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R&D AND TECHNOLOGICAL_ CHA‘NG% IN COAL MINING,

ABSTRACT

-

i

This study examines the issue of R&D and teghnological change in coal
mining, focus1ng on the period 1970 te present. First, a conceptual framework
for classification of coal-related R&D and ‘technological change is ﬁeve]oped
Tns is followed by.a review of literature ‘related to techno]e‘ical change 1n\
_coal mining and related areas. g

Sevgral'measures of technological change are gxamﬁned. Evidence cqzeerning
R&D expenditures and emp]oyment\of&technica] manpower, #n coal mining is™
reviewed, Direct measures of techno]ogica] change (i.e., labor productivity,
product1on funct19ns, ‘and total factor product1v1ty) are examined. '

Determinants of techno]og1ca1 change in coal mining (e.g., industry struc-
ture, long term contracts, firm resources, etc.) are discussed.. The “impacts of .
the 1981 tconomic Recovery Tax Act on coal 1ndustry R&D q?d technological cnange

are examined. ﬁizrne study a]so ontains a summary of information receiyed from

tne research directors of nine m1n1ng machine manufacturers. ,
’




ACKNOWLEDGMENTS a

The- Mautnor acknowledges the helpful c’omment's“énd input of Ra]pn Ave]]anét
of the Departwent of Interior, James Gander of the University of Utah, and
Eileen Collins of the National Sc1ence é%undat1on{ (hﬂt1tude iss'extended to the
machine vendor research d1rectors for 1nformat1on prov;ded The author is

-

‘responsible for the study “contents.

&~
i * 1]
~ ¥
© .
\ / 4
4 \ - '
' J
o P l»
” \
'\ [ J ‘
v . x -
.
I3
. v
R ) ~
&
ix \ . 3




&HAPTER 1. .
' “INTRODUCTION AND. STATEMENT OF THE PROBLEM N

INTRODUCTIUN o é;“
[he coal mining industry changed substant1a11y during the 1970s. This -
' decade saw the entrance of 0l companies into the ‘coal bu51nessg the resurgence _
of coal iparkets, Tncreased regulation,.and a sharp, steady dec]Tne in worker
output rates. Tnese falling labor productTVTty rates Tncreased the cost.of pro-
-ductTon in coa] mining, hindering somewhat Tts competTtTveness thh other fuels.
Before 1970 the coal industry had experTenced remarkab]e growth in worker
output rates, maTnly because of increasing mechangatTon and technological
change: This history of advancing technology, mechanﬁzation, and productivity .°
‘dates back to the turn of the century and up to 1970 had been a dominant featube

-

- of the U.S. coal industry. - ’ : : ,
What happened to technological cnangexand productivity growth Tn(goal

mining during the 1970s? Were there factors that hindered the adaption”and .

development of new*tecnno]ogy? Had =the “1earn1ng curve," in effect, f]attened .

out by the 1970s? what are the prospects for the future? These are some of the

questions raised concerning the issue of techno]og1ca1 change in coal mining.

This report exaanes the issue -of technolochaﬁ change Tn coal anTng, focuSTng

[y

prTmarle an deep coal mining. ‘ .

[ LN

TechAological Change 'mg '

[ Tecnnology is society! dpurce of knowledge :egarding the industrial
arts. Techno]ocha4 change is the growth of that resource. Basfcal]y, econo-
mists define tecnno]ochal change_as any change that permits tHe same level of
output (e.g., coal) to be produced thQ/less input (e.g., labor, energy, and
capital) ar enables the former level/of-inputs to produce a gzeater output.

This technologiedl change can take.fhe form of new production mgthods (e.g.,

continuous minerg), new tegh
mouth plants and long-tegar™

N

miner incentive plans)

S
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While technological chan%z is easy to define, it is difficult to measure. .
One way to measure or index techno]og1ca1 chande is with product1v1ty rates--the
ratio of output to input. One determ1nant of the rate of 1abor productivity
change is techno1og1ca] change; \a high rate of techno]og1ca1 change usua]]y (but

not always)- re;u]ts in labor productivity growth, A, better measureg of tech-

~'put relative to all inputsg{not just labor). A]so econdmists have tried to

incorporate tecgno]og1ca1 change into the measurement of production funct1ons

nological change is total factor productivity, which measures the growth of out-
directly, or 1nd1rect1y us1ng cost”functions (duality). . :

'emp]oyed the number of patents granted, and other indirect measures. While

these variables do not measure technological change per se, they all are related
to“%echnolog1ca1 change and prov1de evidence of its advance.~

Another variable is the adopt1on of a néew techno]ogy by 1ndustry after its
deve]opment. Even though a new techn1que of product1on is ig;e]oped facters

such as prof1tab111ty, union work rules, government regul S, 'or uncertainty

. can prevent it from being put to widespread use. D1rect measures of tech-

no]og1ca1¢¢hange such as total factor product1v1ty implicitly take the rate of
adoption into account; indirect measures such as R& spending do not.

STATEMENT -OF THE PROBLEM | < L

L ﬂ\s\\; : .

While techno]og1ca1 snange cannot be blamed for the sharp decline in worker

. output rates for “coal mining in the 1970s, it nas not advanced sufficiently to N

overcome those factors forcing worker productivity down. Irdeed, some argyue
that the rate of techo]ogicSH change slowed or halted during the 1970s. This
could be the result of the learning curve flattening out; i.e., earlier téch-
nqlogica) change.in the form of mechanization (continuous miners, large drag-n
lin®s, etc,) and organization (mine mouth p]getsg 1ong-term contracts, etc.) may
have resulted in great product1vﬁty ga1ns as they-were adopted and perfected.by .
industry, th%tnat rate of change did not continue., Most policy recommendat1ons
for'reversing the product1v1ty decl#ne in coal m1n1ng rely to some extent on
developing new techno]ogy.1 -The Genera] Account1ng O0ffice report states

{

19

Other attempts at 1ndex1ng techna]oglcal change examine the amount of .
money spent on research and dewe]opment, the nufger of scientists and eng1neer5} %
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Available data indicate that technolog1ca1 innovation
slowed in both underyround and surface mines in the Tate 1960s. - N
Neither underyround nor surface techno]og1es have changed signi-
ficantly TdMscope or copcept. In addition, by 1969 almost 96
percent of underyround cqgl product1on was mechanically *

\/ - loaded.2 VoA £
The’issue of technological change has become even more impertant in lignt
of the recent rea11gnment of federal support for R&D. +The palicy of w1thdraw1ng_
R&D support for new- technoLog1es that industry could purSue if 1nterested andf
emphasizing support of 1ong-term, high- risk R&D that has a poss1b111ty for h1gh
payoff will *have 1mp11cat1ons on the rate and type of techno]og1ca1 change in’~
.coal mining in both the short f@n and lony run. A]so, recent changes in the tax |
_treatment of pr1vate sector R&D as embodied in the Econom1c Recovery Taibﬁct of

1981 (ERTA) could affect coal 1ndhstry R&D.
In 1ight of the above, this paper examines three issues that are related.to

[

coal industry techno]ogika1 change: o
. ‘1. What is the h1stor1ca1 eW1dence concernLng the rate of techno1og1ca1
- change in’" coal m1n1ng during the 1970s?
~ N e W
! 2. wWhat factors appear important in e£$1a1n1ng the rate of technological
* change in coal mining? Is there evidence of a learning curve?

-

3. How will the tax.provisions of the Economic Recovery Tax Act of I98\
affect technolog?g&L\change in the coal 1ndustry? .
y, 8
} The analysis contained 1in th1s p er is based ma1n1y upon existing litera~

ture and data. Althouyh many of % : _‘ “\,t1es examined relate to coal m1n1ng

=S

in genera], including m1n1 g machi e [the emphasis of this report will
_ be on. deep coal mining.
- / L : ,) -
NOTES . e A

1. See, fdh example, Geng}al Accounting Office, Low P%oductzvzty in . American
Coal Mining: Causes and Cures (Washington, D.C.: USGPO, 1981), p. 8; and
Emory-Ayers Associates, Analysie of Labor Productzvtty Decline in ffte U.S..
Bituminous CoalgsMining Industry (Washington, D.C. USGPU 1981), g X,

-

2. Genera]-Accbuntqu Office, Low Productivity, p._&.

P T . -




- & - . CHAPTER 2.
*EVIDENCE UF TECHNOLUGICAL CHANGE IN ConL MENING

IN'TQQDUCTIUN | \ < o . , co

-

1

in caa\ mining during the 1970s. Several measures of techno]ogtcal change are
exam1n d mpst of°them compare. tecﬂ¥01091ca1 cnange iR the 1970> to change in

ihis cnapter reviews evidence about’ the growtn in tecnno]og1ca1 change;
at

prev1ous periods. ! : ’ . S
_The first section be]ow deve]ops a conceptua] framework for c1as§‘&y1ng R&D '
and techno]og1ca1 change in the coal 1ndustry. This is followed by a review of" -
: 11terature on issues related to coal m1n1ng technolog1ca1 change. F1na11y, evi- .
dence of techno]og1ca1 change in coal m1n1hg is exam1ned
v CUNtEPIUALfF ORK OF CUAL-RELATED R&D AND TECHNOLOGICAL CHANGE

N - +

o R&D and tecnnolog1ca1 changeﬁéan be d:rected over a Nang of economic‘gcti-‘-
vities. Perhaps the mMajor divisign is between demand s1d:ch§¥v1t1es and Supply

side ones. Demand side act1v1t1es include better ways to construct bo1f1rs,

cpnvers1on of coa] into 11qu1ds or gases, or a new process that uses coal as a

raw material. ;upp]y side -R&D wou]d be more concerned with better exp]orat1on’

metnods, new m1n1ng techniques, and'1mproved transportatﬂon of coal. In th1s

paper we are concerned ma1n]y w1tn supply s1de aspects, specifically R&D and

1 94

technological changes that 1mprove the re1at1onsn1§\between production 1nputs
&

and coal output in the extraction stage§
. TabTe 1 class1f1es R&D and technological changyes by parts of the coal
< m1nera1 cycle.,. Categories 1-3 are supp]y side activities, and 4 and 5. are on
tne demand side of the market._ Eacn of these categories cou]d be further broken
down 1nto subcategor1es as is number 2. Tne entries "Direct,” "Ind1rect " and
"Neg]1g1b1e" refer to the- 1nf1uence of that elassification (e.g.; app11ed
exploration R&D)-on the re1at1onsh1p between inputs to coal output in extrac- '
1nputs and coal uvutput T o
‘can be c¢hanyged, but q&]y by freeing ﬁnputs that wereg J%ted to other act1v1t1es’,

and are pow used to produce coal. Thus, safety- related R&D fand tecnno]og1ca1

‘tion. “Indirect" means that tne re1at1onsn1p betwe

a110w1ng thoseZinputs saved to benwxvoted to coakrextract1on.A

. . . O] . ’ .
¥ . . ' . . . . a
N A . 3 o,
. . v N . . B
- : ' . e
¢+ .
N

* change* cou]d n;duce the inputs requ1red to produce a given level of mine satety,
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TABLE 1. CATEGORIES OF COAL-RELATED R&D AND TEEHNOLOGICAL CHANGE ¥
. Possible Effect on Relation of \
. - Inputs to Coal Yutput ‘
] R&D - Techno-
. , ' - logical
Category E Basic : Applied ™ Development Change
1. Exploration o - “Indirect Indirect " . Indirect ¢ Indirect
2. Extraction _ .
sa. Output-related Direct Direct ~ Direct, -~ -  Diréct.
b. Environment- A '
L. related g Indirect Indirect - Indirect Indirect
| c. Safety-rélated Indirect Indirect Indirect Indirect
3. Coal preparation Indirect-  Indirect Indirect Indirect
- 4., Processing/ .
| conversion Negligible Negligible - Negligible Negligible

' ’ 5. Uses " Negligible Negligible "Negligible Negligible
o 4

}

|

"Negligible," appearing in the demand side caterries, ineans that technological

- change has little, if any, effect on the input-coal outpht fe]ationship.
Possiblilities here could include technological change that shifts the cdal con-
sumption mix to coal types tnaE are more or less favorable geologically, wnicQ)

% would in turn effect the input-coal. output relationship. "Direct" means that
the R&D and technological change influence the relationship between a given . -
level- of inputs and the fortncoming coal outbut, ceteris paribus. Basically,
this paper is.concerned Witn category “2a.

