to dr ive 
world commodity pr ices down still further , thereby damag ing the 
i ndustr ies of the produc ing country itself as well as those of 
developed countrie s .  

Community Investment 

In the past , remote mineral deposits were developed only if a 
company could j ustify , on the bas is of competitive economics ,

.
the 

i nvestment in roads , housing , hospitals , ports , and other community 
service s in addition to the mining facilites . But foreign governments 
may now choose to make such investments in new communit ies for 
political rathe r than economic reasons , and the pr ice of minerals mined 
in these c i rcumstances may not reflect the delivery cost s .  Such an 
influence by fore ign governments increases the r isk of investments in 
aomestic properties . 
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3 .  ENCOURAGING INNOVATION 

Technolog ical innovation is  a process by which change in production 
techniques and products i s  brought about . Mainta ining the capac ity for 
change i s  an ind ispensable feature of industrial survival , and thus 
technolog ical innovation should be part of the bus ines s  strategy of any 
company relying on technology . Unfortunately , for a var iety of 
reasons , the domestic mineral industr ies as well as other sector s o f  
Amer ican industry have fallen behind in technolog ical innovation . 

Technolog ical innovation does not occur spontaneously but must be 
p lanned for in the oper ations of a company . As we have already noted , 
there are barriers to technolog ical innovation in any industry . I f  
i nnovation i s  to be init iated and to succeed , the business climate in 
which the industry operates must encourage dec is ion maker s  to plan for 
technolog ical change with some conf idence that it will succeed and 
yield a return on investment of t ime , manpower , and capital equal to o r  
better than a n  investment i n  other strateg ies . 

Although innovation in the mineral industr ies is  the focus of thi s  
r eport , the problems are gene r ic to sc ience , technology , and industry 
over a broad front ( see Baruch and Clauser 1978 J David 1977 , 1979 J 
Hatch 1978 J Lederman l978 J Manners and Nason 1 978 J Mattson 1978 J Staats 
19 7 6 )  and have received much attent ion . No easy solutions to 
technolog ical innovation problems have been for thcoming because of the 
complex interaction of economic factors ,  governmental regulations , and 
attitudes that have taken root over many year s .  These fac tors have 
combined to create uncertainty about the future and inhibit long-rang e 
planning and investment . 

ISSUES OF ATTITUDE 

Earlier i t  was pointed out that depressed economic performance has 
spawned a conservative industry management , which views new departures 
a s  r isky and investigates change cautiously . To them , bold approaches 
appear simply too expensive . 

Management is  dominated by people for whom operat ing exper ience 
car r ies more we ight than technical training . Recent graduates , 
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although well paid , are all too often ass igned to j obs that make les s 
than optimum use of the ir  formal t raining . The mining industries are 
thus not generally seen by Amer ican students as  an exciting , reward ing 
place to wor k .  The mining schools of the United States are 
increasingly f i lled by foreign nationals , who are receiving valuable 
t raining and apply ing i t  in the i r  native countr ie s .  

Vendors of reagents and equipment , asked for observations about the 
mineral industr ies , have reported more willingness to exper iment and 
more technolog ical competence among mining organizations in such 
countr ies as Ch ile , South Af r ica , and Australia than in the United 
States . Management attitudes in u . s .  industry by compar ison often seem 
cautious , even react ionary , and not conduc ive to innovat ion . The 
Bureau of Mines also seems to suffer from a certain malaise , caused 
perhaps by bureauc ratic layer ing but more probably by the necessity of 
dealing with red tape instead of work ing on substantive issues . 
Universit ies , which relate to both industry and government , cannot 
escape the same feeling s  of f rustration due to the lack of interest on 
the part of both government and industry in funding mineral technology 
prog rams . 

An important element in the restorat ion of the vigor of domestic 
industr ies will be leadership . To remove the mistrust that cur rently 
f rustrates efforts to correct industry vulnerabilities , leader s  must 
educate policy maker s  abou t the economic , technical ,  environmental , and 
soc ial l imits on federal policy with regard to mineral raw mater ials . 

In reviewing the outlook for the 1980s for industrial research as a 
whole � David ( 1980 , p .  133 )  stated : 

The evolut ion of industr ial research in the 1980s wi l l  
d epend o n  a n  interplay o f  forces , pr ivate and governmental .  
But a central factor will be corporate atti tude s toward 
i nnovation . These will determine the market for new 
technology . That market in turn will hinge on the economic 
health of industry . 

ECONOMIC CONSIDERATIONS 

The economic setting within which the mineral industries are 
operat ing has been described by Etz ioni ( 1980 ) as follows : 

We have over burdened our industrial machine , the moder n  Ame r ican 
economy , that previous generat ions labored to put together . We 
have indulged in overconsumption {public and private ) and 
under investment . This is  reflected in most , if  not all , 
components of the industr ial system : weakening of transportation 
systems , inadequate development of new energy sources ,  declining 
innovation rate , low saving s rate , r ising obsolescence of 
equipment and plants in several key industr ies , less sat isfactory 
preparation of the labor force , and so on . 
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Anyone who puts available funds at r isk looks ahead to a suf fic ien t 
return on i nvestment to j ust ify the r isk take n .  Commodi ty companies 
that are most attractive to the careful investor have a consistent 
record of long-term g rowth in earning s  and d ividends . Over a per iod of 
t ime , the market value of the stock may fluctuate , but hi stor ically it  
has maintained a favor able relationship with respect to the value of  
alternative investments . The failure of  the United States to develop 
long-range mining and mineral processing polic ies and mechanisms to 
adhere to those polic ies impairs consistency and , ultimately , capita l  
format ion and makes i t  very diff icult for the mineral industr ies to 
plan new domestic programs , particularly if  large amounts of capital 
a re requ i red .  

Even i f  a federal policy were we ll def ined i n  the near future , it 
woula be diff icult for the mineral industr ies to develop new domestic 
programs qu ickly , because of the need to develop the capi tal and cash 
flow necessary to encourage bold long-term R&D and innovation . In the 
nonfer rous mine ral industr ies , R&D is mostly development , requ i r ing 
large sums for demonstration of smelting and refin ing proj ects . The 
demonstrations have a history of frequent failure because of the 
diff iculty of scaling up small research and pilot units to product ion 
scale . In the absence of a long-term mineral policy , the uncertainties 
are too g reat to expect a prudent management to r isk large amounts of 
the stockholders • money on R&D . 

Only by sustained , favorable economic performance can the companies 
attract the eng ineers , scient ists , and managers necessary to br ing 
about a fundamental change in these industries (Bagge 1 9 7 9 ) . 
Government , both national and local has a role to play in stabi liz ing 
the econQ.m¥ to make such per formance possible . The Industr ial Research 
Institute ( 1980 ) suggested that government policy in this role should 
be d i rected toward influenc ing dec is ions to innovate rather than the 
ability to innovate , and that such policy should be des igned to remove 
d isincentives rather than to intervene d i rectly in the innovat ion 
process . 

B . R. 105 3 ,  the Cap ital Cost Recovery Act , which has been introduced 
in the 97th Cong ress , would provide incent ives to the mineral 
industries by accelerating the rate of deprec iation , allowing wr ite-off 
over 10 year s on bu ildings , 5 years on all machinery and equipment , and 
3 years on the f i rst $100 , 0 0 0  invested annually in small trucks and 
automobiles . The shortening of •asset guideline life • schedules would 
benefit  the mineral industr ies . A similar bill , or a mod if ication to 
f i t  requirements spec if ic to the mineral industr ies , would help to 
improve the economic pe rformance and thereby improve the atmosphere for 
innovation . 

Another incentive would be a modi f icat ion of tax rules to permit 
including as an expense the cost of pollution-control equ ipment as it  
i s  purchased and installed . Although initial impacts would further 
depress prof i ts , the long-term effect would be bene f ic ial to the 
s tability of the industry and at the same t ime would a id in the 
achievement of environmental goals requ ired by soc iety . 

A thi ra type of incentive would be a tax credi t  (or a form of 
matching grant ) for grants made to universities for R&D . Cong ressma n 
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Charles A.  vani k  of Ohio submitted a bill to the 96th Cong ress tha t 
would g ive a tax credit amounting to 20  percent (or perhaps more ) of 
the g rant maae . Thi s  approach could be helpfu l to the mineral 
i ndustr ies , espec ially if long range and sustained plans were developed 
for continuing relationships with academia . No new inst itutional 
a r rangements would be requ i red : with the incentive of a tax cred i t  for 
university-conducted R&D for publication , the more innovative companie s 
on the i r  own coula establish relat ions with the universities best 
su i ted to address problems of mutual interest , whi le at the same time 
the industry as a whole could benefit  by publication of the f indings of 
the R& D .  

A refundable tax c red i t  for R&D expenses would car ry the tax cred i t  
approach further : if a company d i d  not have the income against which 
to take the c redi t ,  a graded or g raduated scheme might be used under 
which the government would make at least a token payment on the 
d i f ference . This  would prove useful for new concerns getting started 
bu t not ye t prof i table . 

Added incentive for more complete mining of a deposit could be 
provided by allowing the early wr ite-off of mine-deve lopment expense s 
and a more rapid wr ite-off of capital expenses .  

The concept of pollution fees has never had much support eithe r 
f rom Amer ican industry or from envi ronmentali sts , who see such fees as 
a license to pollute . In view of European and Japanese exper ience , 
however ,  this concept might be reexamined . A •car rot and stic k •  
approach could b e  wor ked out . FOr instance , a standard for emission s 
could be set , above which fees would be determined by a nonlinear 
formula J the maximum sanction would force shutdown of the plant . 
Credits for reduc ing emiss ions below the standard would also be 
determined by a nonlinear formula . The maximum annual cred i t , to be 
g iven i f  the emissions were zero , might equal the annual allowed 
depreciation of the faci lities installed for pollut ion abatement or for 
conver s ion to a nonpolluting process . 

Products that result in g reater than average prof itability ofte n 
turn out to be sustained by better-than-average R&D support ,  both 
within ana outside the mineral industries . Bold innovation relates to 
economic success more often than not . But respons iveness to innovation 
is not always obvious , ana it often requ i res unusual conf idence in a 
favorable outcome to allocate high R&D budgets to low-prof i t  proj ects . 

I t  is  impor tant to examine the relative long-term per formance of a 
company by product group or by •prof it center . •  Some units within a 
company may be productively innovative , but the i r  capabilities may be 
h idaen by less innovat ive units . The individuals concerned with the 
more successful units can be important sources of expertise for 
expans ion of the innovative process . 

Patents have not been heavily relied upon wi thin the mineral 
i ndust r ies , because the industry does not generally view licens ing of 
technology as an important component of its cash flow . Furthermore , 
the long development t ime for many mining and mineral processing 
proj ects allows relatively few years of commercial operation under the 
protection of a patent . The u . s .  Bureau of Mines ( 19 7 6 )  has documented 
proj ects that have required more than the 17 year s afforded patent 
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protection j ust to pull togethe r the f inancial ar rangements . Proces s 
patents are few and character istically d i f f icult to enforce , although 
notable exceptions do exist . Vendors of reagents and , to a lesser 
extent , vendors of equipment for the mineral indust r ies are more 
agg ressive in  obtaining patents on the i r  products . SOme ways of 
alter ing the patent system to encourage the mineral industr ies to 
innovate are noted below. 

The Report of the Subcommittee for Patent and Informat ion Pol icy of 
t he Government Domestic Review of Industr ial Innovation ( U . S .  
Department of Commerce 1979 ) contains the following proposals pert inen t 
to the mineral industr ies : 

• 

• 

• 

• 

• 

Reduce the cost of patent lit igation • 

Provide a spec iali zed patent court for patent cases • 

Transfer commercial r ights to government-sponsored research to 
the pr ivate sector . 
Extend patent terms to compensate for delays in 
commercializa t ion caused by government regulat ions . 
Encourage other countries to g ive u . s .  innovator s enforceable 
patent r ig hts . 

Costs , uncerta inties , and delays result ing f rom the large number of 
laws and regulations involving envi ronmental ,  safety , health , and 
consumer protect ion have been pointed out as a maj or cause of diversion 
of ef for t away from innovation . In recent years there has been 
u nprecedented confl ict among the government , the industry , and 
public- interest groups over these laws . The economic impact of 
compliance on the industry has been substant ial and continues to grow 
as more regulations are promulgated . A better under �tanding of 
prior i t ies would allow industr ies to pred ict more reliably what the 
true cost will be and when . The uncertainties need to be resolved as 
soon as possible , because they paralyze the dec ision-making process 
and postpone purposeful act ivity .  

Another area o f  uncertainty is  the mineral supply posture o f  the 
United States . This has been at issue for the last several decade s 
and ,  in spite of the passage of the Mining and Mater ials Policy Act of 
1970 we appear to be no closer to the def inition of a nat ional mineral 
policy . Despite the lack of a c learly defined nat ional mineral policy , 
i t  is  cer tain that we will continue to have a dependence on fore ign 
imports for certain mineral commodities . The important question i s , _  to 
what extent should we attempt to be self-suffic ient in mineral 
commod ities for which we do have domestic sources? Unfortunately , this 
question cannot be answered unti l  a national mineral policy is 
explicitly defined . 

Although the optimal policy for a company may in many cases 
coinc ide with the interests of the nation or the world ,  they will not 
i nvar iably do so . Without a f i rm definition of nat ional policy a 
company may well seek to improve its own f inanc ial pos ition to the 
detr iment of the nation . Resolution of nat ional policy issues is  
urgently needed so that industr ies can proceed with sound expectat ion s 
concerning government act ions and so that the appropr iate d i rection of 
government involvement can be dec ided . 
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Other countr ies can serve as useful examples in cons ider inq these 
decisions . Japa�, for example , must import almost all of its mineral 
concentrates , but until recently it has elected to ma inta in smeltinq 
and ref ininq operat ions within the country . Japanese policy thus 
provides for flexibi lity with reqard to raw-mater ial sources but 
absolute control of process inq . The success of Japanese mineral 
industr ies can be attr ibuted in part to Japan ' s  well-def ined nat iona l 
policy . 

INSTITUTIONAL ARRANGEMENTS 

A larqe var iety of institutional approaches to technoloq ica l  
i nnovation are possible , includinq the establi shment o f  a new 
central i zed qovernment-suppor ted research orqani zation such as ex ists 
in other countr ies . At the outset , however , we should consider the use 
of present institutional structures rather than the creation of new 
ones , i f  for no other reason than that the use of ex istinq institutions 
would be lowe r in overall cost than a new centrali zed orqanization . 

The Bureau of Mines has played an impor tant role in the past in the 
technoloq ical evolution of the mineral industr ies . There has been 
c lose cooperation , particularly on a profess ional level ,  between key 
researche r s  of the Bureau and in the mineral industr ies . But wh ile 
p rofessional relationships continue between Bureau and industry 
personnel , institutional bar r iers restrict many cooperative 
arranqements that were possible in the past . In recent years the 
Department of the Inter ior , in accordance with administration policy , 
has emphas ized a requlatory approach des iqned to conserve natural 
resources , thi s has had a restr ictive effect with reqard to mineral 
development on public lands . A different policy seems now to be 
contemplated . The Bureau of Mines • mineral supply mission in certa i n  
respects represented a conflict o f  interest with in DOI which inhibited 
both the mineral-development activities of the Bureau and the Bureau ' s  
relat ions with industry . 

Equipment manufac turer s and reaqent suppliers formerly were able to 
wor k in the fac i lities of the Bureau to qain the necessary process data 
f rom mill runs or demonstration tr ials . Proj ects could be discussed 
and addressed openly with a minimum of red tape . Today , lenqthy 
neqotiation i s  r equired before cooperat ive tr ials can be established , 
trust between parties has declined , the sense of urqency is  hard to 
maintain J and orqani zat ional structures and procedures are more 
diff icult to cope with .  Past accomplishments of the Bureau of Mine s 
are admired by leaders of the mineral industr ies , but many of those 
leader s  believe the Bureau has weakened in recent years . 

One opt ion for improvinq mineral R&D i s  to reestablish the 
pluralistic and less formal relationship between industry and the 
Bureau of Mines that existed in earlier year s .  The Bureau could be 
involved in tr i lateral proj ects of universities , qovernment , and 
industry , e i ther as a partic ipant or a peer review orqanizat ion to 
j udqe the appropr iateness of proj ects for cooperative research , as the 
Federal Enerqy Research Commiss ion scrutinizes research by the Gas 
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Research Inst itute ( see Chapter 5 ) , although the Bureau would not b e  
expected t o  have the regulatory control over such proj ects that the 
FERC does . Another advantage of us ing diverse inst itut ions rather than 
a new central i zed one i s  that companies and universities would retain a 
good measur e  of freedom in choos ing proj ects to support and the manne r 
i n  which they are to be operated , with less necessity of compromis ing 
with other part ic ipants . A disadvantage of not choosing a centrali zed 
inst itution for mining and minerals R&D is the comparat ive lack of 
visibility as a prog ressive ini tiative and the very real threat of 
benign neg lect and lack of leadership due to the d i sper s ion of effort . 
Further , the companies involved must have incentives to partic ipate in 
pluralistic act ivities . 

There is  a precedent for government-industry cooperation in the 
Department of Ag r iculture ' s  suppor t services for the Amer ican farmer , 
r ang ing f rom government laborator ies to land-g rant universities and 
the i r  exper iment stations and extens ion services . This  assistance wa s 
o r ig inally intended to help the small farmer , and the fact that today ' s  
ag r iculture is  largely ag ribusiness is  somet imes used to argue against 
the USDA research programs . Nevertheless , the results of the 
cooperative arrangement are obvious a the United States leads the wor ld 
in agr icultural production and product ivity .  The Department of 
Commerce has compared the relationship between USDA and the Amer ican 
farmer to that between the Japanese Ministry of International Trade and 
Industry (MITI ) and Japanese industry ( F .  Haynes , quoted in Robinson 
1 980 ) J and the effic iency of this cooperative arrangement is  s imilarly 
evident in Japanese product ion and productivi ty .  

The involvement of universities in cooperat ive proj ects with 
industry has received suppor t from the National Sc ience Foundation , as  
described in Chapter 4 .  A review of industry-university cooperative 
research ( Erving 1980 ) revealed mixed opinions on the value of such 
p rojects . There i s  some question whether universities can ma intain 
the i r  traditional independence i f  they become involved in short-term 
p rojects for the bene f i t  of particular companies . Gene r ic problems , 
such as ene rgy reduction through improved gr inding processes , wh ich do 
not bind the university too closely to the problems of spec if ic 
companies , would be the most appropr iate focus for such cooperative 
research . It  is important to maintain c lear ly the respective identity 
of industr ial , academic , and governmental inst itutions . 

Opinions are also mixed r egard ing inst i tutional changes that would 
increase the federal government ' s  involvement in research , development , 
and demonstration for the domestic mineral industr ies .  A central 
organi zation such as a •national inst i tute of mineral resource 
technology • for the Uni ted S tates , for instance , would be a major 
under taking with mass ive government involvement . A central i zed 
approach on such a scale , however ,  is no guarantee of innovation , 
sustained high qual ity R&D ,  or successful application of findings . 
Economic incentive s  designed to d i sperse rather than centralize the 
national effor t may yield greater success through diverse centers of 
excellence in universities , industry , and government .  

The Gas Research Inst itute and the Electric Powe r Research 
Institute , described in Chapter s ,  are currently qu ite successful in 
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j oining different companies in common R&D prog rams . Bu t the i r 
p roducts , gas and electr ic i ty ,  are under pr ice controls . These 
industr ies therefore have some ce rta inty of recover ing costs and 
benefiting from research under the protect ion of a controlled rate 
structure , while the public is  not in danger of losing the benefits o f  
competition , since the utilities a r e  already noncompetitive .  The metal 
and mineral industries are not regulated and are competit ive : mineral 
companies are therefore apprehens ive both about recove r ing R&D costs 
and about ant itrust regulations . In an unregulated industry there i s  
more reason t o  be secret ive about process advantages , whatever the 
source of technology . 

It may thus be unreal istic to expect companies in a free market to 
join enthusiast ically in inst itutes or consortia to conduc t process 
research . Because there are reasons of publ ic interest for them to do 
so , it should be poss ible to develop an understanding with the Just ice 
Department that would allow well-def ined , cooperative proj ects to be 
carr ied out . The recently released Anti trust Guide Concerning Researc h 
Jo int Ventures ( USDJ 1980 ) seems to bear this ou t .  Gene r ic problems a t  
the bas ic production level would probably be more appropr iate for 
cooperative research prog rams than product-or iented research . 
Involvement of the government in a consor tium could help maintain a R&D 
momentum in spite of the cyclical nature of the industry . 

