
Federal Regulation and Chemical 
Innovation 

In Federal Regulation and Chemical Innovation; Hill, C.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



In Federal Regulation and Chemical Innovation; Hill, C.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



Federal Regulation and Chemical 
Innovation 

Christopher T. Hill, EDITOR 

Massachusetts Institute of Technology 

Based on a symposium 

sponsored by the Division of 

Industrial and Engineering Chemistry 

at the 176th Meeting of the 

American Chemical Society, 

Miami Beach, Florida, 

September 14, 1978. 

ACS S Y M P O S I U M S E R I E S 109 
AMERICAN CHEMICAL SOCIETY 
WASHIΝGTON D. C. 1979 

In Federal Regulation and Chemical Innovation; Hill, C.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



QD 47 .F4 Copy 1 

Federal regulation and 
chemical innovation 

Library of Congress CIP Data 
Federal regulation and chemical innovation. 

(ACS symposium series; 109 ISSN 0097-6156) 
Includes bibliographies and index. 
1. Chemical research—United States—Congresses. 2. 

Science and state—United States—Congresses. 
I. Hill, Christopher T. II. American Chemical Society. 

Division of Industrial and Engineering Chemistry. III. 
Series: American Chemical Society. ACS symposium 
series; 109. 
QD47.F4 540'.973 79-15407 
ISBN 0-8412-0511-6 ASCMC 8 109 1-200 1979 

Copyright © 1979 

American Chemical Society 

All Rights Reserved. The appearance of the code at the bottom of the first page of each 
article in this volume indicates the copyright owner's consent that reprographic copies of 
the article may be made for personal or internal use or for the personal or internal use of 
specific clients. This consent is given on the condition, however, that the copier pay the 
stated per copy fee through the Copyright Clearance Center, Inc. for copying beyond that 
permitted by Sections 107 or 108 of the U.S. Copyright Law. This consent does not extend 
to copying or transmission by any means—graphic or electronic—for any other purpose, 
such as for general distribution, for advertising or promotional purposes, for creating new 
collective works, for resale, or for information storage and retrieval systems. 

The citation of trade names and/or names of manufacturers in this publication is not to be 
construed as an endorsement or as approval by ACS of the commercial products or services 
referenced herein; nor should the mere reference herein to any drawing, specification, 
chemical process, or other data be regarded as a license or as a conveyance of any right or 
permission, to the holder, reader, or any other person or corporation, to manufacture, repro
duce, use, or sell any patented invention or copyrighted work that may in any way be 
related thereto. 

PRINTED IN THE UNITED STATES OF AMERICA 

In Federal Regulation and Chemical Innovation; Hill, C.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



ACS Symposium Series 

M . Joa

Advisory Board 

Kenneth B. Bischoff 

Donald G. Crosby 

Robert E. Feeney 

Jeremiah P. Freeman 

E. Desmond Goddard 

Jack Halpern 

Robert A. Hofstader 

James D. Idol, Jr. 

James P. Lodge 

John L. Margrave 

Leon Petrakis 

F. Sherwood Rowland 

Alan C. Sartorelli 

Raymond B. Seymour 

Aaron Wold 

Gunter Zweig 

In Federal Regulation and Chemical Innovation; Hill, C.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



FOREWORD 
The ACS S Y M P O S I U
a medium for publishing symposia quickly in book form. The 
format of the Series parallels that of the continuing A D V A N C E S 
I N C H E M I S T R Y SERIES except that in order to save time the 
papers are not typeset but are reproduced as they are sub
mitted by the authors in camera-ready form. Papers are re
viewed under the supervision of the Editors with the assistance 
of the Series Advisory Board and are selected to maintain the 
integrity of the symposia; however, verbatim reproductions of 
previously published papers are not accepted. Both reviews 
and reports of research are acceptable since symposia may 
embrace both types of presentation. 
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PREFACE 

lhe past two decades have witnessed rapid growth in government 
regulation of the environmental, health, and safety aspects of indus

trial processes and products. The chemical process industries and the 
products they make are a major focus of the regulations administered 
by EPA, OSHA, FDA, and CPSC, and by their state-level counterparts. 
It is not surprising that these industries have received considerable 
attention from government regulators. The synthetic organic chemical, 
petroleum refining, and primar
as pesticides, pharmaceuticals, chlorinated hydrocarbons, and heavy 
metals can pose significant risks to human health, safety, and the envi
ronment. 

The economic regulation passed in an earlier age is concerned with 
markets, prices, and preservation of competition. By contrast, a major 
objective of much of the "new regulation" is to stimulate firms to redesign 
or to change the processes they use and the products they sell. The 
chemical industries depend heavily on a continual flow of new processes 
and products to meet consumer needs; to control production costs in the 
face of higher prices for raw materials, labor, and equipment and to meet 
the challenge of foreign competition. Furthermore, technological innova
tion is often the means by which new firms enter the chemical industries 
and by which existing firms adapt and grow. It is also not surprising, 
then, that concern has arisen for the effects that environmental, health, 
and safety regulations have on the rate and nature of technological 
innovation in the chemical industries. 

The importance of chemical innovation is not confined to chemical 
firms. It is equally important to the economy and to society as a whole. 
New technology provides the major improvements in productivity that 
help control inflation and that contribute to the nation's economic growth. 
At the same time, society needs new chemical technology to help solve 
many of the pressing problems of our time such as energy conservation 
and supply, production of food, preservation of environmental quality, 
and control of population growth. 

Most of the papers in this volume were presented at an ACS sym
posium in September 1978. Perhaps a no more diverse and comprehen
sive set of papers on the effects of regulation on chemical innovation has 
ever before been assembled. They present a cross section of research 
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results from most of the major schools of thought as well as the practical 
experiences and observations of people from industry and government. 
The disciplines represented by the authors include chemistry, chemical 
engineering, medicine, law, economics, business administration, and 
psychology. 

The papers are arranged to provide ( 1 ) an introduction to the issues, 
(2) conceptual and analytical models and empirical results, and (3) pol
icy implications and prescriptions for change. The first three papers 
provide a broad introduction to the issues. Eads covers the origins of 
the "new regulation," contrasts it with older economic regulation, and 
discusses how such regulation affects corporate decision making. New-
burger discusses five real dilemmas society faces in regulating the con
duct of firms and points out that regulation can be neither entirely just 
nor entirely positive in its effects. Leenhouts reviews and assesses the 
empirical evidence on th
perspective of a chemical engineer in industry. 

The next six papers present conceptual frameworks, theoretical 
models and empirical evidence, on the effects of regulation on chemical 
innovation. Ashford and Heaton and Iverstine and Kinard present evi
dence from surveys of firm-level responses to regulation. Both papers 
note regulation-induced changes in the level and nature of research and 
development, in the processes of decision making in technology areas in 
firms, and in the kinds of products and processes that are commercially 
successful. Cohen and Bennett provide first-person confirmation of the 
fact that government regulation creates new business opportunities to 
develop and sell new control technologies. Both Greenberg and Thomp
son present analytical models that are useful in examining responses of 
process technology to regulation. These studies are rooted in models 
developed by economists to study dynamic responses to price changes. 
DiRaddo and Wardell review past work and present new data on the 
effects of pharmaceutical regulation on the development of new drugs. 
Generally, more is known about the drug part of the regulation/innova-
tion interface than about any other, since the regulations are older and 
the FDA new drug approval process automatically generates measures 
of innovation. 

The final four papers move from theoretical concepts and research 
results to policy and prescription. Updegraff assesses the potential im
pact on innovation of the proposed Drug Regulation Reform Act. This 
Act originated, in part, from the recognition of the kinds of problems 
raised in the DiRaddo and Wardell paper. DeKany and Malkenson of 
EPA describe how EPA is implementing the Toxic Substances Control 
Act in light of the Congressional statement of policy that it not unduly 
impede technological innovation. Gerstenfeld and Nason find that regu-
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lation inhibits innovation, and to address this problem, present an 11-
point program of government actions designed to improve the formal 
and informal processes by which regulations are developed. Schweitzer 
agrees that regulation is a problem for innovation, especially in the long 
term. Among other proposals, he recommends legislated changes in the 
Toxic Substances Control Act and formation of a national commission 
that would present recommendations for amending it. The commission 
would also evaluate the impact of regulation on society, including the 
chemical industry. 

After digesting all the ideas in this book, however, the reader looking 
for a definitive understanding must continue to search. Despite the 
importance of both regulation and innovation to industry and society, 
and despite the hours that have been devoted to discussion of their inter
actions, there is still much to learn. Problems of description, definition, 
and measurement plague
ments can be made on theoretical grounds that regulation would inhibit 
or stimulate innovation, and empirical confirmation is available to sup
port both sides. Furthermore, some participants in the debate confuse 
the impacts of regulation on innovation with the larger question of 
whether regulation's costs are worth the benefits. 

Thus, there is still a great need for good empirical research on the 
effects of government regulation on chemical innovation. The papers in 
this volume provide an array of ideas that can be examined, expanded, 
and integrated to help improve our understanding of this interaction. 
With a better understanding, Congress and the agencies can better design 
regulations to meet important social goals, including the development of 
needed technologies for regulatory compliance, while maintaining the 
ability of the chemical industries to remain viable and grow. 

I would like to thank David Gushee, former chairman of the ACS 
Industrial and Engineering Chemistry Division, for suggesting this sym
posium. I would also like to thank the authors and the reviewers for 
participating, and the Congressional Office of Technology Assessment 
and the MIT Center for Policy Alternatives for assistance in preparing 
the symposium and this volume. Betsi Wasserman helped immensely 
with the tasks involved in putting this work together. Finally, I would 
like to acknowledge the Division of Policy Research and Analysis of the 
National Science Foundation, which has funded or otherwise supported 
most of the research that appears in this volume. 

Massachusetts Institute of Technology CHRISTOPHER T. H I L L 

Cambridge, Massachusetts 02139 
March 30, 1979 
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1 

Chemicals as a Regulated Industry: Implications for 
Research and Product Development 

GEORGE C. EADS 
Regulatory Policies and Institutions Program, The Rand Corporation, 
Santa Monica, CA 90406 

Governmentally imposed restrictions on private enterprise 
are not a new phenomenon
tries , such as the railroad
operated under detailed regulation, and even the so-called "unre
gulated" industries have been subject to antitrust, securities, 
tax, and labor laws. It is now widely recognized, however, that 
government regulation has entered a new era. This era began in 
the mid-1960s with the passage of a series of laws aimed at, 
among other things, protecting the environment, insuring worker 
health and safety, and assuring the safety and performance of 
consumer products. This "new regulation" applies to a l l private 
enterprise, and is administered by a multiplicity of agencies, 
each interested only in specialized segments of a firm's opera
tions. In further contrast with traditional regulation agencies, 
the regulators in these new agencies have no specific mandate to 
promote the industries they regulate or even to assure the con
tinued existence of these industries. 

A number of observers, both within and outside government, 
have expressed concern that this new use of regulation is funda
mentally altering the behavior and performance of U.S. private 
enterprise, with potential repercussions far beyond the intended 
scope of regulatory activity. One reason for concern is the fact 
that the increase in regulatory activity requires that a larger 
share of U.S. economic and social resources be devoted to sup
porting the regulatory bureaucracy, to assuring effective and 
appropriate representation of firms' interests before regulatory 
bodies, to gathering and processing numerous data requests made 
by government agencies and their contractors and, finally but 
certainly not least important, to complying with regulations once 
they are promulgated. Estimates of these costs vary widely, but 
some notion of their potential consequence is given by a recently 
published study by Denison (1) in which he estimates that compli
ance with environmental constraints introduced since 1967 
diverted nearly one percent of 1975 nonresidential business 
resources away from final output, with another 0.42 percent 
diverted as a result of compliance with regulations to improve 
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2 FEDERAL REGULATION AND CHEMICAL INNOVATION 

worker health and safety. This may seem l i k e a small figure, but 
i t i s not. Denison estimates that by 1975, this reduction was 
equivalent to knocking 1/2 of one percentage point off the 
economy's annual growth rate. This, i n turn, represents f u l l y a 
25 percent reduction i n the economy's long-term rate of improve
ment i n output per unit of input. Moreover, Denison reports that 
the share of resources being diverted has been steadily r i s i n g . 

But the diversion of economic and s o c i a l resources away from 
f i n a l production may not be the only, or even the most important, 
cost of the "new regulation." V i r t u a l l y every aspect of the 
firm's strategic environment i s l i k e l y to be affected. Of spe
c i a l concern i s that the pace and direction of technological 
advance i s l i k e l y to be altered i n ways that are not presently 
predictable. 

H i s t o r i c a l l y , technological innovation has been a prime 
force i n economic development
been credited with suc
increased labor productivity, new opportunities for preventing 
and curing disease, greater consumer comfort, and improvements i n 
the balance of trade. 

Of course, i t i s also argued that technological development 
is at least partly responsible for precisely the environmental, 
health, and safety hazards to which the bulk of the "new regula
tion" i s addressed. Therefore, some of the changes that regula
tion may induce may be a l l to the good. But we need not deny the 
existence of technology created hazards i n order to be concerned 
about the possible negative effects of this regulation on the 
rate of technological advance. The issue i s not whether some 
regulation i s j u s t i f i e d , but what trade-offs our society i s w i l l 
ing to make between the s o c i a l and economic benefits from 
further high rates of technological advance and the losses asso
ciated with actual and potential new product and process hazards. 

We are i n the very early stages of research aimed at explor
ing just such questions as these. This paper i s intended to 
describe some of our preliminary hypotheses and to expose our 
general approach to comment and c r i t i c i s m . 

The target industry for our research i s chemicals. This 
choice has merit for several reasons. Chemicals has long been 
considered a prime example of an industry whose success has been 
based on a continued high rate of technological innovation. 
T r a d i t i o n a l l y grouped among the "research intensive" industries, 
chemicals has been p a r t i c u l a r l y noteworthy for the extremely low 
proportion of i t s R&D funds that have been federally supplied. 
Thus i t i s l i t t l e wonder that researchers seeking to understand 
the process of i n d u s t r i a l innovation have been attracted to the 
chemicals industry and, i n p a r t i c u l a r , to i t s technologically 
most advanced firms. 

But chemicals i s d i s t i n c t i v e i n another way. The industry 
has been a prime target of the "new regulation." Indeed, with 
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1. EADS Chemicals as a Regulated Industry 3 

the possible exceptions of autos and s t e e l , no previously "unre
gulated" industry has been subjected to a wider variety of regu
lations. Certainly among the high technology industries, i t 
ranks f i r s t . 

The chemicals industry also contains a s u f f i c i e n t l y large 
number of firms so that a d i v e r s i t y of behavior l i k e l y can be 
observed. But more importantly, the chemicals industry, being 
highly dynamic, has always been i n the forefront of managerial 
innovations. As Chandler has noted, a chemicals firm, Du Pont, 
pioneered the multidivisional form of corporate organization.(2) 
Chemicals firms were among the f i r s t to establish organized cor
porate research a c t i v i t i e s . And, as we have observed during our 
research, certain of the firms i n the chemicals industry are tak
ing steps to become active participants i n the regulatory pro
cess. Therefore, i f U  S  industr  i  indeed undergoin  s i g n i f i
cant changes as i t attempt
these changes should readily

Maintaining this p a r t i c u l a r industry's past excellent per
formance i s of obvious importance to the economy. We have 
already referred to the industry's high rate of technological 
advance. The new and improved products i t has developed have, i n 
turn, fueled productivity improvements throughout the economy. 
And, although more high-level policy attention i s usually given 
to the problem and performance of such industries as s t e e l , chem
ic a l s long ago surpassed most of these sectors i n contributions 
to the gross national product. Furthermore, chemicals, stimu
lated no doubt by i t s enviable performance i n developing new prod
ucts, has continued to make a strong positive contribution to 
our balance of payments. 

One element of the chemicals industry--pharmaceuticals--has 
already been the subject of intense study. Considerable atten
tion has been given to the role that FDA regulation may or may 
not have played i n an observed slowdown i n the rate of develop
ment and commericalization of new e t h i c a l drugs. 

This interest i n pharmaceuticals has tended to draw research 
attention away from the effects that have been f e l t by the other 
segments of the chemicals industry. This i s unfortunate for, 
whatever i t s importance, the effects of FDA regulation on innova
tion and product development i n pharmaceuticals i s l i k e l y to be 
quite different from the impact generated by the type regulation 
to which the nonpharmaceuticals portion of the chemicals industry 
has become subject. As we s h a l l argue i n more d e t a i l below, 
dealing with such regulations and with the e n t i t i e s that promul
gate and promote them creates a fundamentally diff e r e n t planning 
problem for a firm than does coping with regulations administered 
by an agency which has a scope of interest and r e s p o n s i b i l i t y 
roughly corresponding to the boundaries of the industry being 
regulated. 

In the next section of this paper, we discuss some of the 
characteristics of the "new regulation" that help to differen-
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4 FEDERAL REGULATION AND CHEMICAL INNOVATION 

t i a t e i t from the more t r a d i t i o n a l forms of regulation. Follow
ing t h i s , we speculate b r i e f l y concerning how these characteris
t i c s are l i k e l y to influence the strategic environment within 
which the t y p i c a l firm i n the chemicals industry l i k e l y finds 
i t s e l f presently operating. Only then do we begin to hypothesize 
as to the effects that regulation may have upon innovation i n 
chemicals. This may seem a rather round-about approach for a 
paper whose stated purpose i s only to examine the l a s t of these 
topics. But there i s method to our madness. The approach just 
outlined r e f l e c t s our strongly held b e l i e f that in an industry 
l i k e chemicals, the research decision cannot be separated mean
i n g f u l l y from other strategic business decisions. Thus, i f we 
are to understand i n more than just a s u p e r f i c i a l way how the "new 
regulation" i s l i k e l y to affect the long-run path of innovation i n 
the chemicals industry  we must f i r s t understand how i t i n f l u 
ences the larger environmen
operate. The road we hav
about. But, i n our opinion, there are no easy short-cuts. 

The New Regulatory Environment 

One phenomenon that has been documented and attributed to 
the "new regulation" i s the recent rapid ris e i n the amount of 
regulation. While growth i n the overall l e v e l of regulatory 
a c t i v i t y surely impinges upon the American economy as a whole, i t 
does not i n and of i t s e l f imply a change i n the regulatory 
environment of any particular firm or even industry. When a new 
regulatory agency i s formed along t r a d i t i o n a l l i n e s , with 
interest limited to a single industry, regulatory a c t i v i t y neces
s a r i l y increases but with a direct impact on only a narrow seg
ment of the economy. Other firms and industries adapt i n their 
dealings with the newly regulated industry much as they do to 
nonregulatory changes i n their economic and s o c i a l environment. 
But, by and large, that i s the l i m i t of the impact on them. 

The chemicals industry has not come under the exclusive pur
view of any single new regulatory agency, but i t has over the 
l a s t decade or so become a "regulated industry." This i s not the 
result of simple growth i n the lev e l of regulatory a c t i v i t y , but 
r e f l e c t s a new regulatory approach. We believe this approach can 
be usefully characterized along four dimensions: 

ο The j u r i s d i c t i o n a l boundaries of the new regulatory 
bodies ; 

ο The goals these bodies are directed to achieve; 

ο The evidence they u t i l i z e i n deciding whether and 
how stringently to regulate; and f i n a l l y , 

ο The instruments they use when they do regulate. 
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1. EADS Chemicals as a Regulated Industry 5 

Each of these areas could--and perhaps w i l l ultimately be--the 
subject of i t s own separate study. But i n the interest of brev
i t y , and i n recognition of the work done by others (for example, 
see (3)), we w i l l confine ourselves to a b r i e f description. 

Regulatory Ju r i s d i c t i o n s . The t r a d i t i o n a l motivation for 
regulation was fear of "natural monopoly" or "destructive 
competition"—market behaviors perceived to threaten consumers or 
producers. This motivation was such that the "natural" j u r i s d i c 
tion of regulatory a c t i v i t y was a p a r t i c u l a r industry or, occa
sionally, a group of related industries (e.g., transportation). 
Consequently, the regulated industry was usually subject to over
sight and control by a single regulatory agency authorized by a 
single, comprehensive l e g i s l a t i v e or administrative action. 

In contrast, the majorit
have been mandated to resolv
ever they are perceive ,
resulted i n regulations to which a l l (or a very wide range of) 
industries are immediately subject. In other cases, agencies 
have focused on a few industries at a time, but with the clear 
prospect that a l l industries are p o t e n t i a l l y subject to future 
action. 

This change i n j u r i s d i c t i o n a l d e f i n i t i o n has three important 
implications for the firm: F i r s t , the firm cannot rely on a 
regulatory agency to have a well-versed understanding of the 
economic and s o c i a l role played by i t or i t s competitors or to 
retain interest i n the industry or firms long enough to 
observe—much less accept r e s p o n s i b i l i t y f o r — t h e eventual impli
cations of regulatory actions. Consequently, a major responsi
b i l i t y for assessing the broader implications of policy actions 
and communicating these results of this assessment must f a l l upon 
the firm or industry i t s e l f . 

Second, while the very existence of an agency with a p a r t i c 
ular mandate (such as the protection of the environment) provides 
a forewarning of the general issues that one day may confront the 
firm, there i s much uncertainty about the s p e c i f i c form these 
issues might take or precisely when or by whom they w i l l be 
raised. 

Third, the firm must accustom i t s e l f to dealing with 
interagency (and sometimes even intraagency) c o n f l i c t s . It often 
i s the case that one regulatory body w i l l be t o t a l l y unaware that 
another body i s contemplating (or, indeed, has already taken) an 
action that impacts c r u c i a l l y upon an action that the f i r s t 
agency i s considering. In such cases, the firm finds i t s e l f i n 
the somewhat awkward position of explaining to the government 
what the government i t s e l f i s doing. Should i t take the lead i n 
trying to point out such conflicts? Or should i t wait u n t i l an 
obvious c o n f l i c t develops and attempt to exploit i t to obtain a 
more favorable decision from the viewpoint of the firm? The 
proper answer i s by no means obvious. 
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6 FEDERAL REGULATION AND CHEMICAL INNOVATION 

Regulatory Goals. The goals of the t r a d i t i o n a l regulatory 
agencies required them to assure the long-run existence of the 
industries (and, i n some cases, the firms) they regulated. In 
some instances, a promotional re s p o n s i b i l i t y was d i r e c t l y written 
into the statute establishing the agency. 

But even where this did not occur, the goal of assuring 
industry health was i m p l i c i t . How could the FCC and the state 
PUCs assure that adequate telephone service was universally 
available at " f a i r " rates and charges i f no company existed to 
provide i t ? 

The same cannot generally be said for the new regulatory 
agencies. EPA's goal i s to prevent damage to the environment. 
It does so by l i m i t i n g emissions deemed harmful. Its success i n 
this does not require the survival of the firm doing the emit
ting. The Consumer Product Safety Commission's goal i s to elim
inate hazardous product
this goal may sometime
produces the products deemed hazardous. OSHA must protect the 
health and safety of workers. If this goal cannot be achieved 
consistent with the preservation of firms determined to be 
employing the unsafe practices, the agency i s prepared to s a c r i 
f i c e such firms. 

To a degree, Congress has recognized the d i f f i c u l t i e s 
inherent i n such mandates, and has placed l i m i t s on them. But 
these lim i t s are necessarily vague. Thus, the Williams-Steiger 
Occupational Health and Safety Act of 1976 requires the Secretary 
of Labor i n promulgating standards dealing with toxic materials 
or harmful physical agents to "...set the standards which most 
adequately assure, to the extent feasible... that no employee 
w i l l suffer material impairment of health or functional capacity 
even i f such employee has regular exposure to the hazard dealt 
with by such standard for the period of his working l i f e . " ( 4 ) 
The courts, i n interpreting this mandate, have held that under 
this provision, a standard which i s "pr o h i b i t i v e l y expensive" i s 
not "feasible." However, standards may be deemed "feasible" even 
though, from the standpoint of employers, they are f i n a n c i a l l y 
burdensome and affect p r o f i t margins adversely. More impor
tantly, to meet the test of " f e a s i b i l i t y , " a standard does not 
necessarily need to guarantee the continued existence of i n d i v i 
dual employers.(5) 

The Evidence on Which Regulatory Decisions Are Based. While 
the issues dealt with by the t r a d i t i o n a l regulatory bodies have 
been largely f i n a n c i a l or commercial i n character, those faced by 
the "new regulators" generally have been more of a s c i e n t i f i c or 
technical nature. In keeping with the sort of questions 
addressed by s c i e n t i s t s or engineers, these issues have been sub
j e c t to a high degree of speculation and uncertainty. The need 
to make decisions involving such slippery matters, and the stan
dards and evidence upon which such decisions have been based, 
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1. EADS Chemicals as a Regulated Industry 7 

have distressed both businessmen being regulated and certain 
s c i e n t i s t s who fear the intrusion of p o l i t i c s into their "commun
i t y of science." (See (6).) 

While exceptions can be cited, by and large i t appears that 
the regulatory agencies are dealing with such issues exactly as 
Congress intended when i t established them. The uncertain nature 
of many of the hazards that were to be controlled was recognized 
by Congress. The ambiguity of much of the evidence on which 
decisions inevitably would have to be based was admitted. But 
the risks of waiting u n t i l a l l the evidence was i n was f e l t to 
outweigh the harm caused by an occasional unnecessary regulation. 
Thus, although the EPA Administrator i s directed to conduct stu
dies concerning the nature of the threat to the ozone layer from 
fluorocarbons, to consult with recognized s c i e n t i f i c authorities, 
and to "consider" f e a s i b i l i t d economi  impact  th  f i n a l 
decision about whether
stances rests squarely
use? Whether " i n his judgment" such substances may "reasonably" 
be anticipated to affect the stratosphere and whether that 
effect, i n turn, "...may reasonably be anticipated to endanger 
public health and welfare."(7) 

This i s not to suggest that the i n s t i t u t i o n s which we u t i l 
ize to c o l l e c t , assess, and update s c i e n t i f i c and technical 
information could not be vastly improved. Our point i s that the 
nature of the decisions the "new regulators" are required by law 
to make are such as to preclude absolute certainty p r i o r to 
action. This i s l i k e l y always to be the case. 