The R&D columns are inputs into the production of technological change,
which is the output. Basic*researcn.is\researcn for the sake of knowledye,
rather than for a specific purpose such as improving coal output. Applied
research is directed’at'SOIVihg a specific problem while developmental researqh"
is aimed at the application of this solution on a practical scale. Once suc-

[ cessful R&D has been completed, this new technology must be diffused throughout
the industry to result in technological change, i.e., a change in the relation-
ship bEfWeen inputs and output. . . G

. -
S g psin s - lf) . s e i
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In the remainder of this report, this classification scheme will be used to
provide a framework for examining issues related to technological change in coal
mining., . _ - . I

LITERATURE ON }ECHNULUGICAL CHANGE IN COAL MINING
. . |
Coal 1ndhstfy issues of pcoductiyity,;safety, and competitiveness prompted
the completion of numerous ‘studies of tne coal.industry during the 1970s. . L“
Several of these/ studies examined\some facet of coal industry'techno]ogicq]
chanyge and are/Z£;1ewed nere. In addition, many: articles in technical or trade
journals /describe spec1f1c 91eces of equipment or a specific technology being :
deve]oped.1 It is difficult, nowever to draw conclusions about_the rate of
technological change in the industry as a whole from discussions of spec1fﬁ§ ,/
p1gces of machinery, so these articies are not included here. 3
2 | A study coMp]eted by the Department of Labor in 1379 appraised major tech-
nological cnang%j,emgrging in five energy industries (including coal mining)
and discussed the expected impact .of these changes‘on-productivity and occupa-
t1ona1 structure.? Major-areas of coal mining technologicat cnange discussed in
tn1s report for the 1970s werg more extens1ve use of computers, comb1n1ng
longwall m1n1ng with room and p111ar, continuous mining, slyrry p1pe11nes, inno-
vations in integratien of reclamation with mining in surface mines, advances in

preparation processes, and improved maintenance. The report concluded that
", . . near term productivity performance could benefit from an increased demand
for coal, advances in equ1pm§nt design and automation, [and] improved linkage of
production and haulage systems . . W3 Occupational structure was expected to
sniff toward technicians and operators, and job content to change for a number
of occupations. Howevef,»the,study’offers little insight into the rate of tech-
nological advance du;?ﬁa the 1970s as a whole.

A more historical perspective on coal industry technological change is pro-
vided in a Department of Labor publication prepared atkthe request of the ‘
Pres1dent s Commission on Coal.} This chartbook examines major structura] and

technological changes in coal mining from 1950 to 1979. In deep m1n1ng, there
is a mild slowdown in the rate of adoption of both continuous mining and
longwall mining from 1960, to 1970 and after 1970. However, in terms of capital

stocks per worker, the report concludes:

. "




The coal industry of the last two decades has been characterized
by relatively rapid mechanization, as shown by the growth of real

" capital stocks. This is intensifying with new technologies and the
enforcement of new mine regulations, with a view toward stronger coal
demand. Tnis trend is associated with the increase in surface mining,
which is considerably more capital intensive than underground mining.
Gross capital stocks (constant dollars) per production worker rose two
and one-half times from 1960 to 1970. However, there was little
change.ip the first half of the 1970s as employment ruse sharply, pars
ticularly in underground mining.5

_ | ‘.
This implies that the capital-labor ratio changed from the 1960-1970 period

(increasing capital per worker) to the 1970s period (falling or constant cdpitél
per worker). Such a shift could have resu¥ted from capital-saving technological
change, changes in relativ@ input prices of capital and labor, or legislated
changes in the production process. The changes in capitdl”oer worker that are
due to a\change in the mix of surface and deep mining are not ‘of interest to
our inquiry. The study also contains data from the National Science Foundation
indicating that ‘public and private funds for coal-related R&D increased.from $50
‘million in 1973 to $250 m1ll1on in 1978, an arnual growth rate of 38 percent 6
Because these data were for all (demand and supply) types of R&D, they g1ve
little evidence of the changes in exyraction-related R&D. 4

A 1979 study fom Fossil Eneryy, DOE, by Walton et al. examined the extent
to which long-term (defined as greater than one year) contracts affect the adop-~
tion of new technology and 1mprovements in é:e mining of coal. 7 "Adopt" means
to buy or acquire, whicn implies that the .technology already exists. In terms
,of our conceptual framework in Table 1, successful R&D has. been conducted and
the remaining step is to diffuse this new technology throughout the 1ndustry.

The study defined three classifications of technology:

,\

1. Evolutionary technology: improvements in existing equipment models
or increased capacities. .

2. Transitﬁonal technology: the adoption of existing or proven -
forms of technology to new areas or applications. o

3. Innovative technology: concepts and systems not readily available and:
unproven for use 1n seam sonditions prevalent or currently

unminable for a coal producer,
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These three types of new technology differ in terms of risk, potential

paybff, and closeness to integration into production. Because of differences in
these technology types, decisions to undertake or adopt any one of them are made
on different criteria. In addition to techho]ogy types, many'other factors
determine qneﬁher a firm will adopt a given technoTogy.

From their interviews and field visits with coal company representatives,
lending .institutions, utilities, and the Fedéra] Energy Regulatory Commission
and from dﬁ$a collected in a review of long-term contracts, Walton et al. found
the fo]lowsqg parameters were important in the decision by a firm to adopt a new

.technology:

.

1. Management phi]osodﬁy. How the management of a coal firm views new
Technology is an important factor in its adoption. Walton et 'al.
found that many managers of®the 1950s and 1960s displayed a risk-
avoiding, lean management style.8 The new managers, especially those
from utilitjes and oil firms, changed this perception in favor of new
technology. . . \

2. Current profits. The authors believed that coal companies with.very
Tigh profits or those with lTosses would be more willing to adopt a new
technology. This implies that the "in-betweens" have less incentive to

Yl

adopt.

3.degafket situation. A strong market with high prices and growing demand
s favorable to the adoption of new technology.
o/ ‘
4, Capital availability. Ease of capitalization is an important factor in
The adoption of ‘new technology. The price of funds or internal costs
are important factors in capitalization.

. -« o
5. Competition. Competition results in technological adoption as firms
attempt to minimize costs. Walton et al. found that deep mining com-
' : petition with surface mining has benefited the adoption of deeg mine
technology. .

6. Long-term contracts. Using the type of contract and coal supplier,
The authors determined the relationships in Table 2. For evolution-
ary and transitional technology adoption, a long-term coptract is
generally supportive because it assures a market and price and removes
some uncertainty from the decision to adopt. For innovative tech-
nology, however, the authors felt that the risk associated with inﬂ%vat
tive technology runs counter to the stability of a long-term contract
and public utility commissions would impose restraints to adoption.

~




TABLE 2. EFFECT OF LONG-TERM COAL SUPPLY . CONTRACT ON
’ THE DECISION TQO ADOPT NEW TECHNOLOGY -

. ' Coal Supplier Type '» .

Technology Type » Independent Captive

Evolutionary . Strongly supportive . Generally supporﬁive
Transitional Strongly supportive Neutral effect
-Innovative Disincentive Strony disincentive

Source: D. Walton et al., The Effects of Long-Term Coal Supply
‘Contracts on Technology Adoption and Improvements in the Mining
of Coal (Washington, D.C.: USGPO, 1979), p. xi1.

What is the bottom line, theq, for adoption of new technology in coal
mining durind the 1970s? The entrance of oil*and uti]ity companies into coal
mining would seem to have had a féﬁorabie influence because of their different
management philosophies and capital availability. However, oil compan1es
ente?}d coal mining to diversify, and-utilities entered to assure a market
source. Because of cost pass-through arrangements, utilities may not have been
that concerned with lowering product1on costs through techno]og1ca1 change.

Pr0f1ts and coal markets were growing in the 197Os,awh1ch may have
favored the adoption of new technology. Surface m1n1ng was grow1ng v -
relative to deep mining, which according to Walton et al., maxrhave encouraged
adoption of new deep mine technologies. ‘ Co 1l

The growth’in long-term contracts during the 1970s may have acted as an
incentive to adopt evolutionary ang transitional technology, but discodrgged
innovative technoldgy. The high costs of money may also have deterred~
techno]ogical adoption. In summary, the Walton et \al. study provides little
information on the growth in technological addbt1on during the 1970s, although

_the list of factor§ important in a firm's decision to adopt a new technology is
useful. . L
In a 1975 article, economist Edwin Mansfield, a noted expert on
techno]&é?&:] change, examines the relationship between firm size and tech-
_nological change in bituminous coal mining.9 From discussions -with industry e
* personnel, Mansfield estimates that R&D in coal mining is sma]f, and a large
portion of the R&D that does occur is related to coal conversion.

From art1cres in trade Joquals and discussions with government agencies,
Mansfield c0mp1led a list of the significant technological innovations in coal
prepgrat1on (number 3 in Table 1) from 1919 to 1958 and determ1ned which-
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companies first introduced each innovation commercially. From these resd]té, ‘
Mansfield concludes that the four larygest coal produéers carried out a dispro-
portionately large share of 1nnovat1ons (i.e., in excess of their market share).
However, the most innovation relative to size occurred in the sixth largest
firm. Also, Mansfield concludes that the smaller firms did more technological
lnnovat1on from 1919 to 1938 than from 1939 to 1958.

~In add1t1on to ana]yz1$g the introduction of a technological innovation,
Mansfigld also examines how quickly the use of an innovation spreads from firm
to f1rf%§ Examining the percentage of firms adopt1ng shuttle cars, trackles$
mobileloaders, and continuous mining machines from 1940 to 1965, Mansfield
concludes that the diffusion of an innovation is a function of, the expected pro-
fitabdlity of the innovation and the firm size (larger firms use new technigques

-

. more quickly). L.
Turning to R&D, Mansf1elq\argues that the reason ¥or the.small amount of

R&D and innovation by ‘the bituminous coal industry (relative to other
industries) was that the coal industry was composed of a large nuﬂﬁer of small
fﬁrms, which carry out relatively less R&D than large firms. In this light,
Mansfield views the acquisitidn,ochgal firms by petroleum firms as beneficial
because the petroleum firms would devote expertise and capita] not otherwise
available to try and solve problems, especially in the area of coal conversion.
This conclusion is based updn discussions with R&D €executives in the coal,
petroleum, and electrical equipment industries.

A study by the Department of Energy concerning competitiveness of the coal
industry supports Mansfield's statements. 10 The authors of this study argue
that ‘because of a large—number of small, 1ndependent companies and a dec11n1ng
market durinlg the 1950s and 1960s, coal industry R&D was low. Petroleum firms
brought to Ahe coal‘industry large centralized research departments with tech-
nical knowledge that could often be transferred from ghe energy area to another
(for example, fluid flow research applied'to coal tran%portation). Using data
from company files, .the authors estimate that from 1974 to 1978, 41.1 percent ,
of total private R&D coal expenditures were made by petroleum companies.

Richard Scnqut believes that one problem with techno]ojica] change and
innovation in the coal industry is the conservativé®approach of operators.and
miners.ll Scnm1dt argyues that because there is little advantage to being first




" alse argues that the variabi
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to innovate; the high risks of new technology (capital, safety, and'health
risks) requ1re proof of perf rmance before an 1nnovat1on ts adopted. Schmidt
71ty of the underground worklng env1ronment and the

1nab1l/ty to forecast the effects of the app]icat1on of new technology also
hindef technological 1\n_novat1on.12 Finally, ScHmidt argues that the above fac-
tors, combined with practices: in the ‘coal industry such as lang-term contracts
and mine lifetimes of 30 years, 1tmit the ability of the industry to implement
new technology, more so than other industries.l3

A 1982 article by Marovelli and Karhnak agrees with Schmidt on these
points.14 Marovelli and Karhnak argue that the principal deterrent to tech-
nologjcal innovation in dgep coal mining is the variability of the coal seam._
Other factors that contribute to the long lead times (20 years or more) for
innovation include high capital"cos}, a tendency for operators to stick with
proven methods, uncertainty of new methods, and the fact that a change in one
mine subsystem (e.g., haulage) may “require chapging the entire system.