OTHER ACTIONS 

During the course of this committee ' s  study , the execut ive branch 
of the federal government conducted a Domestic Policy �Review of 
Industr ial Innovat ion . The review was made in parallel with a Domestic 
Policy Review of Nonfuel Minerals . Although the industr ial innovat ion 
study d id not specif ically address itself to technolog ical innovation 
in the mineral industr ies , it d id address problems and issue s gener ic 
to all of Amer ican industry . 

The following recommendations of the Pres ident ( Executive Off ice of 
the President 1 9 7 9 )  re sulted from the innovat ion review s 

• 

• 

• 

• 

• 

• 

• 

• 

Enhance informat ion transfer by establishing a center for the 
ut ili zat ion of federal technology . 
Increase technical knowledge by establ i shing nonprof i t  center s 
at univer sities and elsewhere in the pr ivate sector to develop 
and transfe r gene r ic technolog ies . 
S trengthen the patent system by establi shing a uniform patent 
policy . 
Clarify antitrust policy • 

Help small innovat ive f irms by expand ing NSF ' s  small Bus iness 
Innovation Research Program. 
Open federal procurement to innovations • 

Improve the regulatory system by subst ituting 
per formance-based standards for des ign- or specif ication-based 
standards . 
He lp labor and management adj ust to technolog ical change by 
developing a Labor/Technology Forecasting System . 
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Mainta in a SUPPOrtive climate for innovation by hosting 
national conferences on innovation ,  making president ial awards 
for technolog ical innovat ion , and forming a commi ttee to 
monitor innovation . 

The response of the private sector , through the Industrial Research 
Insti tute ( 1980 ) , was that , whi le the President ' s  recommendat ions 
included initiatives to remove many of the structural barr iers to 
innovation and served a useful purpose in calling attention to the 
decline in u.s. innovat ion , they fell ser iously short of propos ing the 
economic incentives needed for industry to follow through on the entire 
p rocess of innovation . The Industr ial Research Insti tute made its 
recommendations for federal action des igned to bear on the dec ision , 
rather than the ability ,  to innovate . The position of the Industr ial 
Research Institute is that industr ial innovat ion is a natural and 
potent force in any f ree mar ket economy and that spec i f ic interventions 
by the federal government should � be requ i red .  What i s  requ ired 
i nstead are a number of federal act ions to remove economic bar r iers and 
disincentives to successful innovation . Such act ions would include 
( Baas 1980 ) : 

• 

• 

• 
• 

• 
• 

Controlling inflation • 

I ncreasing capital formation 
-- by mod i fying corporate income tax policy J 
-- by further decreasing the capital gains tax J and 
-- by furthe r increasing deprec iation allowance and/o r 

investment credits . 
Subsid i z ing socially important innovations • 

Be ing caut ious in the use of subs idies in lieu of economic 
incent ive s .  
Using economic regulatory incentives • 

Us ing gove rnment procurement to agg regate mar kets and set 
innovative performance standards .  

Althoug h the views of the Industrial Research Institute ar e 
g enerally those of industry , the Commi ttee believes that the spec ific 
actions ident ifed above are appropr iate and signif icant , and that 
implementation of these actions could lead to posit ive results in the 
solution of technolog ical innovation problems in the mineral industr ies . 
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4 .  ROLE OF THE PUBLIC SECTOR 

The Massachusetts Insti tute of Technology Center for Policy 
Alternatives discusses the role of government in the industrial 
i nnovation process in a report to the Off ice of Technology Assessment 
(OTA 1978) . MIT ' s  f ind ing s  show that governments may choose to 
i ntervene in technolog ical development when market forces are clear ly 
incapable of ach ieving defined national obj ectives , as in the following 
c i rcumstances :  

• 

• 

• 

when pr ivate economic units cannot capture all the benef its 
ar ising from the creat ion of new knowledge . Economic units 
tend to invest only in those proj ects whose results they can 
control and u se J  in some cases , such as public health , few 
economic units benefit  from research investments . 
when the limited scale of the pr ivate economic units involved 
prohibits the i r  under taking R&D that requires vast resources .  
when the public interest requires a government role to shape 
and control the soc ial and political nature of new 
technolog ical development .  I t  i s  perhaps not appropr iate to 
expect the pr ivate sector , which responds more to marke t 
s ignals than to social pr ior ities , to invest on its own in R&D 
in such areas such as pollution control and transportation 
facilities for the elderly and the hand icapped . 

The MIT group points out that government regulat ion is  one form o f  
i ntervention to correc t  the failure of the mar ketplace to respond to 
public needs and that such government intervention may or may not be 
benef ic ial to the industry involved or to society in general . Timing ,  
inte raction with other programs , and the details of implementation are 
often cruc ial . 

Intervent ion by the u . s .  government is  not unique , as Pavitt ( 19 7 6 )  
showed in h i s  study of the industrial innovation process in France . 
Pavitt ' s  list of reasons for intervention by the government of almost 
any industrialized nation is  more extens ive than MIT ' s ,  although there 
i s  some overlap : 

3 7  
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inabi lity o f  industrial f i rms t o  appropr iate adequate benefits  
of R&D for themselves , resulting in an  under investment in R&D . 
indivisibilities in the per formance of research , which inhibi t 
any one f i rm f rom pursuing a research proj ect . 
short time hor i zons of industr ial managers in relat ion to the 
long t ime spans requ i red for R&D . 
aversion on the par t  of industr ial f i rms to the r isks of R&D • 

inabi l i ty of techn ically backward industr ial f i rms to help 
themselve s .  
large-scale development requi rements that are beyond the 
capac ity of the industr ial sector , yet wh ich are advantageous 
to soc iety at large .  

The Committee contends that all these reasons are appl icable to the 
u. s .  mineral industrie s .  

Publ ic sector involvement i n  technology development i s  not a new 
concept . The Mor r ill Act of 186 3 was an expression of the federal 
government • s  support for general technolog ical innovation in the 
private sector . Thi s  act enabled the direct grant of federal monies to 
s tate-operated colleges to promote the ag r icultural and mechanical arts 
and to train the i r  practit ioners . A ver sion of thi s  form of federal 
f inanc ial assistance to state universities has been author i zed by Title 
I I I  of the Sur face Mining Control and Reclamation Act of 1977  ( PL 
9 5-87 ) . Unfortunately , suffic ient f unds were never appropr iated to 
implement this  provision of the Act to the extent intended and funds 
have not been requested for the program in 1982 , even though very 
encourag ing results have been obtained . Exper ience has taught u s  tha t 
such programs cannot be expected to produce short-term benefits and 
must be cons idered foundations to be supplemented by prog rams directed 
at more nar row goals . The ag r iculture extension programs accompany ing 
each land-g rant college agr iculture program are major vehicles for such 
follow-on technology deve lopment and applicat ion . 

In recent years , the most prevalent form of public secto r 
i nvolvement in technolog ical innovat ion has been the d i rect federal 
f inancial suppor t of R&D in the pr ivate sector . The u.s. government 
supports a cons iderable portion of the R&D per formed by industry in 
this country ( 3 7  percent overall in 197 5 , but as much as 4 6  percent in 
e lectr ical equipment and communications and 7 9  pe rcent in a i rcraft and 
mi ssiles ) (NSF 1977 ) . Thi s  R&D not only affects the state of the ar t 
i n  many technolog ies but also is  an important determinant of 
international trade patterns and industr ial organ i zat ion . 

This effort both to stimulate and to d i rect industrial R&D efforts 
has not always been effective . I t  has spawned many pr ivate-sector 
organi zations that produce not products or processes for public benef it 
but technical reports for the use of federal dec ision makers . Federal 
suppor t of pr ivate-sector R&D has been met with mixed react ions f rom 
numerous investigator s who have examined the subj ect . 

Blank and Stig ler ( 1957 ) d i scuss the consequences of government 
fund ing of R&D performed by private organ i zat ions in terms of 
• pump-pr iming/substitution . • At one extreme , a private bu siness that 
takes on government research contracts becomes persuaded of the 
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benefits of research and embarks upon pr ivate research as well r thus , 
the government contracts serve a pump-pr iming funct ion . At the other 
extreme , research that a business had been conducting on its own is 
s imply sh ifted to public contracts , and federal monies are substi tuted 
for pr ivate monies , so these contracts constitute no ne t additional 
contr ibution . Of course , both of these extremes are improbable , but so 
too i s  the intermediate s ituation in which exactly the amount of 
publ icly funded research i s  added to total research . Ordinar ily ,  of 
course , corporat ions pursue R&D as a means to a commercial end , namely 
the manufacture and sale of a prof it-generat ing product--they do not do 
R&D for R&D ' s  sake . 

Betsy Ancker-Johnson , former assistant secretary for sc ience and 
technology , u.s. Department of Commerce , has said that technolog ical 
i nnovation represents the • novel aggregated methods for provid ing 
previously unavailable goods or services or already ava ilable goods o r  
services at lower cost in money or natural resources•  (Ancker-Johnson 
197 7 ) . She has descr ibed the a ims of federal policy on technolog ical 
innovation as : 

• 

• 

• 

the production of technology signif icant to the national 

economy , 
the diffus ion and exploi tat ion of technology s ignif icant to 
the national economy , and 
the d i ffusion and exploitation of technology for international 
advantage . 

The ways i n  which the federal government can wor k  toward these goals 
are listed in Table 4 . 1 . Clearly , there are many options open to the 
government beyond mere support of R&D to inf luence technolog ical 
innovation in a domestic industry . 

· Elmer B .  S taats ( 1976 ) , the former comptroller gene ral of the 
United States , has pointed to the need for a more constructive 
par tne r ship be tween industry and government in the area of 
technolog ical innovat ion . In his opinion , federal financ ing of applied 
R&D in suppor t of commercial technology should be considered in the 
context of potential economic and soc ial benefits to the nat ion , in 
relation to the pr ivate sector ' s  ability and motivat ion to invest its 
own resources , and in relation to other government initiatives that can 
influence the climate for pr ivate sector innovat ion . Be points out 
that most of the othe r industriali zed nations of the world have 
developed closer relationships between government and the pr ivate 
sector with regard to capital formation and R&D , and that we should 
explore new poss ibili ties for government-pr ivate sector interaction 
within the framewor k of Amer ican institutions . Staats also points to 
the need for closer cooperation among federal agenc ies--the Inte rnal 
Revenue Service , the Secur ities and Exchange Commiss ion , the Justice 
Department , and the Department of Commerce--if improved productivity 
and advances in sc ience and technology are to take place . 

As the MIT study for OTA found , d irect federal support for 
technolog ical innovat ion has traditionally taken one of two forms i n  
this country : general support for bas ic research , such a s  that funded 
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IABLE 4 . 1  Possib le Federal Technolo gy Policy Options 

A. AN ALYSIS AND PlANN ING 

8. PROD\JCnON OF TECHNOLOGY . 
R�JDuru t1Utm1nn 
l .  Skilled SAT manpo�·er drvelopment 
2 .  Stable and adequate bali&: RAD suwort 

Jlro,'ision of proprier�· rifhts 
3 .  Patent law revision 

Fed�rt�l support of indusrr;.l R&D: diner 
4 . lnte�st ·free or low-interest JO\'emment looan' for indli�trial 

R&D 
5 .  Grants for pMric industrial R& D 

Frdmll support of illdusrr;.l R&D · lll.t mea �urt'l 
6 .  lnL·�ase in investment .·redit for R& D plan t 
7 .  Increase i n  depredation :allo� oanL·e, fur R& D plant 
8.  Nr� tax credit•  or equi,·al�t ca'ih p:a)· menu for indu�trial 

R&D 
9 .  Ta:\ credih or ca� pa)·mrnt§ for Industrial R & D  expend•· 

lures. not plan l 
1 0 .  Tax credlh or &:ash pa� mcnts for lftcrcmrn lal indlhtn;al 

R&D 
I I . To&:\ credits or .:ash pa)·mrnt� for incremen tal ind ustrial 

R&D in chemk..J and .:apnal aooch uul u,trie5 

C. D I F F t.: S IO:'IO AND EXPl.OIT ATIOS OF TECHNOLOGY 
DOME STICALLY 

lnfomrtuion diJfusiOir 
l .  G athrnns . oraanizina. and dis""'inatinJ �ienufic and 

enaineerlnl informauon 
2.  Edu.:ational publicat ion• on c:omcquence� of major tech· 

nolo&>· chanp' 
3. Science cour1 to establish credibib t)· of �ientifk in forma· 

uon . 
-4 .  Provision of in formation to state and loc:al JOVftnments 
5 .  Consumer technoiOI)· information services 
6. E nhanced N BS volun tary performance standard effort 

F�dnrll suppon of C'ommtrt'itllt:aliOII 
7 .  F undin1 for commercialization of selected JOYft11mrn t in· 

venuons 
8 .  F undiftJ for commercialization ohoc iaU)· d"irablc priute 

inventions 
9. Stimulation of innO\'ation throulh Federal procurement 

poliC)' 

R�duc:rion of btlnim ro innn•·•tiOII 
1 0 .  Paten t law rnision 
J I .  Federal patent policy 
J l .  Modification of antitrust laws to Ill�· cooperative R&D 
J 3 .  De tenninat ion and modifiCa tion or replations inhibitiftJ 

innovation 

SOURCE : Ancke r-Johnson ( 19 7 7 ) . 

1 4 .  Social L'Ost/brnefit analp•is of propowd rqulation� 
1 5 .  M anp�·er rctrainiftJ. reloc:ation and penlion propam 
1 6 .  SEC stud)· or the effect or cotporatr remuneration policif' 

on innovation . 

C'rurion of """' "drniall �"'""'""' •ntl llill ro i111lqrnde111 
illl'�nron. 
(IIJ Diner /illllllt:illl tlill 
1 7 .  N ational Research and Development Corporation to ft. 

aan.:e innovative activit)' of individual in\'ento� 
I K .  �ferrn tial treatment to nn technoiOI)· ent.:rpriw� in 

aovernment �-ontracb 
1 9 .  l1nivenit!o· �mall techni&:;al en terprise allsodatc' 
20. her patent protection 
C1'Nrio11 of nr\\' "dmiml rnr�rpris�s ••lfl tlir ro i11d�p�ntlr11t 
irn·mrors : 
(#J I /11dirrc:1 /IIIIIIIC:illl llid 
2 1 .  A 'suran.:e of venture L'IPIIi&l  ;a\·;allo&bill l)' for ne� te.:hnt..;.al 

en trfJ'n "' 
22 . Government auarantec on S BIC loan '  to n" te.:hni..;;al 

en terpn��t' 
2 3 .  M ore pnerou!O capital pin� tax trra tmenl 
24 . SBIC ", 1n.:orporauon under Sub.:hapttr S or il' p;artnr"h' P'  
25 . Increased bquidil)· throuah SEC and I R S  modati.:auon• 
26 . More favorable founder stock opuon incen u,·e, 
2 7 .  Ta.'\ ckduC'Iibili t)' of investtMnb in n"· t.:.:hna.:o&l enter· 

prises 
28 . Gr:aduatrd .:orporate income tax ra te stru�· tun• 
29 . Use of ,owmment tnfra�tructure Wl'\1.:e' 

D. DIFFUSION AND EXPLOITAnOS OF TECHSOLOGY FOR 
INTERN AnON AL ADVANTAGE 

lmproa-r�nr of t'.S. C'omprtiria·rnrss in imrrnt1ti011111 tf'tldr 
I .  Pohq· sta tement on free n�· of pubhd> a\'ailo&ble di& ta 
2. Limit or dec�e� on compulsOr)' li.:ensina to domr�u. ;&\ ail · 

abilil)' 
3. lnc:reaw of U.S .  effectivene,r. in intrma uonal stanlbrds-

seuinl 
4 .  lmprO\'Cd control of drsiJft and manu f:a.:turinJ te.-hnolo� 
S .  National benefi t equiliuuon tax 
6. Disallowance period or wvrn yean for export of te.:hn ol ·  

01)' . per w .  developed �·i th  hdcral iund' 
7 .  Transfer of trchnoloJ)· . per w. 10 Ea,tcm blo.· onl ) 

throulh "TeL·hport'"  
8. E llpansion of export promouon proar:am' 

T�C'hnolofiC'al s11pporr of ltss�r Jt•·rloprd C'OIIrr tnrs 
9 .  Bulinns rode or beha\'iOr 

1 0 .  Establishmen t of bilateral L·omma�'•on• 
I I .  Orpnization of multilateral commi"aon' 
1 2 .  E xp:an•uon of World Bani.; arti\1 � �� ·  
1 3 .  ExpanSion or foreian aid pro,ram• 

lnrrmlltiolllll Coop�rruion 
1 4 .  Promotion of c ooperatiw andustri:al R& D 
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by the National Sc ience FOundation , ana suppor t for spec ific technology 
development ( through R&D funding and/or procurement of new products)  in 
fur therance of ce rtain well-defined national proj ects , such as defense 
and space missions , and more recently the search for new sources of 
energy . Unlike many foreign governments , the u.s. government has 
rarely cooperated with the pr ivate sector on technology innovation in 
areas othe r than those in which the government itself was a customer . 
An obvious exception to this  i s  ag r iculture . 

In  time of war , of course ,  much of the private sector ' s  production 
has been for military purposes ,  and the federal government has very 
effectively assisted in the technolog ical innovation of the pr ivate 
sector . The titanium-production program conducted by the u. s. Bureau 
of Mines beg inning in 1943  (Baroch and others 1955 , Baroch and 
Kaczmarek 1956 ) is  an excellent example of cooperation between public 
and private sectors produc ing technolog ical innovation , as was the 
t i tanium sheet rolling prog ram establi shed by the Department of Defense 
in the mid-1950s (NRC 196 2 ) . 

BUREAU OF MINES 

An exception to the government ' s  peacetime policy of not directly 
a ss isting the private sector in technolog ical innovation has been the 
�rog rams of the Bureau of Mines . These prog rams have typically been 
j ustif ied by the need to improve the safety and health of miners and to 
ensure an adequate supply of strateg ic and critical raw mater ials . 
S ince 1913 , the miss ion of the Bureau of Mines has been : 

to conduct inqu i r ies and sc ientific and technolog ic 
i nvestigations concerning mining , and the preparat ion , treatment , 
and utilization of mineral substances wi th a view to improving 
health conditions , and increasing safety , efficiency , economic 
development , and conserving resources through the prevention of 
waste in the mining , quar rying , metallurg ical and other mineral 
industr ies . [ 3 7  Stat.  L .  681 ]  

Although the main thrust of the Bureau ' s  early prog rams was toward 
solving the safety and health problema involved in mining , f rom ita 
beg inning the Bureau undertook stud ies on the improvement of var ious 
mineral-related technolog ies .  Dur ing World War I I  a g reat many of 
these effor ts were concentrated on domestic mineral commodities that 
we re of long-term importance to the United States . The Bureau ' s  
m ineral-processing and metallurg ical programs developed methods of 
upg rad ing some of the large domestic low-g rade deposita of manganese 
and also investigated a number of processes for recover ing aluminum 
f rom domestic nonbaux itic mine rals . In the 1940s and 1950 s ,  
e lectrolytic processes for the production of manganese and chromium 
metal and metallothermic processes for production of titanium and 
z i rconium were developed by the Bureau . These were promptly adopted by 
industry and are still used today in the United States and abroad . 
�uch of the Bureau ' s  metallurg ical wor k in the early 1950s was aimed at 
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developing economic methods of smelting and hydrometallurg ical 
process ing of complex ores  to recover as  many of the i r  metals as 
poss ible and thus lower the u . s .  dependency on imports . Mining 
research by the Bureau advanced safety and ef f ic iency in the use of 
explosives , mine ventilat ion practices , and g round-support techniques . 
Bureau investigations of rock mechanics developed pr inc iples for design 
of safer and more eff ic ient underg round mine s  and open pits . 

In many cases , Bureau proj ects have been conducted in  cooperation 
with the pr ivate sector . Such cooperative programs ensured that the 
wor k  was important to the interests of both the federal government and 
the private sector and greatly increased the probability that the 
technology would be transfer red and put to early use . Examples of 
ventures involving the Bureau of Mines and some segments of the mineral 
i ndustry show how successful such coope rat ion can be . 

In  search ing for a flotation technique that would be widely 
applicable to aiverse i ron ore types , researchers at the Bureau of 
Mine s  observed and capitali zed on the select ive flocculat ion of iron 
oxides that occurred when starch was added to a disper sed ore pulp ( see 
Fromme r 1964 ) . The product of the selective flocculation operation was 
a h igh-g rade i ron ox ide concentrate . This technique was refined in 
cooperat ive studies with a Cleveland Cliffs I ron Company and then 
developed for commerc ial production in the 1970s , us ing thei r  Tilden , 
�ichigan , i ron ore body (Si sselman 197 5 ) . 