Regulatory Instruments. The fourth area i n which the new 
regulation represents a break with t r a d i t i o n i s i n the instru
ments i t uses to achieve i t s aims. Old-line regulatory agencies 
such as the ICC, FCC, or CAB r e l i e d primarily on their power to 
approve or disapprove s p e c i f i c requests relating to such matters 
as p r i c i n g , entry and e x i t , and mergers. But t h e i r power to 
influence s p e c i f i c firm conduct was severely constrained by sta
tute. For example, the Federal Aviation Act states: "No term, 
condition, or l i m i t a t i o n of a [an a i r carrier's] c e r t i f i c a t e [of 
public convenience and necessity--the operating license issued by 
the CAB] s h a l l r e s t r i c t the right of an a i r c a r r i e r to add to or 
change schedules, equipment, accommodations, or f a c i l i t i e s for 
performing the authorized transportation and service as the 
development of the business and the demands of the public s h a l l 
require..."(8) 

The "quasi-regulators" such as the Antitrust Division have 
always employed a combination of s p e c i f i c enforcement actions i n 
the courts with statements of general policy i n their attempt to 
a l t e r the general pattern of business conduct. They, too, l e f t 
the detailed day-to-day decisions concerning what a firm might 
produce and how to produce i t to the discretion of the firm and 
i t s management. In contrast to the prohibitions cited above on 
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8 FEDERAL REGULATION AND CHEMICAL INNOVATION 

permissible CAB control instruments, EPA, OSHA, and CPSC can (and 
do) dictate the most minute details of how a production process 
s h a l l be carried out, what inputs, outputs, and intermediate pro
ducts w i l l result, and what the precise characteristics and uses 
of the f i n a l product w i l l be. Of course, such a c t i v i t i e s require 
the new regulators to know things they do not--and l i k e l y even 
cannot—know about the details of individual firms' operations. 
They are not unaware of that. But they struggle on anyway. 

The four characteristics of the "new regulation" we have 
just described combine to produce a major change i n the strategic 
environment facing the t y p i c a l large business firm today. How 
this happens, and what i t means for the firm i s the topic to 
which we now turn. 

Impact on the Strategi  Decisionmakin  Environment f th  Fir

In recent years, th
should engage i n something called "economic planning" has gen
erated considerable controversy with conservatives generally con
demning and l i b e r a l s generally applauding the idea. However, the 
picture that emerges from the above description of the "new regu
l a t i o n " indicates that, i n a real sense, the debate has been set
t l e d . As federal regulation has gradually come to affect more 
and more areas of the t y p i c a l firm's a c t i v i t i e s , the government 
has acquired more authority to influence firm decisionmaking than 
l i k e l y would have been tolerated had this country adopted an 
e x p l i c i t system of national planning. 

But while the a b i l i t y to influence i s now present, the a b i l 
i t y to comprehend the effects of actual and proposed actions and 
to coordinate the various different a c t i v i t i e s being undertaken 
i s largely absent. In i t s current state, the government regula
tory apparatus i s l i k e a benevolent, well-intentioned giant, 
struggling to do good, but often wreaking havoc due to i t s sheer 
size and power, i t s lack of the necessary sensory and feedback 
mechanisms, and i t s only p a r t i a l l y developed brain. 

We w i l l leave i t to others to debate whether such an organ
ism can ever either learn to control i t s e l f or be brought under 
effective external control. Instead, we w i l l confine our atten
t i o n here to discussing how having to l i v e with such a state of 
a f f a i r s i s l i k e l y to influence the strategic environment within 
which the firm must operate certainly at present and perhaps 
i n d e f i n i t e l y into the future. 

In the past, the p r i n c i p a l factors that a businessman had to 
take into account when pl o t t i n g a future course of a c t i v i t y for 
his firm were the attitude of the public toward his products and 
the l i k e l y actions and reactions of actual and potential competi
tors. If he chose to engage i n research and development, he 
added a t h i r d category of worries—the p o s s i b i l i t y that nature 
might prove f i c k l e and prevent his s c i e n t i s t s and engineers from 
developing the new products and processes upon which his plans 
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1. EADS Chemicals as a Regulated Industry 9 

depended. 
The introduction of r e g u l a t i o n — i n p a r t i c u l a r , multi-agency, 

issue-oriented regulation—changes the businessman's decision
making calculus. This change i s not brought about so much from the 
burden of having to spend time dealing with numerous government 
agencies. This aspect of regulation i s accurately describable as 
a "hidden tax" and, as such, can be adjusted to r e l a t i v e l y sim
ply. 

No, the "new regulation" i s much more than merely a "hidden 
tax." Due to the characteristics i d e n t i f i e d above, i t i s the 
generator of a class of uncertainties quite different i n nature 
from those with which the businessman has h i s t o r i c a l l y been 
accustomed to dealing. 

Because government regulatory a c t i v i t i e s are so uncoordi
nated, i t i s d i f f i c u l t
know what the government'
l e g i s l a t i o n speaks i n absolutes  protected
environment w i l l be preserved. Energy w i l l be conserved. Consu
mer products w i l l be safe. But when c o n f l i c t s develop, as they 
inevitably must, which goal i s to have p r i o r i t y ? As new goals 
are defined, how are c o n f l i c t s with older goals to be reconciled? 
And as i t becomes clear that the absolutes sought by the law are 
unreachable, how are the necessary compromises to be developed? 
Businessmen ask, "Doesn't the government know what i t wants?" 
The answer is "no," primarily because, as far as regulation i s 
concerned, there i s no single actor that can be called "the 
government." 

Even more confusing to businessmen i s the matter of how 
spe c i f i c targets for regulatory attention are selected. The wide 
latitude of discretion given agency administrators, the vague 
nature of their mandates, and the uncertain nature of the e v i 
dence with which they have to deal inevitably leads to actions 
that seem (and sometimes are) highly arbitrary. Indeed, the 
agencies' poor understanding of the industries they regulate 
means that they are often as surprised as the businessman being 
regulated to find that a part i c u l a r class of firms w i l l be 
impacted by what they are proposing to do. 

F i n a l l y , the almost universal use of "command and control" 
techniques for enforcement once standards have been decided upon 
helps insure that ultimate regulatory outcomes w i l l be uncertain. 
The stringency, timing, and even a p p l i c a b i l i t y of regulations to 
a particular firm or even to entire classes of firms i s often i n 
doubt u n t i l lengthy court battles have taken place. To be sure, 
business i t s e l f i s the instigator of much of this protracted 
l i t i g a t i o n . But the uncertainty this process generates i n the 
minds of top executives, stockholders, customers, the firm's 
bankers, and employees cannot help but play havoc with a firm's 
a b i l i t y to plan r a t i o n a l l y . 
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10 FEDERAL REGULATION AND CHEMICAL INNOVATION 

But the picture may not be a l l that bleak, at least from the 
viewpoint of the individual firm. The very fact that government 
agencies are usually uninformed about the industries they regu
late, that their p r i o r i t i e s and procedures for targeting are so 
i l l defined, and that their enforcement processes so arbitrary 
creates major opportunities for the regulatory process to be 
influenced to the advantage of the firm. 

The use of the regulatory process by "public interest" 
groups to achieve their goals has been well documented. (See, 
for example, (9).) Less well known or understood i s i t s use by 
individual business firms to create or enhance the market for 
their products or to disadvantage a competitor. 

The benefits can be substantial. In a recent a r t i c l e , 
Fortune magazine estimated the subsidies created by Congress for 
small refiners through the o i l entitlements program at $2.5 b i l 
l i o n per year.(10) This
per-barrel subsidy i s inversel
refinery, has caused a boom i n the construction of otherwise 
highly i n e f f i c i e n t units. Jackson and Leone, i n a soon-to-be-
published paper, estimate the impact on individual establishments 
i n segments of the pulp and paper industry of the 1972 Amendments 
to the Water Pollution Control Act.(_ll) Observing that the mag
nitude of the cost pass-through w i l l be determined by the impact 
on the average firm, they observe that some firms stand to have 
their p r o f i t s substantially enhanced. 

We have encountered similar examples i n our present study 
for EPA of the economic impact of potential controls over 
nonaerosol fluorocarbon emissions. As disadvantaged as certain 
firms might be by such controls, others stand to p r o f i t hand
somely by them. Indeed, this a b i l i t y to p r o f i t from the current 
chaotic state of the regulatory process has been suggested by 
some as a reason why businessmen, who might otherwise seem the 
natural a l l i e s of the increased use of more predictable economic 
incentives, adamantly defend current regulatory techniques.(12) 

The range of permissible conduct open to a firm i n attempt
ing to influence governmental regulatory a c t i v i t i e s i s much 
broader than when engaging i n more t r a d i t i o n a l forms of competi
tion. A businessman cannot conspire with his competitor to raise 
or lower prices. He cannot engage i n overtly predatory behavior. 
He cannot merge i f that merger w i l l tend to create a monopoly " i n 
any l i n e of commerce in any sector of the country."(13) But he 
can attempt to influence the government to undertake actions 
which have the i d e n t i c a l effect. (See (14).) 

Thus regulation, through i t s very arbitrariness and i t s sus-
ce p t a b i l i t y to manipulation, emerges as both a major problem and 
a prime opportunity for today's business firm. Through i t s regu
latory a c t i v i t i e s , government has become both a creator and des
troyer of business opportunities, a factor equal i f not superior 
i n importance to the actions of competitors and the tastes of the 
public i n shaping corporate strategy. Tracing out the 
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implications of this fact is a task deserving of attention. But 
this must be the subject of another paper. Instead l e t us at 
long l a s t address the question we o r i g i n a l l y posed: How does 
this "new regulation" and the fact that i t constitutes such a 
change i n the firm's competitive environment affect the firm's 
incentive and a b i l i t y to innovate? 

The Impact of the "New Regulation" on Innovation: Some Tentative 
Hypotheses 

While others undoubtedly could be suggested, we have i d e n t i 
f i e d f i v e impacts that regulation as we have described i t can 
have on innovation for a t y p i c a l large chemicals firm: 

ο Regulation may divert resources that otherwise might 
be used to fun

ο Regulation may change the firm's a b i l i t y to calcu
late the payoffs to investments i n research and 
development. 

ο Regulation may a l t e r the proportion of benefits that 
are properly c l a s s i f i a b l e (from the viewpoint of the 
firm) as " e x t e r n a l i t i e s , " and this may change the 
nature of research the firm i s l i k e l y to undertake. 

ο Regulation may change the optimal i n s t i t u t i o n a l pat
terns for performing certain types of research. 

ο Regulation may p o l i t i c i z e the research process. 

Although some might consider us excessively timid, we hesi
tate at this point to declare whether, on balance and i n the 
longer-term, these various impacts are l i k e l y to increase or 
decrease the incentive of the chemicals firm to innovate and thus 
the l e v e l of funding that w i l l be devoted to research and 
development a c t i v i t i e s . We do believe that regulation certainly 
w i l l a l t e r both the role research plays i n the firm and the 
manner i n which the firm's research a c t i v i t y functions. There
fore, rather than devote much time to speculating about future 
levels of research spending i n chemicals, we w i l l content our
selves with outlining i n a semi-analytical fashion the various 
impacts we have mentioned, reserving the more quantitative con
clusions u n t i l our research i s more complete. 

Diversion of Resources. We have already noted that this i s 
the aspect of regulation's impact on research a c t i v i t y i n the 
chemicals industry that has been most widely discussed. Com
panies that report large shares of their current resources being 
devoted to responding to government requests for information and 
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to complying with regulations that have already been promulgated 
in f e r ( i f they don't d i r e c t l y state) that some portion of these 
funds would otherwise have been directed to increased expendi
tures on "productive" research and development. 

The impact of this "resource diversion" argument on the 
firm's research and development a c t i v i t i e s would be greatest i f , 
as some claim, the lev e l of resources devoted to R&D were gen
e r a l l y a simple function of net earnings. Certainly some firms 
take this "consumption" view of R&D. But, i f we are to believe 
the results of those who have studied the innovation process, the 
vast majority of firms view R&D as an investment. In such a 
case, the resource diversion aspect of regulation affects R&D 
spending not because of i t s effect on current net earnings, but 
because i t also promises to affect future earnings from any new 
product or process developed as a result of a current expenditure 
of R&D funds. But note
the firm might make--i
new subsidiary, or i n expanding producton capacity. To the 
extent that the payoff to R&D occurs further i n the future than 
the payoff to other a c t i v i t i e s , or to the extent that a differen
t i a l r i s k premium i s assigned to R&D projects, R&D spending might 
be p a r t i c u l a r l y hard h i t . But the net result on the firm's a l l o 
cation of future resources across i t s f u l l spectrum of future 
opportunities i s not a l l that clear. 

For example, i n a world of rampant regulation where research 
can serve both to generate regulatory targets and to provide 
perhaps the most effective regulatory defense, the short-term 
payoff to investment i n certain types of research may be immense. 
Consider fluorocarbons and products related to them. If a l l 
affected industries are included, tens or even hundreds of b i l 
lions of dollars i n sales are l i k e l y to be affected by whatever 
the ultimate regulatory decision i s . The magnitude of these 
costs w i l l surely play some role i n determining the action that 
is taken. But the driving factor w i l l be the state of informa
ti o n at the time a decision i s made concerning the ozone-
fluorocarbon relationship. Research to develop new uses for 
fluorocarbons may be i n limbo pending resolution of the fluoro-
carbon issue. But research to investigate the underlying atmos
pheric relationships, techniques for fluorocarbon conservation, 
and substitute refrigerants, blowing agents, aerosol propellants, 
etc., has been greatly stimulated. Much of this research may 
appear (and even may be) "unproductive" from the viewpoint of 
those firms who had other plans for the resources and personnel 
now involved i n i t . And i t certainly i s not the result of any 
well-planned or l o g i c a l l y conceived strategy that i d e n t i f i e d this 
as an area where concentrated s c i e n t i f i c inquiry might y i e l d 
especially promising results at this time. But i t nevertheless 
i s going on. And, inevitably, i t w i l l y i e l d new product ideas 
that can be exploited by someone (but perhaps not the firms con
ducting the research) at some future date. 
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The one area where R&D spending might most be expected to be 
impacted would be basic research, since the benefits of such 
research are, by d e f i n i t i o n , undefinable at the time the research 
i s carried out. Individuals who have studied firm behavior 
report that, i n this instance, a l l o c a t i o n of funds are often 
decided on a "rule of thumb" basis. This i s not too relevant a 
consideration i n the case of chemicals research, for most chemi
cals firms conduct l i t t l e of what i s properly termed "basic 
research." Mansfield's survey of seven major chemicals research 
laboratories showed that i n 1966, only 7 percent of expenditures 
were for this research category.(15) And indeed, i t could be 
argued that a private firm has l i t t l e or no business engaging i n 
such a c t i v i t i e s . (See (16). This suggests that the 7 percent 
figure cited above for chemicals industry "basic research" may be 
overstated.) However, as we w i l l observe below  there are reasons 
to believe that regulatio
tive for chemicals firm
considered "basic research," by changing i t s character so that i t 
does promise to produce an i d e n t i f i a b l e payoff to the firm. 

Changes i n the A b i l i t y of Firms to Calculate Payoffs from 
Research. As we have already mentioned, most firms appear to 
consider their R&D expenditures to constitute investments 
designed to generate future streams of income. As such, their 
research decisions must meet the test of any investment--the 
discounted present value of their anticipated future revenues 
must exceed the discounted present value of their future costs. 

However, investments i n research and development are charac
terized by special r i s k s . F i r s t there i s the r i s k that the 
technical objective sought w i l l not be achieved. Then there i s 
the r i s k that the product or process cannot be p r o f i t a b l y mark
eted. Mansfield's work makes clear that the l a t t e r are generally 
more important than the former (due i n part perhaps to the small 
technical advances t y p i c a l l y sought i n i n d u s t r i a l research pro
jects) but that taken together, these risks are high. 

(Mansfield studied three i n d u s t r i a l laboratories, one chemi
cals and two proprietary drug. He found that 40 percent of the 
R&D projects that were begun were not technically completed; of 
those that were technically completed, 45 percent were not com
mercialized, presumably because of poor commercial prospects; and 
of those that were commercialized, 60 percent did not earn an 
economic p r o f i t value that i s defined as a return exceeding that 
available from alternate uses of funds.(17) Thus the probability 
that a given project, once started, would be technically success
f u l , commercialized, and profitable was 0.6 χ 0.55 χ 0.4 = 0.13.) 
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Regulation may a l t e r these risks. In determining whether 
research aimed at producing a new product can be deemed to have 
achieved "technical success" and the resulting product considered 
pote n t i a l l y "commercializable," attention must now be given to 
whether the product can meet both current and anticipated tests 
for t o x i c i t y , carcinogenicity, mutagenicity, teratogenicity, etc. 
Like the costs of regulatory paperwork, this burden i s not too 
d i f f i c u l t for the firm to deal with. The cost of the tests are 
well known. And, i f they are at a l l "appropriate," the products 
that are screened out are those that had no business being 
advanced to the next stage of development. If the tests are 
"inappropriate," but s t i l l serve a screening function that regu
latory authorities and the courts consider adequate, only the 
public i s the loser. The firm's p r o f i t s are l i k e l y to be r e l a 
t i v e l y unaffected. 

However, a produc
"commercialization" an
to and s t i l l run into trouble. A corporate decisionmaker, aware 
of recent history and knowledgeable of the present somewhat con
fused state of chemicals regulation, must consider the real pos
s i b i l i t y that, i f he proceeds to authorize steps leading to com
mercialization, somewhere down the road a new and currently 
undreamed-of hazard w i l l be i d e n t i f i e d that w i l l lead to severe 
r e s t r i c t i o n s being placed on the marketability of his product. 
This may represent the greatest hurdle of a l l to new product 
development, for as expensive as the early stages of the product 
development process (and even t o x i c i t y testing) undoubtedly are, 
the real costs of bringing a new product to the marketplace only 
begin once the decision i s made to move i t out of the lab. Mans
f i e l d has estimated that, for chemicals, 83 percent of the costs 
of new product development occur after the applied research stage 
and 57 percent occur even after the p i l o t plant stage.(18) 

It i s d i f f i c u l t to know how this l a t t e r category of risks 
can be dealt with by a decisionmaker. Certainly increased test
ing of a l l new chemicals i s one reasonable response. We are not 
surprised to learn that at least one company i s considering a l l 
new chemicals to be pot e n t i a l l y toxic and i s subjecting them to 
intensive screening. (See (19). Indeed, this seems to be the 
path dictated by the Toxic Substances Control Act.) However, as 
we have already suggested, this response, while perhaps laudable, 
i s i n s u f f i c i e n t . Accepted standards of t o x i c i t y change.(See, for 
example, (20). This test may seem hopelessly primitive today, 
but considering the advances i n science, who i s to say that 30 
years from now our current testing methods won't be considered 
equally primitive.) Furthermore, certain hazards are so remotely 
associated with a given chemical that no conceivable test made at 
the time of the commercialization decision was being made could 
hope to discover them. The example of fluorocarbons' 
hypothesized impact on the ozone layer i s as good as any to c i t e 
here. 
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What, then, i s the conscientious executive to do? The most 
reasonable course for him would be to employ a heavy additional 
ri s k premium when evaluating any chemical that meets a l l 
presently known tests and that shows strong commercial potential. 
If the product passes even this hurdle, i t may s t i l l eventually 
encounter regulatory d i f f i c u l t i e s , but the chances are high that 
i t w i l l have repaid i t s development cost and produced a p r o f i t 
for the company by the time these d i f f i c u l t i e s emerge. The 
impact of such a "regulatory r i s k premium" would be to slow—but 
not necessarily stop—new product development. 

Alternatively, the decisionmaker might impose a moratorium 
on commercializing new products. This might prove superior when 
the regulatory situation i s i n a state of extreme flux and i s 
expected to s t a b i l i z e . In such a case, the appropriate r i s k 
premium might be so hig
that the situation i s temporary
and thereby weed out ne  produc  migh  prov  accept
able once matters s t a b i l i z e d . 

Casual conversations with chemical executives suggest that 
behavior of the l a t t e r sort may be occurring at present. But 
absent systematic investigation, we hesitate to give much weight 
to such statements. Certainly this i s a time of extreme regula
tory uncertainty. Passage of l e g i s l a t i o n such as the Toxic Sub
stances Control Act r e f l e c t s Congress' feelings that some form of 
regulatory screening procedures i s absolutely necessary i f sensi
ble product introduction decisions are ever to be made. But i t 
remains to be seen whether the l e g i s l a t i o n w i l l produce any 
increase i n p r e d i c t a b i l i t y or, more importantly, whether general-
izable procedures w i l l emerge that permit existing chemicals to 
be c l a s s i f i e d as to potential threat. 

The preceding two categories of impacts have previously been 
i d e n t i f i e d and t h e i r significance widely debated. The next three 
we w i l l mention have been much less discussed but are, i n our 
view, of even greater long-term importance. 

Changes i n the Nature of Research that Firms Undertake. The 
mention above of the importance of developing generalizable test
ing procedures for chemicals gets us to the t h i r d of the effects 
that regulation l i k e l y i s having on chemicals r e s e a r c h — i t s 
impact on the nature of research that chemicals firms undertake. 
We noted e a r l i e r that most chemicals firms do not actually engage 
in much "basic research"--that i s , research whose results are 
intended to show no apparent a p p l i c a b i l i t y to the firm's 
businesses. This i s because such research generates no promise 
of p r o f i t for the firm, and i t i s promise of p r o f i t , not concern 
over the state of human knowledge, that motivates research spend
ing by private firms. 
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Regulation alters this calculation by al t e r i n g the payoffs 
to different classes of research. Although other examples surely 
can be cited, the one that comes immediately to mind i s the 
explosive growth of i n d u s t r i a l interest i n the once obscure f i e l d 
of toxicology. 

It i s a mistake to assume, as some appear to, that chemicals 
firms gave no thought whatever to the possible consequences to 
the environment, to consumers, or to workers resulting from the 
production or use of their products prio r to the ris e of the "new 
regulation." Legal doctrines of l i a b i l i t y , although perhaps not 
as s t r i c t then as today, provided such an incentive as did con
cern for the company's public image. (Remember the slogan 
"Better things for better l i v i n g through chemistry"?) But there 
can be no doubt that the r i s e of the "new regulation" and, i n 
pa r t i c u l a r , certain of i t s characteristics mentioned e a r l i e r , 
have greatly stimulate

The reasons are comple
incentives presently generated by chemicals regulation. In part 
they are defensive. Chemicals firms, perhaps once content to 
draw much of their basic research from the un i v e r s i t i e s , now want 
to stay abreast of research that can overnight direct the regula
tory spotlight at important segments of their business. Given 
the nature of the adversarial process, they cannot wait u n t i l a 
research result i s published i n a reputable s c i e n t i f i c journal 
and subjected to c r i t i c a l s c r utinizing by disinterested c o l 
leagues . 

In part, however, the reasons for interest i n toxicology may 
r e f l e c t the power that such knowledge can give a firm vis-a-vis 
i t s competitors. Although individual firms w i l l deny that they 
engage i n such behavior, i t i s not unknown for firms to boost 
their own prospects by suggesting that a competitor's product may 
embody certain dangers. 

F i n a l l y , research on toxicology may ultimately generate a 
le v e l of understanding about the effects of chemicals on b i o l o g i 
cal processes s u f f i c i e n t to permit the development of the gen-
eralizable testing procedures mentioned e a r l i e r . From the 
viewpoint of the chemicals industry, this would be a great boon, 
j u s t i f y i n g the expenditure of considerable sums of money on 
research whose immediate a p p l i c a b i l i t y appears uncertain. 

Changes i n the Optimal Institutions for Performing Research. 
The same factors which a l t e r the type of research that the firm 
has an incentive to undertake also a l t e r the i n s t i t u t i o n a l form 
within which that research may optimally be carried out. Last 
year, major chemicals firms announced the establishment of an 
industry-funded i n s t i t u t e to undertake research on 
toxicology.(21) This represents a sharp break for the chemicals 
industry which t r a d i t i o n a l l y has r e l i e d most heavily on in-house 
research capability. It seems explanable i n part because of the 
s h i f t i n what i s properly c l a s s i f i a b l e from the viewpoint of the 
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firm as "basic research." But more may be involved. There are 
strong competitive reasons why i t i s useful that a l l chemicals 
firms have equal access to any breakthroughs that might be made 
in identifying new classes of toxic substances or new mechanisms 
by which t o x i c i t y might be inferred. Such breakthroughs may 
"clear" entire groups of chemicals or place others i n jeopardy. 
It makes good sense from the viewpoint of the chemicals industry 
to fund such work cooperatively. We are less certain that i t i s 
in the public interest, but leave that question to future 
research. 

The Transformation of Research into an Adversarial Process. 
Regulation, and the increased attention i t has focused on hazards 
to the environment, to consumers, and to workers, has altered the 
once prevalent view of the researcher as a dispassionate scholar
gradually developing a
benefit of his colleague
of human knowledge. This picture probably was never completely 
accurate, even i n the academic world. It certainly never charac
terized i n d u s t r i a l research. Nevertheless, the ri s e of scien
t i f i c activism has greatly altered the nature of s c i e n t i f i c 
inquiry. (See (22).) The a b i l i t y (and willingness) of regula
tory bodies to reach into firms to gain access to preliminary 
research findings, and the necessity that corporate researchers 
be w i l l i n g to defend their work to the general public, not just 
to their superiors, i s l i k e l y to change the nature of the 
research process as well as the type of individual who seeks out 
a career i n industry. Changes such as these are l i k e l y to be the 
most d i f f i c u l t of a l l to v e r i f y , but, i n the long run, may prove 
to be the most s i g n i f i c a n t , both for the firm and the economy. 

Conclusion 

Much has been heard of late concerning the impact of regula
tion on i n d u s t r i a l innovation. A consensus seems to be emerging 
that this impact has been negative and that, as a consequence, 
the "burden" of regulation should be eased. While we would agree 
that there i s substantial room for improvement i n the way our 
government regulates business conduct, we hope that this paper 
makes clear that we are skeptical of many of the claims that have 
been put forward to date—as well as of many of the proposed 
"solutions." Regulation i s indeed l i k e l y to generate major 
changes--not a l l of them desirable from a soci a l point of 
view--in business behavior i n this country. But overly simplis
t i c solutions to overly simplified characterizations of "the 
problem" w i l l not help matters. We need to examine i n a much 
more systematic way than we have done i n the past just what these 
changes w i l l be. For not u n t i l that has been done can we hope to 
advance solutions that have a high probability generating a 
genuine improvement. 
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A Reasoned Approach to Government Regulation: How 
Can We Separate the Good from the Bad? 