Marovelli and Karhnak review two studies of deep mine mechanization in
England and GerMEny'that indicated "ektreme mechanization" resulted in dubious
economic and productivity benefits. One explanation is that machines have
proued to-be less adaptable to difficult or changing mine conditions than have
people working manually.’ This contention is shdred by some American operators
who feei that increased mechanization leads to increased probability of a shut-.
down. ‘ )

_ Marovelli and Karhnak see four @mgor reasons why longwall mining has not
been read11y accepted in the U.S.: (1) tne U.S. has shallow deep mines;, where
room and p111ar (tne»maJor competing technology) is economical; (2) engineers
and workers nave 11m1ted exper1ence with longwall; (3) hiyh capital cost; and
(4) mine contracts in the U.S. usually require regular shipments to customers,

~and a mine with a single longwall face runs. the risk of defaulting if a break-

down interrupts production.v Despite these barrig;s, the authors foresee
increased use of longwall mining in the U.S. '

In 1981 the National Research Council (NRC)—completed a study of
issues related to technological innovation in mineral industries.1® The
objective.of "this study‘yas to make recommendat1ons on how the "United States
might better use R&D skills and resources to. improve the rate’ of development and
application of new technologies to mineral supply. The study was completed on
the premise that R&D in the front end (supply side) of the mineral cycle hgg

o 1y -
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been layying, and as a result the U.S. mineral industry has declined relative to
foreign industry. 4hile the study provides some facts and figure% to back up
this premise for the total mineral fndustry and for anfue& minerals, it does
not provide data to show that the coalfindhstry has followed the trends of the
¢ .

NRC outlines two major areas as sources for the lagging investment in R&D
in the mineral industries: the nature of the industry and the policies and
actions of ¢the U.S. government. The nature of the industry affects é&D invest-

ment in numerous ways; all of which app]y'to'coal mining: .

mineral industry as a wnole. ° AN .

1. Deposit-centered industry. Mineral industries that are ore deposit cen-
Tered, (i.e., where a rirm's competitiveness déﬁends upon the type, grade,
and location of its deposit as in coal) tend to concentrate on acquisition
of preeminent deposits ‘rather than development of new technology.

2. Nature of the product. Prices are determined by the market and in the
short term are independent of production costs. Added costs for environmen-
tal purposes or taxes are difficult to pass on to consumers. Also, new
innovations may only marginally reduce costs in the future. .

3. Nature of raw.materials. The raw materials (i.e., coal seam) vary, with'
each deposit having 1ts own characteristics. This is a disincentive for
innovation because technology applicable to one type of deposit may not
apply in another. ‘ ' ’

4, High cdpital cost. 'Cohstruction of new facilities involves long 1§aq times
and high capital cost. Most companies are unwilling to add to this risk by
investing in radically new technology.- .

5. Manpower. Graduate student ‘enrollment in the minera] sciences has been low
and.has not improved in recent years. This has resulted in low supply.of
thé professionals needed for an active R&D program.

6. Company organization and philosophy. Most mineral companies are staffed
- primamily for production as opposed to R&D. Also, there is a reluctance to
develop technology for marginal deposits because competitors may use this
_ technology to obtain a more favorable market position.

. ’
7. Technology transfer. Processes and equipment used in mining are usually not
proprietary, and ease of technology transfer acts as a disincentive to com-

panies to develop new technology.

. (3 S
. The policies and actlpﬁ% of the U.S. government that have resulted in _
lagging R&D in mineral industries have their impact by reducing the rate of
return on investment or by increasing uncertainty. Environmental regu]ations

1
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have reduced the effort tonard innovation by the diversion of R&D funds and man-
power to copfng with environmental problems and by the hncertafnty of future
standards. Moreover, the lack of a stable U.S. eneryy policy, concerns, about
future prices of enerygy (which affect the design of mines and mills), and
changing or unclear healtnh and safety regulations all increase uncertainty. The
federal tax policy on deprecfation rates has not been Sufficient to encourage
investment during inflationary periods (although the 1981 Economic Recovery Tax
Act will change this), and 1ack of 1nvestment retards techno]og1ca1 change.

The' NRC stady also offers suggest1ons for improving innovation and tech-
nological change in the mineral industries. Foremost amopyg these is the need
for susta1ngd econom1c growth. Uther economic considerations include changing
depreclat1on 1aws altering enyjronhental po]icies (for examp]e, “pollution
fees"), and chang1ng patent laws. Inst1tut1ona1 arrangements also need to pe
altered: The Bureau of M1nes, which accord1ng to the NRC study nas changed from
a cooperative stance w1th industry to an adversarial one, needs to return to its
former position. Also, the NRC indicated the "red tape" now necessary for
cooperative R&D ventures should be reduced.

. 'l -

Summary of Literature

-

None of the literature revjewed.offers firm evidence as to the trend Hn
deep coal mining'extractive R&D and technological change during the 1970s.
“Ihe data presented in most of these studies either apply to both syrface and
deep extraction or to an even broader classification (demand and- supply side
R&D; or all mineral industries). Several of the studies offer some insight into
‘the faetors that‘inf]uence and determine the level of R&D and adoption of new
technelogies in either mineral industries in general or coal mining in par-
ticular. Comparison of these determinants to changes in coal industry charac-
teristics in the 1970s and expected future coal industry characteristics
suggests what has happened and what could happen in deep coal mine extract1on
- R&D and’ techn01091ca1 change . \ , : //

]

COAL INDUSTRY RESEARCH AND DEVELOPMENT
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A method that is often used to gauge the rate of techno]og1ca1 change (or

potential techno]og1ca] change) is to measure its 1nputs, i.e., R& effort.
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Economists have empirically estl.gished a close relation between the rﬁféﬂé% R&D -

spending and the total number of 1nvent1ons forthcoming or other measures of
technological change.16 Thus, the amount of research effort, measJ%ed by tech-
n1ca1“manpower or R&D spending, may serve as a good proxy for technoJog1ca1
change. *This section focuses upon measures of R&D effont in the coal industry.

, In addition, evidence about R&D»B& mihing equipment vendors will be discussed.

-
>

’ i
R&D Manpower ‘ o

N . . .
Several sources provide data on energy-related manpower involved in E&D;
however, none,of these sources shoWs a trend long enough to support conc]usiqns.
Also, data only on technological change and' 1nnovat1on that 1mprove coal output
and productivity are difficult to f1nd. Much of the R&D in the coal industry
during the past decade was_for health, safety, environment, and coal conversion
(seé Table 1). while breakthroughs in these areas could improve productiVity A

measured by coal output, they are not aimed at this 4goal specifically. To the

‘extent this is true,’a weak relationship ex1sts between the total amount of coal

R&D and improvements in coal output rates.

- & . i
A National Science Foundation/Department of Energy (NSF/DOE) survey of doc-

toral;scieﬁtists and engineers completed in 1981 includes separatg. tabulations
for thdse who spent a significant amount of time in energy- or fuel-related
attivities.' NSF/DOE estimated 41;550 doctoral scientists and engineefs spent
time on these adtivities. Of this number, 6600 (15.9 percent) said that they

$pent a significant portion of their time in coal-related work. Over half (3800

oF‘57.6 percent) of these 6600 coal-related workers were involved in R&D, and
2300 of these were suppoqtéd by federal funds. However, indications are that
most =df .this effort wals concerned with demand side R&D (i.e., uses of copl).

A 1979 DOE study examined DOE funded fossil energy research in uniyersi-
t1es.17 Data for this study came from DOE files of research proposa]s
contracts collected in 1978. Table 3 shows the results of this study/in terms
of total manpower involved. In cdal-re]ated,R&D,‘the 9435 person-montns
translates to a totagh of 786.3 equivalent full-time positions. This represents
approximately 77 percent of total fossil eneryy manpower in university résearch.
The total university coal-related expenditure for this manpower was $28.8
million, which was 77.0 percent of the total fossil energy R& figure of $37.4
million.18 ‘However, according"to a DOE official, less than 5 percent of this _

R&D was for supply side activities.
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TABLE 3§\§ZQCULTY AND STUDENT PARTICIPATION IN FOSSIE ENERGY RESEARCH, 1977-1978

~ . L4
‘ \
_ : Graduate Undergraduate
Enerygy Research and | ) Research Research Research . -
Development Area Faculty Associated  Assistant  Assistant Technician  Total
Coal and coal products ‘ ' : - : : g 4 ‘
Pefrson-months ; 1798 2069 . 3974 442 - 1152 9435
. Percent : 19.1 21.9 42.1 4.7 12.2 100.0
- S D -, ' ? :
Petroleum : . .
v Person-months 216 . 204 585 132 o 71 1268
- Percent 2107 4 . 1601 4601? ‘1004 506 10000
Natural gas . . ’ . _ : A ‘ .
Person-months 45 0 81 0 - / 1 137
Percent 32.8 0.0 © 5941 0.0 8.0  100.0 - 5
% » :
0i1 shale and tar sands ‘ AN =
Person-months . 550 360 - 511 27 13 1461 .
Percent , 37.6  , 24.6 : 35.0 1.9 . 0%9 100.0 ¢
R . N . . @ . . .
~ Total, fossil energy C e . - ' SRR
Person-months o1 2669 2633 . 5151 ° 601 1247 12301 . v
Percent ’ 21.7 21.4 41.9 4.9 ‘ 10.1 .100.0 - s
aIncludes postdoctoral fellows.
(4 . f .
. NOTE: Percentages may not add to 100.0 because of rounding. , ’
Source: M. G. Finn, University Manpower in Fossil Energy Research and Development: . A Data
Collection Feasibility Study (Washington, D.C.: USGPO, 1979), p. 1l.
23 ’ ‘ | ~ : ; | 24
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Tab]e 4 contains informatiompon recent graduate B-.S. and M.S. leve
j" sc1ent1sts and engineers employed in coa]-re]ated activities in 1978, 1é79, and
1980. These numbers are not the total scientists and eng1neers, but on]y recent. -
graduates Just ente;4ng into coal-related act1v1t1es. Nh11e these’ figures aré
_of little help 1ﬁ determining trends, they do indicate a substantial gumber of -~
- techn1ca1 workers entering coal-related, act1v1t1es in the. Jate 1970s. Again, “i
we do not know what phase of the coal mineral cycle the@e workers are @nvo]ved
in. y . . , : > ,
\A further indication of the amount of technica] manpower in the coal mining

7 industry can be developed from the decennial census, which can provide '
"snapshots" of the manpower composition in tcoal m1n1ng at 10-year 1ntervals.

_ Tab]e 5 contains census data for 1950, 1960, 1970, and an estimate. for 1980
(based on a Bureau of Labor Statistics survey). These data are for workers
emp]oyed in b1tum1nous coal mining (both surface and deep) and therefore are %
concerned with extraction and are more relevant than _the data examined above.
These'haia indicate that the péxcentage of workers who are’ sc1ent1sts and engi-~

" neers doubled from 1950 to 1980, with eng1neer1ng manpower growing strong]y from

, 1970 to 1980. » ‘

m

*

#

TABLE 4. RECENT GRADUATE B.S. AND M.S. SCItNTI§TS AND ENGINEERS
EMPLOYED IN/COREXBE>ATED ACTIVITIES, 1978-1980

. ‘ Year of Surveyd
f . 1978 1979 1980 )
-~ Scientists 2,431 3,670 2,940
Engineers 938 1,140 1,145
- " Total o 3,369 4,810 4,085

L2 v , . ' 3

Y

dpverage of two {ears new entrants. For 1978, average of 1972 and 1976 :
graduates; for 1979, averagevof 1973 and’ 1977 graduates; and for 1980, average -

of 1978 and 1979 graduates$ J -

Sourge: Unpublished data from the Nat1ona] Science Foundatgon/Department of

: Enecrgy Survey of Recent Science and Engineering Graduates. &
s (




TABLE'5. SCIENTISTS AND ENGINEERS EMPLOYED IN COAL MINING. -
: . . (SIC 12), 1950~ 1980 ‘

&

) ) | : . _;‘ . . Year - =
» V - ‘ :“;ﬂs’f‘ﬂ,;{ V p ' ‘. )
, . o, 1950 * © 1960 . : 1970 -~ - 19804
.- o T Per- -Per- -7 Per- ‘ - _ mPer-
: ' ; No. cent - . No. cent . No. = cent No. 4 cent
Scientists ' 300 0.1 282 0.2 259 0.2 470 0.2
Engineers . 2,310 0.6 ", 13531 0.9 1,258 ~ 0.9 3,700 1.5
A1l othens 365,290 99.3 166,687  98.9 138, 083 98.9 243,530 98.3
Total - 367,900 100.0 168,500 100.0 139,600 100.0 247,700 100.0 .
dfstimated. i T v - ,, o
- ° - /d . i '- 2
- Source: 1950 1970 from.U S. Department of ‘Commerce, Buredu of Census;.1980
' from the‘ﬁureau of Labor Stat1st1c . % R
. . 3 . k .. P , ‘ - . \
- g ‘u{" ; £
. In reference A Table 1, however, we do not know 1f tn1sngrowtn in .