In the early 1970s , the gold-recovery operation of the Homestake 
�ining Company was enjoined by federal decree from using mercury in its  
mill ing plant at Lead , South Dakota , because of downstream pollution . 
Homestake ' s  difficulties provided an opportunity for the Bureau of 
Mines to test new concepts for improved gold extract ion , gold load ing , 
ana carbon handling in a cyanide carbon-in-pulp system ( Potter and 
Salisbury 1974 ) . The new system opt imi zed the separate leaching , 
load ing , str ipping , and carbon regeneration operations . Its 
per formance was demonstrated by Homestake in  a miniplant and then 
scaled up to a successful commerc ial carbon-in-pulp plant meeting 
pollut ion regulations within two and one-half years after issuance of 
the federal decree (Ball 1 9 7 4 ) . In anothe r application of Bureau of 
�ines technology for gold recovery ,  the Cor te z  Gold Mines at Cortez , 
Nevada , are heap-leaching low-g rade ore with cyanide solut ion and then 
loading the gold on activated carbon in a countercur rent expanded-bed 
system ( Duncan 1974 ) . 

A cooperative prog ram initiated dur ing the 1960s in the Coeur 
a ' Alene mining district of northe rn Idaho was concerned with the roc k 
bursts that occur in the deep mines there . Systems were developed for 
aetecting and locating areas of stress accumulation in the rock 
sur rounding the mine openings . Sensors and instruments now are 
routinely installed in several mines of the distric t  to warn of an 
imminent violent failure of a wall or roof . The warning permits 
wi thdrawal of wor ker s  to a safe location or de-stress ing by use of 
explos ives . 

Cooperative Bu reau of Mines programs in progress include : alumina 
recovery f rom nonbaux itic resources ,  wi th a consortium of aluminum 
companies , hydrometallurg ical processing of lead and z inc concentrates , 
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with a g roup of domestic smelting firms J and tungsten recovery from 
Sear les La ke br ine , with kerr-McGee Corporation . 

NATIONAL SCIENCE FOUNDATION 

Wh ile the ma in miss ion of the NSF has been the suppor t of basic 
research , largely through the funding of the academic communi ty ,  
recently the Foundation has become involved in a ser ies o f  exper imental 
prog rams designed to foster technolog ica l innovation in the pr ivate 
sector . 

Accord ing to J . T . Sanderson , Assistant Director of the National 
Sc ience Foundation Directorate of Eng ineer ing and Applied Sc ience 
( personal communication 1 9 7 9 ) , the goal of the Nat ional Sc ience 

Founaation ' s  government/industry programs is to f ind a balance between 
meeting soc ial and economic needs and to determine a proper scale of 
governmental involvement and regulation . Prog rams involving government 
i nteraction with industry have been devised using univers ities as 
intermed iar ies . NSF aims to suppor t good university research in  
eng ineer ing and other d i sc iplines and combine it into packages that 
address industr ial problems . The key to thi s  process is the 
development of •gene r ic technology , •  which no single company might be 
expected to finance because it alone could not capture the benefits of 
the innovat ion . Several of these proj ects illustrate the range of 
approaches be ing taken .  

Manufactur ing 

Having determined that manufacturing makes up 30  percent of the GNP 
ana that three-quarters of manufactur ing i s  batch manufactur ing , the 
National Sc ience Foundation devi sed a proj ect to attempt to reduce 
costs in batch manufacturing . The assembly of small electr ic motor s 
was chosen as a sample industry , and a proj ect was set up whereby the 
Westinghouse Electric Company , working in cooperation with seven 
universities , is attempting to reduce assembly costs through new 
technology . Westinghouse provides one-quarter of the required funds 
for the proj ect , and NSF , through the par tic ipating universities , 
provides the remainder . I t  i s  hoped that this research method can be 
adapted to other industr ies and other commod ities . 

· 

Low-Technology Industry 

In an attempt to determine the eff icacy of gove rnment intervention 
t hrough the infusion of technology into a low-technology industry , the 
National Sc ience FOundation has aided in the establ ishment of the 
Furniture Ins�i tute at the University of Nor th Carolina . The Furniture 
Institute prog ram is j ointly funded by the Nat ional Sc ience FOundation 
and the Southern Furniture Institute , an industry assoc iat ion . 
Industry contr ibutes approximately two-thirds of the costs of the 
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projects . The Furniture Inst itute has developed several process and 
p roduct innovat ions , wh ich have been l icensed to industry for 
commerc iali zation . Unfor tunately , the Furniture Institute has not bee n 
able to stand alone in spite of several years of government support , 
presumably because of the fragmented nature of the industry . 

Polymer Technology 

Unde r · its Expe r imental Research and Development Incent ives Prog ram , 
t he National Sc ience Foundat ion conce ived the Polymer Processing 
Institute as an exper iment to test the concept of creating long-rang e 
R&D incent ives for a f ragmented industry by establishing an 
industrially spgnsored central R&D program at the Massachusetts 
Inst i tute of Technology . The program ,  known as the MIT-Industry 
Polymer Processing Prog ram ,  also testa whethe r academic institution s  
and industr ial f i rms c a n  e ffectively cooperate in solving research 
problema without j eopard i z ing the integ r i ty of either party and whethe r 
the academic envi ronment can be conauc ive to i ndustrially relevant R&D 
wor k .  

The prog ram was init iated by a g rant of $100 , 0 00 from NSF i n  19 7 3  
t o  set u p  organi zational relations , rules for patent r ights and 
protection of conf ident ial information ,  and cr iter ia for evaluating i ts 
accomplishments . Later in the same year , NSF gave the program a grant 
o f  $370 , 0 00 to be spent over the next f ive year s ,  after which the 
�rog ram would continue only with suppor t f rom industry members and MIT . 

At the end of the f ive-year per iod , the prog ram ' s annual operating 
budget had r isen to over $500 , 00 0  and was completely suppor ted by ita 
twelve industr ial part ic ipants , with the major ity of the funding coming 
from the three largest industr ial par tners . By that time , the prog ram 
had been granted four foreign and three u . s .  patents and had seven more 
under cons ideration.  

The NSF prog ram shows that the pr imary goal of foste r ing 
technolog ical innovat ion can be approached through a numbe r o f  
mechanisms , each tai lored to the combination o f  industr ial , university , 
and governmental capabilities deemed moat appropr iate . The success of 
e ach mechanism will probably have to be j udged in a d i f ferent way , 
depend ing on the characteristics of the technology and the industria l 
units involved . The d iversity of the mineral industr ies and the number 
of RD&D problema that can be antic ipated suggest strongly that whateve r 
• system• i s  set up to deal with them should , l ike the NSF program , 
accommodate a wide var iety of institutional arrangements and should be 
f lex ible in management and funding . 
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5 .  ROLE OF THE PRIVATE SECTOR 

Max Lerner ( 19 5 7 ) , in Amer ica as a Civilization , says , •Except in a 
climate of innovation , the Amer ican exper iment would have been 
impossible ' conve r sely , it was in the intensely innovating soc ial 
climate of Amer ica that invention was bound to flour i sh . • In ou r 
system the pr ivate sector not only has a role but i t  has a fundamental 
responsibility for the provis ion of goods and services requ ired for our 
society to function . This is  the soc ial climate in which Amer ica has 
prospered technolog ically . While the pr ivate sector ' s  technolog ical 
achievements may have been overshadowed in r ecent year s by government 
defense and space achievements , in which the government acted as the 
senior and d irecting partner , it is pr ivate industry which produces 
gooas and service s in response to general market demands , and i t  is 
industry in which technolog ical innovation must take place if  i t  is to 
yield benefits to the consume r .  

When government intervention i s  presc r ibed , the challenge i s  to 
conduct that intervention in such a way that the pr ivate sector can 
fulf ill i ts responsibility and thus gain by the assistance of 
government rather than be hindered by government . As the MIT study fo r 
the Off ice of Technology Assessment showed (OTA 1978 ) , intense pressure 
by the government on the pr ivate sector for rap id change can be 
counterproductive , it  may g ive the pr ivate sec tor no other alternative 
than to patch up existing technology rather than r isk the failure and 
nonapproval of a rad ical innovation . Moreove r , l ittle innovat ion can 
be expected when government , or a government contractor , studies or 
develops a technology wi thout the d i rect involvement of a unit of the 
pr ivate sector capable of picking up that information and transfo�ing 
i t  into a commercial venture .  As has been noted repeatedly , there i s  
mo r e  to technolog ical innovation than R&D . 

Wartime successes of technical development
· 

led Amer ican industry in 
the post-world War II years to place new hopes on the use of R&D and 
technolog ical development as a means of economic g rowth and corporate 
prospe r i ty .  Much of the economic growth and the prospe r ity of the 
1 950s and 1960s in the United States has been attr ibuted to R&D .  The 
rate of g rowth of total expenditures for R&D in industry was relatively 
constant for the twenty years preceding the recess ion of 1 9 70-1971 . 

4 5  
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&ut the popular post-World War I I  bel ief of the 1 9 5 0 s  that new 
k nowledge--the result of pure sc ienti f ic research--would automat ically 
lead to technolog ical innovation ( see Figure 2 . 1 ) gave way in the 1960s 
and 1970s to the r ecognition that pr ior existence of a need coupled 
with a planned and concentrated problem-solving activity are key 
i ngrea ients to economic g rowth through the process of technolog ical 
innovation ( see Figure 2 . 2 ) . Bus inessmen who had looked at R&D 
operations in isolation and quest ioned whether the ir  investment in R&D 
had produced an adequate return began to recognize that successful 
technolog ical innovation requi res a sequence of efforts of wh ich the 
research laboratory is but one member of the sequence . Of special 
impor tance to the mineral industr ies is  the identi f ication and 
assessment of national R&D needs for mineral commodit ies , a tas k  that 
could be effectively carr ied out through the federal Bureau of Mines 
with the assistance of the mineral industr ies . 

In the Uni ted States , R&D i s  the pr�valent method of solving 
problema by ind ividual companies and generating new ideas for the 
company . The 1 9 7 7  edition of • Industr ial Research Laborator ies of the 
Uni ted States • (Jacques Cattell Preas ) lists 10 , 0 2 8  R&D facilities 
belong ing to 6 , 9 4 7  organi zat ions engaged in fundamental and applied 
research . Most of these fac i l ities are owned and ope rated by 
i ndustr ial f i rma , and range widely in s i ze and the nature of the work 
performed r some foundation-suppor ted and cooperat ively supported units 
are also included , as are university laborator ies having research 
fac i l ities separate from university control . 

RESEARCH ASSOCIATIONS 

Indust r ial research assoc iations have been establ ished within some 
i ndustr ies in the Uni ted States ( Table 5 . 1 ) . Unlike the B r itish 
government , the u . s .  government offers no categor ical suppor t to these 
associations . What federal funds are obtained by u . s .  industr ial 
research associations are in the form of contracts awarded to produce 
spec i f ied results . Like the ir British counterpa r ts , however , Amer ican 
research assoc iations are f inanced largely by the subscr ipt ions of 
the i r  member companies . 

Research As soc iations of Regulated Ut ility Industr ies 

Regulated industr ies present spec ial case s because the i r  prof its 
are both controlled and ensured , and the costs allowable for 
rate-setting purposes are controlled . Two industr ial research 
assoc iations r un by r egulated utilities are examined below . 

Electric Power Research Ins titute 

The Electr ic Power Research Inst itute ( EPRI ) was founded in 1972 by 
the major sectors of the nation ' s  utility industry to develop �d 

, 
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TABLE 5 . 1  Indus trial Res earch Associations i n  the Uni ted S tates , 19 7 5  

Name o f  research association 

American Concrete I ns ti tute 

Ameri can Iron and S teel Ins ti tute 

Ameri can Pe troleum Ins ti tute 

ANPA Res earch Center ( newspapers ) 

Association o f  American Railroads Res earch 
and Tes t Department 

Bituminous Coal Research I nc . 

Edward Ortin , Jr . , Cerami c Foundation ( k i ln-

fired cerami cs ) 

Electric Power Research Association 

Gemoloqical Ins ti tute of America 

Gidley Res earch Ins ti tute ( indus trial rubber) 

Graphic Arts Technical Foundation 

Hardwood P lywood Manufac tureres Association 

Hertz Foundation (wood and wood paper products ) 

Illuminating Engi neering Research I ns ti tute 

Ins ti tute o f  Textile Technology 

International Copper Research Association 

International Fabricare I ns ti tute 
( Formed from Ameri can I ns ti tute o f  Laundering , 
founded in 1874 , and National Ins ti tute of 
Dry Cleaning , founded in 190 7 )  

International Lead-Zinc Res.earch Organi zation 

NAHB Res earch Foundation (home bui lders ) 

National Canners As sociation Research Foundation 

Portland Cement Association Laboratories 

Quali ty Bakers of America Cooperative Laboratories 

Sulphur Ins ti tute 

Smel ter Control Res earch As sociation 

Date formed 

190 5 

1908 

1919 

194 7 

19 5 0  

19 36 

19 3 2  

19 7 2  

19 3 1  

194 3 

1924 

19 2 1  

1 9 3 9  

1944 

19 4 4  

1960 

19 7 2  

1958 

196 5 

1961 

19 16 

19 24 

196 1  

19 7 1  
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TABLE 5 . 1  ( Continued ) 

Name o f  re search as soc iation 

Tile Counci l  of America Re search Center 

Asphalt Insti tute 

Institute of Paper Chemis try 

Textile Research Institute 

SOURCE : Gale Research Company ( 19 7 5 )  

Date formed 

1919 

1929 

1930 
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administer a coordinated nat ional electr ic power R&D prog ram . Throug h 
selection , funding , and management of research proj ec ts conduc ted by 
contracting organizations , EPRI promotes the development of new and 
improved technolog ies to help the utility industry meet electric energy 
neeas in envi ronmentally acceptable ways . The pr imary areas of EPRI ' s  
research are foss i l-fue l systems , advanced technology sy stems , nuclear 
power , electr ical systems , environmental assessment , and ene rgy 
analysis . 

EPRI funding comes entirely f rom voluntary contr ibutions f rom 
approximately 500 member utilities across the country , representing 
three-four ths of the nation ' s  electr ic serv ice . These utili ties are 
both investor-owned and public-owned ( through munic ipal systems and the 
Rural Electr i f ication Administration) . The Tennessee Valley Author ity 
( an agency of the federal government ) is the la rgest single contr ibutor 
to the prog ram. In 1 9 7 9 , member utilities cont r ibuted the equ ivalent 
of 0 . 1 9 3  mill per k ilowatt-hour of the i r  consume r sales . 

Since 1972 , more than 1 , 50 0  research proj ects have been initiated , 
and more than 1 , 200 reports have been publ ished on EPRI research 
projects . There are cur rently approx imately 1 , 3 0 0  act ive R&D proj ects 
under EPRI management .  The EPRI fund ing commi tment for the lifetime s 
of these proj ects totals almost one billion dollars . Cofund ing and 
cost sharing by contractor s and othe r organi zations nearly double tha t 
f igure . 

The 1979 R&D budget for EPRI was $ 2 0 2  million . The proposed 
distr ibution of funds into R&D programs for the per iod 1979-19 8 3  is : 

FOss i l  Fuel and Advanced Systems 
Foss il fuel power plants 
Advanced foss i l  powe r systems 
New energy resources 
Energy management and utili zation 

Nuclear Power 

13 . 6  

1 6 . 4 
5 . 1  
8 . 5  

Water reactor s systems technology 
Reliability , availability ,  and economics 
Fuels , waste , and envi ronment 

7 . 9 

7 . 1 
5 . 3 

Developing applicat ions and technology 
Elec t r ical Systems 

Transmission 
Power systems 

Energy Analysis and Environment 
Energy analyses 
Environmental assessment 

7 . 0  

9 . 7 
7 . 0 

3 . 7 
8 . 7  

Pe rcent 
4 3 . 6  

27 . 3  

16 . 7 

1 2 . 4 

EPRI ' s  research management functions are car r ied out by fou r 
technical divis ions , which report to the president of the institute . 
The board of di rectors sets ove rall EPRI pol icies and d irection . The 
Washington Off ice , the Administrative Divis ion , and the Communications 
Division provide services to the var ious technical g roups within the 
inst itute . The planning staf f ,  which reports to the pres ident , 
coordinates EPRI R&D planning and assists in determining funding 
emphas i s .  · 
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A vital par t  of EPRI ' s  organi zation is the advi sory struc ture . 
EPRI ' s  advisory counc i l  has the respons ibility for ma intaining 
communications between the general public and the board of directors .  
Th is counc il includes representatives of government , bus iness , 
education , labor , and environmental and consumer groups . The Research 
Advisory Committee is an indus try group that counsels the board of 
director s and EPRI ' s  president . Each technical division is  counseled 
by a d ivision advisory committee made up of utility industry 
representatives . The Communications Division is similarly advised by 
an industry commi ttee . 

The EPRI management and staff plan , manage , and analyze proj ects of 
the institute . All other aspects are contracted out to universities , 
member utili ties , R&D and eng ineer ing f i rms , equ ipment manufacturer s ,  
and consultants . The technical information generated i s  available to 
membe r utili ties and the public at large through var ious communications 
fro� EPRI . EPRI does not emphasi ze demonstration proj ects r utili zation 

of the technology developed by EPRI is the responsibility of the 
ind ividual utility companie s .  

Gas kesearch Institute 

The Gas Research Insti tute (GRI ) was founded in 1 9 7 6  as an 
indepenaent , not-for -profit , sc ienti f ic organ i zation for the purpose o f  
planning and implementing a comprehens ive R&D prog ram for the benefit 
of the gas consumer . I t  has roots in the Amer ican Gas Assoc iation and 
the Institute of Natural Gas Assoc iations of Amer ica . Its members are 
interstate pipel ine compan ies ,  distr ibution and intrastate p ipel ine 
companies ,  and mun ic ipal utili ties r several Japanese companies are 
associate member s .  In 1 9 7 9 , its budget was $110 mill ion . 

GRI conducts no in-house R&D . Li ke EPRI , all of i ts projects are 
contracted to major not-for-prof it research institutes , technical 
consult ing f i rms ,  univers ities , energy companies , and equ ipment 
manufacturers . Many of these proj ects are funded cooperatively with 
the per former or with var ious government agenc ies . GRI ' s  1979 budget , 
for example , comprised $ 4 0  million raised , with the approval of the 
Federal Energy Regulatory Commiss ion ( FERC ) , by a charge to consumers 
of 3 . 5  mills per thousand cubic feet of gas sold ; $ 6 5  million in 
cooperat ive funding f rom government agenc ies ; and $ 5  mill ion from 
manufacturer s .  The distribution of funds among R&D program areas fo r 
1 9 7 9  was : 

Supply 
Conservation 
Planning and economic analysis 
Basic research 
Environment and safety 

Pe rcent 
5 4 . 9 

2 6 . 6  
8 . 4  
5 . 4  
4 . 7  

GRI ' s  progress was stimulated in June 1 9 7 7  when the former Federal 
Power Commiss ion ( FPC )  adopted a rule change allowing advance approval 
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of R&D prog rams developed , unde r a set of carefully drawn guidelines , 
by organi zations that der ive f inanc ial support f rom companies under FPC 
j ur i sd iction . These gu idelines have s ince been promulgated by FPC ' s  
successor , the Federal Energy Regulatory Commiss ion ( FERC ) . In 
accordance with the requ irements of the FERC gu idelines , GRI submits a 
f ive-year R&D plan yearly to FERC for approval , providing evidence that : 

• 

• 

• 

• 

the R&D obj ectives have been clearly established ; 
the plan evolves f rom these obj ectives and takes into account 
the viewpoints of sc ient i f ic , eng ineer ing , economic , consume r , 
and envi ronmental interests ; 
an effective mechanism is  used for coordinating the R&D pla n 
with othe r re levant efforts of nat ional scope ; 
the prog ram is  well conce ived and has a reasonable chance of 
bene f iting the ratepayer in a reasonable pe r iod of t ime . 

Like EPRI , GRI has a proj ect-or iented organizat ion report ing to a 
p resident . The board of d i rec tors is composed of representatives f rom 
each of the three major industry areas--interstate pipel ine companies , 
d i stribution companies , and munic ipal ut ilities . To fulf ill the 
requirements of the FERC , GRI has four advisory g roups : 

• 

• 

• 

• 

The Advisory Counc il , a d ive r se g roup of eminent people from 
ou tside the gas industry , representing sc ientific , 
eng ineer ing ,  economic ,  consume r ,  regulatory , labor , 
i ndustr ial , and environmental viewpoints , and helping to 
ensure that the GRI prog ram se rve s  the public interest . 
The Research Coordination Panel , composed of leaders in the 
R&D communi ty outs ide the gas industry who help to coordinate 
GRI ' s  prog rams with the R&D efforts of the federal government 
and pr ivate organ i zat ions . 
The Industry Technical Advisory Commi ttee , composed of 
technical expe rts f rom within the gas industry , who advise the 
GRI Board and staff of gas technology requ irements and the 
p racticability of ant ic ipated results in gas-industry 
operations . 
The �uncipal Gas System Advisory Commi ttee , representatives 
f rom munic ipal gas systems who advi se on the spec ial ized needs 
of the munic ipal gas cus tome r .  