DAVID J. NEWBURGER 

Washington University, St. Louis, MO 63130 

If statistics had been kept, I suspect that we would discover 
that the national spor
documenting horror storie
has been for business. The sport has even gone professional with 
the development of research institutes at my university, at another 
here in Miami, and others elsewhere that are devoted largely to 
displaying regulation's fol ly. Like all other sports, this one 
would not gain in popularity without particular attraction to a 
vast portion of the citizenry. I believe that that attraction 
stems from a widely held view that government gets away with too 
much absurdity and well desires to be the subject of be l i t t l ing , 
nitpicking, and guffawing. 

Entertaining as the sport may be, however, I suggest that a 
more interesting subject for academic pursuit is how to eliminate 
untoward instrusions by government into business in general and 
into innovative activities in particular. I choose my words care
ful ly , for at the outset I suggest we must distinguish those 
government intrusions that are wholly justifiable crosses that 
some among us must bear, from the untoward intrusions that impose 
limitations and requirements without justif ication. Thus, we need 
to develop some working cri teria for separating justified regula
tions from those that are not. Then, we will be prepared to 
attempt a brief systematic review of the mechanisms of regulation 
to see how untoward intrusions might be minimized. 

The whole point of any regulatory regime is to get some or 
all of the populace to conform to standards of conduct that they 
might not otherwise. Therefore, any regulation intrudes upon 
the right of individuals to exercise their own free choice. The 
interesting question is not whether some intrusions on personal 
freedoms should be allowed, but which should be. In our own 
system of government, I define a regulation as justified if i t 
induces conformity with some standard of conduct that, through 
deliberations of the democratic process, we have come to prefer. 
If we can agree that that is a reasonably noncontroversial defini
tion, we can turn our attention to the questions implicit in it: 
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22 FEDERAL REGULATION AND CHEMICAL INNOVATION 

how can we t e l l what conduct a regulation induces, what conduct 
we prefer, and whether we arrived at that preference through suit
able democratic processes? 

Determining what conduct an existing regulation induces i s a 
r e l a t i v e l y straightforward empirical matter, although separating 
regulation from other forces that drive conduct may be d i f f i c u l t . 
Certainly, ascertaining what changes i n conduct a new regulation 
will induce, deciding what conduct i s preferred, and figuring out 
whether decisions were democratically arrived at are all vexing 
problems. 

Inherent Dilemmas of Regulation 

These problems are so d i f f i c u l t because they r e f l e c t dilemmas 
of regulation with whic
dilemmas. F i r s t , regulation
conduct. After all, all that a regulation does i s to set new 
constraints and, sometimes, opportunities on the decisions of 
people who operate, i n any event, within a wide range of opportu
n i t i e s and constraints. Depending upon the particular mix of all 
these, a person may r e s i s t complying with a regulation, he or she 
may comply, or he or she may avoid the imperative to comply by 
leaving the area of conduct all together. Thus, we are aware of 
truckers who c h a r a c t e r i s t i c a l l y exceed highway speed l i m i t s be
cause they believe their business requires i t ; we are aware of 
firms that i n s t a l l waste water management f a c i l i t i e s to meet 
specified standards; and we are aware of firms that terminated 
R & D e f f o r t s i n chemicals that are more l i k e l y to be carcinogenic. 

Consider the second dilemma. The standards set i n regulations 
and the devices available for enforcing those standards often only 
remotely r e f l e c t the purpose of the regulation — especially where 
the risks that the regulation i s to protect against are, i n proba
b i l i s t i c terms, remote. The regulation of recominant DNA research 
for investigators under federal contract i s a case i n point. The 
NIH Guidelines require that certain experiments be carried on i n 
limited quantities of material under high degrees of i s o l a t i o n 
from the environment. Yet, because of our primitive knowledge of 
the threat of new recombinant creations, we do not understand the 
degree of r i s k associated with research i n large quantities of 
materials or i n low l e v e l containment f a c i l i t i e s . We do not know 
whether complying with the Guidelines i s useful i n protecting 
public health, unnecessary because the perceived r i s k of such 
research greatly exceeds the r e a l r i s k , or inadequate because 
possible products of the research will breach the containment 
f a c i l i t i e s required even if they are produced i n small quantities. 
And, on the enforcement side, we have no assurance that the threat 
of re p r i s a l s i n government contracting will deter those who are 
set on v i o l a t i n g the Guidelines. Thus, neither the standards nor 
the mechanism available for their enforcement assure us that the 
standards will promote the Guideline's ultimate purpose — protec-

In Federal Regulation and Chemical Innovation; Hill, C.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



2. NEWBURGER Government Regulation 23 

tion of the public health and safety. 
Third, perceptions about the content of regulations — and 

about how they might change — may induce unintended reactions. 
For example, most firms depend on a continued growth i n perfor
mance to support their continued p r o f i t a b i l i t y . Interruptions 
i n the constancy of the flow of business endangers that continued 
growth; and new regulations and new interpretations of them 
threaten such interruptions. Therefore, firms must assess the 
r i s k that regulations may change and consider withdrawing from 
areas of business a c t i v i t i e s where developing regulations threaten 
uncertainty and interruption: the less stable a regulatory regime 
i s , the more incentive firms have to avoid the a c t i v i t i e s that 
regime might a f f e c t . This suggests that where we introduce new 
p o l i c i e s — for example, cleaning up a i r , reducing public or 
worker exposure to a wid f toxi  chemicals  l i m i t i n
payments abroad that woul
necessarily create incentive g
l i k e l y will be affected. This i s good to the extent that i t con
t r o l s conduct we want to circumscribe, but i t i s bad to the extent 
that i t affects conduct that will not be intentionally limited 
once the regulation has c r y s t a l l i z e d into an understandable and 
stable regime. 

Fourth, r e c a l l i n g that we l i v e i n a world of scarce resources, 
we know that not all s o c i a l goals can be obtained. In time of 
war, we speak of this as the dilemma of choosing between producing 
guns or butter. The problem, we know, pervades all times. It i s 
the basic premise of our economic system. And, i t pervades the 
study of effects of regulation. Thus, any decision to regulate 
a firm creates a new cost of production. That, i n turn, lowers 
the firm's potential sales. The new cost, on the other hand, 
usually constitutes a payment for some other resource. Thus, 
environmental regulation may reduce i n d u s t r i a l output — and jobs 
— but may produce more clean a i r and water. The fact that we 
l i v e with scarce resources implies that, i n creating a regulation, 
authorities must balance choices among values that are all de
s i r a b l e . And, since this decision requires accepting less of 
each of the desired results, no choice i s s a t i s f y i n g . 

Another feature of this dilemma exacerbates the problem. 
While we can discuss net benefit/cost trade-offs of a regulation 
for society as a whole, we must recognize that the victim of any 
cost may not be the beneficiary of the benefit traded for. Thus, 
in the jobs and clean a i r or water exchange, the question becomes 
whether a r e l a t i v e l y few people are required to f i n d new means of 
l i v e l i h o o d so that many people may have a s l i g h t l y healthier or 
aesthetically more pleasing environment. 

The problem of scarce resources plays out i n other areas. 
For example, i t i s a matter of p o l i t i c a l fact that regulatory 
authorities have scarce resources to enforce standards. If they 
devote their all to one problem, others will suffer. Therefore, 
they may have to be s a t i s f i e d with less e f f e c t i v e enforcement of 
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all regulations. 
Consider the outstanding case of OSHA. At one time i t s ad

ministrators calculated that on a random basis a firm subject 
to that regulation was l i k e l y to be inspected once every 28 years. 
No doubt the number continues to be about the same. Without 
inspections OSHA cannot use personal interaction between firms 1 

managements and OSHA o f f i c i a l s to guide firms to understand the 
scope of response the agency expects. This may explain why OSHA 
decided early to adopt meticulous regulations. It may also ex
pla i n why Congress required OSHA inspectors to issue citations 
for every v i o l a t i o n found, even those that are inconsequential. 
By making expectations c r y s t a l clear and creating a strong l i k e l i 
hood that those i n v i o l a t i o n will be punished, Congress and OSHA 
may have offset the fact that enforcement i s so episodic and, 
therefore, may have secured complianc  simila  tha  tha  would 
have been achieved if annua
doing this implies tha  particula  happe
inspected may find themselves subject to far more rigorous en
forcement of the rules than reasonable protection of worker health 
and safety requires. 

The f i f t h and l a s t dilemma of regulation that I am reviewing 
here i s one of moral proportion. We cannot ensure that regulations 
will be j u s t . To even approach the question of whether a regula
tion i s ju s t , we must recognize that j u s t i c e has many faces. To 
be just, a decision must surely have at least been (1) f a i r for 
the person affected, (2) f a i r from the point of view of the myriad 
different interests in society, (3) predictable, (4) made after 
adequate deliberation, (5) made by a wise, morally upright de
cisionmaker, and (6) substantively correct. Yet, not all of these 
elements can be achieved i n a given case, and, indeed, sometimes 
they are mutually inconsistent. Consider, for example, the 
Tris-treated sleep wear problem where banning the garments was 
probably substantively correct from a public health standpoint 
but was certainly unpredictable and probably unfair from the 
manufacturers' viewpoint. Where there are competing interests, 
i t i s often impossible to treat all j u s t l y — King Solomon was 
lucky. 

Coping With The Dilemmas 

Recognizing that these dilemmas exist, we can approach regu
lations with a more tolerant, if skeptical, perspective. By now, 
I hope we have learned that regulations cannot be "right." Assuming 
we continue to need some regulation — and there i s no doubt 
about that — the question becomes how we will decide what regula
tion i s adequate. I suggest that this can only be answered on a 
case-by-case basis for each par t i c u l a r s o c i a l problem regulation 
i s to address. And, I suggest this must be done by examining the 
consequences of imposing each of the possible forms that regula
tion might take with an eye on the particular problems of the case 
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and on the irresolvable dilemmas of attempting to regulate. 
Time does not permit a detailed analysis of the different 

possible features that regulations may take, although I would 
suggest that a better understanding of the subject by those i n 
both the private and public sector who are involved i n developing 
regulations would be refreshing. In b r i e f e s t outline, we should 
observe that two elements comprise regulations — standards for 
conduct and devices to enforce compliance with those standards. 

Alternative Methods For Standard Setting 

The source of the standards for conduct may be laws, j u d i c i a l 
decisions, r u l e s of administrative agencies, or formal or i n 
formal directives of such agencies. Usually, the greater the 
generality of the standard  the less l i k e l y i t i s that we will be 
able to understand i t
further enunciation, bu
more cases. Thus, a standard that prohibits chemical manufac
turers from negligently producing drugs applies to a wide number 
of cases, but i s less than clear about just exactly what i s ex
pected of the manufacturer i n each case. 

On the other hand, as standards are made more pa r t i c u l a r , i t 
i s easier to ascertain what i s required, but what i s required may 
s t i f l e innovative alternatives or serve no useful purpose. We 
are all familiar with the old design standard building codes that 
required, for example, c e i l i n g j o i s t s made to some specified 
dimensions and of some specified type of wood. These stood i n the 
way of architectural innovations i n alternative dimensions and 
with alternative materials, such as s t e e l , glass, concrete, and 
p l a s t i c s . Such regulations did sometimes achieve the standard of 
conduct sought. Cei l i n g j o i s t requirements i n building codes 
probably did ensure the sturdiness of floors and c e i l i n g s . But, 
they also prohibited alternative choices that would have been 
equally adequate. These s p e c i f i c standards also run the r i s k of 
requiring conduct that i t not even consistent with the ultimate 
goal. For example, the purpose of the famous Delaney Amendment 
to the Food, Drug and Cosmetic Act i s to protect the public from 
cancer and, presumably, to protect the public health. The current 
debate over a saccharin ban suggests that the Amendment may ban 
a substance even though that substance may not, i n fact, cause 
cancer i n humans and even though i t does have other public health 
benefits. 

Thus, we have the alternative of setting standards with vary
ing degrees of generality, and none of the choices are en t i r e l y 
satisfactory. Review of the circumstances i n each particular 
case may suggest which i s best among inadequate alternatives. 

Alternative Methods For Enforcement 

Selecting means of enforcement i s also d i f f i c u l t . In the 
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United States we use a vast array of devices and procedures. These 
range from criminal p e n a l i t i e s , to the p o s s i b i l i t y of fines and 
injunctions, to administrative cease and desist orders, to l i 
censing requirements, to systems of tax and other economic incen
tives, and beyond. Together, they constitute a broad range of the 
possible degree of pressure that government may use to encourage 
or coerce compliance with stated standards. Generally, as the 
pressure becomes greater, the l i k e l i h o o d i s that more of those who 
otherwise might not comply will do so. However, the trade-offs 
along the way are legion. For example, criminal penalties are 
severe forms of coercion. Thus, most regulated firms will comply 
with standards that are subject to such enforcement. However, 
because society finds such sanctions to be so severe, administra
tors will be loathe to enforce isolated, minor infractions by 
bringing criminal prosecutions  Therefore  if the only enforcement 
device for a given standar
that some deviation fro
thus, the standard i s not as confining as i t appears on i t s face. 

The result of these observations i s that we must look at 
regulatory regimes rather than par t i c u l a r regulations. Consider, 
for example, a range of facts about OSHA (an example already re
ferred to): the standards are meticulous, enforcement i s required 
if a violation i s discovered, and inspections are unlikely unless 
particular problems turn up. Therefore, there i s a low probability 
of enforcement for v i o l a t i o n s , but a high probability that the 
agency will enforce against a v i o l a t i o n that i t does discover. 
That i s not the only incentive to comply with OSHA rules, however. 
Insurance companies require inspections of the workplace to under
write insurance, and serious noncompliance with OSHA standards 
would probably raise doubts about the wisdom of insuring the 
f a c i l i t y . Further, employers re l y on insurance investigators to 
t e l l them areas i n which they are not complying with OSHA stan
dards, and one can assume that many employers will v oluntarily 
comply with the standards upon discovering they are not. Finally, 
employees are protected from d i s c i p l i n a r y sanctions or dismissal 
for blowing the whistle on their employers to OSHA, thus stimula
ting special inspections for important problems. It may be that 
a random inspection i s l i k e l y for ordinary employers only once i n 
28 years, but the whole regime to this regulation encourages the 
employer to comply with OSHAfs standards regardless. 

Conclusion 

Most regulations probably have some good i n them. It i s un
l i k e l y that any stay around very long if they serve no public pur
pose. On the other hand, all regulations have some bad. They 
would not be worth having unless they constrain some people who 
do not want to be constrained. And, they do that i n ways that, 
inevitably, can be shown to be inadequate. The only sensible 
approach to the problem of i m p r o v i n g regulation i s to gain a 
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comprehension of the inherent inadequacies of regulation, to 
learn the range of alternative methods to set and enforce stan
dards and the trade-offs among alternatives, and then to set about 
an inductive minimizing/maximizing game to search for the best 
alternative within the l i m i t s of what i s possible. 

RECEIVED March 8, 1979. 
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3 
What Do We Really Know About the Impact of 
Regulation on Innovation? 

JAMES W. LEENHOUTS 

Dow Chemical U.S.A., 566 Building, Midland, MI 48640 

Others so much more eloquent than I have extolled the value 
of innovation that I woul
tion. In reality, ther
what we agree on - innovation has priceless value. But before 
you get comfortable, be reminded that there are two substantial, 
and growing, philosophical cores that firmly disagree with us 
that innovation has value. For these thinkers, the answer to our 
problems is either the conservative position of stopping progress 
because it causes problems, or the radical position that even the 
progress we have witnessed is so slow we should demolish what we 
have built . 

I am trying to find agreement on the subject of the impact 
of government regulation on innovation, while I'm not sure that 
the conservative and radical philosophies, l ike taxes, are not 
squeezing those of us progressives in the middle more than we 
want. I have to admit that, the more I observe attitudes today, 
the less confident I become that innovation is seen as univer
sally desirable. 

Innovation is the complex, successful combination of inven
tion; a need; production, which is labor and capital; marketing 
and management. As such, many things impact innovation, and of 
these many things, government regulation has been universally 
indicted as an important factor. Since the rate of innovation in 
the U.S. is declining, and this is deemed unsatisfactory, we 
should be examining this important factor. (1, 2, 3) From what 
others have seen and reported, we might find a means to regain a 
more satisfactory progress rate. (4, 5, 6) Therefore, in the 
construction of this paper, I dedicated myself to the perspective 
of a review, a classification of the substantive studies avai l 
able and a classification of the regulation types. 

In my quest, I concentrated primarily on studies in which 
the author dealt with a data base or developed a carefully con
structed model. I did this to avoid a number of references where 
data was skimpy or the author was more inclined to offer just his 
theory. These authors may be absolutely correct and remarkably 
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eloquent, but I f e e l that some evidence i s required. 
I was pleased that, contrary to the feeling of others who 

have reviewed it, the l i t e r a t u r e i s reasonably ample. Innovation 
and government regulation are popular things to talk about. Such 
was not the case i n the 19201 s and 19301 s when Ludwig Von Mises 
and Joseph Schumpeter discussed bureaucracy, innovation and the 
f a i l u r e of capitalism. 

Types of Studies 

It seems to me that there are four types of studies a v a i l 
able i n the l i t e r a t u r e ; mathematical model studies, cost added 
studies, empirical studies and case studies. The d i s t i n c t i o n 
between each and their value to our subject i s worth noting. 

Model Studies. Th
broad as t y p i f i e d by Takayama, Professor of Economics at Purdue, 
who, i n his Behavior of the Firm Under Regulatory Control, (7) 
reduced and modeled the problem to 26 equations. Model studies, 
unfortunately are not convincing. Those who labor to produce 
them do so in a lonely world at the present time. As yet, the 
complex question of human nature, emerging technology, economic 
cycles and national security mitigates against the modeler's 
c r e d i b i l i t y . 

Cost Added Studies. Cost added studies are t y p i f i e d by, for 
example, those of Dr. Paul Chenea, Vice President of Research at 
General Motors, who, i n his paper, The Costs and Effects of Regu
l a t i o n , (8) documents very well the costs of regulation i n his 
company. He concludes that we need "reasonable regulation" and 
that "research i s hobbled by excessive regulation". 

Dr. Chenea, as many authors do, leaves us with the problem 
of what i s "excessive" and what i s "reasonable". One has a 
strong feeling that "excessive" i s what does not make sense to 
General Motors. But suppose it i s not seen as excessive to the 
regulator, a senator, Ralph Nader, or car drivers? I am reminded 
of one of those cute, catchy signs you see on peoples 1 desks -
BE REASONABLE, DO IT MY WAY. While that may be humorous, the 
problem of distinguishing between "reasonable" and "excessive" i s 
a very serious one. The l i t e r a t u r e i s s i l e n t . 

Therefore, without picking on an excellent piece of work -
and I chose it just because it i s - these types of studies, which 
I c a l l "added cost studies", provide us with additional cost 
information due to regulation, but nothing we can r e a l l y get our 
hands on with respect to innovation. 

Many U.S. companies will be participating i n a very ambi
tious, well documented, inter-company, Arthur Anderson study of 
the cost of regulation, to be completed i n the spring of 1979. 
It will define the cost of regulation across 200 top companies. 
It will not enlighten us on the impact on innovation, although it 
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will address i t s e l f to added research costs. 
Without any question, regulation adds burdensome costs. 

Americans have been b a t t l i n g costs with a passion that would 
suggest, i n a Darwinian sense, that regulation i s a natural enemy 
of cost e f f i c i e n c y , and vice versa. We might wander off the sub
ject by wondering why we have a plague of regulation, but that 
might be carrying Darwin too far. Cost added studies may be of 
inestimable aid i n b a t t l i n g i n f l a t i o n , but the case has not been 
made that there i s a particular connection with innovation. 

Empirical Studies. The greatest value i n understanding the 
impact of regulation on innovation should come with empirical 
studies. Furthermore, one s p e c i f i c series of empirical studies 
which involves drug innovations i s p a r t i c u l a r l y interesting. 
There have been severa
f i c a l l y refer to the Henr
Innovation, (9) there are others, also. This i s a detailed piece 
of work that deserves to be a major part of our thinking on the 
subject. 

With drugs, authors i n this area have had an unusual si t u a 
tion that has allowed them a unique opportunity to study the 
impact of regulations on an innovative industry with plenty of 
h i s t o r i c a l information and comparative data. Because drugs have 
been regulated for many years and have been systematically regis
tered for safety purposes, and because drugs were s p e c i f i c a l l y 
impacted by the 1962 Drug Amendments, Grabowski was able to 
document the disasterous consequences on innovation. In addition, 
because other countries also require r e g i s t r a t i o n but did not 
i n s t a l l new regulations at the time the U.S. Congress did, com
parative national information i s also available. 

There are not many empirical studies. In fact, I can find 
only a few. Obviously, such studies are not easy to come by and 
they are expensive to research. Furthermore, very few have the 
situation so well set up for research as drugs. The r e a l question 
i s the a p p l i c a b i l i t y of drug innovation studies to other areas of 
technological innovation. Since I understand the Grabowski work 
has encountered this problem, empirical studies with any lesser 
foundation may be next to useless. 

Case Studies. The l a s t area of our spectrum i s the case 
studies which, although numerous i n the l i t e r a t u r e , are, l i k e a 
developing mosaic, each too s p e c i f i c to present a broad picture 
of innovation and regulation. However, the mosaic i s taking some 
form and the increasing weight of the case study l i t e r a t u r e i s of 
re a l value while also helping us understand how a s p e c i f i c regu
l a t i o n did impact on a s p e c i f i c innovation. Case studies are 
numerous enough that a single month will bring plenty of examples. 
The r e a l value of case study l i t e r a t u r e i s to firmly f i x the fact 
that regulations and innovation are related. 

A good example of a case study i s the Paul Oreffice, Let's 
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Stop Dumping U.S. Jobs, (10) i n which he points out how The Dow 
Chemical Company employed an innovative sulfur dioxide control 
system i n Michigan i n which a complex, computer based weather 
analysis program i s fed meteorological data constantly to deter
mine the balance of coal and o i l to be burned i n the various plant 
boilers each day. In the many years this has operated, Dow has 
been able to burn a maximum of U.S. produced coal, a minimum of 
o i l , thus reducing imports, all without a single excursion from 
the EPA guidelines. The EPA does not intend to extend the Dow 
permit an additional two years while a new power plant, now under 
construction, can be completed. The new power plant has been 
partly delayed, interestingly enough, by regulation. A f a i l u r e 
to permit would force Dow to use some $44 m i l l i o n more o i l for no 
purpose whatsoever. 

Cost Versus Innovation Accountin

Both cost added and case studies represent the bulk of the 
l i t e r a t u r e available. This i s no surprise since it i s a t e s t i 
mony to the American business system, which i s much more accurate 
i n keeping track of what something costs to make rather than the 
need it solves. In fact, probably only due to the slowly awaken
ing American corporation's s e n s i t i v i t y to defend the s o c i a l value 
of i t s products, i s the American corporation now dedicating a 
larger and larger portion of i t s time to evaluate the good things 
it has done as well as what it cost to do it. I surely think 
this i s a s o l i d step i n the right direction, because I r e a l l y 
don't think we would be having this symposium if the American 
chemical business, or all business, had had an innovation 
accounting system that approximates our cost accounting system. 

Is Regulation A Spur To Innovation? 

What has been said about regulation being a spur to innova
tion has been p a r t i c u l a r l y intriguing to me, and I hoped this 
review would shed some l i g h t . My problem i s philosophical i n that 
government regulation - or any regulation, even inside a business 
for that matter, i s designed to make events and behavior "regular" 
or "controlled". Innovation, which i s successfully doing some
thing for the f i r s t time, i s change. Change and control are as 
opposite as they can be, i n my mind. Thus, i n this review, I was 
p a r t i c u l a r l y sensitive to any documentation of regulation being a 
spur to innovation. 

Gerstenfeld's empirical studies of 107 successful and un
successful companies in Government Regulation Effects on the 
Direction of Innovation: A Focus on Performance Standards, (11) 
could only find that performance standards regulations have a 
secondary, but positive, impact on the direction of successful 
innovations. Lessing comes to the conclusion i n Why the U.S. 
Lags i n Technology. (12) that government programs related to 
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technology continue to be dominated by short-term considerations 
instead of basic technologies. Both of these studies, at best, 
show a rather weak relationship. 

The Washington University "CAPI Project", A State of the Art 
Review of the Effects of Regulation on Technological Innovation 
i n the Chemical and A l l i e d Products Industries, (13) states that 
"other regulations stimulate innovations by setting performance 
standards which current technology i s unable to meet". I believe 
that the authors would agree that this statement i s more specula
tion than documentation as the "CAPI Report" conclusion does not 
refer again to such an important conclusion. In fact, the "CAPI 
Report" conclusions are not at all d e f i n i t i v e , cautioning that 
the l i t e r a t u r e only suggests that some relationship exists but 
that the positive or negative and primary or secondary impacts of 
regulation on innovatio

It i s possible tha
by regulation, but it i s equally probable that the innovation and 
the regulation come independently from the same cause. Since 
logic t e l l s us that both innovation and regulation are expected 
responses to a problem, it's interesting why we persist i n devel
oping the logic sequence that it i s the problem that begets 
regulation that begets innovation. With a few exceptions, which 
are turning sour, we all know that by the time a regulation i s 
written, the technology for compliance exists. The result can 
e a s i l y be the famous regulated cowboy. Now many of you have seen 
this horse with the r o l l bars, turn signals and so forth. The 
humorous aspect of this i s that it i s all too true. This i s 
exactly what a horse would look l i k e simply because a horse i s 
inherently i n e f f i c i e n t , dangerous and i s a notorious pollutor. 
The horse could be improved by such "innovations". However, the 
automobile, which represents a vast improvement i n all those 
areas, would not have come into being because of such regulation. 