technical manpower-has come in demand- or supply related R&B. Chanbes in
occupational structure ‘because of health ’safety, and env1ronmental concerns do .
not translate 1nto»an 1ncrease in technical effort for coal mining 1mprovement.
Inasummary, tne limited data available do not support the.hypothesis that

coal-related R&D m‘ npower has declined. On the contrary, -the trend data exa-
mined (new entrant and census data) indicate a growth in R&D manpower from 1979
to 1980 1n\coa1 m1n1ng. However, we dd® not know where th1s(ﬁ&0 effort is being
directed. Ind1cat1ons are that much of the R& (especially un1vers1ty related)
was for non- supp]y side activities. Alsd, the increasingly complex nature Of*QA\
mining, due 1in part to regulatory comp11ance, ha's probab1y increased the ' .

industry's technical manpower requirements for production activities. . §K&
v . “\ { ' ‘ )

R&D Expenditubééfﬁ;_ "_,' _ . S
i Us1ng R&D expenditures as a measure of technologlcal change suffers from
tne same drawbacks as: using R&D manpower. Much of the R&D funds can be for non-
production- re]ated*R&D (e. 9> health, environment, and end uses) and “therefore
'do not g1ve a good measure of product1on—re1ated technological change. However,
the dollar expend1tures reported here do break out R&D by major categories in

most 1nstances. Some e§perts feel that because of the nature of the coal




industry, it does not carry out R& to the extent of other industries.l9 Reasons
for this include the structure of the industry, the existence of loﬁg-term
contracts, the 1mportance of a rich seam to productivity and cost, and ‘tne added
uncertainty of new techniques that comes w1th varylng mine geology. Howe/ér, in
this paper we are more concerned with the txends in R&D and their relationship
to_produ;tivity rather than with the absolute level of R&D.

Table 6 details the budget authority for the coal mining research and
development program'of the Department of Energy, which had primary respon-

%ibility for extraction téchnology (underground mining planning and development,

production sygNsms, and mine logistics). This function has been transferred"to
the Bureau of Mines. Table 6 also inciudes the funding history of Coal Mining
R&D's predecessor agency in the Bureau of Mines, Department of Interior. As
shown in Table 6, the mining R&D ‘program has been on a "roller coaster," with.

' gigantic growth from 1974 to 1976 followed by a leveling of funding through

1979, and then rapid decline to the. 1982 funding year. Given the long-term
nature of some mining R&D projects, these rapid shifts in funding growth ‘have
clearly disrupted the program's effectiveness. Howevec, they do indicate growth

through the middle 1970s.

N\
TABLE 6. COAL MINING R&D PROGRAM FUNDING HISTORY, FY I974- IQSBa
(dollars in m1]l1ons)

, i Year ~
1974 1975 1976 LB77 1978 1979 1980 1981 1982 1983
7 , .
Historical . " , .
dollars 7.9 46.5 55.1 57.5 57.7 58.5 49.1 33.2 10.5 5.0
Constant (1977) ~ : :
dollars 9.6 51.7 58.3 57.5 53.9 50.4 36.7 23.9 7.2 3.2b

agxcludes coal preparation R&D.
bEstimated.

Source: U.S. Department of Energy.

Table 7 contains federal obligations for all coal R&D (both supply and
demand side), which includes the extraction R&D funding in Table 6. These
data jindicate bésicallxﬁthe same trend as extraction R&D: rapid growth through -
the late 19?05, then rapid declines in real terms. However, total coal R&D grew
from 1979 to 1980 (unlike extraction) and did not decline at as rapid a rate as

‘the extraction R&D funding. . -

R'7




TABLE 7. FEDERAL R&D OBLIGATIONS.FOR COAL, 1969-1982

.- 1977
Year - Current Dollars Dollars .
1969 18.1 ! 29.6 '\3

- 1970 16.7 . 25.9
1971 30.7 45.3 .
1972 32.9 : ' 46.6
1973 43.8 58.6.

1974 78.0 ¢ 95.2
1975 \ 276.2 - . 307.6
1976 77T 33003 . 349.7
1977 _ 490.7 490.7
1978 - 526.3 490.0 .
1979 535.0 = 446.6
1980 637.0 - - 487.9
1981 554 (estimate) - 388.6

1982 359 ‘(estimate) . 232.4

T

Source: National Science Foundation, Federal R&D Funding by Budget
Funetion (Washington, D. C.. National Science Foundation, various
years);"dnd idem, An Analyeie of Federal RD Funding by Function,
Fiecal Years, 1969-1979 (Washington, D.C.: 'USGPO, 1978). - "

“The National Science Foundation has been sponserjng annual surveys
of R&) in industry since 1953. Form RD-1 of this surVey is mailed to approxi-
mately 1100 firms annually, and requests 1nformat1on on energy re1ated R&D,
defined as "« « o all R&D spending whose purpose is to increase energy resources
and capabilitiesy including the deve]opmegt of energy equ‘ipment.“20 The resu]ts
of these surveys from 1973 through 1979, with detailed results for coa[-re]ated
R&, are included in Table 8. The reader is cautioned that these data are based
on a limited sample. It. should be kept in mind that this is coal-related energyf "
research by all industries, nct just research by the coal industry alone. Also, ]
the R&D dollars are broken into both federal and priVate‘sources. These figures
are in real (1977 dollars) terms. ’ '

Total coal R&D grew at an annual rate of 26 2 percent from 1974 . tnrough
1979, compared to a 17.1 percent growth rate for all energy R&D. However, most
of this growth was the result of federa] funding, which grew at an annual rate
of 66.0 percent during th1s period. Private funding  for coal R&D grew at an
annual rate of 10.9 percent from 1974 to 1979, compared to total private R&D for
‘311 energy of 18.3 percent annually.
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¢ _ ' TABLE 8. -PRIVATE SECTOR EXPENDITURES FOR®ENERGY RESEARCH
AND DEVELOPMENT BY ENERGY SOURCE, 1973-1979
(1977 dollars in millions)

All Coal
Year and Eneryy Total Synthetic .
' Funding Source Sources Fossil Total Fuels Mining All Other -9
1973 | .
Total private -,1343.7 579.5 65.6 a 2 a a
., Federal funded : a a a a a a.
; prifate funded a a a a s a - a
1974 b
Total private 1480.5 618.8  79.3 25.6 4.9 48.8
Federal funded 588.3 15.9 11.0 ‘a - ed 7.3
Private funded 892.2 602.9 68.3 a a 41.5
. .o ) [N
1975 . ' ‘ _
Total private 1589.3 = 611.4 109.1 41.2 8.9 59.0
i Federal funded 690.5 34.5 24.5 a . a " 16.7
‘ ! Private funded 898.8 576.9 84.6 a a 42.3
( ! . Ce B . .
1976 , ; ‘
Total private 1705.0 640.5 133.4 74.1 - 10.6 48.7
Federal funded 753.8 67.8 49.8 a a 19.1
| Private funded 951.2 572.7 83.6 a . a . 29.6
i ,
C1977 4
- Total private 1930.0 695.0 177.0 116.0 9.0 52.0
| Federal funded 914.0 129.0 87.0 58.0 4.0 25.0
‘ Private funded 1016.0 566.0 90.0 " 58.0 5.0 27.0
1978 ‘
Total private 2817.2 800.7 Coa a a !
Federal funded 1110.7 156.4 a a a a
. Private funded 1706.5 644.3 a a - a , a
1979 |
Total private 3258.0 '905.5. 253.5 189.9 0.9 62.7
- Federal funded 1188.2 208.5 138.7 115.7 0.0 23.0
Annual 1974-1979
Growth Rate (%) e :
"Total private 17,1 7.9 26.2 49.3 -28.8 5.1
Federal funded 15.1 67.3 66.0 a a a
Private funded 18.3 2.9 10.9 a a a
aNot separately available but included in totals. -

Source: National Science Foundation,'Research and Development in#Industry
(Washington, D.C.: USGPO, various years). :
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When one disaggregates the figures by function, the mining R&D looks
weak . Mosf‘of the growth in coal-reiated R&D expenditures occurred in the
synthetic fuel area, which grew from 25.6 to 187.7 million from 1974 to 1979.
This implies that measures of R&D that do not separate supply from demand side
R&D, such as technical manpower, may be ref1e¢ting this demand side growth. The
growth rate for mining R& for 1974-1979 is -28.8 percent; however fifms
reported that most of this decline occurred from 1977 to 1979, when reported
mining R& funds fell from $9 million to $0.9 million. Mining R&D expend1tures
doubled from-1974 to 1977, 1ncr§351ng'from $4.9 million to $10.6 million, their
highest reported level. Even in the peak year 1977, minihg R& made up only 7.9
percent of total reported coal-related R&D expenditures. '

The data from the NSF survey indicate that total coal-related R&D expen-
ditures grew at a rapid rate during the 19705 both .in absolu}e terms and rela-
tive to other energy related R&D. However, most of this R&D growth was in
expend1tures for synthetlc fuels, with mining R&D growing more slowly through
1977 and dec11n1ng thereafter. Also, mining R&D makes up a small portion of the
total coal R&D expenditures, ranging from 8.1 percent. of the total in 1976 to
0.4 percent of the total in 1979.. '

The most comprehensive information oﬁzfeal R&D expehditures is contained in

a 1981 study completed by Bituminous Coal Research, Incorporated, (BCR) for the

Fossil Energy Group of DoE.20 The purpose of this research was to determine the
extent and areas of R&D in the %oal mining industry (both equipment and exfrac-
tion activities) in 1978. Informat1on was obtained by a survey of coal produ-
cers and mining equ1pment manufacturers._ ‘

BCR estimated that total R&D expenditures by coal producers in 1978 was
between $64 and $74 million, or an average of $0.15 per ton. These figures
differ considerably from the NSF estimate of7/$9 million in 1977 and $0.9 million
in 1979; the difference may be due to sample §ize. Deep mine producers spent an
average of $0.23 per ton, and surface mine producers ah aVenge of $0.09 per ton

-for R&D. Approximately 30 percent of these R&D expenditures were for non-mining -

activities--health and safety, env1ronment, and reclamat1on. R&D expend1tures
also varied by ownership, with coal company -owned producers spending the most
for R&D ($0.40 per ton), followed by ojil-owned ($0 25 per ton), steel- owned
($0.10 per ton) and utility-owned ($0.09 per ton). The 1argest producers {4
million ton§ or more) spent $0.15 per ton, the smallest producers (less than 1 -
million tons) spent- $0.39 per ton, although the response rate for the smallest
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producers was only 5 percent, and therefole may not be representative of all
small producers. /, o

BCR indicated that equipment producers spent $50.4 million for coal R&D in
1978. Approximately 8 percent of this was for health, safety, environment, and
reclamation,, although company spokesmén Jjndicated that much of the research ih}'
general was in response to regulations or health ;nd safety issues. Most equip-
ment manufacturer research was product improvement.