Research Assoc iations o f  Nonregulated Industries 

Pr ivate domestic industr ies that form research assoc iations 
g enerally do not carry out product ion-or iented research , presumably to 
avoid problems of ant itrust law violat ions . The i r  research is 
g enerally focused on product- and market-or iented act ivities or 
industr ial safety and health . Two except ions are the Ame r ican I ron and 
S teel Institute and the Smelter Control Research Association . 
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Amer ican I ron and Steel Insti tute 

The Amer ican I ron and S teel Institute (AISI ) is pr ima r ily a 
cooperat ive information organizat ion of the u . s .  steel industry . Bu t 
while i t  has no laboratory fac i lities itself , i t  does support 
product ion-or iented research through the fund ing of proj ects a t  
universities . It  is  cur rently sponsor ing 4 5  university proj ects on 
subj ects including mining , mineral bene f ic iation ,  chemical additives to 
g r inding , processes for de-sl iming slurr ies , and f i ltration of 
slur r ies . Representat ives of the member companies of AIS I mee t  eac h  
year to establish the research p r ior ities and the subj ect matter o f  the 
university proposals .  Because o f  member company par t ic ipation i n  the 
select ion of research p r iorities , the AIS I  research prog ram reflects to 
some deg ree the technolog ical needs of the member companies and of the 
i naustry as a whole . All wor k  is nonpropr ietary and is publishable by 
the universities . The individual companies rely on the i r  in-house 
technical fac ilities to utilize AISI-generated research results and to 
car ry the f ind ing s  of such research into technology suitable for the i r  
own use . 

Smelter Control Research Assoc iation 

The Smelter Control Research Assoc iation ( SCRA) was organi zed i n  
1 9 7 1  for the purpose o f  performing cooperative stud ies , feas ibil ity 
stud ies , and demonstration proj ects on the treatment of reverberatory 
f urnace waste gas streams . Its membership consists of the major 
domestic coppe r producer s  and its operating expenses are der ived f rom 
i ts membership on the basis of the annual copper product ion of each 
membe r . No federal funds are involved in the operation of SCRA. The 
assoc iation has a board of directors e lected by the members , a 
technical committee , and a president appointed by the board . 

Proj ects or ig inate with the technical committee and are approved by 
the board . TYPically , the technical commi ttee des igns the approach to 
the proj ect , sees to the project ' s  execution ,  and evaluates the 
results . Proj ects range f rom paper studies to large-scale 
demonstrations and are performed by contractors . The annual budget for 
SCRA depends upon the size of the proj ects in prog ress at the time J i t  
h a s  r anged f rom $300 , 0 0 0  for study proj ects t o  over $1 , 0 0 0 , 0 0 0  for 
demonstration proj ects . The results of all wor k are publ ished . 

Smelte r  Env ironmental Research Assoc iation 

The Smelter Environmental Research Assoc iation ( SERA) is a 
cooperative effort in industr ial hyg iene and occupat ional health and 
safety located at  the University of Michigan at Ann Arbor . I ts member s 
a re the maj or domestic smelter operators ,  wh ich include the coppe r , 
lead , and z inc industr ies . I t  has a board of d i rectors , a sc ient ific 
advisory committee , and a president . I ts proj ects are contracted out to 
university investigator s or to research f i rma . SERA typically has 
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approximately ten proj ects in operation at one t ime , with a tota l 
budget between $200 , 0 0 0  and $300 , 0 00 . Like SCRA, SERA rece ives no 
federal ass istance , and all research f ind ings are made publ ic . 

Chemical Industry Inst itute of Toxicology 

In the chemical industry , gene r ic research on the tox ic ity o f  

commodity chemicals i s  conducted by the Chemical Industry Inst itute o f  
Tox icology . Policy is dec ided by a board of di rectors elected f rom the 
member companies . Costs of the research are pa id by the member 
companies . Companies are divided into three categor ies according to 
the i r  sales , and fees are assessed at three cor responding levels . A 
pr ior ity commi ttee selected from the members determines the orde r  in 
which compounds are tested . Research results are published and made 
ava ilable to the publ ic .  

Aluminum Assoc iat ion 

The Aluminum Assoc iation , like AIS I , ex ists pr imarily to provide 
information concerning aluminum and its products . The assoc iation doe s 
not have a research budget , pe r se , but it supports R&D through 
technical committees . Each committee asks for line i tems in its budge t 
when R&D is requ ired . Most of the research sponsored by the Aluminum 
Assoc iation deals with operat ions , products , and mar keting . An example 
of a proj ect relating to operations involves safety aspects of water 
and molten aluminum . Past attempts by the Aluminum Assoc iation to do 
process research have failed because of compet i tiveness of maj or 
companies within the assoc i ation . 

Internat ional Copper Re search Assoc iation and Internat ional Lead and 
Z inc Research Organizat ion 

The companies involved in the p rimary product ion of base metals 
(copper , lead , and zinc )  have , for a number of years , mainta ined 
cooperative R&D organ izations wor k ing in the areas of product 
development and new appl ications for the i r  products .  As the name s 
imply , membership is made up of both domestic and fore ign companies . 
The mar ket for basic metal commod it ies has tradit ionally behaved 
cyclically . The main purpose of these research assoc iat ions is  to 
attempt to dampen this cycl ical behavior by creating new mar kets for 
the base metals and to preserve the markets already establ ished . In 
addition , these assoc iations add to the world ' s  sc ienti f ic knowledge 
about these metals . Research is  performed under contract with 
univers i t ies and contract research laborator ies in the United States a s  
well a s  abroad . 

In the same industr ies , trade promot ion organi zations , such as the 
Copper Development Assoc i ation , the Lead Industr ie s Assoc iation , and 
the Z inc Inst itute , ex ist to enhance the mar keting of the products of 
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thei r  membe r s . All the se organi zat ions operate unde r boards of 
d irectors represent ing member companies and are f inanced by dues 
collected from member s  on the basis of product ion . 

B ituminous Coal Research , Inc . 

The bi tuminous coal industry has sponsored a research organi zation , 
B i tuminous Coal Research , Inc . (BCR) , s ince 1 9 3 4 . In 1 9 6 0 , BCR became 
a f f i l iated with the Nat ional Coal Assoc iation (NCA) , and BCR rece ives 
its pr inc ipal continuing support f rom the bi tuminous coal industry 
through NCA . It  sponsors and conducts research to improve technolog ies 
in mining , coal handling , preparat ion , benef ic iation , safety , and 
health , and the use of coal . In cooperat ion with NCA, BCR addresses 
coal-related problems in the laboratory and in the f ield ,  as well as 
through communication with agenc ies that promulgate regulat ions 
affecting the product ion and use of coal . 

BCA operates unde r a board of directors and an execut ive committee 
cons isting of representat ives f rom NCA-member companies as well as 
s taff members of NCA. The of f icers are staff members of BCR or NCA. 
BCR has two d ivisions : administration and research . The Research 
Division has f ive depar tments : Chemical Research and Testing , Mining 
Research , Utili zation Research ,  Environmental Research , and 
Petrographic Research . BCR ' s  pe rsonnel complement at the end of 1979 
totaled 9 0 . 

As a focal point for research in the bituminous coal industry , BCR 
forms technical committees composed of industry spec ial ists to 
coordinate the research activities of the industry , to provide liaison 
with equipment manufacturers and contractors ,  and to communicate with 
federal agencies on the ir respective subj ects . In 1979 active 
committees were : the Mining Product ion Research Committee , the 
Respirable Dust and Noi se Committee , the Cabs and Canopies Committee , 
the Mine Monitor ing and Communications Committee , and the Longwall 
kining Commi ttee . 

In add ition to the research sponsored and f inanc ially supported by 
the coal industry through NCA ,  the BCR laboratory does contract 
r esearch for federal agenc ies , includ ing the Depar tment of Energy , the 
Bureau of Mines , and the Envi ronmental Protect ion Agency , and for the 
Commonwealth of Pennsy lvania , as well as for noncoal industry g roups . 
In 1979 the operating budget was approximately S 3  million . 
Coal-industry sponsored proj ects provided about 20 percent of the 
oper ating funds and the remainde r was provided by federal government 
contracts . BCR in recent years has not sponsored re search projects at 
outs ide f i rms or universities except through subcontrac t  under federal 
government proj ects . 

The research a reas at BCR are prescr ibed by the R&D pol icy 
statement of the board of directors . Research planning is generally a 
j oint effor t by the BCR staff and the technical committees . Proj ects 
and budgets are approved annually by the board . The spec i f ic proj ect 
obj ectives and implementation plans are deve loped by BCR personnel 
usually with advice and ass istance from the technical committees . 
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Research results a r e  communicated to the BCR member companie s 
through published reports . S ignif icant achievements are gene rally the 
subj ect of spec ial publicat ions and • technology transfer seminars . •  
The technical committees often partic ipate in proj ect review sessions 
and through these reviews become acqua inted with the prog ress and 
potent ial application of new or improved technolog ies . 

UNIVERSITIES 

The land-g rant colleges establ ished by the Morr ill Act in 1 8 6 2  and 
the ag r icultural exper iment stations set up in conj unct ion with 
land-g rant colleges by the Batch Act in 1887 have three charges : 
teaching , research , and publ ic service . Beg inning with agr icultural 
research , university research has g rown into a •big bus iness • in the 
United States , with a total budget of approx imately S5 billion in 19 7 9 , 
the vast majority of wh ich comes f rom the federal government . 
COllectively , the universities of the Un ited States represent the 
largest pool of sc ienti f ic expertise in the world .  Recent concern for 
the decrease in u . s . technolog ical innovation has reopened interest in 
br ing ing the university community into closer interact ion with the 
industr ial innovative process . Because the major share of bas ic 
sc ience development occurs in universities , whi le technolog ical 
development is lodged pr imar ily in industry , there are strong arguments 
for coupling the two sectors ,  although the coupling is not always easy 
or s imple . Fusfeld ( 1980 ) descr ibes the s i tuat ion as follows : 
• university-industry relations in science and technology have long been 
characte r i zed by cur ious mixtures of respect and condescension , of 
affection and i r r itat ion , of strong mutual interactions and bar r iers , 
planned and phi losophical . •  

COlleges and universities , particularly land-g rant colleges , were 
once very a�tent ive to industry needs , but afte r World War I I  this 
attentiveneJs d iminished , .  Smith and Kar lesky ( 1977 ) have ident if ied 
three factors under lying thi s  decline : 

• 

• 

• 

the sepa ration of academic research f rom recogni zed industrial 
needs as a result of the increas ing role of the federal 
government in sc ience and technology , 
the decreased interest among university g r aduates in 
industrial re search careers--with the availability of federal 
funds for academic research and education , more and more 
g raduates eschewed industr ial careers  for caree rs in academic 
research ;  and 
industry ' s  decreas ing role in bas ic research . The industr ial 
share of basic research spending declined steadily between 
1 9 5 5  and 1972 , and the proportion of the in-house R&D budge t 
a llocated to basic research decreased dramatically after 196 6 .  
Since the key to cooperative interact ion between universities 
and industry was sc ienti st-to-sc ientist contact on matters of 
common interest , the gene ral decline in industr ially performed 
bas ic research decreased such contacts and impeded 
university-industry relations . 
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In commenting on federal funding of university resea rch f rom 19 5 0  

t o  1 9 7 0  Fusfeld ( 1980 ) descr ibes the change i n  relat ions i n  these words : 

• • •  But the br idg e between university and industry , although 
neither completely broken nor abandoned , fell into d i suse . 
Research subj ects evolved f rom governmental goals and funding , 
and career obj ectives of g raduates were geared to the g lamour 
and g rowth of space , nucleonics , and the new age of mater ials 
sc ience . While industr ial research became stronger 
internally , the university research community leaned toward 
i ts new and generous patron . 

Courtland D .  Per k ins , pres ident of the National Academy o f  
Eng ineer ing , has attr ibuted many of the problems i n  today ' s  graduate 
eng inee r ing prog rams to the continuing dive rgence be tween industr ial 
R&D and the programs remaining in our eng inee r ing g r aduate schools . He 
asks , • I f  moder n  high-technology industry questions our graduate 
programs to the extent that they h i re our best underg raduates and see 
to the i r  cont inuing education and mot ivat ion themselves , what does thi s 
mean to eng ineer ing education prog rams in the long run? • ( Perk ins 
1 9 80 ) . He recommends that we revitalize the interconnect ion between 
i ndustry and university prog rams . 

Prager and Omenn ( 1980 ) observe that a return to close 
u niversity-industry involvement may today be in the best inte rests of 
both sectors . The univers ity community shows a g rowing interest in 
solving national problema and a renewed appreciation for the role of 
industry in such problem solving . Competition for federal research 
funds has dramatically increased as inflat ion has e roded the research 
dollar and university prog rams have proliferated . Government 
r egulations related to sc ientif ic and f inanc ial accountability ,  human 
and animal exper imentation , biohazards , and aff irmative act ion have 
r educed the eff ic iency , flexibility ,  and independence of the academic 
sc ientist . Fuafeld ( 1980 ) notes the following : •The br idge with 
industry was red i scove red by universities around 1 9 7 0 , with the slowing 
of federal support , cutbacks in aerospace research , and nar rowing of 
f ederal support following the Mansf ield Amendment . Initial approaches 
were made by univers ities with overtones of ' with your money and ou r 
bra ina ' --not an endear ing note , and surely not the best one on which to 
beg in a relationship . But through the 1 9 7 0 ' s  a matur ing sense of 
mutual benef its and interdependence has emerged . •  

University administration and faculty are turning to industry as a 
source of research support , as a potential employer for g r aduates with 
advanced degrees , as a source of part-time faculty , and as a focus for 
continuing education programs . 

Industry ' s  incent ives for university cooperat ion are equally 
compelling . Amer ican companies are engaged in stiff competition a t  
home and g rowing challenges abroad . New sc ience-baaed technology is 
needed to meet not only these challenges but also those of 
e nvironmental , health , safety , and product-e f f ic iency regulations 
imposed by soc iety . 
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But in spite o f  the potential interest of both secto rs i n  
cooperation , there are a number o f  barr iers t o  be overcome ( Prager and 
Omenn 1 9 8 0 ) . Academic insti tutions are in the bus iness of education 
and training . Un ive r s i ty research is thus necessarily or iented toward 
education and basic research . It is seldom d irected at new comme rc ial 
products or processes r the emphasis is basic science and engineering 
rather than development and commercializat ion . The t ime frame for 
academic research is long . Freedom of communicat ion and publicat ion i s  
at the heart of the academic research process , and intellectual 
independence is paramount . Finally , a univers i ty ' s  most tmportant 
considerations are the number and quali ty of its students and its 
research productivity ,  ita responsibility i s  to the public . 

Industry ' s  fundamental interests are f inancial viability and 
p rof its r the goal of i ts research is new , improved products , processe s ,  
and services .  Industry ' s  responsibility is  to i t s  stockholders . Same 
academicians appear to disdain the prof i t  or ientation and distrust the 
motives of industry . Some seem to believe that industr ial researchers 
and the quality of the ir research are infer ior and that 
univers i ty-industry interaction means industry direction of university 
r esearch , applied rese arch only , lower standards , no publications , 
propr ietary wor k only , and no real interaction . On the other hand , 
university research is viewed by some individuals in industry as being 
indifterent to applicability and relying too heavily on a cumber some 
�ublication process . 

The challenge for the mine ral industries and universit ies ali ke is  
to overcome these bar riers and create situations in which the resources 
of both sectors can be used to mutual advantage . The Nat ional Science 
Foundation-initiated consortia programs discussed earlier show that the 
industry/academia bar r iers can be overcome . Moreover , of the research 
associations listed in Table 5 . 1 ,  at least three have cooperative 
p rog rams with , and are located c lose to , university campuse s : the 
Asphalt Institute is assoc iated with the Universi ty of Maryland , the 
Institute of Paper Chemistry with Lawrence University ,  and the Text ile 
Research Institu te with Pr inceton University .  These associations 
employ f aculty members and g r aduate students , sponsor university 
research , and cooperate with the university in graduate training fo r 
deg ree prog rams . 

Mining &chools and Colleges and the Mining and Mineral Resources 
Research Institute Program 

In the United States as well as e lsewhere in the world , the 
educational and academic research needs of the mineral industr ies ar e 
met largely by schools and colleges of mines . These , like the 
agr icultural colleges , are special purpose institutions whose mai n  
focus i s  mineral-resource exploration , development , and production . 
Schools and colleges of mines are an important component of the mineral 
resource e ffort of the nation and a vital national resource in 
themselves .  The princ ipal role of these mining-or iented educat iona l 
institutions is  to provide the expertise required to operate the 
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nat ion ' s  mineral industr ies , through undergraduate cur r icula , graduate 
cur r icula , and cont inu ing education for profess ionals already in the 
industry . In add ition , these schools apply sc ience and technology to 
the solut ion of p roblems encountered by the mineral industr ies . 

In 1969  the National Research Counc il published a study entitled 
M ineral Science and Technology :  Needs , Challenges , and Opportunities 
( NRC 1 9 & 9 ) . The committee was conce rned over the lack of coord ination 
and suppor t of mineral-resource research by federal and state 
governments as compared with the organi zation and funding of research 
on ag r icultural resources .  The committee made a comprehensive l ist of 
recommenaations d i rected to the federal government , the state 
governments , the mineral industr ies , the universities , and the 
p rofessional societies . The committee proposed the establ i shment of a 
broad mineral-resource policy and management prog ram in government with 
a streng thening of gove rnment-industry-university relat ions supporting 
the national mineral-resource obj ect ives . Emphas is was placed on the 
role of the universitie s  in the fulf illment of these obj ectives . 

The recommendations of the 19 6 9  National Research Counc i l  repor t 
u lt imately led to the passage of Title I I I  of PL 95-87 , creat ing State 
Mining and Mineral Resources Research Institutes (MMRRI )  at publ ic 
colleges and universities in 31 states . Th is t i tle author i zes the 
ap�ropr iation of federal funds to match state funds for institutional 
support up to $ 4 0 0 , 0 0 0  per inst itute per year and for the support of 
research at these institutes amounting to a max imum of $ 2 7  million pe r 
year . Fiscal Year 1980  was the third year of operat ion for the 
program. Unfortunately , Cong ress restr icted the fund ing of the program 
to a total of $10 million per year , which amounted to $110 , 0 00  per year 
pe r institution for institutional suppor t and $ 6 . 5 9 million to be spent 
for research and fellowship support of s tudents for FY 1980 . The 
Department of the Inter ior has not requested funding for th is program 
in  FY 1 9 8 2 . 

The MMRRI prog ram has re invigorated a number of the mining schools 
and colleges and mineral-resource prog rams in othe r univers ities , the 
reduced level of fund ing , however , has l imited the prog ress of these 
inst itutions toward the i r  goal of achieving a meaningful role in the 
development of mining and mineral-resou rce technology and the early 
termination of the prog ram will undoubtedly cause some of the weaker 
institutions to falte r . 

PROFESS IONAL SQCIETIES 

Professional eng ineer ing and scient i f ic soc ieties also play an 
important role in technolog ical change in the Un ited State s .  Same of 
the largest related to the mineral industr ies are the Amer ican 
Institute of Mining , Metallurg ical , and Petroleum Eng ineers , the 
Amer ican Institute of Chemical Eng ineers , and the Amer ican Chemica l 
Soc iety .  These soc iet ies and the many smaller but important 
spec ialized soc ieties ac t as catalysts--ne ither enter ing into the 
innovation process of the count ry nor undergoing change themselves as a 
result of i t .  They rece ive little f inanc ial suppor t from e ither 
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industry or gove rnment . The ir  ma in role is to di sseminate techn ical 
information through publ icat ion of sc ient ific j ou rnals , texts , and 
reference books and by sponsor ing sympos ia , short courses , and seminar s 
on subjects appropr iate to the ir disc iplines . Membership is on an 
individual , voluntary basis , and educational and profess ional 
expe r ience requ i rements are strict . 

In past years , the profess ional soc iet ies have responded rapidly to 
nat ional needs for technolog ical init iatives . Through inc reased 
programming , the soc iet ies have informed and educated sc ient ists and 
eng ineers , br iefed government off icials on profess ional views and 
opinions , and provided industry leaders with a forum for inte raction 
and communication with the professional community . In add ition to 
r eacting to new prog rams and opportunities , the profess ional soc ieties 
have also played an important role by providing exper t  testimony to 
cong ressional committees and informing the public and society 
membership through soc iety publications . Professional soc ieties also 
interact closely with universi ties and the ir facult ies , which include 
many member s  of the societies . The re is a long histo ry of cooperation 
between academia and the professional soc ieties in program 
accrea i tation and development of academic facilitie s .  