As with turn signals on a horse, to order, by law, that a 
certain new condition must be met and then count the i n s t a l l a t i o n 
of that technology as an innovation, regardless of the economic 
impact, d e s i r a b i l i t y , or even the need, i s to also grossly mis
understand innovation. Do we spur innovation by the p o l i t i c a l 
decision to ordain that a certain mix of automobiles manufactured 
by a company should average 25 miles per gallon? I'm not con
versant with the problems of getting 25 miles per gallon, but I 
don't see how that regulation will bring on the battery powered 
car - or gasoline from coal or corn stalks, or convenient urban 
transportation, or a host of other innovations that might have 
come to solve our fuel problems. 

The premise that a problem begets both regulation and inno
vation i s a s i g n i f i c a n t new thought that explains much of the 
confusion i n the existing l i t e r a t u r e about what constitutes a spur 
to innovation. Based on my review, we have a long way to go be
fore regulation, no matter what other good it does, can be 
possibly j u s t i f i e d as a spur to innovation. 
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Types of Regulation Affecting Innovation 

A review of the l i t e r a t u r e also yields r e l a t i v e l y l i t t l e 
agreement or suggestions that there are various categorizations 
of regulation and innovation. This i s unfortunate for one who 
would wish to study the subject. As a resul t , we read, repeat
edly, that "reasonable regulation i s good", "some regulation i s a 
spur to innovation", "regulation i s essential to protect the pub
l i c " , or, "excessive regulation i s bad". The same thing i s true 
for innovation. There are innovations that are claimed to come 
from regulation, there are innovations that come from the action 
of the free marketplace, and there are innovations that come from 
government purchasing for defense, large scale projects and so 
forth. No attempt has been made to ide n t i f y these. As a re s u l t , 
everybody who wants t
right. He simply select
that suit him, and away we go. 

While regulatory categorization has not been attempted, 
there i s enough i n the l i t e r a t u r e to suggest that agreement can 
be found for the following l i s t i n g , which I submit, not as my 
idea, but as a d i s t i l l a t i o n of better students of this subject. 

I have three categories of regulation, Anti-trust, Economic, 
and Product or Process Standards. The l a t t e r category requires a 
further sub-division into specifications and judgmental standards. 
This, of course, i s not meant to be a complete l i s t of all the 
types of regulations we have. This categorization i s simply those 
major regulation types that have been reported to have an impact 
on innovation. 

Anti-Trust Regulations. Surprisingly, I found so l i t t l e 
l i t e r a t u r e on this important subject that I think it's my f a u l t , 
and I am tempted to go back with a fin e r net. The Kamien and 
Schwartz work, Market Structure and Innovation, (14) discusses the 
anti-trust monopoly question. Another paper by Foster and Gluck, 
Impact of Anti-Trust and Regulatory Actions on Progress of Tech
nology, (15) i s excellent. The paper deals with the increasing 
involvement of the government i n technology-intensive industries. 
It does not address i t s e l f , unfortunately, to innovations, l i m i t i n g 
i t s e l f only to the thesis that the technology based industries are 
receiving more than their share of regulatory anti-trust a c t i v i t y . 
Since these are the innovative growth companies, whose market 
share i s rapidly changing, such regulatory a c t i v i t y i s not a 
surprise. 

In view of the energy c r i s i s , the need for energy innovation 
and the moves to l i m i t the o i l companies, it i s too bad we do not 
understand this area very well. Anti-trust actions do have pro
found effects on innovation. Foster and Gluck refer to government 
moves to break up IBM and B e l l without any thought of the impact 
on these one b i l l i o n dollar research organizations. It i s i n t e r 
esting that the authors refer to a Senate B i l l authored by the 
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late Michigan Senator P h i l i p Hart, e n t i t l e d , The Industrial 
Reorganization Act. The opening sentences of the proposed Act 
make interesting reading as Senator Hart wanted Congress to find 
that..."The preservation of a private enterprise system, a free 
market economy and a democratic society i n the United States 
( l i e s i n the b e l i e f that competition spurs innovation and produc
t i v i t y and) requires l e g i s l a t i o n to supplement the policy of the 
anti-trust laws through new enforcement mechanism designed to 
responsibly restructure industries dominated by oligopoly or 
monopoly power". 

Obviously, other than there i s a profound impact of a n t i 
trust l e g i s l a t i o n on regulation, there i s l i t t l e agreement. I 
offer just the thought that competition among railroads was not 
settled by breaking them up. As any student of Schumpeter knows, 
Messrs. Henry Ford, Wilbu d O r v i l l  Wright  effectiv
than any government a
that reference free - it

We might leave the subject of anti-trust regulation with the 
thoughts of Joseph Schumpeter, who pointed out that our motivation 
to prevent trusts from getting out of hand can be accomplished by 
either regulation or by innovation, which goes back to my o r i g i n a l 
point that a need may beget both regulation and innovation. 

Economic Regulation. In this area, I find the greatest 
agreement. Once again, the cost and eff i c i e n c y conscious American 
business can easily see this problem. There i s abundant informa
tion that government regulation of the economy adversely affects 
innovation. Such regulation does much more than just the "added 
cost" situation discussed e a r l i e r . The primary impact on innova
tion l i e s i n the formation of r i s k c a p i t a l and taxes on growth or 
cap i t a l gains. Both of these penalties are most heavily borne by 
the innovator who would seek to acquire c a p i t a l . 

Paul Kelly i n Governmental Over-Regulation and the Capital 
C r i s i s (16) looks at the problem from the money standpoint; and 
while he i s not concerned s p e c i f i c a l l y with innovation, his 
message and cases are clear to anyone who understands that an 
innovation requires, almost by d e f i n i t i o n , r i s k c a p i t a l . 

Elmer Staats, former comptroller general, in his paper, 
Improving the Climate for Innovation, What Government and Industry 
Can Do (17) treats the economic problems and further points out 
that the U.S. Government i s substantially behind other governments 
i n understanding and supporting innovation and i t s innovative 
businesses. 

Schweitzer, i n Regulations, Technological Progress and 
Societal Interests, (18) concludes that with some added interviews 
supplementing the Gellman Research Associates, Inc. report that 
"a clear relationship exists between economic regulation and 
technological innovation" with "profound implications for 
entrepeneurs i n regulated industries". 

Perhaps the most disturbing statement on venture c a p i t a l 
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comes from Howard Nason's Perceptions of Barriers to Innovation, 
(19) when he reports, from a Commerce Technical Advisory Board 
report, that "Small new public issues i n the U.S....declined from 
$1.1 b i l l i o n i n 1969 to only $16 m i l l i o n i n 1974, with an even 
greater proportional decline of investment i n technically oriented 
companies. Further, between March of 1974 and August of 1975 
there were no public financings of small technical companies, 
after a steady decline from some 200 i n 1969". To calmly accept 
this s t a t i s t i c without physical pain i s downright alarming. As 
Joseph Schumpeter stated, "The report that a given ship i s sinking 
i s not defeatist, only the s p i r i t i n which this report i s received 
can be defeatist. The crew can s i t down and drink. But it can 
also rush to the pumps". (20) 

The conclusion that I reach after much information, and 
agreement, i s that our t i t d doe t  i t s e l f 
as an economic partner
government may, or may not
economic highway at controlled, reasonable speeds with their regu
lat i o n s , they sure make it tough to get on the highway. Those of 
you who have ever tr i e d to kick into a 75mph super-highway from a 
standing start on your k i d s f t r i c y c l e right between two huge 
semi's can understand what it's l i k e to be an innovator today. 
You can get small comfort from the fact that the world needs your 
idea, but you, for sure, won't find anybody out there ready to 
insure you, l e t alone help you pump for dear l i f e . The fact that 
an economic policeman spreads the t r a f f i c out so that it isn' t 
coming i n bunches with a few holes now and then doesn't help your 
cause, either. 

Product and Process Performance Standards. Performance 
standards involve the broad area of product safety, workplace 
standards and environmental quality. Here we find OSHA, EPA, 
CPSC, FTC, DOT and many others. Most of us are so well acquainted 
with these types of regulations that they have become a day-to-day 
part of our a c t i v i t i e s . Because they are so familiar to us, we 
may miss the very s i g n i f i c a n t d i s t i n c t i o n in this c l a s s i f i c a t i o n , 
the d i s t i n c t i o n between standards regulations and pre-market 
regi s t r a t i o n . 

Performance standards regulations attack the problem with a 
somewhat exact s p e c i f i c a t i o n of "go" or "no go" acceptability. 
In contrast, pre-market reg i s t r a t i o n or permitting requires a 
judgment. With a sp e c i f i c a t i o n an innovator knows what to expect. 
The regulation does exist, one can look at it and study it. It 
may be that you have to run from home to second to f i r s t to third 
to score a run, but at least you can find that route in the regu
l a t i o n . With pre-market registration and some permitting, the 
only thing one knows for sure i s there will be a t r i a l , r e l a t i v e l y 
late i n the l i f e of the innovation, i n which the defendant i s the 
applicant. This i s a remarkable difference for the innovator. 
Furthermore, a s p e c i f i c action of pre-market registration by a 
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regulatory group i s not, per se, a regulation. A regulation can
not just come into being without some public comment. Such i s not 
the case with a pre-market registration judgment action against a 
s p e c i f i c product or process. 

After my review, I must conclude that performance standards, 
at best, have only been weakly associated with innovation. The 
conclusion that standards regulations are only weakly associated 
with innovation i s n f t going to be a very popular conclusion with 
business people, but I r e a l l y f e e l they are naturally reacting 
more to the heavy cost burden of this unbelievable maze of stand
ards than the direct relationship on innovation. On the other 
hand, it isn't going to be popular with the regulators who f e e l 
regulations can force innovation. As I pointed out e a r l i e r , 
innovation and regulation may well be the natural, independent 
effects of the need tha d both f them

Pre-Market Registration 

Regulation requiring pre-market reg i s t r a t i o n of products has 
been indicted i n the l i t e r a t u r e as a major negative factor on 
innovation. In addition, there i s data that these regulations 
have actually created safety and health problems. 

There are three major pieces of l e g i s l a t i o n that are a modern 
out-growth of minimum product standards which require pre-market 
registration* These are, the 1962 Drug Amendments of the Food and 
Drug Law covering drugs; FEPCA, regulating insecticides; and the 
Toxic Substances Control Act, regulating chemicals. In each of 
these,, an agency, commission, or regulatory group of some sort 
would meet, ponder and issue or deny a pre-market reg i s t r a t i o n . 
In all fairness to Congress, such l e g i s l a t i o n was an innovation 
as s p e c i f i c standards did not need to be set. This would allow 
the permitting group, using judgmental guidelines, to make the 
best f i t considering the s p e c i f i c situation. In concept, a prod
uct i n the hands of the public should be an issue different from 
the same product in the hands of s k i l l e d processors. Congress 
may have had an i d e a l i s t i c model in mind based on the success of 
the American jury system, our p o l i t i c a l system of checks and 
balances, an education system that produces an exceptional l i t e r 
acy rate and just plain good sense of who wears what color hat. 
These factors should have made the innovative l e g i s l a t i v e concept 
of pre-market re g i s t r a t i o n work but, if the l i t e r a t u r e i s meaning
f u l , it has f a i l e d . 

The Grabowski study mentioned e a r l i e r shows us the steep 
decline in new drugs approved from an average of 56 per year to 
17 per year since the 1962 Drug Amendments. Professor William 
Wardell, whose studies contributed much to the Grabowski work, 
even estimates i n Therapeutic Implications of the Drug Law (22) 
that a substantial number of Americans have died because of the 
f a i l u r e to register an innovative drug in the United States that 
w a s already being marketed i n Great B r i t a i n . 
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Documentation of innovation depression i n pesticides, another 
area that requires pre-market reg i s t r a t i o n i s equally as dramatic. 
William Tucker, i n his very recent Of Mites and Men, (23) d i s 
cusses the frustration of several innovative companies trying to 
develop b i o l o g i c a l controls instead of target-specific toxic 
insecticides. Like Grabowski and drugs, Dr. Wendell Mullison 
reported i n 1975 that since the enactment of FEPCA, the pesticide 
Act of 1971, the number of major pesticides introduced has f a l l e n 
from two per year i n the 1960 to 1970 decade to less than one per 
year for the period 1971 to 1975 (24). 

Although the Toxic Substances Control Act i s history, just 
the inventory accumulation has been such a mouthful for the EPA 
that pre-market re g i s t r a t i o n has not started yet. Thus, there are 
no facts and, obviously, no references to innovation impact i n the 
l i t e r a t u r e yet. By and large  peopl  waitin  wha
action will be taken b
tration of new chemical  s i g n i f i c a n

However, a very recent study prepared for the EPA by Arthur 
D. L i t t l e , Impact of TSCA Proposed Premanufacturing Noti f i c a t i o n 
Requirements, (25) makes three interesting findings on innovation. 

"Based on the d i s t r i b u t i o n of the sample of recently i n t r o 
duced chemicals, 50% of chemicals currently being introduced for 
commercial sales would not be introduced if the TSCA n o t i f i c a t i o n 
costs are $10,000 per chemical. At a unit n o t i f i c a t i o n cost of 
$40,000, 90% of the chemicals would not be introduced. This re
duction i n the rate of chemical innovation does not r e f l e c t the 
number of chemicals held off the market because of t o x i c i t y 
problems." 

"Medium and small size chemical companies are l i k e l y to be 
more severely impacted by the n o t i f i c a t i o n requirements than 
larger companies. The reasons are that smaller companies are less 
l i k e l y to be w i l l i n g to cope with the uncertainties and costs of 
the n o t i f i c a t i o n process and will be less able to take on the 
higher risks of R&D." 

"The Impact of the TSCA Premanufacture Notice Requirements 
will vary among the segments of the chemical industry and the 
firms i n any one segment. The role of innovation varies from 
segment to segment and d i f f e r s from firm to firm within a segment. 
The segments potentially most highly impacted by TSCA are: Soaps 
and Detergents, Surface Acting Agents, and Industrial Organic 
Chemicals, n.e.c. Also potentially highly impacted are r e l a t i v e l y 
small chemical producing firms throughout the chemical industry, 
but especially i n the following segments: Industrial Inorganic 
Chemicals, n.e.c, P l a s t i c Material and Resins, Synthetic Rubber, 
To i l e t Preparations, Perfumes, and Cyclic Crudes and Inter
mediates." 

In the way of retrospect on the subject, which may also be a 
forecast for chemical innovation, few, I think, would disagree 
with former FDA Commissioner Alexander Schmidt, a regulator him
s e l f , when he stated, "For example, i n all of FDA's history, I am 
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unable to find a single instance where a Congressional committee 
investigated the f a i l u r e of FDA to approve a new drug. But, the 
times when hearings have been held to c r i t i c i z e our approval of 
new drugs have been so frequent that we aren't able to count them. 
The message of FDA s t a f f could not be clearer. Whenever a contro
versy over a new drug i s resolved by i t s approval, the Agency and 
the individuals involved l i k e l y will be investigated. Whenever 
such a drug i s disapproved, no inquiry will be made. The 
Congressional pressure for our negative action on new drug a p p l i 
cations i s , therefore, intense. And it seems to be increasing, as 
everyone i s becoming a self-acclaimed expert on carcinogenesis and 
drug testing." (90 

The abstract to the yet-to-be published paper of John DeKany, 
Meeting the Challenge of TSCA with Technical Innovation, (26) 
refers to eliminating th d fo  regulatio  with  positive
innovative response. I'v
and innovation both being response y
a rther step that innovation could eliminate a regulation makes 
me view him as a fellow progressive. As an example, in his 
abstract, he s p e c i f i c a l l y points to an innovative chemical plant 
that might be designed at the outset to minimize toxic effluent 
discharges. To be as charitable as possible, I would assume that 
Dr. DeKany i s not aware of a $500 m i l l i o n chemical complex that 
was to be b u i l t adjacent to a Dow Chemical plant i n Pittsburg, 
C a l i f o r n i a , that did not have a single drop of effluent. In fact, 
some water was even needed for make-up. Further, a i r emission for 
the multi-chemical complex would have equalled i n quality and kind 
the emission of only 14 automobiles, measured i n the plant areas. 
Even this would have been undetectable at the plant fence. The 
entire complex project, after a Dow expense of $4 m i l l i o n , was 
abandoned with only 4 of the 65 permits obtained and with EPA a i r 
regulations providing the f a t a l blow. If Dr. DeKany suggests that 
such a complex i s desirable, Dow people would assume he i s speak
ing for the EPA of the future. 

There i s one remaining problem we might have with the drug 
and pesticide regulation; that i s , the a p p l i c a b i l i t y of these 
studies to other f i e l d s such as chemicals. I hope that my sug
gested categorization of regulatory types to d i f f e r e n t i a t e between 
spe c i f i c a t i o n regulation and judgment regulation explains this 
problem. 

The l i t e r a t u r e i s quite conclusive that where judgmental pre-
market reg i s t r a t i o n regulation i s invoked, innovation i s markedly 
crippled. If this i s credible, and because we are i n the process 
of using pre-market re g i s t r a t i o n i n chemicals, logic and history 
would not be on the side of the new chemical or p l a s t i c innovator 
as he searches for support for his ideas. 

Summary and Suggested Studies 

We have a strong case that economic regulation affecting r i s k 
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c a p i t a l and pre-market product registration have a substantial 
and negative effect on innovation. As such, I do not f e e l com
pelled to suggest topics for future studies. Such studies will 
come, for sure, and will be welcome, but the problem i s not know
ing more, but communicating what we now know to those who would 
cherish innovation. 

Anti-trust regulation i s a serious problem that must be 
studied and treated better. There are vast differences of 
opinion that we cannot afford to leave unresolved. Either the 
late Senator Hart or the late Joseph A. Schumpeter was right. 

The unbelievable numbers of product and process s p e c i f i c a 
tion regulations are a whipping boy for innovation. In spite of 
a great deal of references, the direct connection with innovation 
has not been well made. Perhaps, as my boss would say, "there i s 
s t i l l some meat i n thi  stew"  but t conclud  that thes
regulations are r e a l l y
affect our general busines y , 
they do not stab right to the heart of innovation. 

I have also discovered two new thoughts about the f i e l d of 
government regulation and innovation as a result of my review. 
They need some examination and cr i t i q u e . 

F i r s t , I contend that regulation and innovation are both 
primary responses to a need stimulus, but only rarely to each 
other. Because we i n s t a l l the regulatory response so quickly, 
we block out the slower innovative response as having the same 
cause. 

Second, product and process regulation must be divided into 
two e n t i r e l y d i f f e r e n t types - minimum performance specifications 
and pre-market re g i s t r a t i o n judgments. Failure to do so will 
s i g n i f i c a n t l y reduce the all-important communication of the 
results of studies already carried out that could help us improve 
our sagging innovation rate. 

Abstract 

While many acknowledge and much has been written about the 
effect of government regulation on chemical innovation, most 
references only assume that there is a strong negative or posi
tive relationship between government action and chemical innova
tion. Relatively few attempts have been made to study and 
quantify the relationship and fewer publications have been made. 
Because chemical innovation is an issue of national priority, 
there is need to assemble and report what is known in order to 
create a broader understanding of the problem, aid the developers 
of new products, assist legislators and foster further studies. 
Based on the existing literature, the paper categorizes the 
various types of regulations by their influence on innovation, 
reports the major studies undertaken, and concludes with the need 
for future effort. 
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The Effects of Health and Environmental Regulation on 
Technological Change in the Chemical Industry: Theory 
and Evidence 

NICHOLAS A. ASHFORD and GEORGE R. ΗΕΑΤΟΝ 

Center for Policy Alternatives, Massachusetts Institute of Technology, 
Cambridge, MA 02139 

This paper presents the final results of a research effort 
which investigated the
on technological chang
term environmental/safety regulation is used to include the leg
islation, regulations, and other related actions which attempt to 
control environmental pollution, protect worker health and safe
ty, or ensure the safety of consumer products. Technological 
changes arising from regulation encompass both the immediate 
modifications in manufactured products or industrial processes 
which may be necessary in order to comply with regulation and the 
more indirect, or ancillary, effects regulation can have on tech
nological change for non-regulatory, "main business" purposes. 
The major emphasis in this work is on technological change for 
compliance purposes. 

We distinguish technological change from innovation. Inno
vation means new product or process technology actually brought 
by a firm into f i r s t commercial use. The term technological 
change has a broader scope and includes "non-innovative" changes 
such as the adoption of an existing technology. 

The study's focus was on the regulations and chemical tech
nologies pertaining to: 

• lead 
• mercury 
• polychlorinated biphenyls (PCB's) 
• vinyl chloride. 

These are typical of substances that are in wide use and which 
are highly regulated. The choice was made to have a diversity of 
regulations and industrial contexts in our sample and to keep the 
study within manageable proportions. 

The study involved both the construction of a model of the 
effects of regulation on compliance technology and the testing of 
certain relationships, suggested by the model, concerning the 
characteristics of the regulation, the nature of the technology 
employed by the regulated/responding firms, and the ultimate 
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technological response. Data about these relationships were 
obtained from two series of interviews with firms subjected to 
the principal regulations on lead, mercury, PCB's, and vinyl 
chloride. 

Other Work on the Regulation-Technological Change Rela
tionship. A 1975 literature survey of the chemical and all ied 
products industries concluded: 

Unfortunately, almost no work has appeared in the literature 
which has attempted to measure or even to model in a rigor
ous way the impacts of environmental regulation on techno
logical innovation. {2) 

Since that time, some important work has been concluded. In 
early 1979, as part of the Domestic Policy Review on Industrial 
Innovation undertaken b
Center for Policy Alternative
structuring of the effects of environmental/ safety regulation on 
innovation, citing support for different effects from the exist
ing work. ( 3 J 

Although there are some broad, general studies and others 
specific to particular industries, within the chemical industry 
the most extensive literature concerns pharmaceutical innova
tion. Several researchers have argued that regulation has unduly 
slowed the introduction of new drugs in the U.S. and has resulted 
in a net health disbenefit to consumers. (4,!5,6J However, a 
recent analysis of the literature presented at the 1977 HEW Panel 
on New Drug Regulation (the Dorsen Panel) has concluded that the 
available data are not sufficient to support such an assertion. 
(Z) 

Several new analyses have recently been offered concerning 
the general effects of regulation on innovation in chemicals. 
All stress the idea that the regulatory framework now applicable 
to the chemical industry has created a fundamental change in the 
business environment which will have important long-term impacts 
on the nature of innovation. Many of these impacts will be fe l t 
through the level and nature of R&D support. One study based on 
industry interviews has found a decline in real R&D spending in 
general but a large increase in R&D devoted to environmental 
control. (8) Others see the regulations as having a very uneven 
impact across the industry, providing some firms with a lucrative 
market opportunity and penalizing others. (9) Another study 
(10), based on unstructured chemical industry interviews and 
concerned mostly with the R&D effects, found considerable innova
tion in control technology arising from the research devoted to 
environmental amelioration but a general "dampening influence" on 
other new product and process development in large chemical com
panies. Changes in corporate organizational structure are con
sistently cited in all the studies. 

Taken as a whole, the existing studies are useful in provid-
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ing some general insights into the nature of the impacts regula
tion can have upon technological change and in sometimes provid
ing documentation of those impacts in specific industries. How
ever, they can only be characterized as a beginning exploration 
of the regulation-technological change relationship. A funda
mental fai l ing which pervades most of the studies is that they do 
not pose or rest upon any articulated model of the relationship 
between regulation and innovation. Many of the studies are 
broad, general overviews. On the other hand, the few industry 
studies which exist have only limited generalizability. What 
results from this lack of conceptual framework is that the pre
vious work lacks both precision and subtlety. The regulatory 
stimulus is typically considered as a single, uniform event or 
signal; in reality, different regulations are vastly different in 
purpose and form and therefor
cantly different effects
treated as a simple phenomenon. L i t t le attempt is made to dis
tinguish between innovation for compliance purposes and innova
tion for general corporate purposes. Lastly, the studies are 
rarely rigorously constructed to yield valid statistical re
sults. Rather, they are typically surveys of a general nature 
which try to make a beginning exploration in an il l-defined 
research area. 

A General View of the Regulation-Technological Change Rela
tionship. It is essential to distinguish between two separate 
effects of regulation on technological change — the technolog
ical changes necessary for compliance purposes and the other, 
ancillary changes in technology which may also result. This 
distinction highlights an important premise of this research — 
that it is unwise to attempt to draw general conclusions about 
the regulation-technological change relationship. Too much 
depends on the characteristics of individual cases — in parti
cular, the form of the regulation, the kind of industry, and the 
peculiar character of the firm affected. Thus, one of the few 
certainties in this area is that there are no simple, general 
answers. Most of the answers l ie in particular cases. 

When one considers the technology developed for compliance 
purposes, it is clear that regulation encourages technological 
change. Indeed, this is almost a tautology since regulation is 
intended to ameliorate the adverse consequences of technology by 
changing technology i tself . Certainly, the existence of a vigor
ous pollution control industry attests to the fact that the regu
lations have an important expansive effect. In these instances 
regulation creates a new market opportunity, which can be met 
very profitably by some firms. In some cases, the regulated firm 
markets the compliance technology. 

On the other hand, regulation, imposes a direct constraint 
upon technological change. Certain regulatory systems are in-
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tended to discourage some innovations in the sense that the regu
lators must refuse to allow the introduction of certain unsafe 
products. Moreover, all regulation forecloses or discourages 
certain technical options and therefore constrains to some degree 
the innovation process. 

Another regulatory constraint to innovation, but one which 
is indirect, may occur as a result of the cost of environmental 
control. To the extent that the costs of environmental control 
divert resources away from other corporate activities, like R&D, 
and to the extent that innovation is directly related to the 
level of these resources, regulation is likely to penalize inno
vative activity. 

Regulation may also indirectly stimulate innovation. Often, 
firms respond creatively to crises, and to the extent that regu
lation poses crisis condition
ponses. This appears t
innovative firms which, prior to regulation, fe l t no need to 
innovate. 

A last kind of effect may result from a basic change in the 
nature of the business environment created by the "new regula-
tion". This is a systemic effect which will significantly affect 
the ski l l mix of chemical firms, their R&D processes, and their 
general business strategy. These effects in turn have important, 
though s t i l l largely unpredictable, effects on the nature (as 
well as the outcome) of the innovation process in the chemical 
industry. 