The data in the BCR report a]]oy a cryde comparison between coal mining ﬁ%D
and industrial R&D in general. In 1978, coal producers R&D expenditures were
estimated at from $64 to $74 million. Total sales for coal mining in 1978 were
$14.49 billion (665.127 million tons multiplied by an average price of $21.78.
per ton).22 This computes to an R&D expenditure rate of from 0.4 to 0.5 percent
of total sales. For industry in general, the rate of R&D expenditure in 1978 -
- Was esﬁimated at 2.0 percent of total sa]és.23 ! ‘ ‘

In August 1982, ORAU te}eﬁﬁgggz\hine mining machine manufacturers con-
cerning their R&D programs (see Appendix‘A).* These companies, which included
_the major manufacturers of mining machinery, were asked about trends in their
past, présent, and future R&D programs that were related to deep mine produc-
tivity. Of the nine, seven said they had expanded their programs in the 1970s,
and two said their programs were essentially stable in the 1970s. Of the.seven'
who gzgqﬁded R& in the 1970s, two said that in the late 1970s their programs
.had ta efed off. 'The bresent status of the programs indicated much less growth,
with only four indicating expanding R&D programs, two indicating stable
programs, and three indicating decline, The companies indicated that the 1982
slump in the coal industry has severely curtailed R&D effort. If these data can
be viewed as representative of the industry as a whole, they .indicate that
mininy machine vendors were engagpd in aggressive R&D during most of the 1970§,
Moreover, this R&D was related to improving productivity in deep coal mines, the
area of interest in this study. ‘) )

In summary, the available data do not support a dec]ineﬁin the overall
coal-related R& effort, measured by expenditures, during the 1970s. However,
the NSF Survey data and vendor information indicate large declines in R&D in the
late 1970s. As with technical manpoher'data, it is hard to judge how much.of
these R&D expenditures were relevant to productivity. The vendor R&D data and
the federal gove}nment budgets both present fairly unambiguOuQ evidence that: the.
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R&D effort directed toward the productivity of deep mine @xtraction was
increasing, at least during the early 1970s. The other data are not quite so-

useful. '
fp . ‘ 1] -

DIRECT MEASURES OF TECHNOLOGICAL CHANGE

i
o

As discussed in Chapter 1, technoiogica],change is defined as any change in A
the production process that permits,.the same level of output to be produced with
1ess\§;puts, or greater output with the same iqputé. The previous sections in
this Chapter examined factors associated With.techno]ogica] change, such as the
number of ‘scientists and engineers émp]oyed. In this section various direct
measures of technologica] change are examined. The term "direct" is used
because these measures directly compare the relationship between inputs and out-
puts in the production process.

A major problem with direct measures of technological change is that the
relationship between gnputs.and output can be influenced by many factors other
than technological change, such as work stoppages, capacityiutilizatioh, prices,
mine geology, and institutional changés, e.g., the Coal Mine Health and Safety
Act and reclamation legislation. If)one could measure all outputs of coal
mining (e g., clean air, rec]almed land, hea]thy workers, tons of- coa]) and com-
pare these to inputs, this prob]em cou]d be circumvented. However, many of
thege gutputs are difficult or impossible to quantify and che must rely on those

that are measurable. . e

Labor Productivity N

Cnang’s in labor product1v1ty (the ratlo of output to ,1abor input) has long
been used as a measurg of productivity in general and of technolog1ca1 change. A
The rate of technological change influences -labor productivity as does the
extent to which cépita] equipment or other inputs are used as complements to or
as substitutes for labor- (usually dependent on the relative prices of labor and
other inputs). Other factors include economies of scale, percentage of capacity
.used, work stoppages, and managerial ability. Because labor productivity is
affected by so many other factors, changes in it are a poor measure of tech-
nological change. Nevertheless,. it is worthwhile to review labor productiéity

trends in coal mining.
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Figure 1 shows the labor productivity trends for surface mining, deep
mining, and mining in general from 1950 to 1978. - The industry experienced sharp
increases in labor productivity, peaking in 1969 with declines thereafter.
Reasons identified in previous studies for this decline after 1969 includegreguJ
Tation, increasing coal prices, work stoppages, and the entrance of small produ-
cers into the industry.24
Wnile this decline is not related to technological change, at least part of

the pre-1969 growth in labor productivity is. This period saw new means .of
organization that allowed mines to be constructed at d technically optimum
scale. Although theré~were really no new “breakthroughsf in mine technology,
" the pre-1969 period was characterized by rapid diffusion of more productive
techniques: continuous mihing grew from 0.8 percent of total_deép mine output
. in 1950 to 49.7 percent in 1969; conve}or use grew from 48.1 percenﬁ,of'deep ,1

: mine output in 1960 to 72.7 percent in 1969.2% Other factors'influencing Jdabor
productivity included few work stoppages, the steady demand of the coal utility
market, and the elimination of ¢mall mines. Coal price deflation also forced
efficiency in. the industry.

]
Production Functions

Production functions are schedules or equations that rgTate inputs to out-
. put. Changes in production functions have been used as measures of tech- T
nological change. In addition to the ones discussed above, productioh function
measures suffer from many other problems. Assumptions must be made about the
form of the function in most cases“(economies of scale, subsiitution, etc.). ,
Usually the measure of technological change is the "residual" (that part of out-
put increase that is unexplained) and has not been measured directly. Because
of ineasurement and stati;tical problems, many factors are excluded, such as
worker health, education, and imprdved allocation of resources. Also, measure-
ment of inputs is difficult, especially for capita1,équipment. However, produc-
tion function measures have the advantage of including all inputs relative to
outputs, which is preferred to the labor productivity measure.

Only one study of the coal mine industry production function is useful ,
in interpreting technological change in coal mining during the 19705.26
This production function estimation is based on data for the period 1962-1977

for coa](mining in general,
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Figure 1. Labor Prqductivity and Real Price in Coal Mining, 1950-1979 -
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Source: U.S. Department of Energy; Bituminoué Coal and Lignite Production
and Mine Operation (Washington, D.C.: USGPO, various years).

The most 1nterest1ng result of this estimation is the indication that over .
time more input was required to pfbduce a given output, which is 1nconsi§tent
;1th advancing technological change but consistent with other changeé and
occurrences in the industry (e.g., regulation, work stoppages) during the‘Tate.
1960s and 19705.‘ Unfortunately, because of the inability to iné]ude or control
for these other changes, the results of this production function estimation cah-

not provide reliable information concerning technological change.
. o v —

’

I3 I3 .

Total Factor Productivity Indexes

Y

. ? .
Total factor productivity indexes relate {;anges in output to changes in

all inputs. Specifically, these measures compare the rate of chang§uof output
to the rate of change in 1nputs.3’The inputs' rates of change arejcombined.into
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an index by we1ght§£ wigich are usua]ly determiped by cost shares in some base

“period or py moving averages. Total factor product1v1ty indexes suffer from

many of the same problems as product1on function measures; however, like produc-
t1on functions, they have. the advantage of comparing-all inputs to output. An
added prob]em of total factor productivity indexes is that they p]ace restric-
tions on the scale and input substitution characteristics of the production
;unctidn.27 Like*productipn function measures, total factor productivity

. indexes attribute the “"residual" (the difference between output change and input

change) to technological change. However, excluded variables such as laws, seam

characteristics, labor quality, etc., can also affect th1s index.
F1gure 2 graphs the anpual rate of' technological change ih coal m1n1ng

’f fdr the per1od 1940-1973, us1ng the total factor productivity method. All

points "above zero indicate possigle positive techno]pgid@] change;lpoints below

- zero indicate possible negative technological change. Of course, technological

change by defifiition can never be negative. The term "negative technological
change" as used here means that other factors (s@ch as health and safety

.fegislation) that worsen the relationship between inputs and output overwhelmed

any technological change that had occurred. From 1950 to IQ\4 there was only
one year (1952) without‘positive technological change. Howevér, from 1965 to
1973, there were only tMree years (1966, 1970, and 1973) with positive tech-

.‘nbldgical change, indicating that technological change did slow after 1966. The
“institutional environment may account for the 1nd1cated drop in the rate of

techno]og1ca1 change after 1969. What s 1nterest1ng in F1gure 2 is the decline-~
in the rate of technological change from 1966 through 1968, a period of little
1nst1tut1ona1 change and a period in which labor productivity 1ncreased£¥rom

17.5 tons per worker-day to 19.4 tons per worker- day, a 10.9 percent increase.
Also, 1973 shows a positive advance in technological change 1n coal mining, a
year that experienced a fall in labor productivity. .

SUMMARY - ) .

This chapter has examined literature and data related to technological
change in coal-related activities during the 1970s. The literature reviewed
gave a mixed impression of technological change in the 19705. Some authfab felt
that changes in coal mine industry structure, (egay entrance of -0il compan1es
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Figure 2. Rate of Technological Change in Coal Mining, 1948-1973
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with their approach to R&bD; increasing markets, 1ong-term~coniracts, ease of
capitalization “and chanyging management philosophy) were favorab]e to R&D and
technological change in coal m1n1ng. Uthers felt that 1nf1at1onary pressure and
tax laws, uncertainty fromﬂgovernment regu]at1on, and electric utility 1nv01ve-
ment, etc., may have depressed R&D and technological change.in mining.

. | Input measures ofatechnolog1ca1 change such as R&D expenditures and tech-
nical manpower ¢ive weak support to the v1ew of increasing technological change
in the 1970s. Ava11ab1e evidence an pub11c and private R&D expenditures in
mining Show 1ncreases, at leéast through the middle 1970s. The little data
available on technical manpower also indicate growth in sc1ent1sts and eng1-:

“neers in coal mining during the 19703. - Of course, input measures of tech-
nological change in coal minipng°do not necessar11y trans]ate into techno]og1ca1

. change; also, indications are that much of the coal- related R&D was for non-
production activities--coal conversion, env1ronment, and hea]th and safety,
which would have at best indirect consequences on m1n1ng product1v1ty. Evidence
for the late 1970s and the 1980s indicate a decline 1n R&D inputs. |

Finally, three €1rect measures of technological change in coal mining were
examined: labor productivity, product1on funct1on, and total factor produc-
tivity index. All of these measures supported “the view that techno]og1ca1
change slowed during the 1970s. However, none of these measures captures the

* output of non-coal commodities such as clean air, a safe working environment,
and reclaimed land. Coal-related 1eg1s]at1on in the late 1960s and the 1970s
increased the output of these commodities, vis-a-vis coa] and as d1scussed
above, there has been considerable R&D effort in these areas.

~ In sum then, the bulk of the ev1dence supports increasing 1nputs into

technological change (i.e., R&D effort) during the 1970s. How much of this

//effort was translated into technological change is difficult to measure, given
the data and espec1a11y the changing institutional environment in the industry.

¢ Also, the question of how this effort was distributed among the possible phases
of the m1nera1 cycle (Tab]e 1) was largely 1eft unansyered. The limited data
ava11ab1e for the late 1970s and 1980s indicate dec11n1ng 1nputs into tech-
no]og1caQ change. The next chapter sheds some light on those factors that may
affect the rate of adopt1pn of new technology. : , ‘ .

0 -
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CHAPTER 3.7 . . .
DETERMINANTb OF TECHNOLOGICAL CHANGE "IN COAL MINING.

INTRODUCTION

&

The last ehaptef examined both inputs into technoiogical change and thé
trends in tecnnological change in coal mining. This chapter addresses -questions
of why f1rms devote effort to R&D and how the fru1ts of R&D are used.

Literature on the determinants o€g§echnolog1cal change in an 1ndustry and
firm is reviewed. The 11terature on these topics is voluminous, and the review
contained here is based upon summarizing -efforts of other authors.! From this
rev1ew. those characteristics that are important in-explaining variation in R&D
effort and adoption will be determined. Finally, those coal industry charac-
teristics which are related to these determinants will be examined, and implica-
" tions for the coal ihdustrx will be developed. . .

INDUSTRIAL STRUCTURE AND TECHNOLUGICAL. CHANGE ‘:

. Very few economists would argue that perfect compet1t1on is an efficient
system to allocate resources for innovation and techno]og1ca] change.2 By defi-
nition, each of the producers in a perfectly compet1t1ve industry is so small

| relative to the 1ndustcy total that its actions cannot affect the product price.
Conversely, each is also too small to capture more than a small fractﬁdn _of.the
‘gains from techno]og1ca1 progress it might produce--unless it could successfully
charge its competitors for the right to wuse the technology. A maJor dispute
separates those economists who follow the Schumpeter hypothesis that monopoly is
an efficient system to generate technolog1ca1 change from those who argue that
collective action, such as government ‘financing, is a better system. to advance
techno]ogy.3 One result of this debate has been considerable Tesearch devoted

to the re]ationsh1p between industry’ strueture and techno]og1cal change.
| The bulk of the empirical evidence 1nd1cates that there is a bos1t1ve rela-
tionsh1p(between research’ tnputs (R&D expend1tures, science and eng1neer1ng
manpower) and inventive dutput. A further question is, does the presence of
'Dasfc.knowledge (called "technological opportunity") or Bdtential profit provide

o - y £
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the stimulus to R&D effort? If techmological opportunity is important, a policy
of government R&D is preferred if profit-is the main driving force, then a more
market-oriented approach is justified. The evidence supports both possibil- -
ities.? - oo » . '
m-&chumpeter's‘basic theSis was that a quest for extreprdinary profits

o . . - . ¢ . N
obtained through innovation was the propelling force behind technological

change. The entrepreneur's-function was to innovate; the reward for this inno-

_vation was profit. Innovation allowed the entrepreneur to achieve a temporary

monopoly that in turn was eroded by other innovation. In this system, imperfect
competition (where monopoly waS‘pqssible) was preferred to competition where’
there was little incentive to innovate. Galbraith extended-this and emphasized
firm size as important, for only large ‘industrial conglomerates generate the
resources necessary for lange scale R&D efforts.5 Large flrms cpuld also
"nedge" agafnst(tne risk of R&D by undertaklng several different R&D prOJects

- simultaneously. -

“These hypotheses have been broadened and tested empirically: One test has
been on the relatlonshlp between firm size and innovative intensity; that is, do
larger f1rms spénd more on R&D relatlve to their size than smaller firms?