Thus , the profess ional soc ieties inf luence all aspects o f  the 
technolog ical innovation process , f rom aanpowe r supply to public 
informat ion on technical matters . It  can be expected that the 
soc ieties will continue to play a major role in technolog ical 
innovation in the mine ral industr ies . 
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6 .  ANALYS IS , CONCLUS IONS , AND RECOMMENDATIONS 

ANALYSIS 

Branscomb ( 1980 ) sets the stage for the Commi ttee ' s  analysis with 
t hese words : 

The quali ty of technology actually used in u . s .  industr ial 
production is best mirrored by looking at productivity f igures . 
There the u . s .  econOD¥ demonstrates a miserable performance 
overall , with a productivity growth rate that lags that of most o f  
o u r  fore ign industr ial competitors . Yet much of this poor 
performance is not a reflection on the technology of which ou r 
eng ineers are capable , and certainly not on our sc ience . Instead , 
it ref lects the fa i lure of our soc iety to g ive pr ior ity to savings 
and to capital format ion , plus a g reat var iety of soc ial and 
polit ical bar r ie r s  to the replacement of ant iquated plant 
f ac i lities by more productive new ones . 

Whi le there are no quantitative data that can be used to 
a ssess the conparat ive states of technology he re and abroad , I am 
convinced tha � even where our industr ial technology lags that of 
competition , our capability does not . Amer ican eng ineers are 
capable of accomplishing more than what is  actually bu i lt and made 
i n  many of our fac tories . It  is not that our technology is weak 
or lagg ing . I t  is  that we are fai ling to push as rapidly ahead a s  
w e  could as a nat ion . 

• • • the p icture of Amer ican sc ience and technology today is  
one of  g reat streng ths yet deep doubts ,  of  strong foundations and 
t imid commitment , of c r i t ical importance to the economy and 
uncertain polit ical pr ior ity .  I f  indeed our domestic and ou r 
fore ign trade per formance are poor ,  is lagg ing technology the 
symptom or the cause? And if technology lags , is th is  because the 
s team has gone out of our sc ience ? Or because of a failure of 
economic policy and industrial will? 
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There is  plenty of room for debate , but there is a n  obviou s 
conclus ion : whateve r the cause and effect relat ion between 
sc ientific , technolog ical , and industrial performance , our nation 
should commi t  i tself to excellence in all three areas . No less a 
goal is  wor thy of u s .  

Innovat ion i n  the mineral industr ies is a complex process that 
starts with an advance in the understanding of the ore-forming proces s 
of nature , the ident if icat ion of an industr ial problem to be solved , or 
the recognition of a mineral-related soc ietal need . The process 
usually cont inues with research and development programs resulting in 
new information , a new product poss ibility , or evidence of the 
e ffectiveness of a potentially useful process . It cont inues with 
further testing and evaluation , scale-up , market development , and , 
f inally , investment in new plant and equ ipment . Innovation does not 
occur unt i l  a decision is made to commerc ialize the results of R&D and 
the new technology i s  made available in the form of an ope rat ing 
process or a new produc t . Successful innovation involving a proces s 
u sually requ i res a cont inu ing f low of capital and further market 
development . I n  the case of a product , innovation may be delayed unt i l  
a new d istr ibution system is  developed . In the case of a process , 
innovation may be delayed unt il var ious permits are obtained , public 
hear ing s held , and fees paid . Innovation is a process that is not 
complete until  the results of the deci sion to commercialize are i n  
place and available to society . 

I n  f ree economies the dr iving force behind innovat ion i s  the 
expectation of return on invested capital . Innovat ion is strongly 
influenced by the percept ions of executives in the mine ral industries 
of costs , time requ ired for comme rc ializat ion , compet i tive r i sks , r i s k s  
f rom uncontrollable factors , and estimates of f uture cash flow.  These 
perceptions and estimate s dominate the entire process including the 
fund ing and use of R&D . Innovation will not take place , however much 
R&D is performed or however unique its results , when the executives of 
the companies ( and of the f inanc ial inst itutions upon whom they depend ) 
antic ipate high r isks and inadequate return on inve stment . 
Technolog ical innovation in the mineral industr ies depends on a 
vigorous R&D effort to identify opportunities for innovat ion , the 
ability of the industry to innovate , and the percept ions ( real and 
othe rwise ) of the incentives for developing and us ing new technology . 
Any effort to increase the level of technolog ical innovat ion must 
address how act ions of government and the universities affect R&D . I t  
must also take into account all of the d i rect and ind irect interactions 
of industry and gove rnment on the succeed ing steps of the innovation 
process . 

Decline of the Domestic Mineral Industr ies 

The General Account ing Office ( 19 7 9 )  has documented the decl ine o f  
the u . s .  mineral industr ie s , based upon a number o f  yardsticks-
decreas ing prof itabi lity , increased debt , reduced rate of g rowth , and 
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in some sector s the actual closure of fac i lities . Decreased retu rn on 
investment and reduced prof itabi lity have forced the mine ral industr ies 
to tr im R&D budgets , defer modernization , and in some cases terminate 
advanced development stage proj ects already under way . The ultimate 
result of thi s  decline has been a lag in innovat ion , and lagg ing 
i nnovation br ings about further dec line . 

In the last 2 5  years the pos ition of the United States has changed 
f rom near self-suf f ic iency in many important minerals to import 
dependence for over 50 percent of the supplies of 2 0  basic mineral s 
e ssential to the economy . Such dependence on imports br ings 
concomitant strateg ic and economic vulnerability .  I n  recent year s 
shor tages of c r it ical mater ials and volatility in the i r  pr ice have had 
subtle (and to a cons iderable deg ree inflationary ) impacts on virtually 
a ll manufactur ing . The seve r i ty of these impacts i s  only beg inning to 
be recognized .  I t  is  appropr iate to examine the causes o f  the decline 
i n  the mineral industries and ways techraolog ical innovat ion might be 
effected in order to re-establish the vitality of these industr ies . 

As previously d i scussed , there are four general causes of the 
decline in domestic mineral industries : 

( 1 )  Increased r isks 
( 2 )  Decreased levels o f  R&D investment 
( 3 ) Not fully recogni zed characterist ics of many of the industries 
( 4 )  The deter iorating investment climate for capital-intens ive 

industries in the United States 

Increas ing r i sks assoc iated with investments in new technolog ies 
for domestic operations stem from (a)  competition f rom ove r seas mineral 
operations that have a favorable market pos ition as a result of foreign 
government ownersh ip or subs id ization , (b)  the reduced influence of 
market forces in foreign countries as a result of government ownership 
o r  subs idi zation of operat ions , and (c)  the poss ibi l i ty that ore 
deposits of higher grade than those in the United States will be 
d iscovered in fore ign countrie s ,  thus putting domestic operations at  a 
d i sadvantage in the mine ral marke t .  

· 

In the last 2 5  years the United States mineral companies and the 
federal government have made relat ively low levels of investment i n  
research and development .  A Battelle report to NSF ( Battelle-columbus 
Laborator ies 1979 ) on the adequacy of the current levels of research 
and development for the nonfuel mineral industr ies pointed out the low 
level of investment in R&D by industry as well as by the Bureau of 
Mines , the Nat ional Sc ience Foundat ion , and other government agenc ies . 
bOth industry and government have made inadequate investment in what 
has been called the • front end • of the mineral product ion system , that 
is , exploration , mine development and operat ion , and mineral processing . 

The mineral industries are rather unusual among capi tal-intensive 
industries . The effects of var ious parts of the environment in which 
the mineral industr ies must operate may not d i f fer in k ind but do 
d iffer substant ially in deg ree from other industr ies . Some of the 
c harac teristics that set the mineral industr ies apart are production of 
a commod i ty-type product ( i . e . , a raw mater ial ) ,  unusual levels of 
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technical and bus iness risk , and the signif icant compet i tive 
d ifferences in the quali ty and location of ore bodies . Also 
influenc ing the level of innovation in the mineral industries has bee n 
the deter iorating investment climate for domestic capital-intens ive 
industr ies . Par t  of the deter ioration stems from a shor tage of capital 
c aused by inadequate deprec iation allowances . Part is due to the 
diff iculties in obta ining long-term energy commitments at acceptable 
pr ices , and par t  can be traced to the capital requi rements for meeting 
regulatory environmental , safety , and health standards . 

One of the less w idely recognized character istics of the mineral 
industr ies is the long lead time requ ired to br ing a depos it into 
produc t ion , often as much as 10 years or more . Many of the present 
wor king mines of the wor ld will be exhausted by the year 2 0 0 0 . I f  
Un ited S tates i s  to overcome the strateg ic and economic vulnerabil ity 
of present impor t  dependence , a major effor t must be made now for 
useful innovations to be effective in the f irst par t  of the 21st 
century . 

The f uture of the mineral industries in the United States can be 
br ight . �bile the outlook for future discovery of c r i t ical mater ial s 
such as chromium , cobalt , and tung sten may appear to be d im ,  the 
poss ibilities are good for increasing the vitality of the domestic 
minerals industr ies in supply ing minerals for which the resources of 
this country promise full or part ial self-suffic iency . A 
r evitali zation of these industr ies with concomitant benef its to the 
u . s .  economy and soc iety is essent ial . One of the keys to the 
revitali zation of the industry is technolog ical innovat ion . 

Oppor tunities for Technolog ical Innovation 

There are many opportunities for research that could lead to 
innovation . Battelle ' s  repor t to NSF ( Battelle-columbus Laborator ies 
1 9 7 9 ) , Assessing the Adequacy of Research and Development , pointed out 
spec i f ic , attractive avenues of research in exploration , in mine 
development and operation , in mineral process ing , and in basic 
mater ials processing . To fulfill the promise of such technolog ica l 
opportun it ies , however , requ ires actions by all inst itut ions d irectly 
or indirectly affecting the innovation process in the mineral 
industr ies . Such institutions include companies in the mineral 
industr ies , a number of impor tant agencies of the federal government , 
universities and other research centers ,  and professional soc ieties . 
Only with concerted effort on the part of all of these institut ions can 
real prog ress be made toward the application of technology in the 
reduction of impor t dependence and its consequences , stabiliz ing 
mater ials supplies and pr ices for domestic manufactur ing industr ies , 
and increasing domestic employment in mineral processing . 
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�o S ingle Approach 

The d iver s i ty and chang ing character of the mineral industries 
preclude the possibi lity of a sing le approach for improving 
technolog ical innovat ion in all sectors .  The three c lasses of mineral 
industr ies--ore-depos i t  centered , process-centered , and mar ket
centered--d iffer in the i r  mode of operat ion and underly ing strateg ies . 
Effor ts to stimulate industr ial innovation must recognize these 
d ifferences . It  is c lear to the Committee that improvement in the 
status ot the u . s .  mineral industr ies will require , minimally : ( 1 )  the 
e stabl ishment of mechanisms to develop new technology essent ial to the 
innovat ion process , and ( 2 )  suff ic ient incentives to motivate corporate 
managements to incorporate innovat ion as part of the i r  bus iness 
strateg y .  

TO establi sh mechanisms for innovation , the pr ivate sector must 
provide inducements to attract outstanding researchers and process 
e ng ineer s  who can br ing fresh insights to new technology . This will 
certainly involve wor king closely with institut ions having mineral 
eng ineering prog rams . Addi tionally , mineral-resource company managers 
have the respons ibility to examine their  own business operations and 
s trateg ies to uncover internal bar r iers to change and then to take 
vigorous steps to overcome them. Company executives must take the 
responsibility for organiz ing the institutional mechanisms to develop 
new technology and for controlling choices of proj ects to be 
undertaken . The RD&D stage of the technolog ical innovat ion process 
offer s an excellent opportunity for establishing a partnership between 
i ndustry and government where in both share in the r isks ,  costa , and 
conauct of certain AD&D proj ects under some suitable inst itutional 
f ramework . 

The federal government has pr imary respons ibility for improving the 
a�sphere for technolog ical innovat ion by reviewing and adj usting 
polic ies and regulations that currently discourage it . Baaed on the 
domestic pol icy review of industrial innovation dur ing 1979 and 1980 , 
some agenc ies of the federal government are act ively seek ing ways to 
improve the atmosphere for innovat ion by reviewing and adj usting 
polic ies and regulations that would encourage innovation . Smith ( 1981)  
descr ibes recent approaches used by the Envi ronmental Protection Agency 
that indicate the improvement in the regulatory attitude and that to 
some degree fac ili tate and encourage the development and adoption of 
new technology . Cont inuing effort will necessar ily involve the Mine 
Safety and Health Agency and the Off ice of Surface Mining Reclamation 
and Enforcement , and the Department of Just ice for ant itrust matters , 
the Depar tment of Commerce, for patent matters , and the Envi ronmental 
Protection Agency and Occupational Safety and Health Administration . 

Cooperation with industry on technology development , however ,  
c learly falls to one agency , the Bureau of Mines , of the Department of 
tbe Inter ior . This  federal agency has histor ically interacted with the 
m ineral industr ies and has demonstrated its ability to work with them 
in developing and installing new technology . 

In its deliberations , the Committee continually sought for an ideal 
organization and plan to integrate better the effor ts to st imulate 
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technolog ical innovation by government and industry . We had hoped tha t 
one or more of the existing organizat ional arrangements would provide a 
sat isfactory pattern on which to bu ild . But each of the examples 
currently used in the United States and elsewhere appeared to be only 
partly responsive to problems of innovation in the u . s .  mineral 
industr ies . Most approaches seem to have fallen short of the mark for 
two reasons : ( l )  the removal of disincent ives to technolog ical 
innovation was not addressed , and ( 2 )  the transfer of technology f rom 
R&D to implementation was lef t to chance . 

In the examples studied the g ap was too g r eat between the 
organization per forming the R&D and the organi zations expected to 
assess and use the results , and the constraints that discourage 
acceptance of new technology either were not recognized or not deal t 
w i th .  The approach followed by the Electr ic Power Research Inst itute 
(EPRI ) ,  for example , does not appear to be su itable to the mineral 
industr ies . While EPRI i s  in a good position for promoting the 
development of innovative technolog ies , and operating util ities provide 
g uidance through member ship on management and technical committees , 
there is l ittle force within EPRI to br ing the technolog ies to fruitio n  
through installat ion and operation by the utilities . Further , the 
institute cannot lessen or eliminate the disincent ives to technolog ica l 
innovat ion that may influence the industry or the ind ividual utility .  

Industr ial Research Consor t ia 

The Committee believes that industr ial research consortia provide 
an espec ially su i table mechanism for encourag ing technolog ical 
i nnovat ion in the mineral industr ies . Although the Commi ttee prefers 
not the recommend a spec if ic organi zational format for the performance 
of the RD&D stages of the innovation process in the mineral industr ies , 
certain pr inc iples of organ i zation and operation are recognized as 
applicable to the d iverse interests of these industr ies . First , the 
investments necessary to develop new technology will clearly require  
cooperation of  g roups of companies within each of the mineral 
industr ies . Cooperation of the federal government will also be 
necessary in some types of proj ects , particularly large-scale 
demonstrations . · To  encourage such cooperation , some form of industr ial 
r esearch consortium would seem to be required for log ical g roupings 
within an industry . Such consortia now exist in seve ral of the mineral 
industr ies for product r esearch and promotional act ivi ties ' consortia 
for mining and process technology are also needed . The nature and role 
of industr ial research consortia are discussed in deta il by Wolek 
( 1977 ) .  

� the Committee ' s  mind ,  industrial research consor t ia would have a 
number of posi tive aspects : 

• · The technology would be developed by an organization close to 
its  users , thus minimi z ing the t ransfer problem . 
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The cost of developing technology for common use would be 
shared and borne by the intended user s .  

Member companies would control the program and mon itor closely 
the progress and techn ical find ing s but would rece ive no 
exclus ive proprietary benef i t s .  

Member companies would be expected t o  develop propr ietary 
technology in the i r  own R&D prog rams , wh ich might be based on , 
but not par t of , technology developed by an industr ial 
research consor tium .  

Each industrial research consortium would c losely coordinate 
its  ac tivities with deg ree-g ranting prog rams at host or 
neighbor ing universities , thus tapping th is  re sou rce for i t s  
talent while assisting in the training of new mineral 
scientists and eng inee r s .  

Industr ial contr ibutions to technology development having a 
national inter est such as environmental protect ion , safety , 
and health could be ef fect ively • levered • by federal fund ing 
obtained through cooperative ag reements and contracts . 

The Commi ttee does not suggest from which quar ter the impetu s 
s hould come to organi ze the f irst and success ive industrial research 
consortia as  her e  proposed for the mineral industr ies . History shows 
that the initiative in forming a new sc ienti f ic and technolog ical 
entity--whether a soc iety , a company , an institute , or even a 
government agency--has been taken by an individual or small g roup 
dedicated to a particular purpose and willing to devote the t ime and 
energy necessary to assemble interested participants and organize the 
proper institutional arrangement .  In the case of an industr ial 
research consor tium, it could be an off ice of a concerned segment of 
industry , a univers ity faculty member , or a government offic ial who 
f elt strong ly about the problems and issues discussed in th is repor t . 
Such an individual might chose to wor k unde r the aeg i s  of a technical 
soc iety ,  an industry assoc iation , a government agency , or the Nat ional 
Research Counci l  in be ing the focal point and • sparkplug • for the 
venture . 

CONCLUS IONS 

The question of how the status of technical development in the 
domestic mineral industries can be improved is complex . The process by 
which technical development comes about--technolog ical innovation-- is 
complex in i tself . The e ffectiveness of the process in any industry is  
influenced by factors internal to the industry and factor s involving 
gover nment , gene r ic technolog ies , markets , and competition . Solving 
the problem of technolog ical innovation in the domestic mineral 
i ndustr ies must have two ma in init iat ives if  it is  to be successful : 
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(1 )  incent ives mus t  be structured to encourage companie s to invest i n  
the innovat ion process , and ( 2 )  sc ience and eng ineering talents must be 
focused on the RD&D phase of innovation . The latte r requirement is  
part icularly impor tant when the cost of development and demonstration 
of a new process i s  so great that no one company can af ford the 
necessary investment . 

Both government and industry should place increased emphas is on the 
role of technology in improving domestic mineral supplies and 
processing . The emphasis should inc lude support of educational 
prog rams in mineral sc ience and eng inee r ing and the training of 
profess ionals to streng then awareness of technology among corporate 
management .  The mineral industries are highly dependent upon 
technology but the ir cur rent development and use of new technology lags 
behind that of other countr ies . An impor tant factor in improving thi s  
s ituat ion will b e  technically prof ic ient and agg ress ive people a t  all 
levels of corporate and operat ions management .  Labor sk ills also must 
be upgraded to make poss ible the operat ion of more complex technolog ies . 

Mineral market analyses and other minerals information publ ished by 
the federal and state governments , while useful for many purposes , are 
generally considered to be inadequate for evaluat ing the potent ial of  
new mineral technolog ies . Evaluation is particular ly important dur ing 
the ear ly stages of development of any substantial departure from 
conventional technology , when sound information for government and 
industry must precede pol icy and action . 

The Commi ttee is also convinced that the mineral industr ies must 
engage in collaborative research on problems gene r ic to them and 
related industr ies . Discuss ions between Commi ttee members and mining 
company executives revealed ag reement that such act ivities are valuable 
and des irable . There was , however ,  an almost unanimous feeling among 
the executives that collaborative R&D would encounter legal barriers 
under present anti trust laws . The recent guidel ines i ssued by the 
Ant itrust Division of the Department of Justice show that , on a 
case-by-case bas i s , arrangements satisfying the requirements of the 
department can be wor ked out . The Smelter Control Research 
As sociation , wh ich conducts cooperative reseach on gene r ic problems , is 
a good example . Never theless , as long as industry executives perce ive 
ant i trust laws and pol ic ies as a bar r ier , these will continue to be a 
disincentive to collaborative development of technology . 

Implementation of a technical development plan i s  the f inal step of 
the innovation process and the only proof that the process has taken 
place and is of value . To facilitate implementation , whatever programs 
are under taken must have the full acceptance and the close 
par tic ipation of the managements of the companies that make up the 
mineral industr ies . The role of government must be one of 
encouragement , of removing d i sincent ives to innovation , and of work ing 
cooperat ively with the industr ies on mutually beneficial proj ects . 
Whatever government programs are developed must , address both the 
climate for investment and the institutional means for RD&D support .  

A constructive relationship will have to be developed between the 
mineral industr ies and government in this  country perhaps similar to 
that between heavy industry and government in Japan . It must be 
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real ized that such industry-government relationships in other countries 
form the foundat ion of much of the competition to the u . s .  mineral 
industr ies . u . s .  domestic industr ies are basic to the health of ou r 
economy . I f  government assumes a more active par tnership role , 
communicat ions between government and industry and act ions result ing 
f rom these communicat ions can be coordinated to st imulate innovat ion in 
mineral technology in the national intere s t .  