A Conceptual Model of Regulation-Induced Technological Responses 

In its simplest terms, our model of the regulation-
technological change relationship consists of three basic ele
ments: 

t the regulatory stimulus 
• the responding industrial unit 
• the technological response 

Regulation may impinge on a regulated firm and, as a result, a 
response of some kind is el ic ited. A responding industrial unit 
to that regulation may not be the regulated firm. It might be a 
supplier; it might be a new entrant to the f ie ld. It is impor
tant to identify the unit that sees a market signal or a con
straint and responds in some measure. Depending on the kind of 
regulation and the characteristics of the responding unit or the 
regulated unit, different responses can result. 

The Regulatory Stimulus. The term regulation brings to mind 
a governmental edict, such as a piece of legislation, an agency 
rule, or a guideline. Similarly, the concept of a regulatory 
stimulus to technological change suggests that such change occurs 
as a result of a regulation. After completing this research, we 
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have concluded that both of these commonly held conceptions are 
too simple. 

In the environmental/safety context, "regulation" should be 
given a broad meaning. It should include all forces (both gov
ernmental and non-governmental) that are related to the govern
mental effort to ameliorate environmental or safety problems. 
The reason for adopting this broad definition of regulation is 
that any narrower concept (e.g. one limited to legislation and 
Federal agency rules) is not real ist ic and would impute more 
causality to a single government action than is in fact the 
case. In short, the regulatory process is complex, and should be 
viewed as such. 

There are many "regulatory" stimuli faced by the firm. Some 
regulations appear to pose l i t t l e , if any, stimulus because they 
are based upon industr
the existing practice o
the extent that regulations are based upon concepts like "feasi
b i l i ty" or "best available technology", they may be rooted close
ly to the technological status quo as it exists in at least some 
firms. Accordingly, regulation often stimulates change in only 
part of the industry. Moreover, the regulatory stimulus is often 
not responsible for ( i .e., does not require) all of the techno
logical changes which occur. Indeed, regulation often gives 
firms the opportunity to make needed modernizations. Although 
these changes would not have occurred but for the regulatory 
stimulus, it is not proper to relate them to that stimulus 
alone. Not only is the regulatory stimulus complex, but it also 
interacts in a complex way with other economic, technological and 
social stimuli. 

A f i r s t important aspect of the regulatory stimulus is what 
part of the technology the regulation focuses on. There are 
three principal classes of regulation important for the regula-
t i on-technolog i cal change relationship : 

• product regulation — focusing on product character
istics 

• pollutant regulation — focusing on unwanted side 
products from production 
processes 

• component regulation — focusing on individual elements 
of the production process 

A second important aspect of the regulatory stimulus is its 
purpose or kind. Obviously, it is to be expected that occupa
tional safety and health regulation, for example, will produce 
different kinds of changes from water pollution control or pesti
cide regulation. Similarly, it is important to distinguish among 
differing operational mechanisms or modes of regulation, such as 
performance vs. specification standards, or tax incentives vs. 
mandatory standards. 

Other characteristics of regulation appear to have an impor-
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tant influence on the nature of technological changes. The 
stringency of regulation, measured by its cost or by the degree 
of change it requires, is obviously a major determinant of the 
kinds of changes which result. Similarly, when there are a 
multiplicity of regulatory stimuli rather than a single event, 
the resulting change may be greater, other things being equal. 

Characteristics of the regulatory process may also be impor
tant in determining the resulting technological changes. For 
example, close participation of industrial representatives with 
government off icials in drafting standards often appears to 
result in regulating at a level which is clearly feasible with 
existing technology, thus requiring l i t t l e change. The length of 
time within which the regulatory scenario takes place also is 
important in allowing for appropriate responses, as is time-
phasing of the regulation
is often seen as inhibitin
forts. Also, it is clear that most regulations tend to change 
over time and that the form of their changing requirements is 
closely linked to the evolution of compliance technology. 

The Responding Unit or Units. The person who has the legal 
duty to comply with regulation is called the legally bound 
party. However, the legally bound party may not be the responder 
to regulation because the legal obligation does not always pro
vide the most important stimulus to respond. For example, there 
may be joint responses to regulation by more than one firm or 
industry. 

A productive unit is the smallest production element employ
ing a particular technology that could conceivably stand alone as 
an individual firm. It may be a firm or only part of a firm. 
For example, a single PVC polymerization plant (or part of a 
larger plant) would constitute a productive unit. 

The group of firms or units within firms that employ a par
ticular technology can be termed a productive segment. For exam
ple, all the firms that polymerize vinyl chloride would consti
tute a productive segment. 

The productive segment whose technology is the target of a 
regulation is called the regulated segment. This concept in
cludes productive segments not legally bound to comply but which 
are nevertheless so commonly and closely related economically to 
the legally bound segment that they can legitimately be included 
within the regulated segment. (For example, the lead-in-gasoline 
regulations technically apply primarily to marketers of gasoline; 
however, the lead additive manufacturers are so closely linked 
that both would be considered regulated segments.) Non-regulated 
segments are defined as productive segments not within the regu
lated segment that is responding to the regulation. 

Regulation may be seen as imposing requirements on techno
logies used in industry. We have attempted in this research to 

In Federal Regulation and Chemical Innovation; Hill, C.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



4. ASHFORD AND HEATON Health and Environmental Regulations 51 

categorize these technologies. The most important aspect of a 
technology for this categorization is the concept of technolog
ical r igidity. This is defined as a continuum that has at one 
extreme evolving (fluid) product lines and uncoordinated produc
tion technologies, and at the other extreme, mature, commodity
like products and highly integrated, cost-effective production 
technologies. Productive segments may be placed along the con
tinuum of rigidity according to a set of objective cr iter ia which 
describe their technology. 

To simplify the analysis, we have separated the continuum of 
rigidity into three distinct stages: f l u i d , segmented and 
rigid segments. The concept of r igidity used in this work is 
related to, but not identical with, that of Abernathy and Utter-
back. (11,12) They visualize an evolutionary process whereby 
product and process technolog
stage in which the produc
and the process is uncoordinated and based on general purpose 
equipment, through an intermediate stage in which the product 
begins to standardize and portions of the process are automated 
and optimized, to a final stage in which the product is a highly 
standardized commodity and the process is automated, integrated 
and large scale. Utterback and Abernathy's work suggests that 
the likely future pattern of change can be predicted based on the 
recent past. If units respond to regulation in the same way that 
other technological changes are undertaken, then this work would 
suggest that the particular kind of compliance response might be 
determined by the technological r igidity of the responding seg
ment. 

The Technological Response. In analysis of regulation-
induced technological change, we distinguish between (1) res
ponses which are primarily for compliance purposes ("compliance 
responses"), and (2) responses which primarily affect the devel
opment of technology for "main business" purposes ("ancillary 
responses"). The compliance response consists of those technical 
modifications to a firm's products or processes that are neces
sary for it to comply with a regulatory mandate. They also in
clude non-hardware changes, such as changes in R&D, that are 
related to the development of compliance technology, as well as 
unsuccessful technological changes. 

The important characteristics of the compliance response 
chosen for investigation in this study were: 

• whether the response is principally a product or pro
cess change 

• the "stage of development" of the response 
• the "novelty" of the response 
• the "comprehensiveness" of the response 
The "ancillary" responses are the technological changes that 

occur in firms as a result of regulation that are not required 
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for compliance with regulatory requirements. They are the devel
opments that would not have occurred in the absence of regula
tion. They include the development of innovations within a com
pany's "main business." There are two basic kinds of ancillary 
responses. One we have called "product- or process-specific" be
cause it includes new or existing industrial products or pro
cesses directly traceable to a compliance response; the other we 
have termed "systemic," because it results from changes in the 
corporate structure or environment within which innovation occurs. 

Relationships Within the Model. As discussed above, the 
concept of a productive segment is fundamentally a characteriza
tion of a technology. A basic postulate of this research is that 
the characteristics of a productive segment's technology are 
important determinants
tion, along with the characteristic

The model constructed during the course of this research, 
relating the regulatory stimulus, the regulated/responding unit, 
and the technological response, is presented in Figure 1. In the 
figure, the elements of the model that are connected with solid 
lines are those which were the main focus of the research. The 
elements connected by dashed lines are those about which less 
information was collected. Hypotheses were developed concerning 
those elements connected only with solid lines. Figure 2 is a 
schematic of the specific relationships which were investigated. 

The hypotheses tested in this research were as follows: 
• Responses to regulation from the regulated segment will 

be predominantly product or process in a proportion 
corresponding to the expected pattern of innovation in 
the segment in the absence of regulation. 

• All responses to regulation (whether or not from the 
regulated segment) will be predominantly product or 
process in a proportion corresponding to the expected 
pattern of innovation in the regulated segment in the 
absence of regulation. 

t A large proportion of responses to regulation will 
arise from inside the regulated segment and inside the 
legally bound firm. 

• A greater percentage of product responses than process 
responses will arise from outside the regulated segment. 

• A much greater percentage of product responses than 
process responses will arise from outside the legally 
bound segment. 

t Most responses to regulation are in a late stage of 
development and require only moderate development. 

t Product responses will tend to be in somewhat earlier 
stages of development than process responses. 

• Almost all responses will be in the "least novel" cate-
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gory, with occasional moderately novel responses and 
very few novel responses. 

• Novelty will be equally as likely for product and pro
cess responses. 

• In f luid segments, the response to regulation is more 
likely to come from an earlier stage of development 
than in rigid segments. 

• The responses to regulation will be less novel, the 
more rigid the segment. 

t Responses will tend to be more comprehensive, the more 
rigid the segment. 

Description of Empirical Procedures 

The research was divide
• Phase I: An

concepts of the regulation-technological change rela
tionship were developed from f i r s t principles and 
existing literature 

• Phase II: Pilot in-depth in-person interviews with a 
small number of leading companies believed to have made 
important technological responses to regulations on 
four extensively regulated chemical hazards 

• Phase III: Focused telephone interviews with randomly-
selected companies in the same industries studied dur
ing Phase II. 

The Phase I survey of the diverse legislative mandates ap
plicable to the chemical and allied products industry revealed 
that almost all of the individual environmental/safety regula
tions are substance-specific. Accordingly, we organized the 
study around a series of candidate hazard regulations which would 
provide case studies of how the productive segments concerned 
with the selected hazards responded technologically to regulation. 

A search of the regulations promulgated in each of the major 
legislative areas yielded a large l i s t of chemicals which had 
been the subject of at least some governmental action. This l i s t 
was reduced in several stages to a final group of four hazards - -
lead, mercury, PCB's, and vinyl chloride — which we're (1) sub
ject to a diversity of regulatory actions of different kinds and 
modes which significantly restricted production or methods of 
use, (2) used in a number of different productive segments within 
the chemical industry, and (3) economically important in a number 
of uses. 

In Phase II, the goal of our interviews was to develop 
hypotheses about the factors important in shaping technological 
responses to regulation and about the characteristics of the 
actual responses. To faci l i tate this task, the sample of firms 
for the pilot interviews was deliberately enriched with firms 
that were known to have made relatively innovative technical 
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responses to the regulation(s) in question and by firms that were 
relatively easy to study because they were receptive to inter
views and located in convenient geographic areas. The sample of 
firms was drawn from 12 productive segments where the four sub
ject hazards were principally in use. 

Interviews were conducted with 10 firms. (Because some 
firms spanned more than one productive segment, we were able to 
gain information about all twelve productive segments.) Inter
views of about two hours' duration were conducted by two members 
of the study team with one to four people from the firm. The 
discussions were informal and flexible in order to allow the 
interviewees ample latitude to enlighten us about the aspects of 
the regulations covered, the industry, and the technical res
ponses which they considered particularly significant. In all 
cases, the interviewee
functions in the firm

(i) management of the details of the compliance response 
( i.e., the product or process change needed for com
pliance) 

( i i) management of the overall firm response to regulation, 
including contact with the agencies, securing clearance 
for expenditures from corporate management, providing 
directions to the technical group, etc. 

Phase III contained the major part of our empirical work. 
Its goal was to ascertain whether or not the hypotheses developed 
from the Phase II interviews and our model of the regulation-
technological change relationship would be reinforced or altered 
by information derived from a more representative sampling of 
companies within productive segments. To construct the interview 
sample, we f i r s t arranged ten of the original twelve productive 
segments that had been directly subject to regulatory action in a 
matrix according to: (i) the characteristics of the segment's 
technology ( i .e., r igidity/f luidity) and ( i i ) the primary type of 
regulation ( i.e., product/pollutant), affecting the segment. 

Next, l ists of companies in each productive segment were 
compiled, and up to 16 companies per productive segment were 
randomly selected and arranged in a priority order for inter
views. These ordered l ists were then used to call companies; 
roughly equal numbers of usable interviews were obtained in each 
cell of the matrix. This procedure resulted in a sample that was 
stratified according to the two major foci of our investigation 
( i .e., technology and regulatory characteristics). 

Forty Phase III interviews were conducted by telephone. The 
Phase III interviews were much shorter and more focused than 
those in Phase II, generally lasting less than thirty minutes. 
In addition they proceeded according to a rather specific ques
tionnaire. In some cases it was possible to combine information 
from Phase II and Phase III interviews for analytical purposes. 

The survey instrument consisted of a set of ten questions 
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which resulted in ten specific replies out of 33 possible replies 
in an interview. For example, one question which was used to 
determine the nature of the productive segment of the respondents 
resulted in one of three replies f lu id, segmented, or r igid. 
In Phase II and III of the project there were 50 interviews and 
these interviews provided 121 sets of ten replies. Each set of 
replies is focused on a firm's response to regulation. A res
ponse was a particular set of actions directed toward meeting the 
requirements of the regulation. On the average, firms exhibited 
three responses to regulation and industrial segments exhibited 
twelve responses. The analysis presented here describes inter
relationships among variables related to the 33 possible replies 
— drawn from appropriately aggregated responses of the indus
tr ia l segments. The nature of the data collected led to a number 
of complexities for analysis
to the final report of

Summary of Major Findings and Conclusions 

The conceptual framework developed for this research was 
valuable as a structuring device and seems to be an accurate 
description of compliance behavior. We feel that the model ar t i 
culates most of the important aspects of the regulation-
technological change relationship on an individual firm level and 
should serve as a basis for further empirical research. 

The Regulatory Stimulus. The regulatory stimulus is a very 
complex, time-dependent and variable signal. Regulation is not a 
simple, single point-in-time phenomenon that e l ic i ts an indus
tr ia l response. Various "regulatory" signals — research find
ings, advance notice of rule-making, informal agency-industry 
contacts, etc. — all influence firm behavior. Moreover, regula
tory demands often change substantially over time, particularly 
as compliance technology changes. The way regulatory signals are 
perceived by the firm is also very important. These perceptions 
may sometimes differ quite substantially from those in the agen
cies and may even be incorrect as to the regulatory requirements. 

Informal "regulatory" stimuli are as important, or more so, 
than formalized rulemaking. Informal stimuli include publicity, 
government scrutiny, non-regulatory legal mechanisms like tort 
and contract law, and customer (or supplier) pressure. These 
additional forces tend to multiply the effect of regulation, and 
sometimes even preclude the need for regulation. The example of 
PCB's best illustrates this point. Only government "scrutiny" 
had occurred by 1970 when Monsanto, the sole U.S. producer, began 
restricting production. Fear of tort suits and adverse publicity 
were major motivators for action by PCB users long before the 
passage of the Toxic Substances Control Act in 1976, which 
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phased-in a ban on PCB production. 
In part because of the extra-regulatory forces at work, it 

is clear that compliance with regulatory goals may sometimes 
substantially pre-date actual promulgation of a rule. In such 
cases, the actual regulation serves the function of ratifying 
action that has already occurred and provides a model for similar 
requirements which might be mandated in the future. Forces other 
than regulation are thus the major stimuli for technological 
change in these instances. 

We have also seen consistently that agencies use substantial 
industry input in drafting regulations. This input results from 
industry participation in the formalized rule-making process as 
well as through informal contacts with agency personnel. Indus
try input appears to be dominated by the large firms (and trade 
associations) which emplo
handle regulatory affairs
tions offered in comment on their rules. For example, the CPSC's 
final rule on lead-in-paint was modified substantially (princi
pally as to the breadth of its application) on the basis of hear
ing comments. 

For the four hazardous materials surveyed, the actual stan
dards which f inal ly emerged from the regulatory process appear in 
most instances to be based largely on considerations of techno
logical feasibi l i ty or best available technology. It was rare to 
observe a standard set to require technology not already in use 
by at least some firms, although we did observe this in one im
portant instance. (The OSHA vinyl chloride regulations apparent
ly required a series of innovative process modifications for v ir 
tually all firms in the VC polymerization industry.) This is not 
to say, however, that a standard cannot successfully bring about 
changes in technology. The change may either be the development 
of an entirely new product or process - - or the diffusion of a 
given technology throughout an industrial segment. More recent 
regulatory initiatives, relying on stringent health-based c r i 
teria, may well require technological responses which go beyond 
current capability. 

There is, as expected, a very strong correlation between the 
type of regulation and the nature of the technological response. 
Thus, "product" regulation generally leads to a product response, 
and "pollutant" and "component" regulations generally lead to 
process responses. In a few cases, however, product regulation 
was seen to e l i c i t primarily a process change. For example, the 
petroleum refiners' principal response to regulatory limits on 
the lead content in gasoline has been to increase catalytic re
forming, a process change. 

We suspect that other characteristics of the regulatory s t i 
mulus not investigated here in detail or systematically are also 
important for technological change. They include the stringency 
of the regulatory demands, the time period allowed for the com-
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pliance response to develop, the mode of regulation (e.g. perfor
mance vs. specification standards), and the presence or absence 
of several regulatory demands in combination. 

The Responding Units. We conclude that the characteristics 
of the technology in productive segments/units are major factor? 
determining the nature of the technological response to regula
tion. The technology in use before regulation tends to dominate 
the compliance response to regulation. Variations among individ
ual firms were found, but overall, responses were fa ir ly predict
able across a productive segment. 

Other more specific findings supported this basic conclu
sion. First, we found that the kinds of technical changes that 
firms within a productive segment made in order to comply with~~a 
given regulation were
attributed to regulator
pliance technology because most of the regulations investigated 
were performance standards. Rather, the response uniformity 
within productive segments suggests that the character of the 
existing technology does indeed dominate the response. 

Second, we found that the proportion of product and process 
responses to regulation closely resembles the expected balance of 
product/process innovations occurring in the segment in the ab
sence of regulation. Thus, we saw that f luid industries tended 
to respond to regulation with product modifications, and rigid 
segments tended to have more process responses than product 
changes. Segmented industries, in contrast, exhibited both 
product and process changes and a greater overall amount of 
change than f luid or rigid segments. These responses are highly 
consistent with the usual pattern of innovation in the absence of 
regulation. 

Perhaps the most interesting result concerns the relation
ship between the novelty of the response and the rigidity of the 
segment. Regulation of rigid segments often elicited responses 
as novel as those in f luid segments. For example, highly innova
tive responses were attempted, but unsuccessfully, to deal with 
the lead-in-gas regulations. These included the development of 
an entirely new fuel, "gasohol," and efforts by the lead alkyl 
manufacturers to develop new automobile engine designs capable of 
using leaded gas. On the other hand, the response to lead-in-
paint regulations by paint manufacturers (a f luid industry) was 
simply to uti l ize existing substitutes. This finding lends some 
support to the idea that regulation can change the overall char
acter of innovation in rigid industries. Creative responses to 
regulation may occur especially when the regulation precipitates 
"cr is is" conditions for the industry. 

Regulatory requirements are typically made applicable to a 
specific industry or industries. Nevertheless, the response to 
regulation need not arise from the regulated segment or the 
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legally-bound firm. Although we have found that a large prepon
derance of responses will arise from inside the regulated seg
ment, the responses from outside the regulated segment are also 
significant. Several very important, innovative responses were 
seen to have arisen from new entrants to the industry, whose 
entry was made possible by regulation. For example, successful 
PCB substitutes arose from large oil and chemical companies, 
transformer/capacitor manufacturers, and foreign corporations ~ 
none of whom had been in the PCB manufacturing business. 

When responses do arise from outside of the regulated seg
ment or the legally-bound firm, they s t i l l require some kind of 
adaptation or modification by the firm undertaking compliance. 
Thus, responses from outside the regulated segment or firm are 
typically joint efforts. 

Although there ar
responses arising outsid
percentage of process responses arose from outside efforts than 
for product responses. There appears to be some tendency for 
rigid firms that are legally bound to look elsewhere for the 
compliance solution, and some tendency for f luid firms that are 
legally bound to develop their own compliance solution. There 
are several important examples of the suppliers to regulated 
firms actually providing the technical solution to their cus
tomer's regulatory compliance problem. In one such case, the 
worker exposure and emissions problems of PVC fabricators were 
essentially solved by the PVC polymerizers, their suppliers. The 
polymerizers' production of "clean resins" largely eliminated the 
potential for emission of vinyl chloride monomer during fabrica
tion. 

The Characteristics of Compliance Responses. Most techno
logical responses to regulation are in a late stage of develop
ment and require only moderate development in order to achieve 
compliance. This means that when the response to regulation was 
begun there was, in most cases, an existing technology which 
could be adapted to the regulatory purpose without the need for 
major research/development work. (For example, in the mercury 
chloralkali industry there were two principal production pro
cesses in use, one of which was a significant mercury polluter. 
Regulations on mercury have prompted a diffusion of the second 
process.) Thus, one might say that most responses were drawn 
from technology already "on the shelf". 

Comparing product and process responses, it was found that 
product responses tended to be in somewhat earlier stages of 
development. 

It appears equally l ikely that rigid and f luid segment res
ponses will require substantial development, although we expected 
that the responses of f luid segments would be drawn from an 
earlier stage of development than the responses of rigid seg-
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merits. After reconsideration of the original expectations, this 
finding appears to be consistent with the theory that regulation 
has the effect of disrupting established modes of operation in 
rigid segments, and thereby e l ic i ts creative responses. 

We found that almost all responses to regulation fe l l into 
the "least novel" category. This finding is consistent with the 
earlier finding that responses tended to be drawn from a late 
stage of development. It was also found that product and process 
responses were approximately equally novel (or non-novel). 

Tests of the relationship between novelty and technological 
r igidity provided especially interesting results. The most novel 
responses seem to come from segmented firms, although we had 
expected that responses would be most novel in f lu ia segments. 
Moreover, it appears clear that rigid firms do not have less 
novel responses than f lui
the idea that rigid firm
tions to severe regulatory problems. (Perhaps the principal 
example of segmented firm innovation comes from the vinyl chlo
ride polymerizers, who modified their process in several impor
tant ways in responding to OSHA and EPA regulations. This res
ponse, especially the unique combination of responses, was per
ceived as remarkable by many in the industry, which had feared 
that the regulatory demands could not be met.) 

No general relationship appears evident between comprehen
siveness and product versus process change. It was found, how
ever, that responses tended to be more comprehensive in more 
f luid segments. This finding appears consistent with the idea 
that f luid technologies, being relatively undefined (as opposed 
to rigid segments) are able to make a greater degree of change 
with more ease. 

Qualitatively, the data show only a very few examples of 
radically new technologies arising in response to regulation. 
These few arose outside of the regulated segment and were in most 
cases, ultimately unsuccessful. (As mentioned above, "gasohol" 
has not succeeded nor have automotive design changes like "lead 
traps," etc.) However, successful responses did in some in
stances show a creative adaptation of existing techniques. For 
example, the development of MMT, a manganese-based fuel additive 
that now has been in commercial use for several years (although 
it recently was denied continued use by EPA) built creatively 
upon the research which had taken place several decades ago. 

Most responses were developed over a relatively short time 
period. This perception is consistent with the finding that most 
responses were relatively non-novel and drawn from a rather late 
stage of development. 

Systemic Changes. Although this study did not attempt to 
measure systemic changes in any rigorous way, we nevertheless 
were impressed by the assertion of many interviewees that the 
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character of their business had changed as a result of environ
mental regulation. 

An important phenomenon reported in several instances is the 
ability of new entrants to capitalize upon opportunities created 
by regulatory demands. This may occur, for example, when pro-
ducts are banned or when an existing process technology is 
severely restricted. (For example, mercury has long been the 
most important biocide for paint uses. The regulations on this 
use have elicited several new non-mercurial products, sometimes 
from companies not previously in the industry.) New entrants may 
thus be competitively advantaged by the opportunity to comply 
with regulations. 

Systemic changes were investigated quantitatively via ques
tions about environmental affairs groups in the firms. About 65% 
of interviewed firms ha
pose of environmental affair
direct compliance effort, their new capabilities may have impor
tant long-term implications for the pattern of innovation in the 
primary lines of business.' 

Most of the environmental affairs groups had as their p r i 
mary purpose a liaison function between the regulators and their 
company. They participated regularly in the regulatory process, 
often indicating to the regulatory agencies the technical limits 
of existing compliance capability. Inside the firm, the environ
mental affairs unit often functioned in a manner very similar to 
a regulatory agency. Specifically, environmental review proce
dures were often established, with the environmental affairs unit 
able to "pass" on the acceptability of various products or pro
cesses, particularly in their early stages of development. Thus, 
these groups are likely to be an important force for the produc
tion of safer products and process technologies. 

Environmental affairs units appear to be more common in 
larger corporations. They are typically located in the central 
corporate headquarters rather than in production fac i l i t ie s . 
They may be staffed with young environmental scientists rather 
than engineers. As such, it appears they often do not play a 
major role in the development of new compliance technology or in 
the engineering aspects of compliance. These latter functions 
are more typically within the realm of the plant-level engineers 
or R&D personnel. 

Another widely reported phenomenon was a change in the 
skill-mix in firms in order to give them the new capabilities and 
expertise to comply with regulation. One change, widely report
ed, is the improvement in analytical chemistry capability. This 
was made necessary by regulation but, of course, aids companies 
generally in establishing better the properties of their products 
and finding new uses for them. The effect of interjecting new 
technical ski l ls into regulated firms is di f f icult to assess. To 
the extent that these new personnel are concentrated in environ-
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mental affairs units, their impact on abatement technologies is 
likely to be no different from that discussed above. However, we 
are also left with the impression that new ski l ls and a new envi
ronmental awareness are being absorbed by engineers and that this 
may have a profound impact both on abatement technology and other 
innovations. Many interviewees at the plant level indicated that 
their jobs were very different since environmental regulation. 
Some said this begrudgingly, but others said they now found the 
work more "challenging and exciting." 