‘Kamien and Schwartz found little support for a positive re]atlonsnlp between

1nnovat1ve intensity and f1§m size in their review of studies in this area.®
However, ‘Kamien and Schwartz recognlzed that (1) industries differ in the
strength and direction of the ne]ationsnip, (2) the studies suffer from omitted
varidbte bias (i.e., they do not control for other factors that may explain R&D
intensity), andv(3)‘the‘studies pertain only to ongoing R&D effort as opposed to
1nterm1ttent _effortss Limited evidence available for the coal mining industry

'does not support the firm 512e innovation intensity re]atlonshlp. In a 1978 .

survey of R&D conducted by coa]-produc]ng companies, Bltumjnous Coal Research
found that coal companies producing over 4 milljon tons per year spent $0.15 pen
ton on R&D; coal companies producing.at least 1 million tons but less than 4
millon tons per yean spent $0.14 per ton on R&D; and companies producing less
than 1 million tons per year spent $0.39 per ton on R&D,7 Moreover, when only
deep mine companies were examined, more was still spent per ton on R&D by the

 sma]]er,compan1es. However, the BCR stddj had a very “tow” tesponse rate fron

small producers, increasing the likelihood of nonresponse bias. Although the

'B' so surveyed equipment vendors, no tabulations were made by fcrm

size, i o 1 - {’

\
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A related issue is tnat.of inventive output; do laryer firms,account‘

. for more innovatipni%relative to firm size than\do smaller firms? \Here, Kamien
and Schwartz's revi of the literature genera]]yj;upports the relationship:
the effect of firm size on innovative output is positive.8 As firm size
increases, total R&D effort increases; also, the results of R& (relative share
of innovations) also increases.d However, this pattern also hés inierindustry
differences. The limited data available on the coal industry support the rela-
tionship. Mansfield found that the largest four-coal producers carried out a
disproportionately large share of coal preparation innovations in tne period
1919-1958.19 T

Uther tests of the Galbraith-Schumpeter hypotheses have examined the rela-
tionsgip between industry concentration (used by economists as a measure of
imperflect competition) and ipnovative effort and output. Basically, Kamien and
Schwartz found the results of this empirical work to be mixéd, with-little con-
sensus on the relationship between research effort and industry concentration,
or the relationship between industry concentration and innovativé output.11
However, there is ayreement that the re]ationsqip may vary with "teéhng]ogicaT
opportunity" (i.e., the existence of basif knowledge), whlsh appears to affect
the ‘strength and direction of the concentration-innovation re]ationsm’p.12

The structural elements of markets have also been examined. Comanor found
that when barriers to entry were®very high'or very low, there was little incen-
;ive to do R&D.r3 Grabowski and Baxter found that in oligopolistic industries
(industries dominated by a few firms) a firm would respond with R&D.spending to
the R&D §pending of its riva]s‘and that conformity of R&D é&ffort "among firms was
positively related to the level of iﬁdustry concentration.l? However, it should
be pointed out that these studies deal almost exclusively with manufacturing
industries. «

Two more comments need tq{be madg. First, it appergﬁshat technological
opportunity influences the strength of the relationships examined (i.e., rela-
tionship between firm size and R&D, concentration and R&D, etc.) although the
exact nature is not known. Second, the level of R&) and innovation can inqrease
profits and market share for the innovator and affect/industry structufe;
instead of vice versa as assumed in most of the studies. . s

e |
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DETERMINANTS OF TECHNOLOGICAL CHANGE IN, THE FIRMID .
h ]

v

There are two bésic theories of the determinants pf tecnnological change or
innovation-at the firm ]eve]. The neoclassical tnéory‘assumes that the decislgp
“maker makes price, output, and allocation decisions with the ggal of maximizing
profit (o minimizing cost). Thus the decision to innovate depends upon. the
expected profitability of the innovatidn (or expected effect on production
costs). A major drawback of this theory in its abstract form is that the deci-
sion maker is asSumed.to have perfect knowledge; however, R&D by its nature is
_ risky and uncertain. : )

The opposing tneory is an offshoot of the Galbrﬁ1th Scnumpeter hypothesis
and could be termed the “resource base" theor‘y.l6 This theory argues that a
firm must have resources available or "organ1zat1ona] slack" to devote to R&D.

Thus, R&D becomes more a function of past prof1ts, sales, and growth than of the -

expected prof1tggvj1ty .of the innovation. However, Cyert and March also argue
that crisis and failure generate search for solutions that usually involve R&D
and 1nnovat1on. In various views then; “very good times" and "very bad times"
are related to R& and innovation at the firm level.

‘ (Empirical support for the neoclassical theory has been slim, based mainly
on the difficulty of incorporating "“risk" in the model and of difficulties in

2

application as one“moves to more bas1s)na§earch and away from development 17

However, at least one study found that potential demand for a product stimulated
1nnovat1on.18 ’

There has been much more empirical work on the urce base theories,

usually involving statistica] analysis using regression techniyues to study the

relationship of different wmeasures of sales, profit, and employment to some g

measure of innovative output or RaD activity. The evidence suﬁporting this
theory is weak; the relationship exists in some cases, but disappears with
-redefinition of variables or different data sets.19 As Kamieﬁ and Schwartz
state, a weak torrelation may not mean that resources lack 1mportance finan-
cial 11qu1d1ty and profitability may be “thresnold factors," necessary in some
degree for R&D, bg} not 11near1x related to the level of innovative act1v1ty.20
The Nimited dat availaQ]e on the coal indusgry support the resource base
_theories. Surveys of coal company representatives, lending institutions, utili-
ties, and federa] agencies indicate-a.consensus that past and present profits
were important for 1nnovat10n.21 Also, the equipment vendor research (Appendix

A) found similar results for mining machine manufacturers.
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The studies by Walton et al. and the NAS (reviewed in Chapter 2) dealt
re§pe&tive1y with determinants ofqhdoption of new technology in coal minjng and
factors affecting R&D and 1nn9vation in mineral industries.22 The Walton et ql.
study.was based on interviews with personnel in trade associations, coal and
utility companies, lending institutions, and govérnment regulatory bodies. Jhe
NAS study was completed by nine committee members of diverse backgrounds and
familiar with the minerals industry. To produce its findings, the committee
interviewed a cross-section qf mostly minegﬁl industry executives and reviehed
the literature. i

Both studies agreed that company mahagement philosophy and organization
were impertant factors determining innovation and R&p& R&D and innovation are
risky undertakings, and coal ~company management was perceived as risk-averse for
several reasons: (1) coal is a resource base industry, and therefore companies
are organized for production, not R&D, especially since a new techn{que may not
work in different seam conditions; (2) the market is cyclical, and increased
costs cannot be passed on to consumers (in contrast to electronics, for
exampig); and (3) the long périod of operation and high initial costs mean high
‘ risk. Also, the emergence of longiterm contracts has encouraged stabi]ffy and
static conditions, rather than risky new methods. _

Both studies also concluded that capital-costs and available money’Were
important determinants of innovation and R&D. If a company had sufficient
internal: funds, it was more likely to develop.a new technology or adopt an'innof
vation. However, borrowind these funds, especially at high interest ratés, was
a strong disincentive given the risky nature of R&D and innovation. '

The studies agreed that company profitability and the market situation were
important determinants of R&D and adoption of new innovations. A decline in the
rate of  return on investment limits the firm's ability to generate internal
funds and to attract external funds. Stability of the market also reduces
uncertainty, which has a posjtive influence on innovation dand R&D. The NAS
study in particular emphasized factors that have acted to depress the rate of
return in mineral industries: government regulations concerning health, safety,
and environment; static depreciation tax laws-in inflationary periods; and
complexity and delays in obtaining permits. The NAS study further argued that
nealth, safety, and environmental regulations hurt innovation andﬁE&D by
increasing uncertainty as regu]atjons and g&gndards change, by designing regula-
tions applicgb]e to present technology (which discourages new technology), and

/
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by diverﬁing the firn's labor and capital resources from new technological inno-

'vatibns and R&D to changing the present technology to jeet regulations. In
addition, a poor market for coal reduces demand for mining machinery, which
affects the R&D prqgrams'of mining equipment vendors. The Walton et al. study
noted that both competition and‘long-term coal contracts influenced the adoption
of new innovations in coal mining. Gompetition from other fuel sources and com-
petition between deep and surface tec niques could spur’adoptiOn of new innova-
tions. The effect of long-term contracts on adoption of innovations varies,
dependigg upon the ﬁype of contract and fne-type of innovation (see Cnapter‘2).

y )

DETERMINANTS OF TECHNOLOGICAL CHANGE IN COAL MINING

4

The literature on determina:ts of technological change reveals considerable
uncertainty over the exact nature of the hypothesized relationships. Because
this is still a very active area of economic research, future efforts may more
accurately identify the: re]evant variables.

Some relationships do emerge from the work to date. Table 9 comhares
some of the major congeptual anq,gmpirical results of the technological change '
litérature to coal industry cnéracteristics. Specifica]ly, changes in coal
industry structure and firm characteristics during the 1970s are examined for
their implications on innovation and R&D.

What this gives us ig‘a'mixed picture of the direction of the forces
affecting technological change during the 1970s. Major positive forces include
the growtn in profit and sales, entrance of oil companies into coal mining, *
growth in firm size, changes in management gnilosopny, and appearance of'ﬁgng-
term contracts (for some types of innovation). Major negative factors include
_vlong-term contracts (for some types of innovation); the ﬁign cost of money,
depreciation laws -and inflation,.increasing uncertainty‘fromyﬁnflation and
government regulation, and the reduction in profits caused by inflation and
government regulation. The problem of weighing these influences is further com-
pounded by.tne type of R&D and innovation they are related to, i.e., supply
side, demand side, ‘health and safety, etc. '

These relationships do imply the types of actions that céu]d be taken to '
_ improve the environment for tecnno]og1ca1 change in coal mining. These
suggestions will be discussed in the conclusions segction of th1s report.




TABLE 9. TECHNULOGICAL CHANGE IN COAL MINING
Relationship v Empirical Support Coal Industry Implications
1.. Innovational intensity Weak Average coal company size nas ) ;
N positively related increased only slightly during the
s to Firm size. 1970s; however, many larger oil, ‘
utility, and other conglomerates \
' have taken over coal operations. *

2. Technological change and Strong-Mansfield found | Given relationship 1 above, indicates
Tnnovation are positively | to hold for coal an increase in innovation dur1ng the
related to firn size. 7 industry 1938-1954. 1970s.

3. R&D and innovation are Overall mixed Slight decrease in industry concentra-
positively related to tion during 1970s, implying a negative
industry concentration. effect on R&D and innovation.

4. Barriers to entry-- Comanor (1967) found Barriers to entry in mining have
motivation for R&D is 1ess support historically been very low. Howpfer,
if either high or low during the 1970s, they may have
barriers to entry exist. increased somewhat due to increased

regulation, shifts in consumption
towards utilities, and competition
from large surface mines. s
- Comparatively, they are still low.
-
5. Resource base--innovation | Mixed--although the During the 1970s there has been a

occurs when firms have
growth in profits or sales.

limited data on the coal
industry<indicates it
is important for mining
companies and vendors.

turnaround in sales, production, and
profit over the 1960s. However,
market has slumped in early 1980s.
Also, profit and rate of return have
been depressed by inflation (effect on
depreciation) and regulation of the
coal industry. Also, entrance of oil
companies with financial resources for
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innovation had a positive influence.




Relationship

TABLE 9.