As par t  o f  its partnership role , the federal government ' s  miss ion 
as regulator should be modi f ied so that regulat ions foste r 
technolog ical innovation . For example , envi ronmental , health , and 
safety regulations are usually designed around exist ing technology and 
not uncommonly spec ify prec isely how a particular obj ect ive must be 
met .  As a result , R&D programs a imed at the problem are circumscr ibed 
i n  scope and produce add-on conventional technology rather than 
innovat ive development s .  

Clar if ication o f  national goals and polic ies relat ive to impor t 
depenaence and r eduction of economic and strateg ic vulnerability will 
also help target new avenues of des irable technolog ical advance . 

Patents are generally not seen as being of g reat value to the 
m ineral industr ies . Wh ile there are examples to the contrary , such as 
the patented ASARCO shaf t furnace for melting coppe r cathodes , the 
m ineral industr ies generally do not see l icens ing of technology as a 
s ignif icant source of revenue--partly because of the poor protection 
o ffered by patents and partly because of the lack of emphasis on new 
technology in the conduct of industry bus iness . Thus , neither patents 
nor the potential revenue f rom l icensing is a s ignif icant incentive for 
technolog ical innovat ion in these industr ies . 

Many countr ies use tax policy to accelerate technolog ical 
innovation . In Canada and Japan an annual wr ite-of f of 100 percent or  
more on both operating and capital expenditures for R&D has proved 
useful.  Other tax measures include deductions of expenses incur red in 
the l icens ing of new technology , tax c red its for increases in R&D 
expenditures (operating and capital ) over a base per iod ,  and 
accelerated deprec iat ion on new plants and equ ipment for proj ects 
involving newly developed technology . The Committee feels that tax 
policy can be a powerful tool both in providing d irect incentives for 
technolog ical innovation and in offsetting disincentives currently 
i nfluenc ing the industry . FOr a fuller discuss ion , see the NRC report 
The Impact of Tax and Financ ial Regulatory Pol ic ies on Industrial 
Innovation (NRC l980b ) . 

On the basi s  of the above conclusions , the Commi ttee makes the 
following recommendations to all who share respons ibility for the 
development and use of new mineral technology . 

RECOMMENDATIONS 

A large number of actions are available through wh ich the 
appl ication of technolog ical innovation in the domestic mineral 
industr ies might be enhanced and through which cooperat ive activities 
among pr ivate industry , the federal government , and academic and other 

Copyright © National Academy of Sciences. All rights reserved.

Issues Related to Improving Technological Innovation in the Mineral Industries
http://www.nap.edu/catalog.php?record_id=19716

http://www.nap.edu/catalog.php?record_id=19716


69 

insti tutions could be developed to improve the technolog ical base o f  
the domestic mineral industr ies . The Commi ttee believes the following 
suggested act ions are espec ially pertinent . ( See also Append ix B , 
which lists recommendations of the Subcommittee on Mines and Mining of 

the Committee on Inter ior and Insular Affair s ,  u . s .  House of 
Representatives , 96th Cong ress , relative to lessening u . s .  mine ral 
vulnerabi l ity ) . 

Mineral Industr ies 

1. Establish ,  with the aid of existing industr ial association s 
a na professional soc ieties , highly effect ive industrial research 
consortia for the var ious mineral industr ies for the purpose of ( 1 )  
solving common technolog ical problems , ( 2 )  provid ing an interface with 
the federal government on mineral matters involving technology , and ( 3 ) 
establishing an interface with universities in the area of mineral 
technology . 

2 .  Assist the Bureau of Mines in assessing the national R&D needs 
in the minerals are a .  

3 .  Work c losely with the Bureau o f  Mines in identify ing high-r isk 
mineral resource projects that require government input and cost
shar ing and are vital to the nation ' s  defense and economic secur ity .  
Enter into cost-sharing ag reements with the government to pursue the 
solution of such high-pr iori ty technolog ical problems . 

4 .  Promote strong ties with academia.  Promote and suppor t 
education and training of outstanding researchers and eng ineers 
interested in the problems of the mineral industr ies . Upgrade the 
labor force of the individual companies to handle h igher levels of 
technology . 

s .  Emphas i ze technolog ical innovation throughout the mineral 
industr ies as a necessity if  revitali zation of the industries i s  to 
take place . 

Federal Government 

1 .  Formally des ignate the Bureau of Mines as the lead federa l  
agency and the recognized focal point for the mineral industr ies • 
interactions with the federal gover nment . 

2 .  Direct the Bureau of Mines to develop and ma intain , through a 
representative advisory board and the close ass istance of industry and 
academia , assessments of national R&D needs in mineral supply problema . 

3 .  Charge the Bureau of Mines , in cooperat ion with the Department 
o f  Defense , the Department of Commerce , other concerned federal 
agenc ies , and the mineral industries with identify ing high-r isk mineral 
resource proj ects that are vital to the nation ' s  military and economic 
secur i ty .  Develop and implement mechanisms whereby coat-shar ing and 
cooperative efforts between government and industry can be made 
effective . 
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4 .  Authorize the Bureau of Mines , in concer t with the var iou s 
s ector s of the mineral industr ies , to ident ify those tax , patent , and 
regulatory incentives that would be most bene f ic ial in revitali z ing the 
mineral industr ies and assist i t  in rega ining its earlier competit ive
ness . Examine present regulations f rom both a soc ietal and cost
benefit  bas i s  to minimize negative impacts . Direct construct ive 
recommendat ions for initiating such incentive s  and streamlining 
governmental procedures to appropr iate Congress ional commi ttees , 
feaeral departments ,  regulatory agencies and off ic ials . 

s .  Instruct the Bureau of Mines to work closely wherever 
appropr iate with the industr ial research consort i a  developed by the 
var ious mineral industr ies . 

6 .  Promote construct ive interact ions with qual i f ied universities 
through f inancial support of educat ional and research prog rams . * 

Univers ities 

1.  Establish strong liaison with the mineral industries and the 
Bureau of Mines . Secure close work ing relationships with the various 
inaustr ial research consortia on technical problems identi f ied by the 
m ineral industr ies and the Bureau of Mines . 

2 .  Actively recruit outstanding students and prepare them for a 
f uture in the mineral industries . Develop meaningful training programs 
for these students that stress innovative approaches .  

Profess ional Soc iet ies 

1. Assist in the development of appropr iate industr ial research 
c onsortia for the var ious mineral industr ies . Provide obj ect ive input 
to government and the public on status , concerns , and problems of the 
m ineral industr ies relat ive to military and economic secur ity of the 
nation . 

2 .  Streng then the quality of educational prog rams and 
publ ications in the areas of mineral sc ience and eng ineer ing . 

* Such support is  already author i zed under : (a )  state mining and mineral 
resources research insti tute programs ( PL 9 5-87 , 3 0  USC 1 2 2 1  et seq. ) , 
and ( b )  domestic mining , mineral , and mineral-fuel conservation 
fellowships program ( PL 89-329 as amended , 20 usc 113 4 et seq. ) .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I s s u e s  R e l a t e d  t o  I m p r o v i n g  T e c h n o l o g i c a l  I n n o v a t i o n  i n  t h e  M i n e r a l  I n d u s t r i e s
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APPENDIX A 

Highl igh ts o f  Report "U . S . Mine rals Vulnerab il i ty : 
Na tional Po licy Implications " ,  S ub commi t tee on Mines and 
Mining o f  the Commi t tee on Interior and Ins ular Af fai rs , 
U . S .  House o f  Rep resentatives , 9 6 th Congres s 

U the United States truly expects to maintain its economic strength ;  
to meet tomorrow!s more sophisticated chall� ;  to improve the 
quality of life of its citizeDs, as well aa that of others : and to regain 
the le&dership espected by the free world. it must return to a clearer 
raaHZI&ion of the indispensable role that mineral raw materials, and 
the r.clmology that is so intimately a. part of their use, play in the 

� majority of the 'C'nited States citizens do not understand 
the role of minerals in the human environment in which they a.re 
intim•tely involved. Their homes, their travel to and from work, their 
pl&cell of emplo�t all depend upon nonfuel minerals. 

It aeems that the further ..UOerican!s have collectively moved from 
raw materials production, the more that production is taken for 
� The more visible are the products of mining in our lives, the 
lill ia Our appreciatioa of the need of mining. 

America ll8s develo� a store-shelf ment&li�, � all that 
n Dllld toa:dpear soaiehow in the qU&Dtity and quality nece.ery, at 
the time place of dem•nd. Meanwhile we an swept &lq by 
advocates of pc»licies that not only reduce our productive capacity but 
mar.. 0111' reJ.iaDce OD. others. 

Yet �ite the hard lesaons now being l•rned 11 a result of foreign 
energy dependence, littJe attention is being paid to the couequencea 
of � nonfuel mineral dependence. 

The Committee is nll aware that the United States cannot be tot&llv 
lllf-lldtcient in all minerals, and that the inter-relianee of natioa'i 
on the free movement of minerals in international trade will of neces
sity remain a vital component of su�pl,.. However, the United States 
remaiDs a mineioal-rich country. It 11 m the best intereet and to the 
advantage of the United States and to ita allies to eneouran ind� 
to maximize its mineral innstments within the Nati�s borderS. 

America C&JlDOt 88I11JD8 11 it did with energy that adequate mineral 
supplies will somehow be there waiting for us when we Deed them. 

Pur StuD1iii ow Mnn:ur.s Por.tcr 

There have been no Ie. than 20 mineral or material policr studies 
that have been prepared or COIIIJIIi.Eoned by one governmental apncy 
or aotbert 11 Well 11 others prepared for grou� oateide govemment. 

Althcnurh many studiae relected some l'fU'tical&r outlook or condi
tion, all aClopted 11 a univenal st� point the national sipificance 
of adequate lnineral supply and the importanco of a strong domestic 
iD.ciusaT· All ap��, to a greater or lBer utmt, that foreign imports 
provided leut-eost benefite to the consumer • .A.t the same time, most see �Us of import de�dency and how such dependency forfeits 
· to mab politieal, economic, and defeule deciaions. 
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The most obvious conclusion that can be drawn from the various re
ports on mineral policy is the correctness and utility of the lfining 
and Minerals Policy Act. 

The decline of America's mineral �rc:::;ing capabilities and all that 
it portends is not the result of the · · and Minerals Policy Act's 
lack of apecificitv, but rather a deficiency on the part of those who have 
failed to understand ita importance. Con,rress too has plaved a role in 
the decliD.e of America's mineral capabilities, because of its �
mented �licy process. Coqress has failed to provide oversUrht, has 
not aoupt to understand hOw other leaislation negatively af'ects the 
production of minerals. and has failed to check executive initiative 
oriented only toward other, and often con1ticting, policv goals. 

Another conclusion to be drawn from the reports of the last 10 �· 
is that they have made no imprint on the fonnation of eHCUtive �licy, 
which. out of a concern for the attainment of other national go&ls has 
given little or no priori� to the Nation's minerals. Few have )"at to 
realize that. whether in the pursuit of improvementa in the quality of 
the environment. assistance for develop� rountries in attaining 
�r shares of the earth's reeources. or achiewment of no pwth or 
a lower li"Ving standard for the United States, anv group of actions 
that by cumUlative impact weaken .America's abUity to produce its 
minerl.ls will euct a price that the citizens of this country may well 
not want to pay. 

Tm: l\{nmq-o A.VD :Ml:Nmw.a Poucr Ac:r em 19TO 

In the put, government's mOlt direct role in mineral policy imple
mentation has been in reaction to ma111i've mineral requirements for 
wartime or to major unforseen changes in ezternal supply. 

What baa been lac:Jrin� for ten years is neither policy nor efectu
atm.r tools but rather. des1re and will. 

y-otwithstandiiur the clarity of the statutory languap of the Min
ing and :Minerals '"Folicy Act of 1970. and the funaament&l purpcM18 
of its accompanying leplative history. the Department of the In· 
terior had chosen. fOr a full decade. to abdicate ttl assigned role and 
�bility. Interior baa a long record of benign neglect reprding 
the miJlin,r IDd minerals ind�. 

In the face of an unequivocal C�onal directive to do ao, the 
Interior Department has made no efort to develop a system for iden
tif:ring. qnantif:ring, and eval� the impact of nroposed Federal 
actions on the Nation's nonfuel minerals resoarceL The l'IIUlt is that 
minerals now stand alone as the mOlt neglected U.S. renewable and 
nonrenewable reaources not to mention national policies. 

Perhaps no sin,Pe action b� the Department of the Interior il· 
lustrates its abdic:ation of the � and Minerals Policy Act of 1970 
as do the annual re� issued under that statutory mandate. Ini· 
tially comprehensive and at leut willliur to acJmowledp the duties 
and �bilitiee &llliped under the l.ct. the re�rts han deaen
erated into a �rfunctory and totally unsatisfacto"' fuWlment of the 
form but not the sabatance of the requirements of' the Act. 

It is long put time for the Department to tab seriOUJly the Con
cr-ional mandates of the Mininl and Minerals Policy Act of 19TO. 
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The Department of the Interior with its ,Preeminent concerns for 
other resources, has been woefullv negligent m the perfonnance of ita 
res�bilities regarding the �a'tion's minerals. The Department has 
blatantly ignored the finainas and recommendations of numerous e.J:· 
pert studies on minerals �I1cy stretching over the past 30 years and 
hu abdicated its respoDSlbilitles in implement� the sin��n�� 
Co�onal statement of national rmneral policy-the · · rur ana HiD8ra1a Policy Act of 1910. · 

TD NoNJ"'ZL MDmw.s Poucr Rznzw 

The entire efort wu a �c waste that cost American tupayers 
about $3.:5 million ud the loss of some 13,000 person-days. 

The review provided 111 ideal mechanism for the e.J:ecutive to u
amine the host of problems regarding this issue from the diverpnt 
viewpoints of the various domestic aDd foreip policies so aa to de
termme the direction necessary in the years &head to maintain the 
lti'ODI mininr induatry, which is critical to the economy and national 
de1anie. 

The Nonfuel Minerals Policy Review was doomed from the outlet 
because of the lack _ �f .P�ority given to it by the administration. 

Its failure allo higblighta the de.ficiencies of the adminiltration's 
domestic policv review system. 

A major co'Dclusion that can be drawn from this frustra�, an
productive exercile is that the uecutive policy mechanism does not 
pollllll8 even arguable merits for coordinating major policy questions. 

aov.u&D'l"a :n.cmzon .um Hnrmw.a Av•n.un rrr 

Over the past decade the development of ore deposits in the United 
States hu liecome �ly dependent upon decisioaa of govern
ment-a government increaliJi,di_ oppoeed to such development. In 
fact, in some cues, the Federal Govemment's opposition to mineral 
development hu been accomplished by the open solic" .. .ation of public 
opinion � such  development. In Other instances, govemment's in
ertia and p�tion iD favor of nondevelopment must be overcome 
by evidelice wliich often amounts to "proof be!Qnd a. reasonable 
dOubt." As a result, the aasumption by the Federal Govenunent of the 
role of ftD.al arbiter and decisiOnmalrlr has made mineral development 
and production diftlcult. time co�, and costly, and in tlie end 
oftezi impc.sible. The Yation's mineral security hal thereby become 
dependezlt, not u� the free market system, but upon the political 

�not so much that coordination hu not improved in almolt ao· 
� or even that government's ability to complicate coordination has 
iDade the situation �ly worse, but rather that today there is 
abmlutely no Federal �licy-level advocate for minerals. 

There must be 110111ewhere in govemment a wi�ess and the ca· 
plci� to grasp the seriousness of U.S. mineral shortfalls that cer· 
tainl:r lie ahead if the Nation continues on its "Present path. 

U.S. Govermnent �licy decisioaa � mineral pricing are 
shortsirhted, contradictory, and cbanp aCcorQUig to cimnnstances and 
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the government agency involved. Government's control of mineral 
prices during periOds of inflation reflects little understandina' of cycli· 
cal international markets or of the fact that such control inlribits the 
ability of U.S. mineral producers to recover from periods of low 
prices. At the same time, JOftrnment antitrust policies prevent U.S. 
producers from jC?intly diScussing such matters with each other or 
government a_genc1es. 

On the one hand the Justice Department and the Federal Trade Com
mission believe that prices should be established competitively in o� 
markets, presumably without regard to the social eona�quenees of 
sharply ftuctuating prices. On the other hand, the State Department 
worries only about the effect of ftuctuating prices on the economies of 
de�� couneies. 

mineral poliq should not be a policy of reaction, but rather 
the product of a steady commitment that �izee the in� 
bUity of minerals to the Nation's industrial bue and ita naticmal 

�� debUi� element of the proees11 now unfolding is that 
while government plaDDers eX'()eet indUstry to solve the problems, 
goftmmant pursues a course that make soluti01111 incnuiDgly diti
Cult if not imPossible to achieft. 

GovermaeDt can DO lonpr stand at ann's length to the Nation's 
lone-term mineral interests. The decision the government must � 
and, of all the decisions made during the past 10 years, the one that 
it hu refuaed and failed to m•�ia that the development of a stroll« 
and stable domestic mining and minerals industry 18 in the Nation'i 
best intenst. 

CA!orr.u. FORXATIO!r PK08LDII 

U.S. Gofti'DlllCt can and should enhance the prospect of an ade� return on investment by avoiding arti1ici&l reetr&ints on the 
market system, by � economic policies that ellC01I1'Iog8 

capital ezpea.dituree by the mininJ and mineral proee-ing indus
try, and by adopting a sounder prionty of national � 

For l�term survival, the mineral ind� needs �uate pricel 
and profttl on the high side of the evclical ftows to offset the 1011 in
c:umid on the low si.Cie. If government interferes, and by so doing 
deprivee the industry of return on investment. the industry's ability 
to attract catpital will be perm.IID8Iltly imp&ire4 and ita aecurities will 

�;!h.= States ever ho� to haft a mining industry capable of 
providing the minerals esaential for our economy, it is esaential for 
government's economic policies to encourage capital investment and 
development in the minerals industry. . 

T� Por.ten' p.ov:mra 

Flderal tax laws have not kept � with the ehaDged eircumstanees 
confronting the mjnh�e industry. They have not accorded any mean
� recognition of capital and operating cost burdens currently 
pliced on that ind�. Greater incentive must be provided to assist 
the industry not only m meeting ita �neral capital needs for the de
velopment Uui ezpausion or prOductive capacity, but also in alleviat-
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iDg the burden imposed on the industrv by mandating environmental 
ana health and safety expenditures. lmproved financial posture of 
the mining industry is necessary if that industry is to regain any sem
blance of a competitive position in world markets. 

To achieve tliat goal
d1
�:umber of actions are essential : First, that 

the existin�, loqo-stan · , time-proven provisions of U.S. tax laws 
that recogmze the importance of the mining industry-percentage de
pletion allowances and � of exploration at1d development 
Coste-be continued ; second, that the investment tu: credit. an im
portant incentive to capital formation, be extended to include all 
bull� used in mining and manufacturing and be made refundable 
(or at least fully creditable against a companv's entire tu liabilig) ; 
third, that realiStic, ftexible capital cost recovelj' allowances for plant 
and equipment investments be adopted in lieu of present depreciation 
allowances ; fourth, that the costs of environmental and other similar 
FvernmeDt-mandated requirements be written off over any period 
selected by the tu:payer, inclu� the year of �diture, and ; 
.flnally, that tu:-exempt municipal bOnd financing be available for non
productive pollution control abatement equipment as well as for other 
government-mandated upenditures. 

In the area of antitrust enforcement one finds much the same narrow 
doctriDaire approach, the same tunnel vision, the same open disregard 
of a D&tional minerals policy as is found in. other governmental arenas. 

In the put decade, capital costs of major new mining and mineral 
processinB ventures have grown faster than the financ:ing capabilities . 
of many il:uie�t U.S. minin� concerns. The traditiOnal hoatili� 
of U.S. antitrust policies toward ]Oint ventures hinders U.S. firms in 
pursuing one of the most worthwhile 6nancing alternatives open to 
them. 

The evidence strongly � that U.S. antitrust policy con
tains and reftects serious DllSCOnceptions about the D&ture ol com
petition in the world market in which American mining companies 
must o�te. Moreover, the evidence demonstrates that the antitrust 
� have been less than diligent in advancing the cause of free 
competition in several im_portant respects. Unlike the United States, 
the E� Economic Community and Japan, in their own interest, 
have �flcantly and realistically liberaliZed their antitl'ust laws. 