Ancillary Changes. "Ancillary responses" to regulation are 
technological changes that occur as a result of regulation but 
which are not necessary in order to bring those firms into com
pliance with regulatory requirements. 

Ancillary changes were investigated by a simple direct ques
tion to the interviewees
had been ancillary innovation g  regulation
innovations benefitted the company in areas not related to com
pliance. Ancillary responses included: development of a new 
catalyst for petroleum refining; in i t ia l development of a new 
chlorine manufacturing process; increased yields of PVC resin; 
better process monitoring techniques for PVC polymerization; and 
new paint formulations. 

More work needs to be done in the investigation of ancillary 
responses. However, we do feel that their existence is beyond 
doubt. One of the problems in investigating ancillary responses 
arises from the fact that they are very diffuse and indirect 
and not likely to be appreciated ful ly by any single individual 
in the firm. Indeed this fact was cited often by interviewees in 
response to our questions. 

Other Conclusions. Although no systematic attempt was made 
to assess the level of compliance with regulatory requirements, 
the interviewers were left with a very strong feeling that firms 
are substantially in compliance with regulatory mandates for 
lead, mercury, PCB's and vinyl chloride. By this, we do not mean 
that companies are simply on a legally sanctioned compliance 
schedule; but rather, that they have reached or surpassed the 
goals of the regulation in question. Thus, regulation did not, 
in any instance we investigated, present an insurmountable tech
nical problem. 

At least for the four hazards investigated, the level of 
controversy concerning regulatory demands appears to have abated 
considerably, and industry has accepted the necessity of complin 
ance. 

Within the 50 firms interviewed, the interviewees were re
markably candid, open and willing to discuss in detail the ef
fects of regulation on the technology in use in their companies. 
Only a very small number of companies refused to be interviewed. 
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The vast majority fe l t that the research topic was worthwhile and 
thus were glad to contribute to our effort. 

The encouraging attitude of the firms interviewed suggests 
that further empirical work to investigate the systemic and an
ci l lary responses to regulation may be worthwhile. 

Implications for Regulatory Policy 

The model of the relationship between regulation and techno
logical change developed in this research appears to be success
ful in analyzing past responses of the chemical industry to envi
ronmental and health regulation. Moreover, this conceptual 
framework may be useful both in the design of future regulations 
and in planning corporate strategy for responding to these re
quirements. 

In the past, the chemica
response to significant regulatory efforts. It has reached or 
surpassed the technological requirements of regulation. In part, 
this is because the previous standards imposed appear to have 
been based on present technological feasibi l i ty or best available 
technology. But, in addition, the industry has been able to 
accelerate the development of new process technology which was 
needed for compliance. There is strong evidence that regulation 
can change the overall character of product and process innova
tion in the industry, providing the regulations are stringent 
enough and of the right kind. 

The industry might well be viewed as being in a transition 
period between a past history of l i t t l e emphasis on environmental 
and health concern and a future pattern of much greater acti
vity. This is evidenced by increasing managerial attention to 
these issues via both the formal establishment of environmental 
affairs units and shifting emphasis in the nature of chemical 
product design and production. Direct regulation of specific 
hazards must be seen within the context of a more general need to 
restructure the nature of chemical production technology over the 
next decade or more, if real improvements in environmental qua
l i t y and public health are to be made. The newer regulatory 
efforts, especially those concerned with workplace hazards, con
sumer products, and new activities by EPA under the Toxic Sub
stances Control Act, may be particularly important for innovation 
both in compliance technology and in process or product re
design. This is to be contrasted with past efforts at air and 
water guality control which focused on single pollutants as emis
sions or effluents at the end of the production process. 

In order to succeed in achieving a more general shift in the 
nature of chemical production, regulations must be designed to 
e l i c i t the best possible technological response from the indus
try. Regulation must be "technology forcing". The past pattern 
of basing standards on existing technology must be altered. In 
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addition, the overall stimulus for change must be strong enough 
to effect a shift in the general management approach to all pos
sible hazards associated with production. The adoption of gene
r ic regulations or regulation of classes of chemicals would pro
vide a stronger impetus for change than a substance-by-substance 
approach. 

Our model of the regulation-technological change response 
implies that care must be taken in deciding whether to regulate 
the product or the process in a specific case. The technological 
response may be different. OSHA, CPSC, and EPA under their res
pective legislative mandates can bring about radically different 
responses to a particular hazard. For example, a product safety 
regulation controlling the permissible concentration of benzene 
in industrial solvents is much more likely to change the nature 
and production technolog
place exposure. In addition
suredly be achieved. This example illustrates the importance of 
selecting an appropriate regulatory strategy. This can be accom
plished most effectively by coordination among the agencies, for 
example, through the recently-formed Interagency Regulatory 
Liaison Group. 

In the past, one of the impediments to the design of "tech
nology forcing" regulations has been the fact that the agencies 
have relied on the regulated industries as the source of their 
information about the potential for technological change. Ac
cordingly, compliance has been largely the adoption of "off the 
shelf" technology and has resulted in less protection of health 
and the environment than might have actually been possible. Our 
research suggests that important changes in technology can be 
encouraged by regulation. This will be the case especially if, 
in the future, both the agencies and the industry develop an 
appreciation for the complexities of the regulation-technological 
change relationship. The regulatory agencies should be aware of 
the fact that it is possible to design regulations to stimulate 
the development of new technologies whose performance exceeds the 
expectations of both industry and government. This work is in
tended to help develop that awareness. 
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5 
The Impact of Environmental Protection Regulations on 
Research and Development in the Industrial Chemical 
Industry 

JOE C. IVERSTINE and JERRY L. KINARD 

Southeastern Louisiana University, Hammond, LA 70401 

The Clean Air Amendments to the Air Quality Act and the Fed
eral Water Pollution Contro
tect the environment. The
of chemical firms, particularly those of research and development. 

In June, 1976, the National Science Foundation approved a 
proposal submitted by Southeastern Louisiana University to assess 
the impact of environmental protection regulations on research 
and development in the industrial chemical industry. Phase 1 of 
the study began July 1, 1976, and concluded January 31, 1977. 
Phase 11 of the study began April 1, 1977, and concluded Apri l 30, 
1978. 

Objectives of the Study 

During the f irst six years of the existence of the Environ
mental Protection Agency, over 19,000 formal enforcement actions 
were taken for air, water, and pesticide pollution. Between 
January, 1976, and September, 1976, the EPA initiated 6,613 ac
tions, resulting in fines and penalties in excess of $1.5 million. 
(1) A significant number of enforcement actions have been taken 
against chemical firms. 

Legislation passed to curtail environmental pollution has 
been successful in reducing emission/effluents into the air and 
waterways throughout the country. More stringent regulations, 
such as best practical technology requirements of 1977 and best 
available technology requirements of 1983, will result in further 
reductions in effluents/emissions. As a result of the implementa
tion of regulation designed to control and alleviate pollution, 
operations of chemical firms have been directly affected. As 
evidenced by the findings of "The CAPI Project, (2)" however, 
the total effect of such regulations on the industrial chemical 
industry is undetermined. In order to assess the exact impact of 
environmental protection regulations on research and development 
in the industrial chemical industry, we explored the following 
areas: 

0-8412-0511-6/79/47-109-067$05.00/0 
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1. The manner i n which environmental protection regulations 
have changed or influenced t r a d i t i o n a l R&D a c t i v i t y . These i n 
fluences include (a) changes, if any, i n levels of R&D expendi
tures (as measured by the r a t i o of R&D expenditures to sales) 
from pre-regulation periods to the current period; (b) diversion, 
if any, of R&D funds from t r a d i t i o n a l R&D goals-product develop
ment and process improvement (excluding marketable po l l u t i o n con
t r o l treating agents and abatement equipment)-to projects speci
f i c a l l y designed to abate pollution; (c) diversion, if any, of 
technical manpower to R&D a c t i v i t i e s s p e c i f i c a l l y designed to 
abate pollution; (d) changes, if any, i n product development and 
process improvement lead times caused by environmental protection 
regulations; (e) the u t i l i z a t i o n of R&D f a c i l i t i e s (laboratories, 
p i l o t plants, computer time, etc.) for environmental protection 
projects; (f) the p r i o r i t y given R&D projects for environmental 
protection as compared
tent of reliance on externa
tion (universities, private research and consulting firms, etc.) 
to solve environmental protection problems; and (h) the a l l o c a 
tion of various R&D e f f o r t s among the following: controlling 
existing pollution, developing a n a l y t i c a l methods, eliminating 
sources of pollution, developing new products, and other such 
endeavors. 

2. The effect of changes i n R&D a c t i v i t y brought about by 
environmental protection regulations. This effect included (a) 
the extent to which treating agents and/or abatement equipment 
and technology have been developed as marketable products or 
services; (b) the degree of success of R&D a c t i v i t y i n solving 
environmental protection problems (eliminating sources, control
l i n g existing pollution, developing new products to replace harm
f u l ones, etc.); (c) an assessment of the impact of redirected 
R&D e f f o r t s on new product development and process improvements; 
(d) a measurement of the tangible, but unexpected, benefits not 
s p e c i f i c a l l y related to environmental protection which have 
occurred as a result of R&D ef f o r t s directed toward environmental 
protection; (e) an assessment of the perceived effectiveness of 
R&D a c t i v i t y i n solving environmental protection problems if best 
p r a c t i c a l technology and best available technology requirements 
are imposed i n 1977 and 1983 respectively; and (f) an o v e r a l l 
assessment from the firm's viewpoint of the benefits (marketable 
products or services, unexpected benefits, more e f f i c i e n t pro
cesses, and a cleaner environment) versus the costs (direct ex
penses and opportunity costs) of R&D a c t i v i t y for environmental 
protection. 

3. An examination of the underlying bases for the above 
changes i n R&D a c t i v i t y brought about by environmental protection 
regulations and an explanation of the effect of such changes. 

Methodology 

In order to s a t i s f y the objectives of the study, a combina-
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tion of structured and non-structured personal interviews with 
R&D o f f i c e r s of firms i n the i n d u s t r i a l chemical industry was 
used as a primary research instrument. 

The research team sampled only "large" chemical companies 
(sales over $200 million) because of large firm domination of 
industry R&D. Fifteen firms were selected from the 36 companies 
whose primary business a c t i v i t y i s related to chemicals and which 
have chemical sales over $200 m i l l i o n . This sample constitutes 
71.6 percent of 1976 industry R&D spending. The research sample 
includes: Rohm & Haas, Dow, A l l i e d , Dexter, Celanese, DuPont, 
Stauffer, Vulcan, W.R. Grace, Ethyl, Cabot, American Cyanamid, 
Monsanto, BASF Wyandotte, and Ciba Geigy. 

Findings And Conclusions 

The following i s
resulting conclusions from this study. Details of the method
ology, a n a l y t i c a l methods, and data are available i n "The Impact 
of Environmental Protection Regulations on Research and Develop
ment i n the Industrial Chemical Industry" (3). 

Overall Assessment of R&D for Environmental Protection. It 
i s recognized by the researchers that a t o t a l analysis of the 
societa l cost versus so c i e t a l benefits of R&D for environmental 
protection research i s well beyond the scope of this study. 

For example, the benefit of a cleaner environment was not 
examined and, moreover, would be very d i f f i c u l t to measure. How
ever, an objective of this study i s to contribute to the on-going 
process of evaluation of costs versus benefits of governmental 
regulation of business. Hence, the following i s a summary assess
ment of the costs versus benefits of environmental research i n the 
chemical industry. 

Costs. It has been established that chemical firms are a l l o 
cating R&D resources to solve environmental protection problems. 
Even though this research may be highly desirable from a so c i e t a l 
posture, it does represent a diversion of R&D resources from 
t r a d i t i o n a l goals of product development and process improvement. 
This diversion represents "opportunity costs" or the loss that the 
firms sustain by foregoing the benefits that are provided by t r a 
d i t i o n a l research projects. 

One way to minimize the impact of these opportunity costs i s 
to supplement R&D spending to off-set the funds allocated to en
vironmental protection research. Hence, it was expected that 
R&D spending as a per cent of sales would increase from pre-
regulation periods because of the necessity to conduct environ
mental protection research. However, the ratio of R&D spending 
to sales has actually declined from .0424 i n 1970 to .0297 i n 
1976. One possible explanation i s that the i n f l a t i o n i n chemical 
prices has exceeded the i n f l a t i o n i n R&D costs. Over this period, 
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it i s possible that the l e v e l of R&D a c t i v i t y has been maintained 
or has not decreased proportionally to the decline i n R&D to 
sales r a t i o . 

Another possible explanation for the decline i n the R&D/sales 
rat i o was offered by Dr. Theodore Cairns, Director of DuPont's 
massive central R&D organization. Dr. Cairns cited the fact that 
duPont's current r a t i o of R&D to sales i s approximately four per 
cent compared to 6.5 per cent i n 1970. He suggests that DuPont 
adopted the policy of d i v e r s i f i c a t i o n and aggressive pursuit of 
new products i n the 1960*s. Dr. Cairns notes that DuPont 1s 
policy has recently changed to development of existing product 
l i n e s . He further suggests that a good industry research pro
gram will have a declining budget r e l a t i v e to sales, as at some 
point, the industry must develop what has been researched. 

Both of the above explanations have some merit  In response
however, to the f i r s t explanation
growth of these costs i
with regard to number of s c i e n t i s t s employed, purchase of equip
ment and f a c i l i t i e s , etc. It i s l i k e l y that increases i n R&D 
costs were below increases i n chemical prices because of manage
r i a l decisions i n the chemical industry to r e s t r i c t the growth 
of R&D spending r e l a t i v e to sales. This contention i s supported 
by the fact that the number of chemical R&D s c i e n t i s t s and en
gineers dropped from 22,000 i n 1970 to less than 20,000 i n 1973. 
In 1976, the number of chemical R&D s c i e n t i s t s and engineers 
returned to the 1970 l e v e l of 22,000. Hence, this decline i n the 
R&D to sales r a t i o during the 1970 to 1976 period i s p a r t i a l l y 
due to fewer R&D personnel employed. 

Moreover, R&D spending i n 1976 by the industry i n terms of 
constant dollars i s at the 1968 l e v e l of $800 m i l l i o n , whereas, 
sales have increased 28.6 per cent i n terms of constant dollars 
during this period. So, the growth of R&D i n the chemical i n 
dustry has d e f i n i t e l y not matched the growth of the industry i n 
terms of sales. 

In response to the second explanation for this decline, the 
researchers were not able to v e r i f y the contention that current 
R&D e f f o r t s are c a p i t a l i z i n g on important discoveries made during 
the las t decade. It may be that the industry experiences a 
cycle of discovery and then development with corresponding i n 
creases i n the sales to R&D r a t i o followed by decreases in this 
r a t i o . However, the researchers found that the industry i s cur
rently spending approximately 44.6 per cent of i t s R&D on "new" 
product/process development and approximately 37.5 per cent of 
i t s R&D on "existing" product/process improvement. It appears 
that the R&D e f f o r t i s balanced between new developments and im
provement of existing products/processes. 

From the evidence collected i n this research study, it i s 
noted that approximately 13.5 per cent of chemical R&D i s a l l o c a 
ted to environmental protection projects (see Table I ) . This 
represents an outlay of approximately $198.7 m i l l i o n by the indus-
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try. It i s also noted that there has not been an increase i n the 
growth of R&D to off-set the necessity of having to conduct en
vironmental protection research. In fact, t o t a l chemical R&D has 
remained unchanged from pre-regulation periods to the present i n 
terms of constant dollar sales. Hence, it can be concluded that 
the necessity of having to conduct environmental protection 
research does represent a diversion from t r a d i t i o n a l innovative 
a c t i v i t i e s of product/process development and product/process 
improvement. Moreover, the inclusion of environmental protection 
regulations i n r i s k models may further r e s t r i c t R&D a c t i v i t i e s 
i n the chemical industry due to the decision to forego numerous 
product development projects. These actions represent opportunity 
costs for the industry. 

Table I 

Summary of R&D Spendin

Category Percentage of R&D Spending 
Environmental Protection 13.521 
Process Improvement 18.784 
New Process Development 22.786 
Product Improvement 18.867 
New Product Development 21.978 
Other (not included i n above) 4.064 

100.000 

Benefits 

Success i n Solving Environmental Protection Problems. The 
EPA reported that 1303 chemical plants out of 1371 were i n com
pliance with the 1970 Clean A i r Act. This represents a 95 per 
cent compliance rate. Also, 89 per cent of the chemical plants 
were i n compliance with the 1977 deadline of "best practicable 
control" specified i n the 1972 Federal Water Quality Act Amend
ments. (4) Hence, the chemical industry has been somewhat suc
cessful i n u t i l i z i n g i t s technology to meet environmental pro
tection standards. Officers from twelve of the f i f t e e n respond
ing firms indicated that R&D e f f o r t to meet these deadlines repre
sented e f f i c i e n t and e f f e c t i v e solutions to pollutio n control 
problems. 

Screening of Potentially Harmful Products. An EPA research 
director suggested that the inclusion of environmental protection 
regulations i n r i s k models has screened out numerous products 
that may have been environmentally harmful. R&D o f f i c e r s readily 
agree that numerous product ventures have been dropped due to 
uncertainty i n meeting environmental protection regulations. 
While these decisions may p a r t i a l l y explain the f a i l u r e of chem
i c a l R&D to match the growth of the industry, it i s l i k e l y that 
they have succeeded i n preventing environmental protection prob-
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lems. 

Marketable Products or Services Related to Environmental 
Protection, As indicated e a r l i e r , R&D o f f i c e r s from two-thirds 
of the responding firms reported marketable products or services 
created by environmental protection regulations. R&D o f f i c e r s 
from these responding firms quickly observe that revenues from 
these products or services do not come close to of f - s e t t i n g costs 
associated with meeting environmental protection regulations. 
Nevertheless, these chemical firms are required to comply with 
these regulations, and any recovery of costs from these newly 
created revenue centers represent a benefit for these firms. 

Unexpected Benefits. Of the f i f t e e n responding firms, R&D 
o f f i c e r s from only f i v
not d i r e c t l y related t
include: better a n a l y t i c a l chemists; closed system philosophy 
of plant operation; improved knowledge of molecular structure of 
products; and better process instrumentation. 

Other Factors 

Uniformity of Impact. It was expected that environmental 
protection regulations would affect chemical R&D uniformly 
throughout the industry. Even though there i s variation i n the 
size and product lin e s of chemical producers, it was believed 
that the impact of these regulations on R&D would be somewhat 
uniform. The impact was assessed by per cent of R&D spent on 
environmental protection. The researchers conclude that the 
dispersion of R&D spending for environmental protection i s no 
greater than the dispersion of R&D spending for other categories. 
Hence, the impact does appear to be uniform throughout the 
industry. 

Size of the Firm. Related to the above factor, the research
ers suspected that small chemical producers may experience a 
greater impact on their R&D function than larger chemical pro
ducers. Even though the research design eliminated firms having 
sales less than $200 m i l l i o n , the sample did include a range of 
sales from approximately $200 m i l l i o n to $8.4 b i l l i o n . Within 
this range, the researchers note that there i s no correlation be
tween sales and per cent of R&D spent on environmental protection. 
A negative correlation of sales to per cent of R&D spent on en
vironmental protection was expected if these regulations more 
severely affected smaller firms. This was not the case. 

Relationship with the EPA. When the researchers asked R&D 
o f f i c e r s about their relationship with the EPA with regard to 
environmental protection research, f i f t e e n different reactions 
were received from the f i f t e e n responding firms. In describing 
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this relationship, the adjectives ranged from: "good, productive, 
on-going, some, guarded, l i t t l e , arm's length, none, poor, and 
lousy." Perhaps the same reactions may be received from the EPA 
if asked about their relationship with the respective chemical 
firms. While these attitudes d e f i n i t e l y do not represent "hard 
data," they, nonetheless, are important i n policy formation for 
future environmental protection research. If relationships on 
the whole were "better", the result would be clearer communica
tions, better standards through more input, better defined goals, 
and more e f f i c i e n t research. However, the researchers recognize 
the necessary distance that must be maintained between regulator 
and "regulatee." 

Offensive Versus Defensive Posture. Almost all of the R&D 
o f f i c e r s noted a change i n recent years from a defensive to an 
offensive posture with
these firms aggressivel
the regulatory agencies are misinterpreting the law, setting 
unreasonable standards, or over-stepping their authority as pre
scribed by the regulations. Several of these firms have spent 
millions of dollars i n defense of products under attack because 
of environmental considerations. This "offensive" philosophy 
represents a s h i f t from a more "defensive" posture when the reg
ulations were f i r s t promulgated. 

Direction of Future Regulations. A l l R&D o f f i c e r s unanimous
ly agreed that the regulations will become more r e s t r i c t i v e . They 
portrayed efforts to meet the standards as trying to h i t a "moving 
target." The R&D o f f i c e r s expressed the hope that future regula
tions will not obviate R&D e f f o r t s i n developing existing environ
mental protection technology. One reason cited for more r e s t r i c t 
ive regulations i s the advances i n a n a l y t i c a l chemistry. In a 
number of cases, standards were based on the l e v e l of detection 
demonstrated by a n a l y t i c a l methods. However, some methods have 
advanced from parts per m i l l i o n concentrations to parts per b i l 
l i o n . Several R&D o f f i c e r s believe that the standards will be
come more r e s t r i c t i v e as detection becomes more sophisticated. 
R&D o f f i c e r s from one firm exhibited an exponential increase i n 
costs as the standard became more r e s t r i c t i v e for one product. 

Methodology Problems 

In the course of the above research project, several method
olo g i c a l problems were encountered. The following i s a discussion 
of these problems and the manner in which they affected the study. 

Variations i n Accounting. Although public accounting pro
cedures and practices are b a s i c a l l y standardized, the s p e c i f i c 
techniques employed by individual firms vary. Consequently, these 
differences present some problems i n both external and internal 
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analysis. External analysis i s the comparison of one company to 
other companies i n the industry and internal analysis i s the h i s 
t o r i c a l comparison of different periods within a single company. 

In analyzing the R&D a c t i v i t i e s of those firms included i n 
this study, a determination of R&D expenditures as a percent of 
Sales and R&D as a percent of Sales minus P r o f i t was made. Di f 
ferences i n depreciation methods, inventory methods, etc. will 
affect the Sales and P r o f i t figures for a firm, thus making com
parisons between firms using different methods d i f f i c u l t . Fur
ther, a change i n technique by a single company necessitates ad
justments i n prio r years to get comparable figures. Extra-ordin
ary items or experiences i n a given year ( i . e . , a large write 
off) are reflected i n the Sales and/or P r o f i t figures for the 
firm, thereby possibly giving a distorted indication of the nor
mal a c t i v i t y for the company

However, despite thes
c i a l data presented i  report  sampl
provided a basis for establishing R&D expenditure patterns. No 
attempt was made to compare one firm to another. Instead, the 
data were used to access the pattern of R&D expenditures for each 
individual firm for the years 1970-1976 and for the sample firms 
as a whole. 

Definition of Research and Development. The major purpose 
of this research project was to access the impact of environmental 
protection regulations on R&D i n the i n d u s t r i a l chemical industry. 
Therefore, it was necessary to identify the i n d u s t r i a l chemical 
industry and to determine what constitutes a "chemical firm." To 
resolve this problem, the researchers used those firms c l a s s i f i e d 
i n SIC Codes 2800 to 2899. Further, the i n d u s t r i a l chemical i n 
dustry i s o l i g o p o l i s t i c i n nature; consequently, a select group 
of large companies constitute the bulk of all industry a c t i v i t y . 
A recent survey by Chemical and Engineering News noted that 19 
companies account for about 80% of the chemical industry's sales 
and more than 90% of the entire industry's R&D dolla r s . There
fore, f i f t e e n firms were taken from a universe of 36 large i n 
d u s t r i a l chemical firms. (See section on methodology.) In 1976, 
these f i f t e e n firms accounted for 71.6% of R&D expenditures. 
F i n a l l y , it should be noted that many of these companies are d i 
v e r s i f i e d and are engaged i n various a c t i v i t i e s other than chem
i c a l s . Financial data presented i n annual reports are often ag
gregate data and, consequently, it i s d i f f i c u l t to determine the 
impact on R&D related only to chemical a c t i v i t i e s . Although many 
companies have chemicals as one of their products, the companies 
selected for this project are predominantly involved i n the manu
facture and sale of i n d u s t r i a l chemicals. 

Processing of Subjective Data. The research instrument used 
i n this study combined both structured and unstructured questions. 
Analysis of the objective data from the structured portion of the 
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interviews was performed by the application of the appropriate 
s t a t i s t i c a l tests. However, processing the subjective data pre
sented an an a l y t i c a l problem as such data were not readily quanti
f i a b l e and, therefore, could not be evaluated by the use of em
p i r i c a l testing techniques. But despite this l i m i t a t i o n , the 
subjective data gathered provided meaningful and necessary i n f o r 
mation about the significance of environmental protection regula
tions on the R&D a c t i v i t i e s and plans of those companies v i s i t e d . 
The responses by those persons interviewed provided data on (1) 
environmental protection philosophy (approach to pol l u t i o n con
t r o l ; i . e . , "contain" vs. "eliminate source"; offensive vs. 
defensive posture, etc.), (2) opportunity cost of environmental 
protection projects,, (3) relationship with regulatory agencies, 
(4) influence of energy conservation on environmental protection 
projects, (5) the exten  which pollutio l innovatio
i s freely shared among
of potential land use regulatio  project
new plant construction and plant expansions, (7) qu a l i f i c a t i o n s 
of R&D personnel assigned to environmental protection projects, 
and (8) future direction of regulation (as viewed by R&D of
fic e r s . ) 

In analyzing the subjective data, the researchers compared 
the responses by the o f f i c i a l s of the different companies i n the 
sample to detect consistencies and/or differences. This compari
son was made to d i f f e r e n t i a t e between responses that were unique 
and those that appeared representative of the sample as a whole. 
The attitudes, philosophies, and predictions of the upper-level 
R&D o f f i c i a l s interviewed i n this study will, i n large part, de
termine the future R&D p o l i c i e s and plans of these companies and, 
therefore, are highly s i g n i f i c a n t i n accessing the impact of en
vironmental protection regulation and i t s future ramifications. 