Empirical Support

(COntinued)

Coal Industry Implications

6.

Resource base--innovation
occdrs when there is
crisis and the firm seeks
solutions,

Has not been
rigorously tested.

Some of largest advances in technology
in_coal mining came during &he
depressed 1920s and 1930s--machine
loading and- machine cutting. From
WWII to 1970, the coal industry was
déclining, and there were rapid
increases in use of continuous miners
and diesel draglines and shovels. The
1970s were prosperous, a]though the
1ndustry is still very competitive,

7. Management philosophy-- Has not been rigorously | Schmidt argues that coal industry has
.attitudes towards R&D tested, although most. | a "wait-and-see" attitude because
@nd 1nnovat1on. writers feel it is innovation does not have many advah- -

important. The Walton | tages in coal mining and has many ,
et a1. study found - risks.- However, Mansfielgf and the DOE
! important in coal mining competition study feel the
B ~as did NAS study. takeover of coal compa by -conglo-
merates during the 197 especially
0il) shifted attitudes management
in favor of R&D. Also, many oil com-
panies applied research labs and staffs
= to coal work. Hawever, this is pre-
. dom1nant1y demand side R&D. .
8. Long-terin contracts-- The Walton et al. Growth in the use of long-term

guaranteed market removes
incentive to innovateg

however, may provide stable
market base for innovationg

study for DOE found the
Tong term contracts

were supportive of most
types of innovation;
however, for "innovative
technology" (concepts
and systems unproven),

long-term contracts werq"

a strong disincentive.

contracts in the 1970s had a positive
influence for R&D and innovation of
technology that is similar to existing
technology--however, negative
influence on "innovative technology."
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CHAPTER 4.
- THE ECONOMIC RECOVERY TAX ACT OF 1981
AND COAL INDUSTRY INNOVATION

THE ECONOMIC RECOVERY TAX ACT

In August 1981, Congress passed the Economic Recovery Tax Act'(ERTA) to
". . . encourage economic growth througnh reduction of the tax rates for indivi-
duals, acceleratian of capitéﬂ cass, recovery of investment in Elant, equipment,
and real property, and incentives for savings, and for other purposes.“1 Several
of the major provisions of the law are aimed at affecting research and '

innovation:

1. Research and experimentation credit. ERTA provides a 25 percent tax
Credit for R&D expenditures in excess of the average amount of R&D
expe di¥ures in a base period (the base period is generally the pre-
vipls three years). This credit applies to expenditures between.

Juhe 30, 1981, and 1986 and includes wages and supplies far "in-house"
research, 65 percent of contracted research, and 65 percent of grants -
to universities and qualifying scientific institutidns for basic
research. }‘ . ,

Assum?ng’%nat‘a firm spent $3 million over the previous 3 years for _

R&D, the base would be $1 million. Thus if a firm increased this to $2

\\\ﬁe/ _ mwillion in the next year, it would get a tax ¢redit of $250,000 (25
percent of the $1 million increase) to apply to taxes that year, to get

a refund for taxes paid during the last 3 years, or to apply to taxes

over the next 15 years. The minimuznggg%/gxpenditures a firm.can

claim for the tax credit is 50 perc current expenditures.

2. Accelerated cost recovery system (ACRS). Tnis prd¥ision of ERTA allows
Tirms to depreciate assets at a faster rate than in the past.
Depending upon asset types, the cost of the asset can be recovered over
3, 5, 10, or 15 years. This effectively lowers the cost of assets,

encouraging investment.

3. University research. Firms are given larger tax deductions than in the
past for contribution of new equipment to universities for research.

T\ The remainder of this chapter will discuss the impact these tax code

chaﬁges may have on coal industhy research and development.

&
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ERTA AND THE CDAL INDUSTRY * . :
e : o , oy
Desp1te a rather extensive 11terature on the relationship between tax
policy, innovation, and investment, there is virtually no quant1tat:;e ev1dence
‘on the effects of tax change on R&D 2 Although the existing evidence indicates
that changes in tax policy can haVe a positive effect on innovation, the level
! of effect is 11ke1y to depend upon conditions such as business confidence and
| market opportumty.3 . oy
The neoclassical theory of ‘the firm argues that.decisions-t? innovate or
invest in R&D are made in order to maximize profit. Given this, a reduction in °
the cost of innovation'through tax policy would have the same effect as reducing
the cost of production inputs such as capital and labor--that is, it would gf"’w
increase their use. . . ' - ‘
Two studies- that prov1ded pre]1m1nary3§ﬁ%ﬁmates of the 1oqg:run‘price
e]ast1c1ty of R&D (i.e., the percentage chadhge in R&D spending resulting from‘a
1 gerdent change in R&D cost) have been comp]eted‘ Nadiri and Schenkerman'esti-
mate th1s elasticity at 0.3 (1.e., a $1 reduct1on in R& cost will result in an
increase -0f $0.30 .in R&D expenditures); while Goldberg estimates the elast1c1ty
at 0.9.% As Collins point out, however, these results are tentative and both
~are for market-induced, net-of-tax cost reductions, which may have diffeqent'_ ‘,
" effects from tax-induced changes.5 , . '
The f0110w1ng factors appear 1mpoctant 1n determining the nqture &E the
re]at1onspp between tax change and 1nnovat19n. |
1. Size and structure of "tax benefit. vigusly, the size of the tax cre-
dit is important in determining the impacts. The proposed ERTA cféﬂ?t‘1s 1arge
effectively reducing additional R&D cost by 25 percent in mG 1nstances. The
' . structure, i.e., applying to increases in R&D expenditures, is effective.
However, R&D is only one stage in a lengthy process from original R& to commer-
* cial application, and as Gallagher points out, estimates indicate that R&D
accounts for only 10 to 20 percent of the total cost ‘of 1nnovat1on.7 Given
this, a 25 percent reduction in costs at the R&D stage would lower total innova-
tion costs by only 2.5 to 5.0 percent. However, the R&D tax credit will also
affect 'state taxes in those states where the taxes are baséd upon federal taxes.
In some states, the comb1ned effect of state and federal tax Credits for R&D

could allow firms to recover up to 80 percent of increases for R&D
8 )

expenditures.
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2. Cash fPow. Some firms may not have suff1c1ent 1nterna1 funds to couab//
duct R&D, and borrowing outside funds may be d1ff1cult. Although the evidence
d1scussed in the last chapter indicated that empifical support for a- rela-
/t1onsh1p between innovation and profitability or 11qu1d1ty is genera]]y weak, it
is strong in the coal industry and a tax credit could reduce the tax dra1n on -a

f1rm S 1nterna1 funds and poss1b1y 1ncrease innovation. For the coal’ 1ndustry,
the present s]ump in the coal market has limited available funds-in some firms.

For coal companies owned by 1arge conglomerates, 1nternalﬂ;gggé\may not act as a '

"prake" on innovation. . * .
3. Microeconomic conditions. As discussed in the last chapter, many eco-
> nomic factors affect the level .of R&D and innovation at the firm 1eve1. Some’ of
tnese factors cou]d .also affect the influence that a tax incentive w11] have on

R& and innovation. -
One such factor is industry concentration, where R&D sometimes serves
as a substltute for price compet1t1on.9 In this case, the market strategy of
~ev the firm would dom1nate any response to moderate changes-in the cost of R&D.
0 However, the coal industry is dominated by pr1ce compet1t1on. * , -
~ Risk and uncertainty also affect R&D and 1nnovat1on, perhaps more So in
coa] mining because of geo]og1c, regu]atory, and safety related uncertainty and
the high capital cost long-term nature of investment, Tu1s uncertainty mgy be
too larye to be overcome by a marginal change in the cost of R&D. - -
nally, management and worker attitude can affect the amount of R&D
and 1é}ovat1on carried out by the firm. If these att1tudes are unfavorab]e to

R&D, it is l1ke1y that changes in R& cost will have little affect on R&D
. &

o d

by the firm. = 8 )
4. Macroeconomic conditions. Some writers have argued that the general

aconomic climate may be a more important determinant of R&D than the tax incen-
tives themse]ves.10 If business is good ‘and markets are strong, the effect of a
tax po]hdy will be enhanced; ff mafkets are weak, the tax policy will be 1ess:
effective. 1In coa] m1n1ng, markets have generally been very good dur1ng the la'st
decade. A]though there is presently a glut of coal and depressed pr1ces, most
forecasts predict that coal output wi®1 continue to grow through this century.
"However, the coal industry has suffered h1stor1ca]1y from overproduction and
depressed prices. Even in the face- of grow1n9 output, price depression and Tow "
rates, of return on investment may discourage R&Dwand innovation, although vendor
R&D would grow as mining equipment sales increased. Also, if ERTA leads- to

&

\.
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_hological, énange d,'edds upo? the rate of investment in plant and equ1pment 11

sxf~*;

economy-w1de“lmprovements 1n inflation rates, growth, ang prqf1tab1l1ty, 1t is .' )
hkely thdt thesk conditions will encourage R&D and investment in codl |n1n1ng." l
5. Investmquiand innovation. Evidence exists that the rate of tech-

As stated &y Mhnsfie]d : ) .

This. is due- to the fact that R&D by 1tself is generally of little - <

1ue o'.a firm, because it is usually only one stage of a long .
progess,lead1ng £0 a successful innovation. A major, and often
the* mest ‘axpensive, stage of the process involves the construc- K
“tion’ of a new prant, new equipment, or both. Because of.this | L
: compﬂementar1ty between. R&D, on the one hand, and new plant and -
. equipment on the .other, increases <in the rate of .investment in,

- pTlapt %ndiequiﬁment tend to raise the profitability of many R&D

, pﬁoagcts whose findings. could not be used effectively, or perhaps

ar all if the rate of 1nvestment 1n p]ant and equipment were

']ower 1z

The, eACRb of ERTA is aimed d1 rectly creasmg investment by ]owemng the

. cost of new equ1pment. If this prov1s1on affects coal industry 1nve§§ment, 1t

“tal 1nten31ve industries the most. If this observat1on holds, then ACRS may be -

will l1kd&y ennance the effects of the tax ‘credit for, R&D.13 Us1ng ¢ cost mode]
s1mulat1on of a deep coal’ ‘mine, ORAU found that the rate of return Jumped from =
14.5 petcént to 16.1 percent when ACRS was used. 14 \Tax~cred1ts for R&D will __’”
benefrf\ﬁ&D intensive 1ndustr1es the most; while ACRS credits will benefit cap1- :

more 1mportant fogfthe coal industry than the R& credit. .

6., Other considerations. Perhaps the biggest problem with ERTA at present
is a ]ack of gu1de]1nes and Tatings on exactly which expenditures qualify under-
the act for spec1a1 treatment.l® Because of this, many firmd may be ho1d1ng e
back on proaects until more clarification on the new code becomes available,

resu]ting in compan1es foregoing R&D and the tax credits from R&D. -

_ Another potent1 problem for the act and m1n1ng in part1cular is how
federaTﬂérants for R;l\gre handled. R&D under federal contract is not eligible
for tak cred1ts. leenrthe long history of cooperation between the coal
1ndustry and theef eﬁél government in mining R&D, this provision may be more
'&ﬂdustry than to other industries in genera].
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"This section reviews tne resu]ts of three surveys of firms conce§n1ng the
effect of the ERTA research and experimentation tax credit. Two of thgse sur-
veys are applicable directly to the coal industry; the third applies to ‘industry

in general. | .o ‘ v
- Skelly and Loy contacted persons involved in trade associations, tax
accounting, equipment manufacturing, and m1n1ng in the coal lndustry and asked:ap
them what impact they felt the tax credit would have.16 0ff1c1a]s at the|
National Coal Association and the Amer1cag Mining Conygress viewed R&D expen-
ditures as too minor an element of company budgets for the tax cfedit to causé
noticeable increases. Tax counsels for mining cbmpanies and equipment maandt- '
turers believed it was too early to éstimate the extent of the benefits. Joy
Manufacturing saw minimal benefits becguse.bf its nigh base level of R&B i
Peabody Coal saw no benefit because it was losing money; Phillips Coal?s R&D
budyet is consolidated intogPhillips Petroleum's R&D budget; and Consolidation
Coal Company's 1982 budget was not affected by the tax credit. In sum, Skelly
and Loy felt that the overall effect of the tax credit would be minimal.