In 1 , p� were commenced before the U.S. Inter
national Traae Ce>mm1ssion before which co�per and zinc producers 
sought te;!f:r1.!1 1imits on imports. It is f&lr to say that, � 
botli me rr.s. .  producers were reso� to the only law
ful mechaDism available to bring the market fOrces to bear upon for
� producen. Yet, in both instances, the Antitrust Division of the 
J'Ditice Department intervened on behalf of foreign producers. In so 
do�, the Antitrust Division appears to have been pursuin.- abstract 
�pies of free acca to markets, while ignorin.- the real threat to 
continUed participation 1?1 U.S. firms in world markets which 
were and are increas!nrlr dominated by State-owned or State
controlled enterprises. IrOnically the ultimate result of the end �ht 
for both copper and :dna by the Justice Department waa not a foetAr-
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ing of competition in the world market but a further concentration 
oi �roduction in offshore subsidized operations. 

Notwitbst&nding the long-term impacts of such regulations there 
does not ap�r to be a single inst&nce in which the .-\.ntitrust Divi
sion &rgued, in proceedingS of these &gencies, for a more bal&nced 
regulatOry approach so as to increase domestic supply in order to pre· 
serve competition. 

If the domestic mining &nd minera.ls indust� is to survive so as to 
provide U.S. citizens the aomesticnllv available minerals, revers&l of 
this counterproductive a�pro&eh bv "the Dep&rtment of Justice &nd 
the Feder&! Trade CollliiUSsion muSt become part of broader national 
goals. 

EBTDIONKDT.A.L .um Hlw.m .um SAI'B'l'T lb:ouu'l'mll'l 

This trend toward environment enh&ncement at my cost, regard
leas of economic impact, has led to u:cessive and unreasonable re�
latiou which today threaten to sti11e private enterprise aud to cripple 
the buic industries of America, particularly the mininr and miD.8rSla 

ind� is further to be faulted for its inability and un�ess 
to the di11lcult decisions dem&nded by environmental versus 
development concerns. instead adop� statutory mmdates that are 
�eiltly: �ressed in ambiguOUI, inconsistent terms and p� 
thu provic:iing fertile ground for the promulgation of replations 
by Federal agenci& 

Thus mvironmental. health and safety goals conftict with the ob
jectivea of national minera.ls �liey not by their nature, nor their 
Ciesirable objectives but f:hrouih unce� delay, u:ceaive COI!tl 
and the snuBIDg out of innovative appm to problem sol'riD&'
which has been a hallmark of the U.S. free enterprise system. 

Probably the moat di11lcult concept for this Committee to grasp is 
the upectation by �ernment re�tors that thev will settle for no 
less tb&n perfection. The whole world recognizes iiituitively that per· 
fection is r&relv attainable in &nything, but environmental and he&lth 
and safe� reialators refuse to evm consider the alternative of "an 
ac:eeptable risE" 

Environmental controls, regardless of the deeinbility of their ob
jectives. cannot loq continue to oper&te in total disregard of the eco
nomic feasibility of their attainment. The Feder&l GOvernment, as a 
fundamental up_ect of national miner&ls policy, must seek balance 
bet1N8Il the environmental. health &nd safety statutes and �
tiona on the one hand. and the need to ennre the reliable availalitli� 
of strate,ric and critical minerals on the other. The ftaw moat oO
vioas in the uecutive mech&nism, once &pin, lies in the total abeence 
of a �le o1Bcial to advocate balanCe or, at a minimum one who 
underst&nds and shows an intereet in the esaential need for a strong 
u.s. minerals posture. 

PUBLlO LA1m ACCZII Ploar.mm 

GiftiD. the anomaloas Datare of economic miner&! de�ts and the 
CCllltinuinr need for dollllltic supplies of nonfael min8rals, it would 
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seem natural that the _JOvemment would encourage new. u:ploration 
in the United States. Instead government policies have proved to be 
counterproductive to the discOvery and th8 development of mineral 
de . �nited States still knows little about the total mineral resource 
potential of its land. However, the discovery of mineral deposits is no 
I� a matter of relying on the abilities of exploration cnws to find 
dUCIL deposits. The lllOit precious asset and the most fundamental re
� acce11 to land-primarily the mineral-rich public Iand-in 
which to aearch for minerals could well become the scarcest component 
in .America's mineral supply future. 

The moat de�rable aspect of this shortsightedness is that it is being 
done without wledge of the losses invofved, without any attempt 
to understand long-term impacts, and without any �vernment 
accountability for t1ie consequences. Over the last 10 1ean the United 
States has made gn.ve, fundl.mental errors in administering the pub
lic lands with � to minerals. despite the provision in the organic 
acta of the principal land managing agencies of adequate authority for 
mineral development. 

This gro� denial of acces for mineral uploration development is 
agravated b� the total lack of interest within the e.ucutive for speci
tie&lly detemuning the availability of public lands for mineral dev&lop
ment. 

The scarcity of information of mineral resourees has been used bv the 
Department of the Interior-the Nation's chief manager of Fed.eral 
mine� a reaaon for not considering minerals. 

��L !lnrOVATIOJI' PaoBU:KI 

Then is frighte� evidence that U.S. industry, as a whole. is 
losiJ1g ita � in tecliDology and, aa a result, in productivity. Thill 
is due in large part to the cumulative impact of government':� 
�atory, tu, and antitrust policies and more generally, to the 
abSence of a reaaonablv stable mvestment future as a resUlt of the 
'IDlC8I'taiDtie of in11ati0n. The �uence has been a decline in the 
com�tivenes of American ·ind'Ditry in general and of the mining in· 
d� in particular, which in tum has cfilc:ouraged capital formation 
IDd pnveDted the profits nece��&ry for investments in innovation. 

Th8 � nature of commodity marbta, the unknowns of future :£P,Z and demand forces, and 11DC8rtainty of prices that an deter· 
in international marbts have all i&cted aa constraints upon 

inDovation in the minerals ind11StJ1.. Lar� investments in uistinc 
capacity and the lon,r life necessarily desiped into that capacity
wliich ieldom can be nplaeed with uistin.- cash fto�ean that in· 
novation spnads slowlf within the iDd�. Perhaps the major deter· 
l'llllt to iDnovation is SUDply the coat and time needed to prove new 
teclmology on acales � enouch to be mean.in.-fu1. The uncertainty 
of outcome and the m.,h risks involved in demonstratiq lazp scale 
innofttive concepts has dilcouraaed e«orts by individual compania 
This is at least one responsibility that must be shared between the 
public and printe I8Ctors. 
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To the atent that a country is dependent on import sources for its 
basic ra.w materi&ls, its economy can be held at ransom b7 an associa
tion of uportina' countries-whether instituted by political or eco
nomic concerns-determined to manipulate prices to their advan�. 

Control. in the full se� of a cartel-an organization with the 
ability to a.rt:ificially maintain high prices or deny supplies over a long 
period of time-is Unlikely e.s:ce�t possiblv for chromium and platinum 
�troup metals. Nevertheless, proaucer assOciations, particularly during 
periOds of short supply and risin,r �rices. will increasingly b8 capable 
of exacting higher pnces. In addition. they may well be willin£ and 
able to restrict supplies to certain consuming nations for �lltical 
purposes. The ability to undertake cartel-like action is enhanceCi by the 
Shift in world ownership patterns of several important nonfuel min
erals whereby governments themselves. with their own particular goals 
and objectives not necessarily involving profit. have assumed owner
shin of important parts of the mineral sector. Moreover, the failure to 
fully appreciate tlie growing sophistication of producer strategies and 
tho dangers thev pose renders impotent America's abilitv to alter and 
correct past mistakes and to develop alternatives. 

• 

�o &IP.ncv or department within the U.S. Government is to
clav we1gw the worldwide lag in new mineral development, the 
grO_willg lead times for development, and the etfects of iilftation on 
such dewlopments apinst incre� world demands and, moat im
:portantly, U.S. Government policies that are, in etfect, promot
mg oftshol"l" reliance. The onll �ble conclusion is that the 
fiDCUtive is simply not plannmg for long-term mineral needs 
of the U.S. economy and its defense. It would certainly: appear 
that the res�nsibilitv for the assurance of long-term foreign sup
plies is too 1m�rtant an objective to 1ie solely within the Depart· 
ment of State whoae foreign policy interests ap�ar to subordinate 
domestic and eYen national interests in this areL The foreign policy 
of the U.S. Government has failed to evidence a. buic �
sibility for the adequacy or costs of mineral imports. .\.mencan 
foreign policy has disregarded both .America's legitimatt. mineral 
interests a.broAd and the security of mineral oc:ese-even in the sub
area of econnmic policy. 

There are estremelv serious security implications currently being 
ignored in the Federaf Government's inconsistent ap�roach to mineml 
aa�uacy. llinera.ls, essential to the production of military hardware, 
autd �ts industrifll base, are of vital importance to the Nation not merely 
in times of int.P.rnation&l tension but at all times so as to mini-mize 
� 'V1llnfr,N bilities and forestall crisis provocation. This is particn
larly true if t.tw\ source nations for such materials are either pOtential 
adftl"'&riea or pc»litically uastable. The United States will be in
capable of fulftlling mumal security commitments if a sianificant 
part of its energies must be upended to parantee the flow ol critical 
mineral reso1ll'C81 essential to mere national survival 

The stockpile toda.y relative to some imp>rt&nt commodities is 
neither of adequate quality nor quantity. Holainp of some vital ma
terials are far lielow present objectives, and for some there are no hold
inp at all. 
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APPENDIX B 

Recommenda tions o f  Report "U . S .  Mine rals Vulne rab i l i ty : 
Nat ional Po licy Implica t ions " , Subcommi t tee on Mines and 
Mining o f  the Commi t tee on In terior and Insular Af fairs , 
U . S .  House o f  Representatives , 9 6 th Congress 

The United States must begin today to ]?Ut an end to the self· 
dm.tin1 nonfuel minerals non-policy that 11 crippling the United 
Statee miDeral buiutry, increasing naticmal dependmc:e on foreip 
sources, and p� in jeopardy the Y&tion's economy, defense and 
world stature. The � 8rst step, however, is to develop a commitment 
on the part of the L'nited States Government and its leaders for an 
e«ective national minerals policy. 

N�.u. � Poucr 

The N'onfuel Minerals Policy Review, initiated in December um, 
should be rm.d and compl� enlminatinl in & Presidential de
cision documea.t. 

The MiDWr and HiD.erals Policy Act of 1970 hll not been an in
tecral part ol D&ticmal policies ancl pls and should be fully imple
mintecf II intended. 

The A wistant Sec:retary for Energy and lfiDera1s, Department of 
the Interior should faitb!ully fal&ll the responsibilities as the 
and miDeraJs adYOC&te within the Department of the Interior :r;g 
ewutive. 

The Pnaident should create, within the Otlce of M�t and 
Budaet or the Ezecutive Otlce of the President, an Otlce of Energy 
md lfinerals (OEM). Th1s otllce should be pronded with the same 
stature, power, and oversight �bilities as the Council on En
vironmental Quali9 (CEQ). TlWI cdce should 8DIUI'8 that the Na
tion's mineral needS and l"88I11l'Ces are adequately ccmsidered in all 
actiaas and decisiODI of Federal agencies and department:a. 
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FEDDAL LAne 

The Co� should recognize and consider in the adoption of pub
lic land cl&ssifications, whiCh would {)rohibit or restrict miner&l u· 
ploration and development, the essential role of those lands in asaur
mg domestic supplies of minerals, the relatively low state of know� 
rejarding their mineral potential, md the ever changing characteriza
tion of mineral potential given technolo�cal advances. The Co� 
should therefore exercise extreme caution in the passage of such 
lea"islation. 

� Department of the Interior, as a general policy, should make 
public lands more accessible for mineral �loration md development. 

The Department of the Interior should make a full review of all 
Federal actions relative to public lands to determine the status of those 
lands with respect to their availability for mineral search and devel
opment. The review should be completed within 3 years and be 
independent of the withdrawal review m&Ddated by the Federal Land 
PoliCy and Management Act. Such information is vital in order that 
� may make fully informed decisioua with respect to the public 
Iandi. 

The Department of the Interior should take fully into account in 
the develoJ)ment of restrictive land classification recommendations and 
decisions the mineral resource data and estimates of potential made 
available by the Bureau of Mines and United States Geologic Survey 
� that goV8l'IUDent surveys lead to few dilcoveries and thua
do not coastitute exploration in its truest 181111. 

The Department of the Interior should implemeDt the mineral as
sa r•ent provisions of tbe Federal Land Policy and Manapment Act 
of 1918, the Stl'ategic and Critical StockpilinC Act of 1946, and the 
Wildel'IUIII Act of 1164. 

The W"udemesa Act of 1964 should be enforced to permit flill ex
ploration and development of nonfuel minerals in accordance Wlth the 
intent of '(d) (3) . 

The W"udemesa Act of 1964 should be amended to permit mineral 
exploration upon wildemesa lands thrGwrh the year 2000, and for 
wildeme�� created after 1980, for a �riod ol 20 yea.n. 

Mineral values of j)Ublic lands Should be placed on a priority at 
leut fiCIU&l to the ennronmental concept of "areas of critical environ· 
mental COilC8m" and other similar claalifications. The rarity of a min· 
eral occuuuce necesaitates the adoption of a COilC8pt of "areas of 
ltrat9c mineral potential" whereby mineral areu wOUld be so desig
Dated and hmc:e protected from restrictive claaiJication. 
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� RIIQulBIIXZJI'l"' 
Low-eaet pollution eontrol .flnan� should be made more available �tting eligibility despite ine1Ciental recovery of mineral by· 

p Indu:rw reftllue boDd .financing should be made available for 
mineral activities � more than •10 million. 

Percentage depletion &llowaneee and upeuing of uploration and 
development COlts should be continued. 

Innatment tax credit should be mended to include all buildiqs 
Uled in mining and manufacturing and made refundable or at least 
fully creditable aaaiDst a company's entire tu: liability. 

BM-UeRc, ftui6le capital COlt l"ffCCmml7 allowances for plant and 
�pment innstments should be adopted in lieu of present deprecia
tion &llowances. 

The COlts of environmental and other govel'DD1ellt mandated require
mmts should be pennitted to be written o1f over any period •Iected 
by the taxpayer includblc the year of upenditure. 

Tu-aempt municipal bond financing should be available for non· 
productive pollution control equipment as well as for other govern· 
ment-lll&lld&ted upenditur-. 

Aaii&Ufi 

The EDcutive should undertake a re-e"!'N!!ination of the ID&Diler iD 
which antitrust laws have been imy>lemeDted � that the ad· 
nrsarial relatioaship between the EDCUtive and the minerals indus
try JD1IIt end. 

The Ezecative shoald mile and modify antitrust polisy u neces
� to promote cooperative �t imd indUitry reeeuch and 
ctn.!opment and informed participation at international minerals 
foramj, 

Ea tliWIIID'r.AL � 

The eon,n,. should more definitively � the objectives of en
YironmeDt&l legislation beca018 broadly wnttlll, ambiguoas pla pro-

vide little real direction while allowiDg for admjnist.zoative misinter
pretation or abUie of legislative intent. 

The COD(l"'l should; in the adoption of environmental legillation, 
link the goaJs 10ul'ht with the COlts involved to provide that itandardl 
will be economically attainablL 

The Ezecutive sliould place a moratorium on the illuance of addi
ticm&l regulations iD order to ascertain the cumulative impact of such 
�tions on the minerals ind� and ensure that such reaulations 
� the attainment of reasonable standards baaed on prova""ble data. 

The Ezecutive, in the preparation, creation and promlilaation of en
viro1Uil8Dtal standards ShoUld balmce the environmental objectives 
10118'ht with the cost involved. As well, the Ezecuti't'l should im1orce 
performance rather than d� standards 10 u to fully utilize the 
mnovative potential of America's private enterprise. 
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Federal mineral supply research and development should be signifi
cantlf increased to reestablish 'C'nited States leadership in technolog· 
ical mnovation and to improve recovery and productivity in the 
minerals sector. 

Increued levels of support should be provided c:olleges and UDi· 
varsities � in eztractive technologies researc:h. 

A P.rogram should be devised for government to more e«ectively 
contribute to demonstration projects to prove new technologies. 

The 31 Mineral Institutes established br the Department of the 
Interior at colleps and universities should be transf8rred to the Bu
reau of Mines to improve mineral supply research and development 
cooperatioD. 

FODIDl!f POLICT 

Foreip �licy should include the legitimate ec:onomic interests of 
the Umted States u a signi!cant element of its national security 
interests. 

An economic stra� relative to foreign nations should be developed 
to give higher priority to mineral l'110111'Ce � of foreign reiaticml 
u & llleiDI to �  Uld limit reiOQI'C8 vuJD8ioability. 

F� po_Iicy Should han u a aoal reliable &CCell for United 
States mmeftl investments for natiOnal economic securi�. Foreign aid 
u Ul aspect of � l)O]icy should be directed toward this gotJ. 

The United States slioulcf wort to reestablilh traditional economic 
acmeepts under international law. • 

Th8 United States should uercise care when im� U.S. enTiron· 
men� prereguisites on foreign mineral investments if imposition of 
standards will result in the 1011 of economic benefits to the developing 
country. 

The Department of Defenle can no 1� act u a CODSUJDing by· 
stander rep� national minerals policY. Instead, the Department 
of Defansi should become involved withiD the Ezecatin 10 u to en· 
sure secure and stable sources fnr the mineral needs of the Nation's 
defense syltemL The SU1'IIt IOU1'Ce of minerals in timee at crisis is & 
d.omestic IOUl'C8. 
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APPENDIX C 

ROLE OF 'l'BE PUBLIC AND PRIVATI=; SECTORS IN FOREIGN COUNTRIES 
AND 'l'BE IMPACTS OF TECHNOLOGICAL INNOVATION 

The exper iences of other countr ies with industr ial innovation is  
somewhat different from that of the United States and may offer some 
ideas on institutional ar rangements that might be adaptable to u.s. 
mineral technology problems . What emerges as an important element in 
the pur suit of technolog ical innovation is not the amount of money 
spent on R6D but the arrangements under which is  is spent . The United 
&tates is said to be lagg ing behind foreign countr ies in technolog ical 
i nnovation even though it generally spends a greater percentage of its 
GNP on R6D than most other countr ies ( see Table C-1) . The following 
d i scussion descr ibes the arrangements and var ious approaches to 
technolog ical innovation that have been implemented in a number o f  
foreign countr ies . 

JAPAN 

Japan • s  amazing progress in technical innovat ion has made that 
country internationally competitive in a number of areas , especially 
the mineral industr ies . Japan is  not well endowed with mineral 
resources , yet the country is a major factor in the world mineral 
enterpr ise . According to the u.s. Bureau of Mines ( 1977 ) , mineral raw 
materials const itute about half of Japan • s  imports , and processed 
mineral and metal products constitute a quarte r of its exports . 

Most Japanese industr ial and mining companies are pr ivately owned 
ana rather competitive ; yet they are often interrelated and commonly 
work together , particularly when developing new proj ects abroad . 
Japanese industry i s  accustomed to involvement with government , which 
establishes policy guidelines , provides tax incentives and sometimes 
low-interest loans , can assume some exploration and development r isks , 
loosely regulates production and trade , and suggests stockpiling 
obj ectives . RiD in minerals and metals are strong in industry, 
government , and universities . Overall , the Japanese mineral industry 
is  up-to-date by world standards and , in many respects , surpasses that 
of the United States . 
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TABLE C . l R&D ExPendi tures in Six Industrial Countri es 

Percentage of total 

fundini from Percentage of 
COuntry Industry GoveJ:nment GNP 

canada 3 3  6 7  0 . 9  

France 4 1  5 9  1 . 7 

Japan 68 32 1 . 9  

Uni tad Kingdom 42 58 1 . 9  

united States 4 7  5 3  2 . 2 

West Gemany 62 38 2 . 4  

SOURCE : National Planning Association ( 19 78 ) . 
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Japanese technology pol icy is distinguished by ita complete 
identif ication with economic-g rowth polic ies , particularly in 
industries with high-value export potential . Through a practice known 
as • targeting , •  the Ministry of International Trade and Industry (MITI ) 
selects industr ies to be favored according to the i r  potential for 
development and export business . The favored industry is  encouraged to 
invest in selected ' enterpr iaea through incentives such as accelerated 
depreciation of new equipment and tax deferment . The Bank of Japan 
makes it easier for commercial banks to obtain funds when the i r  loan 
policies are in accordance with governm�nt pr ior ities--i . e . , when loans 
are made to companies selected for development . In both Japan and 
Europe the debt-to-equity ratio is usually higher than in the United 
States . For Japanese companies , for example , the ratio is  typically 3 
or 4 to 1 ,  whereas for u.s. companies , it is  closer to 2 or 3 to 1 .  
Fur ther , under the Japanese bank ing system the cost o f  bor rowed capita l 
is less than that obtained from the sale of stock . 