Problem of V e r i f i c a t i o n . Much of the data used i n this study 
were gathered by interviews with R&D personnel from the sample 
firms. These individuals provided both subjective and objective 
information about their companies and the manner i n which environ
mental protection regulations impact their R&D a c t i v i t i e s . Given 
the size and complexity of these sample firms, this data were 
d i f f i c u l t to v e r i f y . However, to help substantiate the v a l i d i t y 
of the data provided, the researchers analyzed the responses for 
consistencies or possible contradictions. Comparisons were made 
between individual responses and data gathered from trade jour
nals, annual reports, and other secondary data sources. Further, 
in selected instances, the researchers made plant tours to per
sonally observe the manner i n which the companies had been af
fected. 

Financial Analysis. One objective of this research project 
was to determine if, i n the l a s t several years, there have been 
any changes i n the R&D expenditure patterns by the firms i n the 

In Federal Regulation and Chemical Innovation; Hill, C.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



76 FEDERAL REGULATION AND CHEMICAL INNOVATION 

i n d u s t r i a l chemical industry. To provide some insight into this 
matter, research was conducted to determine changes i n the 
amount of dollars being spent on R&D a c t i v i t i e s by individual 
firms and by the sample firms as a whole. 

A change i n t o t a l dollars spent on R&D from one period to 
another does not, i n i t s e l f , have much significance as variations 
can be caused by price changes, i n f l a t i o n , and other variables. 
However, the objective of this study was not to determine t o t a l 
dollars spent, but to measure r e l a t i v e changes i n the R&D ex
penditures of the firms studied. To measure these changes, R&D 
as a percent of Sales and R&D as a percent of Sales-Profits were 
determined for individual firms for the years 1970-1976. Calcu
l a t i o n of these percentages gives an indicator of the proportion
ate R&D expenditure l e v e l for a firm i n a given year and permits 
a comparison of these proportion
changes. 
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Case Studies on Chemical Flue Gas Treatment as a 
Means of Meeting Particulate Emission Regulations 

MURRAY S. COHEN and ROBERT P. BENNETT 

Apollo Chemical Corp., Whippany, NJ 07981 

Although the regulatory process is frequently cited as the 
responsible element in
of new products, Federa
the past 13 years is shown in this paper to have been responsible 
for the creation of a new and vital business. One industry, the 
utility industry, fe lt the impact of these regulations most 
severely. To respond to the needs of this industry, an innovative 
chemical company perceived an opportunity for a new system of 
chemical products. The development and marketing of these pro
ducts and their performance in helping utilities meet national 
air emission goals is discussed. 

Legislation Affecting Emission Control 

Changing national priorities have generated Federal govern
ment regulations which, if separated out of the context of time, 
would appear highly contradictory. However, the process of Federal 
regulation becomes clearer if the reasons why these regulations 
were enacted is presented. Table I is a chronological l ist ing 
of pertinent legislation. 

The roots of current Federal involvement in air quality dates 
back to the Research & Technical Assistance Act of 1955 which pro
vided a mechanism for the Federal government to make grants sup
porting research in air quality. There was no enforcement author
ity built into this legislation so that control of air quality 
standards remained a patchwork of state by state legislation. The 
first attempt at introducing Federal enforcement dates from the 
Clean Air Act of 1963 (1). This complicated piece of legislation 
extended the authority of the Health, Education and Welfare (HEW) 
Department to interstate disagreements on air quality. Intrastate 
intervention was allowed only if HEW was invited to intercede by 
the governor of a state. Authority was limited to calling con
ferences, public hearings and making recommendations. Court 
action was possible, but in the single instance of such action, 
it took five years to reach a court decision. Amendments were 
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TABLE I 

REGULATORY LEGISLATION AFFECTING THE USE 
OF AIR POLLUTION CONTROL SYSTEMS 

1955 Researc
Ac

1963 Clean Air Act of HEW 

1965 Clean Air Act as Amended 

1966 Clean Air Act as Amended 

1967 Clean Air Act as Amended 

1970 Clean Air Act as Amended (EPA) 

1974 Energy Supply and Environmental 
Coordination Act (ESECA) 

1977 Clean Air Act as Amended 

1978 Powerplant and Industrial 
Fuel Use Act (PIFUA) 
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made to the act in 1965 φ and 1966 (3). The 1967 (4) amend
ments were of some significance since it empowered HEW to recom
mend air quality standards and called for the states to prepare 
plans for implementation. The amendments, however, contained 
neither deadlines nor sanctions. 

The 1970 amendments represent landmark legislation (5). Not 
only did the law create the Environmental Protection Administra
tion (EPA) as a separate agency reporting directly to the Pres
ident, but it established schedules and a regulatory mechanism to 
treat air quality on a national basis. No longer could an indus
try find pockets of laxity from state environmental controls. Air 
quality was defined in legal tests and emerged as a new concept, 
i .e. , prevention of significant deterioration (PSD) and national 
ambient air quality standards (NAAQS). 

The legislation, whic
be considered as an expressio
clean air. As such, it was a determination on the part of Con
gress to halt deteriorating air quality by whatever means were 
available. The legislation impacted most heavily on the large 
stationary sources, the electrical utilities. At the time, u t i l i 
ties burned the cheapest, but dirtiest fuel, coal. Coal combustion 
gives rise to high levels of particulates and, in the case of 
Eastern coal, high S02 levels as well. To meet the requirements 
of the 1970 amendments, a swing took place away from coal to low 
sulfur o i l . It must be remembered that economic incentives to do 
this were readily available. Oil was plentiful and cheap. Large 
capital investment in fuel oi l desulfurization plants could be 
rationalized by the predicted growth in demand for low sulfur o i l . 

However, this process of conversion from coal to oil was 
abruptly interrupted by the Arab-led oi l embargo of 1973. Prices 
rose dramatically and the nation was shocked into recognizing its 
vulnerability to the flow of imported o i l . This recognition 
found legislative expression in the Energy Supply and Environ
mental Coordination Act of 1974 (ESECA) (6), a regulation, in 
effect, which prohibits the combustion of oil and gas by large 
stationary sources. Ut i l i t ies which are incapable of burning 
coal are excepted, but all large sources which were designed 
originally for coal,but had converted to oi l under pressure of 
the 1970 Clean Air Act, were required to reconvert. Also, those 
stations which never burned coal,but could be retrofitted to do 
SO)had to convert as well. To resolve what were essentially 
conflicting demands of environmentalists and those responsible 
for energy independence, the ESECA laws require an environmental 
impact statement to be made. This had to be approved by the EPA 
for the reconverted fac i l i ty to operate. 

The final efflorescence of the Clean Air Act were the amend
ments of 1977 (7J. Regulations stemming from these amendments 
took recognition of the desirability of coal combustion. It 
eliminated where possible the choice of low sulfur oi l as a fuel, 
and forced utilities to burn coal by requiring that air standards 
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be met through the use of best available control technology (BACT). 
Political considerations could not be neglected. The protection of 
the eastern coal economy was assured when regulations to reduce 
sulfur emissions were made by specifying reductions as a percent
age of the sulfur in the fuel. This made is d i f f icu l t for western 
low sulfur coal to compete with local coals in the east. 

Because of limitations of SO2 emissions, the large stationary 
sources were faced with unexpected capital expenditures for both 
SO2 and particulate controls. Existing sources had to meet emission 
limitations set forth in their state implementation plans. New 
sources will be regulated under the stricter new source performance 
standards (NSPS). Best available control technology was required 
for emission controls. This meant that sources not meeting com
pliance had to retrofit existing fac i l i t ies with costly control 
devices. New sources were restricted further. They could not get 
construction permits withou
control equipment capabl

The intent of Congress to more stringently restrict oi l imports 
appears in the Powerplant and Industrial Fuel Use Act (FUA) (3)» 
now part of the National Energy Act (ΝΕΑ). The new legislation 
removes the burden of proof from the government in justifying 
conversion from oil and gas to coal. Instead, it is now incumbent 
upon the stationary source to demonstrate why it cannot make the 
conversion. 

Controls For Particulates 

To a great extent, it was the emphasis on both dirty fuel 
combustion and environmental safeguards which created the oppor
tunity for the new technology to be described in this paper to 
find its application and growth. 

The pollutants which increased dramatically in converting from 
oil/gas to coal combustion are particulate matter and sulfur d i 
oxide. State laws, especially those governing emissions in urban 
areas, specify limits for both species. They could be met when 
low sulfur fuel oi l or gas was burned, but coal combustion requir
ed new or upgraded pollution control devices. To understand the 
problem of coping with both of these emissions, it is simpler to 
treat the response to particulate control separate from that of 
S02 control. 

Pollution control devices for particulates do not depend upon 
new technology whereas SO2 control does. Since the first decade 
of this century, as a result of Cottrell 's original work (9j, the 
electrostatic precipitator had been used to collect f ly ash 
particulates. These devices were used on many of the older coal 
burning plants which had converted to o i l . On the reconversion to 
coal, they were put back in operation or else new ESP units 
were put in the place occupied by the older ones. The perform
ance of these systems, when designed for a specific coal, was 
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excellent. However, allowable levels of particulate emissions in 
many cases had become more stringent so that original equipment 
could not perform at the required efficiency levels. Furthermore, 
efficiency of an ESP device is a function of the chemical and 
physical properties of the design coal. Thus, ash content, sulfur 
content, heating value, moisture content, air to fuel ratio could 
change and therby reduce the efficiency of the ESP. The utility 
could improve its particulate emission performance by incorporat
ing additional collection area to existing ESP units, but as will 
be shown, this requires large capital expenditures. 

The second problem encountered in conversion from oil to coal 
was the dramatic increase in sulfur dioxide emissions. Whereas 
much of the oil burned in urban areas was desulfurized to 0.5% 
sulfur or less, the coal, especially that found in the eastern 
U.S., had a sulfur content of 2.5% or higher  Western coal has a 
lower sulfur content (0.
be developed and the coa  shippe g
considerable cost to the site at which it is burned (10). Further
more, western coal was found to produce a f ly ash which was poorly 
captured by the ESP. 

The reason why this occurs is now well understood. Particu
lates to be captured eff iciently, must pick up a negative charge 
as the particle passes through the corona or ionizing discharge of 
the ESP. The negatively charged particulate then migrates to the 
grounded collector plate. If the resist ivity of the particle is 
excessively high, the charge does not leak to the plate. The 
failure to sustain a sufficient difference in potential across the 
air gap impedes the migration of charged particles, 
impedes the migration of charged particles. 

A second effect of high f ly ash resist ivity is observed when 
the difference in potential across the collected dust layer rises 
to too high a value. A back corona can form as the EMF dif fer
ential breaks down due to sparking across the dust layer. High 
currents flow between the wire cathode and plate anode thereby 
destroying the abil ity of the ESP to charge particulates. 

High f ly ash resist ivity may be overcome by introducing polar 
chemicals which adsorb themselves on the f ly ash surface and re
duce surface resistivity. Howard ( Π ) had reported in 1918 that 
particulate capturability was excellent in those flue gases con
taining high concentrations of sulfur trioxide. This polar mole
cule was proven to be the species responsible for reducing surface 
resistivity. The unusual characteristic of western coal is its 
low sulfur content (approx. 0.5% S). When burned, sulfur is con
verted to sulfur dioxide and a portion of the dioxide is ful ly 
oxidized to the trioxide. 

The degree of conversion to sulfur trioxide is influenced by 
three factors: 1) the amount of sulfur in fuel, b) the amount of 
excess air used in combustion and, c) the presence of oxidation 
catalysts. Figure 1 illustrates SO3 formation for coal and oi l as 
a function of excess air used in combustion. More pronounced 
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PERCENT EXCESS AIR 

Figure 1. Conversion of sulfur to sulfur trioxide in combustion of #6 oil or coal 
with excess air 
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Figure 2. Effects of temperature and sulfur content on fly ash resistivity (13) 
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catalytic effects are noted in oil combustion, probably as a 
result of the strong activity of vanadium found in oil but not, 
to any great extent, in coal (12). 

The effect of sulfur trioxide on resist ivity has been char
acterized and an il lustration of this effect is shown in Figure 2 
based upon data gathered by Research Cottrel, Inc. (13). It can 
be seen that resistivity also varies as a function of temperature, 
reaching a peak level at 300 to 350°F. This is approximately 
the temperature at which most cold side precipitators operate. 
Recent technology has shown that hot side precipitators, where 
collection occurs at temperatures higher than 600°F, do indeed 
avoid the resist ivity problem. However, because of the higher 
temperatures, gas volumes are also significantly greater, which 
results in a need for larger collecting areas and, therefore, 
more expensive precipitators

With the knowledg
acts as a control on resistivit
that precipitators not meeting design requirements made use of 
SO3 addition to the flue gas. The injection takes place after 
the air heater, prior to entering the ESP unit for a cold side 
precipitator. In some cases, improvement in ESP performance was 
significant. In others, because of the nature of the f ly ash, 
the improvement was marginal. 

In cases in which the space charge across the electrical 
f ie ld was insufficiently intense for proper charge buildup, it 
was found that ammonia injection improved the capturability of 
the f ly ash (14). Other studies confirmed the applicability of 
sulfuric acid, ammonium sulfate and ammonium bisulfate as useful 
conditioners (15). 

Using much of this information as well as a knowledge of 
boiler operations, its geometry, chemistry, and thermal charac
terist ics, it was now possible to develop formulations which 
could treat a wide variety of coals. In a series of patents 
issued to Apollo Chemical Corp., the combination of chemistry 
and its applicability to specific boiler characteristics was 
claimed for various ammonium sulfate salts (16) as well as other 
polar species (17). 

As an outgrowth of this prior work, it was now possible to 
formulate flue gas conditioners in sophisticated combinations. 
Thus, regardless of what coal was used, each f ly ash could be 
brought to the same chemical potential for capture by the ESP; 
fly ashes were, in essence, "democratized". As a result, by 
judicious selection of conditioners, both high and low resistivity 
fly ash can be optimally modified. Furthermore, through the use 
of agglomerating agents, the average particle size of the col
lected f ly ash can be increased. This is of special importance 
since the small particulates (<1.0 micron) are suspect in health 
effects ranging from bronchial conditions to cancer (18,19). The 
range of treatment can also be extended to include several com
binations of conditioner introduced through several ports of en
try. Thus, in certain cases, we have found that dual injection 
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of two different additives or the same additive at different sta
tions in the boiler was more effective than an equivalent dose by 
a single injection (20). The points at which the conditioner can 
be introduced into the boiler are shown diagramatically in Figure 
3. 

Case Studies On Flue Gas Conditioning 

To i l lustrate how chemical flue gas conditioning works, the 
following represents typical cases on how the technology was suc
cessfully used under actual operating conditions to reduce par
ticulate emissions from a) low sulfur coal (high resistivity f ly 
ash), b) high sulfur coal (low resistivity f ly ash), and c) f ly 
ash in a hot side precipitator. Moreover, the use of multiple 
injection ports (d),(dual injection)  is illustrated as is the 
reduction of fine particulat

a) Low Sulfur Coal. The original impetus to adopt flue gas 
conditioning arose when utilities were forced to switch their 
coal supply from high sulfur coal in order to meet S02 emission 
levels. This gave rise to f ly ash which had too high a resis
t ivity to be efficiently captured by existing ESP units. The 
results obtained on two typical low sulfur coal burning boilers 
is described. 

In Table II, a former oil burning boiler that was converted 
to burning low sulfur coal could not meet particulate compliance 
levels. To continue to operate, the utility was forced to derate 
from 650 Mw to 440 Mw. The LPA flue gas conditioner, however, 
allowed operation at 582 Mw, well within particulate compliance 
levels. (LPA and LAC are product series designations of Apollo 
Chemical Corp.) 

In Table III, as a result of switching from high to low sul
fur coal, the unit was out of opacity compliance and forced to 
derate from 175 Mw to 148 Mw. Use of the flue gas conditioner 
allowed the Mw load to be increased to 173 Mw and operate well 
within compliance. 

b) High Sulfur Coal. In a number of cases, units burning 
design coal with high sulfur content s t i l l experience emission 
problems. Assuming that the precipitator is in good mechanical 
condition, there are several reasons possible for excessive emis
sions levels. One reason can be that of over-conditioning of the 
fly ash. Too low a resist ivity results in particles discharging 
their acquired electrical charge too quickly so that they are 
easily eroded and reentrained in the flue gas stream. A second 
factor is that high exit gas temperatures must be maintained in 
order to prevent condensation of excess S03 from the flue gas 
which could result in corrosion and air heater pluggage. This 
method of operation not only reduces boiler efficiency, but also 
increases the gas volume and velocity through the precipitator, 
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Figure 3. Points at which chemical flue gas conditioner can be injected 
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TABLE II 

LOW SULFUR COAL EXAMPLE 

Description of Boiler 

Boiler Manufacturer Babcock & Wilcox 

Fuel Consumption 250 tons/hr. 

Results at Increasing Loads 

LPA* Treatment Rate Emissions Percent 
Gal./Ton Coal lb/ΜΜ Btu Opacity 

For compliance - 0.05 20 
At 440 Mw 0.0 0.057 10.7 
At 570 Mw 0.2 0.012 9.5 
At 575 Mw 0.2 0.011 6.5 
At 582 Mw 0.25 0.006 3.5 

*LPA and LAC are product series designations of Apollo Chemical Corp. 
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TABLE III 

LOW SULFUR COAL EXAMPLE 

Description of Unit 

Boiler Manufacturer 
Size 
Design Coal 
Current Coal 
Fuel Consumption 
Precipitator Design 

Combustion Engineering 
175 Mw 
1.2% S, 8.1% Ash 
0.7 - 0.9% S, 8-10% Ash 
94.2 tons/hr 
96% eff. at 175 Mw 

Results at Increasing Loads 

LPA Treatment Rate Emissions Percent 
Gal/Ton Coal lb/MM Btu Opacity 

For Compliance - 0 25 40 
At 148 Mw 0.00 0.'25 40 
At 158 Mw 0.07 0.11 18 
At 163 Mw 0.11 0.18 15 
A t 173 Mw 0.11 0.16 18-19 
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thus reducing the precipitator efficiency. 
In the case of high-sulfur coal, the resistivity of the ash 

is actually shifted toward higher values closer to the optimum 
by chemical treatment. In this case the effects of agglomeration 
of f ly ash by the additive cannot be readily distinguished from 
electrical effects. The unit described in Table IV, burning 
design coal, was unable to meet particulate emissions compliance 
levels without additive treatment. 

c) Hotside Precipitators. It was shown that resist ivity, 
which has a major effect on the co l lect ib i l i ty of f ly ash, varies 
with temperature. An optimum range of resistivity exists in which 
fly ash is most readily collected. At approximately 220°F, f ly 
ash resistivity is relatively insensitive to coal sulfur content; 
however, with increasing temperature the resistivity of f ly ash 
from low-sulfur coal increase
hiqh-sulfur coal. A maximu
and thereafter, the resistivity decreases steadily with increasing 
temperature. One technique,which is being used to take advantage 
of this aspect of low resistivity at high temperature,is to build 
a "hot precipitator" placed ahead of the air heater where the flue 
gas temperature will be in the 600-900°F range. In this 
temperature zone resistivity,generally,is within the optimum range 
for collection. 

One unit f ir ing low-sulfur western coal and uti l izing a hot 
precipitator is described in Table V. This unit was unable to 
meet particulate emissions and opacity requirements consistently 
due to an excessive amount of fine particulate which was not being 
collected. The unit load had to be controlled so that the opacity 
limit was not exceeded. A chemical treatment program was estab
lished and several different chemical formulations were evaluated 
for their abi l ity to reduce opacity since electrical response was 
not deemed to be the problem. 

A dramatic reduction in opacity was obtained in a very short 
response time and at a relatively low additive treatment level. 

d) Dual-Additive Injection. In discussions of mechanisms by 
which chemical conditioning can enhance the col lect ib i l i ty of f ly 
ash (21,22), it has been noted that not all of these are equally 
effective. The predominant mechanism was found to vary in some 
cases with the temperature of injection. For example, it is pos
sible to obtain dramatic, rapid reduction in opacity without nec
essarily seeing any change in precipitator power or f ly ash resis
t iv ity if the additive or injection site is properly selected. 

This discovery has led to a new technique of additive in
jection which takes advantage of this multiplicity of mechanisms. 
The technique involves the application of one additive into a hot 
section of the boiler, followed by injection of the same or a 
different additive into a relatively low-temperature zone, usually 
after the air heater. The combined treatment rate generally requires 
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TABLE IV 

HIGH SULFUR COAL EXAMPLE 

Description of Unit 

Boiler Manufacturer 
Capacity 
Precipitator 

SCA 
Velocity 
Gas Rate 
Design Coal 
Current Coal 

Foster-Wheeler, front-fired 

132 ft /1000 ACFM 
5.8 fps 
1.1 MM ACFM @ 2689F 
3.7% S; 8.5% Ash; 12,000 Btu/lb. 
3.2-3.9% S, 9-13% Ash; approx. 
12,000 Btu/lb. 

Results at 320 Mw 

Emissions Precipitator 
% Reduction Efficiency 

#/hr #/MMBtu from Baseline % 

For Compliance 350 0.100 - 99.1 
Untreated, Base
line 488 0.139 - 98.8 
LPA-treated 

(approx. 0.20 GPT) 
Average of all 
tests 180 0.055 68 99.5 
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TABLE V 

HOT SIDE PRECIPITATOR AND LOW-SULFUR COAL EXAMPLE 

Description of Unit 

Boiler Manufacturer 
Capacity 
Precipitator 

SCA 
Velocity 
Gas Rate 
Design Efficiency 
Design Coal 
Current Coal 

Combustio  Engineering 

Wheelabrator-Fry
347 ft2/1000 ACFM 
5.16 fps 
1.664 MM ACFM at 695°F 
99.5% (=0.01 grain/SCF outlet) 
0.5% S; 11.5% Ash; 10,300 Btu/lb. 
Approx. 0.5% S; 8-15% Ash; 
10,500 Btu/lb. 

Results at 280 Mw 

Emissions 
#/MM Btu 

Opacity 
% 

For Compliance 
Untreated 
LPA-40 treated 

(0.07 GPT) 

0.10 
0.10-0.14 

0.02-0.03 

20 
22 - 30 

12 
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less additive than a single injection. Additionally, this 
technique gives greater f lex ib i l i ty for formulation in that dif
ferent materials may be introduced to each injection zone. The 
remaining discussion describes a unit which is currently being 
successfully treated by this procedure. 

The unit in Table VI had very low power and had emissions of 
about three times the particulate compliance level. Application of 
an LPA formulation produced increased power and reduced the ash 
resistivity from 2 χ 10 1 1 to 5 χ 10̂ 0 ohm-cm. Some reduction in 
particulate emissions were obtained. This unit has a mechanical 
collector ahead of the precipitator for the removal of large 
particles. An LAC product was then applied to reduce reentrainment 
with the result that emissions were reduced significantly below 
the compliance level. 

e) Fine Particulat
to particulates vs healt
However, as explained in prior discussions (18, 19), the fine 
particulate emissions, because they penetrate lung tissue most 
easily and have shown certain mutagenic effects, are of greatest 
concern. It was, therefore, of importance to determine whether 
chemical flue gas conditioning has any effect upon the size dis
tribution of particulates which escape the ESP. 

This appears to be the case as is shown in a study of data 
from two sources. Table VII and VIII describe a 480 Mw and a 
575 Mw unit, which were treated subsequently with flue gas condit
ioning agent. Figure 4 & 5 are, respectively, the baseline and 
treated bar graphs of particulate emissions from the unit of Table 
VII collected by standard Anderson impactors. Similarly, Figure 6 
and Figure 7 are the bar graphs (before and after treatment) from 
the unit of Table VIII. 

It can be seen in these cases that fine particulates weref 

indeed;reduced on a percent basis and in addition, the total 
particulates were also reduced. 

Marketing Aspects of Chemical Flue Gas Conditioning 

The chemical flue gas treatment business has required the 
development of marketing ski l ls not normally associated with 
specialty chemical suppliers. Historically, the major customer, 
the utility industry, had relied upon mechanical and electrical 
devices for pollution control. Thus, cyclones, electrostatic 
precipitators, and,more recently baghouses were the devices consid
ered. The utility industry normally employs a technical staff 
of skilled mechanical and electrical engineers who operate the 
boilers and turbines. Thus, these personnel were available to 
apply their ski l ls to pollution control equipment as well. 

When presented with the prospect of dealing with a chemical 
system, there was a natural reluctance to accept this technology as 
a normal part of the everyday operation. With the exception of 
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TABLE VI 

DUAL INJECTION FLUE GAS CONDITIONING EXAMPLE 

Description of Unit 

Boiler Manufacturer 
Capacity 
Precipitator 

SCA 
Velocity 
Gas Rage 
Design Efficiency 

Design Coal 
Current Coal 

Combustion Engineering 
380 Mw (1005° F/2450 psig) 
Buell 
174 ft2/1000 ACFM 
6.1 fps 
1.1 MM ACFM 9 260°F 
Not determined after third 
f ie ld was put in. 
0.6% S; 9.1% Ash; 13,370 Btu/lb. 
0.8-1.5% (1.0% Av.) S; 13-17% 
Ash; 12,500 Btu/lb. 