ORAU contacted the R&D directors of nine mine equipment manufacturers (see
AppendikX A). Each research director was asked if the tax credit had any effect
on his company's R&D program or budgyet. Only one director said the tax credit “

had a positive effect, while eignt indicated that the tax credit had no effect.
Reasons given for the lack of impact of the "tax credit were that (1) mine equip-
ment sales are rock bottom, and companies -cut back on R&D when sales and profits
are down, (2) R&D projects are done on their own merits rather than for tax
advantages, and (3) the tax credit is taken at the corporate level and not by
the mine machinery diyision. Poﬁentia]]y, the tax credit would be more effec-

i tive if sales and profits were up.

:
|
|
|

In September 1981, NSF surVeyed 11 companies who spend major amounts on R&D
to determine the effect of the 1981 Economic Recovéry Tax Act on their R&D
brograms.17 NSF estimates that these 11 companies account for approximately .
l one-third of all ,company- -funded R&D expe es in the United States. NSF
indicated that tnere was general agreement\among the R&D officials that the pro-
' visions of ERTA relating.to R&D activities would not have any)appr‘ecwlﬁe effect
i on 1982 spending. Howéver, the R&D officials believed that R&D agt1v1t1es were
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likely to be favorably affected in the followiny years. Anotnerqcomment typi-

., cally offered was that the overall tax bill would create a good business cli-
// mate, which in turn would benefit R&D, In particular, the ACRS depreciation
provisions were seen as very beneficial. | : .

Some firms felt that the expected tax benefit was small in lignht of overall
company expenditures, and thus would have little 1mpact. Another comment
offered was that tax considerations were secondary in setting R&D; the companies
undertook that level of R&D they felt was worfhy. Also, two companies 4ndicated
that they were having definitional problems with the law.

5 CE L
SUMMARY AND CONCLUSIONS )

This chapter has examined the prov1s1ons of ERTA that could affect coal
inddstry R& and innovation. The general conclusion” from the l1terature on tax
policy and innovation may also apply to ERTA and the coal industry: altnougn it
is difficult to speculate on the size of the effect, all indications are that
ERTA w{ll stimulate coal industry R&D and innovation. Another issue is how
these R&D benefits will be dlstr1buted between demqu side and supply side uses.

The size of the effect will depend on basically three factérs: (1) firm
level (microeconomic) characteristics such as cash flow, industry structure, and
mdnagement attitude; (2) macroeconomic characteristics such as business climate

_ and interest and inflation rates; and '(3) characteristics of the law such as
I . size and structure of the tax benefit and the extent to which the law's provi- \
sions .are understandable ‘or ambiguous.

From the surveys of busidess and other officials concerning ERTA, several
points emerge. First, the immediate effect of ,ERTA tax credits for R&D Will be
small, especially in the coal industry where markets are depressed. 'Second, the
ACRS may have a more important impact on R&D and indovation than the research
and experimentation credit of ERTA. Finally, the most beneficial aspect of ERTA
on R& may be in its contribution to the revival of the U.S. economy. _This last
point is a theme that appeared in the tax policy and*innovatfon literature and-
the surveys of R&D officials: .if the economic climate is not right, there is

little that R&D tax incentives can do. , . , ’
This point was especially strong in the ORAU d1scuse1§E§ held w1th mine

machine equipment vendors. Based on the keSults of tnat 1nformat1oﬁ\ R&D effort

closely follows the sales and profits Q{ the industry. ERTA could potentially

é
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stimulate sales of mining machinery by increasing coal demand through its effect
on tne'ovgrall ézbnomic environment and by lowering mine investment costs
tnrough ACRS. Tnhe mining machine -industry would be enEouraged to increase R&D
as sales increase, and the research and experimentation tax credit in this
expansionary environment could be potentfa]]y very stimuTative. In addition,
this R&D would be supply side in nature and could reduce the cost of production

\

and raise productivity.

o
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: CHAPTER 5. - e
N SUMMARY AND CONCLUSIONS

-

"

When one examines the resources devoted to coal-related R&D during the
1970s (public and private R& dollars and manpower), the data show an unam-
biguous yrowth during most of the decade. However, the direct productivity and
cost function measures of technological change in this same period indicate
11ttle change and even a wgrsening of the relation between inputs and output.

Evidence suggests that the key to these contradictory trends is that the
composition ofyR&D effort during the 1970s was weighted heavily toward activi-.
ttes that were not directly related to coal output, such ds gpa]th, safety,
envir;rment, and coal conversion. Part of the reaSon for this was that legisla-

tion forced this emphasis, afd part was economics and relative fuel prices. The'
result of this emphasis was that the increase in R&D effort was expended on’
' activities unrelated to technical efficiency between outputs and inputs in the

miniﬁg of coal.! One would not expect synfuels research, for example, to
improve mine productivity, although health and safety and environmental R&D
could have an indirect effect.

Changes in the output composition of the coal industry also affected mine
productivity. Legislation concerning health, safety, and the environment dic-
tated that the mine industry devote a larger portion of its limited cap1€\1
and labor services to the production of these outputs at the expense of coal.

If one could develop direct measures of technological change that included these
‘outputs in addition to coal, it is possible that the 1970s experienced an
// increase in productive efficiency and a positive growth in technology. Mining
equipment vendors were increasing supply side R&D during this period, as was the
federal government. Thus, the translation of this supply side R&D intotcoal
output-related techno]qgical change may have been hindered by the ghifting com-
position of coal industry output (coal, health, safety, environment).

There were also several economic and institutional forces working agaipst
adoption of innovations and R&D in the 1970s. Hiyh rates of inflation and
interest increased uncertainty and discouraged risk-téking. High capital costs,
combined with' inflation and high interest rates, discouraged investment, which
is a necessary prerequisite for technological change. Regulations concerning

o
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health, safety, and the environment changed equipment standards and increased
uncertainty, further discouraging innovation. These regulations were written
with existing processes and technology in mind, which encouraged changes in
present technology to meet new standards rather than the development of new
, technology. In addﬂwn, regu]ations diverted I‘Or and capital away from R&D
and innovation. 9
A major conclusion of this study is that coal industry characteristics do
not favor the.development of, innovative fechnology gtechnology that departs’
radically from present methods and is unproven), and this effect is, stronger
than in other industries. These characteristiés include management philosophy,
geologic uncertainties, premium for stability in long-term contracts, utility
rate regulation, and lack of economic benefits from "being first" in the innova-
tion process. Also, coal mining involves large initial investments witn returns
accruing years in the future. These initial risks further discourage the use of
unproven techniques. ‘
Several characteristics of coal mining, however, do encourage less radical
R&D and innovation. The takeover of coal firms by oil firms that began in the
1960s is one, although these oil firms may be oriented towards‘coal conversion
R&D rather than suppply side R&. Some new marketing conventions, such as mine
mouth plants and long-term contracts, have removed uncertainty and provided a
stable revenue base which may benefit R&D and innovation (although some argue
to nold down production costs). '
d at present, the 1970s saw strony growth in
coal company sales and profit,*and projeétidﬁ?‘indicate that coal output will
7 grow throughout the 1980s. Growth in sales and profit provides firms with
resources to undertake R&D and innovation and the investment required to
translate this into technological change. Also, increasing cqal sales increases

- that E?ey also remove incenti
‘ithough markets are de

¢

the demand for mining equipment, which encourages equipment vendors to increase
R&. Finally, the fesearch and experimentation tax credit and ACRS of ERTA may
have large impacts on future coal industry R&D, a]thqugh the present level of
influence is minima%. |

In terms of policy, perhaps one of the most important factors in
encouraging coal ifidustry R&D and innovation is a healthy, susgéined rate of
growth in the economy in general and the coal indu3$ry in particular. A healthy
economy with lowered rates of inflation and interest would lower uncertainty,
provide a f{nancial'base for R&D efforts, and encourage investment and vendor-

g
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related R&D. These benefits, tied to the effects of ERTA, would result in \gj
growth in coal industry R&D. " '
Even with sustained ‘economic performance, the coal industry is unlikely to

undertake innovative R&D because of industry characteristics that:are unaffected
( by.economic variables; i.e., variability of seam conditions, lack of benefits to
first-time innovators, the timing of revenues and expenditures over the life
cycle of a mine, and the inability of R&D to build new markets (unlike R&D in
electronics). This gap in innovative R&D creates a possible area of public sdlL

tor involvement. y
. : -

NOTE ) | - | _

1. Link found that R&D for compliance witnh environmental regulations grew
significantly during the 1970s and appeared to bpe negativety related to ’ ”
‘measured productivity growth in the chemical, machinery, and petroleum
industries.- See Albert N. Link, "Productivity Growth, Environmental
Regulations and the Composition of R&D," The Bell Journal of Eeonomics
13(2):548-54 (Autumn 1982). :




APPENDIX A.

XTRACTION R&D AND MININ?ZMACHINERY VENDORS
P
In August 1982, the research directors at nine mine equipment manufac-
turers were contacted by telephone. Table A-1 lists the companies contacted,
which included the largest of the mine machinery manufacturers.

TABLE A-1. VENDOR R&D COMPANIES CONTACTED

Acme Machinery ’ . doy Manufacturing

Fairchild _ . Lee-Norse

Fletcher Mining Equipment Montgomery Mining Machinery
FMC National Mine Service

Jeffrey Manufacturing - s

Each research director was asked questions‘concerning his company's R&D
effort during the 1970s, the p}esent level of effort, future R&D, and the effect
of the Economic Recovery Tax Act research and experimentation credit on research
plans. These gquestions weﬁk applicable only to R&D involving deep mine coal
extraction directed at improving mine productivity. The results follow.

Question 1. What happened to the level of deep mine’ coal extraction R&D con- .
ducted by your company in the 1970s?

Number of
Trend Companies Percent <
s S :
Increasing 7 © 78
No change 2 22
Decreasing Q- 0

Une company also indicated that gFowth in its R&D effort during the 1970s
was very great. Two of the companies who indicated growth dqung the 19705 said
that the level of effort tapered-off in the late 1970s.

A
Question 2. What is the current status of your R&D program (i.e., since 1980)?

 Number of
Trend Companies Percent u
Increasing ’ 4 44
\ No change C 2 22
Decreasing 3 33




- &

Une of the companies in the "increasing" category said its program was-
growing like "gangbusters" until the last two months, during which they had cut
way back. Another company in the “1ncréasing"'bategory indicated that its
growth in R&D since 1980 had been entirely due to~a DUE contract and would not
have occurred if it had had to use company funds. Most coﬁbanies indicated that

the decline in sales experienced in the industry had hurt their R&D programs.

uestion 3.° What do you foresee happening to your R&D effort in the future
within the next two years)?

Number of
Trend Companies Percent

N .

Increasing 4 44

No change 0 0

= Decreasing 2 22
3 33

r Don't know .

Virtually all the companies ingicated the future course of their R&D would
depend upon‘sa]es, which are presently depressed. Companies expecting R&D to
increase in the future also expected increasing sdles; those who did not
speculate as to direction of R&D effort indicated that it would depend on future
sales.

uestion 4. as the research and experimentation tax credit of the Economic

&/ Recovery Tax Act had any effect on your company's R&D program or planning?
~jx Number of
) Trend Companies Percent
: Positive s
effect 1 11
No effect ' 8 89

- -

Some 'of the companies commented on why the credit was not a factor. “ERTA

.had no impact--we don‘t do R& if we don't have sales and profit." "ERTA nad no
effect-<we are now doing a project that would have been done without ERTA, but .
now we are getting a tax credit for it." “ERTdeoégn't'matter--we need to make
a profit first." "ERTA has no effect. We develop R&D on the merits of the
idea." "ERTA doesn't matterx-the tax credit is taken at the corporate level and

not at the mine machinery division."

[




SUMMARY

’
Two major points emerye from these lTimited telephone contacts. First, the

equipment vendors éppear to engage in R& in relation to the health of the

market for their products. During the 1970s when coal markets were strong

and demand for mining machinery was increasing, most vendors incpeased their R&D

programs. In the late 1970s and especially in the early 1980s, a weak market

resulted in cutbacks in R&) effort. Future industry R&D will depend heavily on
Y the market for mining equipment.

i The second maj3} po{nt is that the research and experimentation tax credit

of ERTA will have limited, if any, effect on industry R& as long as markets are

weak. Whilg-the survey results suggest that for some firms the tax credit
~would never be an important consideration, a strong mérket combined with the

cradit might encourage other firms to increase their R&D.
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