Ex�enditurea  by the government for the development of new 
technologies do not seem to be proportionately greater than those of 
the u.s. government : typically , the ratio of government to industry 
f unding is 40 to 60 . However , the government-mandated cooperation 
among certain companies at the level of bas ic research strongly 
contrasts with u.s. policy . In Japan , moreover , government emphasis is 
on consumer technolog ies responding to market demand , as opposed to the 
u.s. emphasis on •big sc ience • and national prestige proj ects . And 
Japan places heavy emphasis on technical education and the training of  
h ighly � k illed manpower . Thi s ,  coupled with Japanese labor ' s  positive 
attitude toward production and productivity , has helped the country to 
outstr ip the United States and the European countr ies in the production 
of technology-baaed consumer products.  

The steel industry of Japan i s  an  interesting example of the effect 
of these polic ies . The following is from a report of the National 
Research COunc il (NRC 1978a) : 

An important f actor in the s ix-fold expansion of the Japanese 
steel industry after 1960 was its designation by the 
government as one of the key industr ies in the national plan 
for industr ial development and export expans ion . Through its 
control of allocations , the government ensured the 
availability of capital required for the industry ' s  
construction of new fac i lities . Thus , e ight new plants were 
built ,  each averag ing nearly 10 mill ion tons pe r year of 
capacity , whereas the United States built only one fully 
integ rated steel mill (with a capacity of less than 6 million 
tons) in the same per iod of time . In turn , the construction 
of these plants permi tted incorporation of the latest 
technolog ical advances and the fullest economies of scale . It 
also spawned further developments along the same lines for 
application in the planned next generation of new plants . 

The government ' s  award of elite status , combined with the 
steel industry ' s  own intensive technolog ical image and its 
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expanding promotional opportunities ,  helped to attract leading 
university technical g raduates , thereby increasing the 
likelihood of continu ing technical advances . The development 
of the steel industry ' s  technolog ical capabilities also was 
encouraged by the government ' s  permissive attitude toward 
i ncreased concentration of the industry in the interests of 
exploiting economies of scale and also allowing lead ing 
producers to cooperate in procur ing raw materials and 
expanding and supply ing foreign materials so as to ease 
competitive pressures dur ing domestic recessions . 

Anothe r powerful contr ibution to advancing the technological 
capabilities of the Japanese steel industry was the support of 
such efforts by the top managements of the leading companies . 
That support was noted not only in profit motivations but also 
in deep commitments to three di stinct obj ectives : ( 1 )  
building the power and prestige o f  Japan , ( b )  minimiz ing 
dependence on foreign technology , and (c ) emphasizing 
long-term performance obj ectives . 

GREAT BRITAI N 

Research Association s 

As ear ly as 1917 , the British government perceived a need for 
government-industry relations in the area of technological innovation 
and implemented a scheme of publicly supported industry research 
associations that exists to this day . Table c-2 lists the industr ial 
research associations that have been formed s ince 1917 . 

Under the research assoc iation scheme , the government makes a 
g rant , typically about 20  percent of the total income of the 
association (although for newer associations the proportion can be 
h ighe r )  to initiate an assoc iation of companies within an industry . 
The grants are not tied to any contract , speci f ic proj ect , or direction 
of research . A g rant is offered for a period of f ive years and is 
renewable as long as the research assoc iation is  per forming according 
to certain minimal standards .  The viabi lity of a research association 
depends upon the industry ' s  willingness to provide the remainder of the 
f unding for the association . Annual dues to the association are 
determined by some measure of the size of each member company relative 
to the remainder of the industry . Each

-
company ' s  commitment , l i ke the 

government ' s ,  is for a period of f ive years . Table c-3 summar izes the 
financ ial status of the Br itish research associations for 1968 and 1970 . 

The most useful purposes that research associations serve have been 
identif ied (Woodward 1 965)  as : 

• The encouragement of cooperat ion in R&D among members of an 
industry and the ef fect of mak ing the entire industry more 
research-consc ious .  
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TABLE c . 2 Government-Grant-Aided Industrial 
Research Associations in Great Britain in 1964 

Name of rese arch association Date formed 

British Bankinq 

British Boot , Shoe and Allied Trades 

British Brush Manufacturers 

British cast Iron 

British Ceramic 
(Foxmed from British Be fractures, founded in 19 3 7 )  

Civil Enqineerinq 

British Coal Utilization 

British Colliery Owners 

British OoJca 

Cotton , Silk and Man-made Fibers 

cutlery and Allied Trades 

Crop Forqinq 

Electrical 

British Hat and Allied Felt Makers 

File 

British Flour Makers 

British Food Manufacturinq Industries 

Fruit and Veqetable Canninq and Quick Freezinq 

Furniture Industry 

British Gelatine and Glue 

British Glass Industry 
Heatinq and Ventilatinq 

Hosiery and Allied Trades 

British Rydromechanics 
British Industrial Bioloqical 

British Internal Combustion Enqine 

1946 

1919 

1946 

192 1 

1948 

1964 

1938 

1920 

1944 

19 19 

1962 

1960 

192 0 

19 47 

1956 

192 3 

1946 

1952 

196 1  

1948 

1954 

1959 

1949 

194 7  

1960 

1943 
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TABLE C . 2 ( Con tinued ) 

Name of rese arch association 

British Iron and Steel 

British Jute Trade Association 

Lace 

British Launderers 

British Leather Manufacturers 

Chalk Line and Al lied Industries 

Linen Industry 

Machine Tool Industry 

Motor Industry 

British Nonferrous Metals 

88 

British Paint , Color and Varnish Manufacturers 

British Paper and Board Industry 

Printing , Packaging and Allied Trades 

Production Engineering , of Great Bri tain 

Rubber and Plastics , o f  Great Britain 

British Scientific Instrument 

British Ship 

String Manufacturers 

British Steel Cushings 

Coal Tar 

Timber Research and Development 

Water 

British Welding 

Whiting and Industrial Powders Research Council 

wool Industries 

SOURCE : OECD (196 7 ) . 

Date formed 

1944 

19 46 

1949 

192 0 

1920 

1955 

1919 

1 960 

1945 

19 19 

192 6 

1945 

19 30 

1946 

19 19 

1918 

1945 

196 1 

195 3 

1949 

1962 

195 3 

1946 

1948 

1918 
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TABLE c .  3 British Government Support for 
Research Associations ( General Grants ) 

Total qovemmen t qran t support 

As percen taqe of total RA income 

Averaqe qrant per RA 

Number of RAs with income from 

qovez:nmants qrants 

over 4 0  percent 

34 to 40 percent 

26 to 3 3  percent 

2 1  to 25 percent 

15 to 2 0  percent 

under 15 percent 

1968 

£ 4 , 0 3 3 , 10 7  

2 6 . 6  

£ 9 3 , 79 3  

2 

9 

1 1  

12 

5 

4 

1970 

£ 4 , 02 1 , 1 3 7  

2 4 . 5  

£ 9 3 , 5 15  

3 

4 

15 

9 

8 

4 

SOURCE : Cente r for the Study of Industrial Innovation ( 19 72 ) . 
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The investigation o f  problems o f  spec ial interest to a larg e 
segment of an industry that cannot be conveniently or 
economically performed by single members . 
The transmission of new research ideas and technical knowledge 
to members from a var iety of sou rces . 
The stimulation of innovation in small- and medium-size f i rms 
without research facilities of their own . 
The reduction in costs and the conservation of sc ientific and 
technical manpowe r that result from cooperative research . 

Shortcomings in the functioning of research assoc iations , according 
to several studies , are : 

• 

• 

• 

• 

• 

The proportion of the total industrial expenditure on R&D that 
is spent on research associations is generally 
• infinitesimal , •  and thus many research associations are too 
small and too poor to be very effective (Woodward 1965 ) . 
Wor k  done by research associations i s  usually not very 
g lamorous and seldom results in immediate payoffs or even 
easily measurable results . Thi s  is partly because of the 
nature of the research to which the cooperative approach is  
best suited--i . e . , research devoted to improving the basic 
technical knowledge of an industry ' s  production process . In 
addition , there is  a tendency for member s  to g ive the i r  
research assoc iations the ir own long-standing problems 
(Woodward 196 5 ) . 

' 

Because of differences in size , management skills , and 
investment resources , member f i rms cannot equally utilize the 
results of cooperative research (Cente r for the Study of 
Industrial Innovation 1972) . 
At any one time , some sectors of the membership may be 
a iscr tminated against , since it is impossible to run a 
research prog ram to satisfy all the members . Smaller f i rms 
w ithout their  own facilities tend to favor research related to 
short-term trouble-shooting , while larger , better equipped 
f irms are more likely to support longer-term basic research , 
which can provide the basis for thei r  own work (Center for the 
Study of Industrial Innovation 1972) . 
A research association ' s  research program may become dominated 
by strong per sonalities on the governing counc il or by 
especially powerful sectors in an industry (Center for the 
Study of Industrial Innovation 1972) . 

In spite of these shortcomings , wor k done by research associations 
is considered valuable , although few research associations have 
generated commercially exc iting results . 

Other Programs 

Recently Great Br itain established several prog rams designed to 
a ssist new technologies to the commerc ial stage : 
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National Research Development Corporation ( NRDC ) , a public 
corporation supporting innovation through such actions as 
paying all or part of the development costs of an invention , 
l icensing public sector technolog ies , or enter ing into jo int 
ventures with national pr ivate companies . 
Launching Aid , a prog ram designed to reduce commerc ial r isk to 
manufacturers by interest-free loans to developers of new 
technolog ies . Thi s  prog ram has been used more fo r 
government-des ignated projects than for pr ivate market 
ini tiatives . 
Preproduction Order Support Program , a prog ram whereby 
government-purchased and -owned production equipment is  loaned 
to selected industr ial users .  Thi s  program has mostly 
benefi ted the machine-tool industr ies by the introduction of 
numer ically controlled machine tools . 

The COal Industry 

Great Br itain ' s  only important mineral resource is coal . The 
B r itish coal industry , however ,  has not been an effective innovator in 
coal technology despite government involvement and support ove r the 
past three decades (Barlow 1977) . The most important reasons why the 
Br itish coal industry has had limited success in technolog ical 
innovation are : the long-term neglect of the industry , the 
increasingly diff icult geolog ical conditions affecting mining 
economics , and labor-management problems . 

Since national ization of the industry in 1947 the most important 
i nnovation has been the development by laboratories of the National 
Coal Board of a coal mining technique known as the Remotely Operated 
Longwall Face (ROLF) . But the installation and testing of the ROLF 
system in an operating mine demonstrated that although automated and 
r emotely controlled mining was feasible , it was impractical with the 
l imited control technology available . Pend ing the long-range 
development of advanced automation , sensing , and remote-control 
technology , RiD efforts were focused on improvements in productivity 
utiliz ing ex isting equipment appropriately modif ied as control 
technology evolved . Productivity did increase but not to the extent 
expected . Recogniz ing that further improvement in production would 
have to come from advanced mining systems , the National Coal Board in 
r ecent years has accelerated RiD expenditures on the development of 
integrated mining systems based on remote and automatic control . The 
centralized direction of the RDiD program (presumably conducted under 
pressure to yield maximum gains in productivi ty in the shortest 
possible time )  has led to a concentration of effort on systems 
applicable only to Great Britain ' s  thickest coal seams . The new 
technology has tended to •high g r ade • Great Br itain ' s  coal resources . 

An MIT study for the Off ice of �chnology Assessment (OTA 1978 ) on 
government involvement in the innovation process po ints out that the 
British example contrasts sharply with tbe Japanese in most respects . 
British technolog ical policy has not succeeded in establishing positive 
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industry-f inance-government partnership and has had less re lat ion to 
the economic g rowth strategy of the country than Japanese policy . 
�hatever scheme is  adopted for stimulat ing technolog ic innovat ion i n  
the United States should g i ve spec ial emphas is t o  establ ishing a 
progressive partnership between government and the mineral industr ie s  
for the purpose o f  support ing a growing economy . 

AUSTRALIA 

Government 

R&D in support of Australia ' s  industry i s  per formed by the 
Commonwealth Scienti f ic and Industrial Research Organi zation (CSIRO) ,  
which was chartered under the Science and Industry Research Act of 194 9  
( amended in 1978) . As summa r i zed in the CSIRO Annual Report for 
1978/197 9  (CSIRO 1979) , the basic responsibilities of the organi zation 
a re : 

• 
• 
• 

• 
• 
• 

sc ientif ic research and application of the results , 
overseas sc ientific liaison , 
research training and fund ing , 
re search assoc iation support ,  
maintenance o f  measurement standards , and 
publication and dissemination of sc ient ific information • 

In spite of its broad-sounding charter , CSIRO represents only a portion 
of the sc ientific research of the Australian Commonwealth . Mili tary , 
nuclear , telecommunications , and other research that involves eithe r 
security or a government monopoly is  conducted by other organizations . 

One of the major role s of CSIRO i s  to provide a government 
i nterface with industr ial research assoc iations . Sect ion 9 ( f )  of the 
Sc ience and Industry Research Act of 1949 spec if ically states that the 
organi zation is • to recognize assoc iations of persons engaged in 
industry for the purpose of carry ing out industrial scient ific research 
and to cooperate with , and make g rants to , such associat ions . •  CSIRO , 
therefore , provides sc ientific and techn ical support to the industr ial 
assoc iat ions ana , in turn , the assoc iations assist CSIRO in fulf illing 
its responsibilities to car ry out research to ass ist industry and to 
encourage the appl icat ion of results . Among these assoc iat ions is the 
Australian Mineral Industr ies Research Assoc iation .  

Industry 

While RiD activities are car r ied out by numerous companie s 
ope rating in Australia , industrywide RiD is  conducted under the 
auspices of the Australian Mineral Industr ies Research Assoc iation 
( 1978) . 

The Austral ian Mineral Industr ies Research Assoc iation , Ltd . 
(AMIRA) was founded in 1959 as a nonprof it , tax-exempt assoc iat ion , fo r 
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the purpose of ident ifying and solving problems of the Au stralian 
m ineral industr ies . As of June 1977 , there we re 4 4  members of the 
association and 20 assoc iate members.  Members are largely mining and 
mineral exploration companies with operations in Australia , however , at 
least one mining equ ipment manufacturer i s  a membe r . The Australian 
Mineral Development Laborator ies (AMDEL) is the operating arm of the 
association . 

AMDEL performs a number of functions . It provides phys ical 
fac i lities for AMIRA projects . I t  provides a mechanism for an industry 
overview , and when appropr iate , it  cosponsors projects with CSIRO . It 
sponsors research at universities , and it generates information and 
statistics concerning the mineral industr ies for the use of the 
commonwealth and state governments . In 1977 ,  funds for the project s 
sponsored by AMDEL were received f rom the following sources : 

AMIRA members 
Other industry clients 
South Australian government 
Commonwealth government 
Other clients 

dollars ( Austral ia)  
722 , 417 
553 , 80 4  
787 , 07 7  
2 52 , 558 
292 , 8 22 

2 , 6 08 , 6 78 

percent 
2 8  
21 
30 
10 

ll 
100 

Funds contributed by the commonwealth government are in kind for work 
performed on behalf of industry at CSIRO and are contributed as 
matching funds to those contr ibuted by industry ( through AMIRA) under a 
f ive-year agreement . The present ag reement cover ing work-value 
guarantees at CS IRO is for a maximum of $500 , 00 0  per · annum . The South 
Austral ian government has also agreed to match this guarantee of the 
Commonwealth governmen t .  

SOUTH AFRICA 

Government 

The Counc il for Sc ientific and Industr ial Research (CS IR) was 
organi zed in 1945  to complement the government-f inanced agr icultural 
and veter inary services and geolog ical survey , which had been in 
existence since 1910 . An important obj ective of CS IR research is to 
improve the economic infrastructure of the country , and therefore , much 
of its work is per formed on behalf of the mining industry . Same recent 
studies ( see Chamber of Mines of South Afr ica 19 7 8 )  have explored : 

• 

• 

• 
• 

• 

g reater safety in ultradeep mines , 
the mechanism of rock bursts in deep mines , 
sink holes caused by dewater ing operations in mining areas , 
new methods of gold extraction and assay ing , and 
new expertise in shaft-sinking • 
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A second government agency , the National Inst i tute for Metallurgy 
( NI�) , is  a statutory research organization of the South Afr ican 

government . The pr imary aims of the institute are to under take R&D i n  
extractive metallurgy and t o  serve a s  a public source of information on 
this topic , with the object of stimulating the g rowth and prof itability 
of  the South Afr ican mine ral industry . NIM ' s  research program i s  
com�rehens ive . I t  employs 145 sc ientists and 5 1 6  techn icians in nine 
d ivis ions : Process Development ,  Ore Dressing , Instruments , Mineral and 
Process Chemistry , Mineralogy , Analyt ical Chemistry , �hnical Service , 
Liaison and Information , and Administration . NIM is  funded almost 
ent irely by the South Afr ican government . Industry and academia are 
r epresented on both the Board of Control and the Technical Advisory 
Commi ttee of NIM. The pres ident of CS IR is  an ex off icio member of the 
Boara of Control , which helps to coordinate activities between CS IR and 
NIM . 

Industry 

The principal industr ial organi zat ion representing mining in South 
Africa is  the Chamber of Mines (COMSA) . The Chamber was chartered soon 
after the discovery of gold on the Witwatersrand 

to advance , promote , and protect the mining and other interests of 
its members , to regulate relations between member s  and the ir  
employees , to g ive support or grant subs idies to anybody connected 
with the mining industry or calculated to benef i t  the industry , and 
generally to do all things necessary , conducive , or inc idental to 
the attainment of its objects . [COMSA 1978 ) 

Although the Chamber was or ig inally a gold-mining organi zat ion , 

membership i s  now open to any company reg istered with limited liabil ity 
and engaged in the bus iness of mining in the republ ic or in the 
business of providing administrative , secretar ial , or technical 
services to companies engaged in  the business of mining . 

The Chambe r is a clear inghouse for technical know-how and provide s 
t he machinery for new technolog ical dev�lopment of interest to its 
members . The Chamber maintains well-equipped laboratories staffed by 
·sc ient ists and eng ineers . In addit ion , it contracts a portion of i ts 
wor k to universities and to mining institutes located at universities . 
The Chamber ' s  research organization compr i ses the following divisions 
and laboratorie s : 

• The Mining Research Laboratory is by far the largest R&D g roup 
of the Chamber . I ts pr imary obj ective is the development of 
new stoping methods and machinery for gold mining to improve 
productivity , prof itabi lity , and work ing cond i t ions . The 
laboratory is divided into sect ions concerned specif ically 
with geolog ical eng ineer ing , geochemistry , rock-handl ing , 
rock-breaking , machine des ign , hydraulic power , electrical 
eng ineering , f ield studies , and f ield tr ials . The laboratory 
has a staff of 120 , of whom 52 are professionals . 
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The Mining Qperations Laboratory is conce rned wi th strata 
control in coal and gold mines , blasting in gold mine s ,  and 
the development of planning tools for gold mines . The staff 
numbers 3 7 ,  including 24 professionals . 
The COal Mining Laboratory was founded in 1977 to carry ou t 
R&D on behalf of the coal producers . I t  was ass igned 18  staff 
members , of whom 16 are profess ional .  
The Metallurgy Laboratory is responsible for mineral 
processing and the development of portable assay instruments . 
I t  has a staff of 41 , of whom 18 are profess ionals . 
The Envi ronmental Engineer ing Laboratory works on the 
improvement of the thermal environment in deep mines and the 
prevention of fires in mines . The staff number 21 , of whom 1 3  
are professionals . 
The Human Resource s Laboratory was established in 1974 to 
monitor the demand , supply , and utili zat ion of people in the 
mining industry ; to assist in the solution of par ticular human 
problems ; and to assist with the implementat ion of research 
f inding s  and with training for new methods of mining . The 
laboratory has a staff of 5 2 ,  of whom 38 are professionals . 
The Electronics and Mechanical Engineer ing Division is 
responsible for de sign and construction of new electronic and 
mechanical equipment for use in mines . It bu ilds exper imental 
equipment and , in some cases , has manufactured unique 
equipment for use in the industry . I t  has a staff of 8 8 ,  of 
whom 1 5  are profess ionals . 
Research Services consists of two divisions , the Dust Division 
and the Industr ial Hyg iene Divis ion . The Dust Divis ion 
provides  a wide var iety of services related to all aspects o f  
dust problems affecting the mining industry . The Industrial 
Hyg iene Division concerns itself with heat phys iology , 
acclimatization , applied physiology , and ergonomics .  I t  
includes a Biochemical Section , which is  concerned with the 
analysis of blood , ur ine ,  and air . The unit has a staff of 
56 , of whom 22  are professionals . 

Research repor ts from the Chamber are generally available only to its 
members , but a significant portion of the Chamber ' s  research results 
are published in the open l iterature . 
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