Results at 370-385 Mw 

For Compliance 

Treatment, GPT 
LPA LAC 

Emissions #/MM Btu 

0.135 

0 
0.15 
0.15 

0 
0 

0.10 

0.375 
0.270 
0.105 
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TABLE VII 

SPECIFICATIONS FOR TWO UNITS (3 and 4) 

480 Mw (Unit 4: 300 Mw) 
Β & W (3600 psig super-critical) 
Research-Cottrell Precipitator 

98.5% Desig  Efficienc
(2% sulfur,
Using 1.0-1.5% sulfur, 10-15% ash 
1.48 MM AC FM at 272<>F 

7.02 Ft/Sec 
170 Ft2/1000 ACFM 

Compliance: 0.24#/MM Btu, 30% Opacity 

TABLE VIII 

SPECIFICATIONS FOR UNIT # 1 

575 Mw. C E . Boiler 
Research-Cottrell Precipitator 
97.3% Design Efficiency 

(Texas Lignite, 0.9% S, 12% Ash) 

Compliance: 0.3#/MM Btu, 30% Opacity 
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0 to 1 1 to 5 5 to 10 10 to 20 20 to 36 
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Figure 4. Distribution of fly ash particle size in Unit #4 without fly ash condi
tioner (300 MW baseline) 

0 to 1 1 to 5 5 to 10 10 to 20 20 to 36 

Particle Diameter 

Figure 5. Distribution of fly ash particle size in Unit #4 with fly ash conditioner 
(300 MW, 0.1 GPT LPA-40) 
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0 to 1 1 to 5 5 to 10 10 to 20 20 to 36 
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Figure 6. Distribution of fly ash particle size in Unit #1 without fly ash condi
tioner (575 MW baseline) 
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Figure 7. Distribution of fly ash particle size in Unit #1 with fly ash conditioner 
(575 MW, 0.2 GTP LPA-410) 

In Federal Regulation and Chemical Innovation; Hill, C.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



96 FEDERAL REGULATION AND CHEMICAL INNOVATION 

a few utilities who,had built up a chemical engineering capability, 
most other utilities were inclined to rely upon us, as the chemical 
vendor, to handle the operation and maintenance of the chemical 
systems. It>thus*became necessary for our business to include the 
design, manufacture and operation of the entire delivery system. 
This included storage tankage, feed lines, proportioning pumps, 
automatic controls and injector for the introduction of our propri
etary chemicals into the boiler. 

The storage and feed equipment, when delivered on site, is 
assembled by our own mechanical department. It is checked out and 
tests are conducted over a 4 - 6 week period to optimize the 
additive type and composition and demonstrate the most effective 
means of reducing particulate emissions. A technical services 
engineer monitors performance as part of the steady state operation. 

To assure optimum performance  it was also necessary for us to 
become expert in tuning
precipitator units, th
as the general operation of the utility boiler. Such capabilities 
proved to be vital in successfully running this business. It 
required that we recruit and train a technical service department 
and mechanical staff,which became the largest organizational units 
within our company. 

Economics Of Chemical Flue Gas Conditioning 

The cost effectiveness of chemical flue gas conditioning has 
been presented by Kukin and Nelson (25). The technology was shown 
to f i l l a very real need for immediate reduction of particulate 
emissions at a very attractive cost. These advantages become 
apparent when one considers the alternatives available to a utility 
In the past, when particulate levels were above the permissible 
amounts, a utility had no recourse but to derate their unit and 
thereby lose income and profitabil ity. This occurred because they 
sold less power at higher unit costs and were forced to purchase the 
make-up power at increased costs. They could reduce emissions 
without derating only by retrofitting their existing electrostatic 
precipitators or they could install baghouses, scrubbers, or 
cyclones. This type of equipment is capital intensive with a cur
rent estimated cost of $30/kw of capacity and would require two 
to three years to put in place. As shown in Table IX, this 
becomes an expensive recourse when compared to chemical condition
ing. 

Heretofore, the discussion has dealt with reducing emissions 
from existing units. There are, as well, significant economic 
advantages to be gained from flue gas conditioning in the design of 
a new plant's emission control system. Table X shows the capital 
savings realizable if flue gas conditioning is adopted in the 
original design of a 500 Mw unit. A 45% capital savings, which 
translates to over $0.73 MM in annualized savings, is possible. 
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TABLE IX 

PARTICULATE EMISSION CONTROL ALTERNATIVES COMPARISON OF 
"COALTROL" LPA WITH MECHANICAL SYSTEMS* 

Unit Size 
Coal HV (AR) 
Heat Rate 
Coal Use, Max. 
LPA Treatment 

Load Factor 

Capital Investment 
Installed 

Annual Fixed Charges 
Annual Variable Costs 

Including Maintenance 

Total Annual Costs 
Mills/Kwh 

12,300 Btu/lb. 
9,200 Btu/Kwh 
215 %/hr. 
0.07 - 0.15 Gal/ton 
Coal Fired 
70% 

"Coaltrol" LPA/LAC 
(Gemini ) 

$80,000 

$60,000 (lease) 
$250,000-$512,000 

$390,000-$652,000 
0.11-0.19 

Mechanical Systems 
at $30/Kw 

$17,250,000 

$3,105,000 (0 18%) 
$862,0002 

$3,967,500 
1.13 

*For example, Venturi scrubber, ESP's, cyclones, baghouses. 

2At 5% of investment. 
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TABLE X 

SAVINGS IN NEW PLANT PRECIPITATOR SYSTEMS 

(Based on 500 Mw Unit)* 

A. Precipitator without 
LPA Conditioning: $15,000,000 

(at $30 Kw χ 500,000 Kw) 
Annual Fixed
Annual Variable Charges 

at 2.5% 375,000 

Total Annual Cost $ 3,075,000 

B. Precipitator with LPA 
Conditioning - Total 
Equipment $ 9,000,000 

Annual Fixed Charges at 18% 1,620,000 
Annual Variable-Precipitator 
at 2.5% 225,000 

Annual Variable - LPA 250,000-500,000 

Total Annual Cost $2,095,000-2,345,000 

SAVINGS WITH LPA VS. N0NC0NDITI0NED PRECIPITATORS 

Capital Saving, Equipment $ 6,000,000 
Annual Cost Saving $ 730,000-980,000 

* (60% Capacity Factor 
(10,000 Btu/lb. Coal 
(10,000 Btu/Kwh Heat Rate 
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A comparison of costs for particulate control, made by Joy 
Manufacturing (25) for a typical 500-600 Mw boiler showed that the 
ESP, with conditioning, had the lowest annual cost vs. the use of 
a hot side ESP, a cold side ESP or a baghouse. 

The Future Applications Of Chemical Flue Gas Conditioning 

Until recently, the potential of chemical flue gas condition
ing was not fully appreciated by regulatory agencies. Ut i l i t ies 
would try to use chemical conditioning in order to reach compli
ance levels of emissions. If they failed to do so, they were re
quired to invest in retrofit ESP units or baghouses. During the 
interim period, most units were allowed to operate under a compli
ance schedule. This could cover a period of two to three years or 
until the new equipment was in place and operating  Emissions 
were, in effect, allowe

Both Congress, in
Committee (25), as well as the EPA, have questioned the possibil
ity of controlling these unnecessary interim emissions. 

The situation is now being reviewed, especially in light of 
the ready availability and low capital cost of chemical flue gas 
conditioning. Thus, if chemical conditioning can reduce gross 
emissions significantly, it may be required as an interim control, 
even if it does not bring the unit into compliance. 

A further incentive to consider gross reductions of particu
lates stems from the off-set policy. By reducing total emissions 
in areas in which it is not possible to exceed ambient air quality 
standards, room can be made to accomodate new industry. 

Summary 

This paper described the chronological development of two 
streams of Federal legislation, one regulating the emissions of 
particulates from large stationary sources and the other seeking 
to reduce our dependence upon foreign oil imports. It shows how 
these regulations offered an opportunity for the development and 
commercialization of a new technology called chemical flue gas 
conditioning. 

To do this, the paper first explained the operation of exist
ing particulate control devices, notably the electrostatic precip
itator (ESP). It described how particulate capturability can be 
improved by chemical treatment and then illustrated how propriet
ary formulation has led to the treatment of a wide variety of 
fuels in both cold and hot side ESP units. Evidence was also 
presented showing fine particulate emissions, i .e . , those impli
cated in health effects, could be significantly reduced. A des
cription was made of the specific marketing problems that had to 
be solved when a chemical company sought to develop an industrial 
market where the customer has l i t t l e or no chemical capability. 
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It justif ied the choice of chemical flue gas treatment by the 
potential user based upon its capability to bring emissions under 
control within a short time span at low cost. Both capital and 
operating costs were shown to be modest when compared to alternate 
methods, such as a new or retrofitted electrostatic precipitator 
or baghouse. 

Finally, it predicted a significant expansion of applications 
for this technology because interim particulate control is now 
recognized as both inexpensive, rapid and highly feasible. 
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7 
A Framework for Examination of the Impacts of 
Government Regulation and Input Prices on Process 
Innovation 

EDWARD GREENBERG 
Department of Economics, Washington University, St. Louis, MO 63130 

Recent years have witnessed a considerable effort to 
determine the effect o
innovation, but little
innovation. In this paper, a framework for an analysis of this 
type is described and is applied to process change in the pro
duction of anhydrous ammonia. The ideas in the paper are more 
fully developed in (1). 

In the context of chemical production, a process innovation 
may be defined as an addition to knowledge which allows some 
quantity of output to be produced by an input combination that 
could not previously be used to produce that output. For an 
innovation to be economically interesting, the innovation should 
result in a lower cost of production than other techniques at 
some combination of input prices. Whether the innovation is 
actually used in production will depend on a host of factors, 
including the patterns of input prices which producers face and 
the desirability of adding to capacity at the time that input 
prices favor the innovative technology. This last point assumes 
--often real i s t ica l ly, for chemical processes--that innovations 
frequently require changes in plant and equipment that would be 
undertaken only if justif ied by expected demand growth. 

In principle, innovation should be distinguished from sub
stitution, where the latter refers to a switch to a previously 
known production technique. Changes in relative input prices 
would be a reason for substitution, as would an increase in 
output sufficient to make it profitable to move to a more highly 
capital-intensive method of production. The distinction turns 
on the extent to which properties of the process to be used are 
already known. In practice, the distinction may not be clear
-cut. Even simple substitution may involve some degree of uncer
tainty; some properties of the new process may remain unknown 
unti l it is physically implemented. 

It is necessary to draw this distinction for the light it 
sheds on the effects of those government regulations that are 
concerned with workplace safety and health and with environmental 
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protection. Changes i n such regulations may induce substitution* 
For example, a regulation designed to improve worker safety and 
health may require a change to a more capital-intensive process 
that both reduces the number of exposed workers and reduces the 
probability of their exposure to a safety or health hazard, 
whether government regulation can have an impact on innovation 
i s another question. Since we have defined innovation as an 
increase i n knowledge, we must consider how regulation can affect 
the behavior of those people engaged i n the production of know
ledge. 

Determinants of Innovation 

A first point to note i s the i m p l i c i t assumption that 
a c t i v i t i e s of producers of knowledge can be affected b  govern
ment regulations throug
of using the knowledge
knowledge does not result s o l e l y from engineers and s c i e n t i s t s 
who indulge their own c u r i o s i t i e s and s c i e n t i f i c c r e a t i v i t y ; 
rather, it assumes that at least some knowledge i s gained from 
a purposeful search for new methods of production that will be 
consistent with government regulations. If the p o s s i b i l i t y i s 
granted that innovative a c t i v i t y i s not the result of s c i e n t i s t s 1 

and engineers' random a c t i v i t i e s , it becomes necessary to 
i d e n t i f y factors other than government regulation that may i n 
fluence innovation. This i s so because empirical studies that 
attempt to quantify the role of regulation i n stimulating or 
retarding innovation must c o n t r o l — s t a t i s t i c a l l y or i n some 
other way—for changes i n such factors that happen to occur 
concurrently with changes i n regulatory a c t i v i t y . 

In the standard economic model of the firm, business 
decisions are generally explained by their effects on expected 
p r o f i t a b i l i t y . Let us examine some ways i n which innovative 
a c t i v i t y and expected p r o f i t a b i l i t y interact: 

1. Expected demand increases: an industry that i s ex
pected to grow i s l i k e l y to attract resources for the 
purpose of improving production processes, since cost 
savings will be greater at a greater volume of output (2,3). 
2. Cumulative output: an industry that has produced large 
quantities of a product may experience reductions i n i t s 
required inputs. One explanation i s "learning by doing" i n 
plant operations; a second possible cause i s "learning by 
doing" by firms that produce c a p i t a l goods for the industry 
i n question. That i s , as c a p i t a l goods producers supply a 
large number of units to an industry, they learn how to 
improve the performance of their products (2 ».4>5.»ίί) . 
3. Input prices: the l i t e r a t u r e on induced technical 
change takes the view that the d i r e c t i o n of technical 
change—whether it i s c a p i t a l or energy saving, for example 
—may be influenced by input prices (7.»δ.»£). * n addition 
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to influencing the direction of technical change, changes 
in input prices may increase the payoff to process-oriented 
research i n general, resulting i n factor-saving innovation. 
From this discussion it should be clear that there exist a 

number of economic variables that could affect the o v e r a l l 
amount of innovative a c t i v i t y and i t s d i s t r i b u t i o n across indus
t r i e s , and whether it emphasizes the saving of one or another 
factor of production. A number of other economic factors affect 
innovation, of which the most important i s market structure. 
Research i n this area has recently been reviewed (10). 

The preceding has emphasized what Rosenberg has termed the 
demand for innovation (11). He points out that the supply of 
s c i e n t i f i c knowledge interacts with that demand to determine the 
innovation actually achieved. However, supply and demand for 
innovation are extremel  d i f f i c u l  disentangl  i  practice
Thus, metallurgical an
to produce tubes capabl g  hig  pressure
temperatures that are needed for the high pressure reforming 
stage i n ammonia production. But, to some degree, development 
of such tubes was undertaken with an eye on the ammonia market. 
In other cases, ammonia may have benefitted from attempts to 
improve other processes. 

Figure 1 presents a view of the main factors determining 
process change. It depicts the exogenous influence on expected 
future p r o f i t a b i l i t y of demand conditions, factor price changes, 
and government regulation, with the l a t t e r two also influencing 
the d i r e c t i o n of innovation. Expected p r o f i t a b i l i t y helps 
determine the amount of resources to allocate to process innova
tion and the amount of investment i n new plant and equipment. In 
turn, the l a t t e r stimulates process R&D through the "learning by 
doing" route mentioned above. 

A Production Model for Chemical Processes 

Although innovation i s an extremely complex a c t i v i t y , some 
sim p l i f i c a t i o n can be achieved for purposes of empirical study 
by delineating categories of innovation i n the context of a 
model of production. Production i s assumed to take place within 
a f i n i t e set of well-defined processes, rather than on a smooth 
neoclassical production function. In t h i s respect, the model i s 
a version of the " a c t i v i t y analysis" model. In contrast to the 
usual a c t i v i t y analysis model, however, some of the inputs are 
characterized by increasing returns to scale. S p e c i f i c a l l y , 
engineers often assume that c a p i t a l and labor (and perhaps other 
inputs) may be increased at a slower rate than output, while raw 
materials, energy, and other inputs are increased at the same 
or nearly the same rate as output. The economics l i t e r a t u r e on 
production functions discusses these points (12,13,14). 

Assuming two inputs for s i m p l i c i t y , we designate the 
" l i n e a r " input by Ν and the "nonlinear" input by K. A first 
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Demand C o n d i t i o n s 
( o u t p u t market) 

Input p r i c e s 
n o l ogy 

Process R&D 

Mew Process 
ψ Technology 

Investment i n 
C a p i t a l Goods That 

I n c o r p o r a t e New 
Technology 

Figure 1. Factors influencing process innovation 
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approximation to the production function for the i t h process i s : 

where QJL i s output from the i t h process and 0 < b^ < 1. The 
coefficients a ^ , a j ^ , and completely characterize the i t n 

technology i n economic terms. For a given input of Ν and K, this 
function states that output will be the smaller of N/a n i and 
[K/a^jJ 1/bi. it does not permit tradeoffs between these two 
inputs within a particular process. However, unless b^ » 1, the 
r a t i o of inputs varies with output. In p a r t i c u l a r , K/N decreases 
with output along a given process for b^ < 1. (Engineering pro
duction processes may be characterized i n dimensions other than 
the i r primary inputs an
ferences i n at least th
s k i l l e d labor, r e l i a b i l i t y , safety, adaptability to use of a l t e r 
native feedstocks, and s e n s i t i v i t y of costs to less-than-fun
capacity production.) 

This model i s displayed i n Figure 2. The process lin e s 
represent combinations of Ν and Κ which s a t i s f y N/a n^ β 

( K / a ^ j [ ) 1 / b i . Since output i s equal to the smaller of these two 
values, equality of the ratios implies no redundant inputs. Out
put i s proportional to the v e r t i c a l axis, since « N/a n^, but 
the proportionality factor d i f f e r s for each process. The expo
nent, b i , i s usually found to be approximately .6 or .7 if Κ 
represents plant and equipment measured i n d o l l a r s . Because of 
the increasing returns to Κ when b^ < 1, it will generally not 
be profitable to produce output by using more than one process, 
so that many combinations of inputs will not be u t i l i z e d when a 
small number of processes are available. 

Subject to modification concerning substitution p o s s i b i l i 
t i e s noted below, the model we have i n mind i s of the "putty-
clay" variety. That i s , although there i s a choice of coef
f i c i e n t s before a process i s i n s t a l l e d , the coefficients are 
fixed thereafter. This type of model has recently been examined 
by Myers and Nakamura (15). Their model permits a much wider 
scope for choice of coe f f i c i e n t s than the limited set actually 
available for producing most chemical products. 

Two modifications must be made to this model to make it 
conform more closely to engineering practice. F i r s t , there are 
upper and lower l i m i t s to the output possible from a given pro
cess at any point i n time. Second, a certain amount of within-
process substitution between inputs i s possible. This type of 
substitution permits a degree of v a r i a t i o n i n a n i and a ^ , but 
these variations are small r e l a t i v e to the differences i n coef
f i c i e n t s between processes. 

The existence of upper and lower bounds on the scale of a 
particular process may be explained by a combination of technical 
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Κ 

Figure 2. Process model 
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and economic reasons. To some extent the bounds are a simplified 
method of indicating a sharp nonlinearity i n the price of c a p i t a l 
equipment when nonstandardized units must be ordered. This may 
make the cost of the resulting input combination so high that it 
would not be used i n the short run. In other cases, building 
equipment at very small (or very large) scale i s beyond the state 
of engineering capability. 

Upper bounds on process size are of p a r t i c u l a r interest 
since, i n the presence of increasing returns to scale, one might 
expect that plant size would increase to the point that just one 
plant produces all the output, A number of factors constrain 
this growth. F i r s t i s the high cost of using nonstandard s i z e s , 
or indeed, the high cost of producing made-to-order equipment 
much larger than that which i s o r d i n a r i l y produced. Costs of 
production, shipping, and i n s t a l l a t i o n of such equipment may 
r i s e faster than scale
a nonlinearity i n the pric
problem of r e l i a b i l i t y . If a malfunction occurs i n one of two 
1500 t.p.d. (tons per day) plants, for example, only half of the 
production i s l o s t compared to the loss from the shutdown of a 
single 3000 t.p.d. plant. A third consideration i s the a b i l i t y 
to operate at less than f u l l capacity and the s e n s i t i v i t y of 
costs to less than f u l l capacity operation, if it should become 
desirable to produce at less than f u l l capacity. Average costs 
at less than f u l l capacity are, of course, sensitive to the re
lationship between the fixed and variable costs of a process. 

In practice, market size and transportation costs rather 
than technical factors may set the most si g n i f i c a n t l i m i t s on 
maximum plant s i z e , whereas the unit production costs implied 
by the model decrease, the rate of decrease slows. The gains 
from increasing scale, for a given process, becomes less and less 
important. At the same time, if the plant's production will be a 
large portion of the t o t a l market, or if customers will be very 
large distances away from the plant, the net price received by 
the producer may f a l l . Thus the marginal revenue may f a l l faster 
than marginal cost, yielding an economic upper l i m i t to produc
tion. 

The second modification to the increasing returns a c t i v i t y 
analysis model i s the p o s s i b i l i t y of substitution among inputs 
along a given process ray. For example, it may be possible to 
use less feedstock and more f u e l to produce the same output from 
fixed c a p i t a l equipment. The extent of this substitution i s 
limited by physical and chemical laws, as well as by l e g a l re
s t r i c t i o n s and by equipment l i m i t s i n the short run. 

One kind of substitution between market inputs i s what might 
be called the "make or buy" decision. Depending upon l o c a l con
dit i o n s , a firm may find it profitable to buy untreated water 
for i t s b o i l e r s and do i t s own treatment, or to buy treated 
water from a utility. S i milarly, a firm may buy all of i t s 
cooling water requirements from a utility, or it may r e c i r c u l a t e 
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cooling water and buy only make-up water, supplying the cooling 
towers and the e l e c t r i c power necessary to operate them. In both 
cases the firm i s buying inputs for the purpose of cooling; i n 
terms of market behavior, however, this a c t i v i t y may show up as 
either large purchases of treated water or smaller purchases of 
water and greater expenditures on c a p i t a l and e l e c t r i c i t y . The 
decision will be influenced by such conditions as l o c a l prices 
and regulations. 

A second type of substitution occurs i n the form of substi
tutions of subprocesses within a particular process. For exam
ple, one step i n the steam reforming process for ammonia pro
duction i s the removal of carbon monoxide and carbon dioxide 
from the synthesis gas. A number of processes, which d i f f e r 
somewhat i n energy and c a p i t a l requirements, have been developed 
for t h i s purpose. 

A third kind of substitutio
operating conditions withi
moderate changes i n c o e f f i c i e n t s . The most important example i n 
ammonia production i s the choice of pressure at which the steam 
system i s operated; coe f f i c i e n t s of c a p i t a l , f u e l , and cooling 
water for producing one ton of ammonia depend on steam pressure. 

Implications of the Production Model for Process Innovation 

The production model just discussed permits the c l a s s i f i c a 
tion of innovations into four main categories. The most obvious 
type of innovation i s one which reduces the amount of one or 
more inputs required for the i t n process; that i s , one which 
reduces the a n f , a ^ , or b^. For example, such innovations may 
result from improvements i n catalysts, or from improvements i n 
the physical arrangements or e f f i c i e n c i e s of equipment. 

A second type of innovation i s an increase i n the substitu
tion p o s s i b i l i t i e s within a particular process; substitution of 
energy for c a p i t a l i s an example, whether an instance of such 
substitution i s an innovation or merely a substitution as the 
term i s used i n the usual theory of production depends on the 
extent of research and development necessary to implement it. 

A t h i r d type of innovation i s concerned with attempts to 
weaken the capacity constraints at both upper and lower l i m i t s . 
At the upper l i m i t , weakening a constraint will reduce unit 
costs on the assumption that the production relationship holds 
at greater sizes with approximately the same coef f i c i e n t s that 
characterized smaller outputs. Production beyond existing upper 
l i m i t s , as noted above, may be associated with d i f f i c u l t engi
neering problems. Expansion of output by moving along a process 
curve may not be possible because of additional stresses put on 
equipment. In addition, attempts to reduce the minimum scale at 
which a process may be operated may also be worthwhile because 
of l o c a l conditions which both j u s t i f y a smaller output than 
may be produced by a given process and make a process attractive 
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because of re l a t i v e input prices. 
A fourth type of innovation i s one which results i n an en

t i r e l y new process i n the engineering sense. A l l the process 
coefficients may be very d i f f e r e n t ; i n fac t , e n t i r e l y different 
inputs may be used, or new physical or chemical principles may 
be employed. In contrast to production of ammonia from coal, 
steam reforming of natural gas was such an innovation, as was the 
s h i f t from propellor to j e t a i r c r a f t . Current research to pro
duce nitrogen-fixing (ammonia-producing) bacteria that are 
symbiotic with corn through DNA manipulation i s innovative a c t i 
v i t y of the fourth type. 

The first two types of innovation noted above are similar 
to those u t i l i z e d i n the innovation models of Nelson and Winter 
(8) and Binswanger (9). These models are concerned with move
ments of input coe f f i c i e n t  withi  regio  clos  t  thei  i n i
t i a l values. However
constraints nor permit
innovation along the lines of the third type discussed. See 
Levin (16) for a discussion of this type of innovation. The 
Nelson and Winter approach i s based on alternative c o e f f i c i e n t s 
generated by a random process (perhaps because basic s c i e n t i f i c 
discoveries are rather unpredictable) and employs a modified 
p r o f i t a b i l i t y test for t h e i r adaptation. Binswanger studies the 
generation of alternative processes i n a deterministic model i n 
which research expenditures may be allocated to change process 
coefficients i n a desired d i r e c t i o n . The Nelson and Winter 
model assures the generation of points near existing points by 
appropriate s p e c i f i c a t i o n of the random process. If the R&D cost 
of changing coe f f i c i e n t s i n the Binswanger model generates re
l a t i v e l y small period-to-period changes, the Nelson-Winter and 
Binswanger approaches would have very similar empirical impli
cations. 

Kamien and Schwartz (7) have put forth a variety of models 
which permit the introduction of innovations that either cause 
increases i n output for the same inputs or expand input substi
tution p o s s i b i l i t i e s . The returns from research are determinis
t i c i n their models, and f a i r l y general R&D cost functions may 
be used. An attempt to model search a c t i v i t y for improving pro
duction processes has been made by Roth (17) who distinguishes 
between investigating known processes and spending resources to 
learn the properties of combinations of subprocesses not pre
viously used. The existence of subjective probability d i s t r i 
butions of returns to the various a c t i v i t i e s i s assumed. It may 
be that engineering process data can provide information about 
the frequency d i s t r i b u t i o n of changes i n coeff i c i e n t s to be used 
i n a Nelson-Winter type model. Although these data may be help
f u l for empirical implementation of such induced innovation 
models as those of Binswanger and Kamien and Schwartz, the 
absence of research and development expenditure data on a low 
enough l e v e l of aggregation i s a serious obstacle. Furthermore, 
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much of the R&D spending occurs outside the firm or industry i n 
question. 

None of these approaches seem suitable for modeling the 
development of new processes i n the engineering sense. What 
makes new processes especially d i f f i c u l t to deal with i s that 
they often require a considerable e f f o r t i n basic science as well 
as i n the overcoming of engineering problems. Basic science 
connotes an extremely risky a c t i v i t y i n which payoffs are subject 
to high variance. Rosenberg (11), for example, points out that 
greatly improved knowledge of medicine took many centuries to 
develop despite the continuous flow of resources devoted to 
medical problems during that period. Detailed knowledge of a 
product will supply some a p r i o r i ideas about the portion of 
input space that could be f r u i t f u l l y investigated, but t h i s 
degree of d e t a i l may be more than i s desirable for purposes of 
general economic modeling

For several of th
rather straightforward to determine the impacts of changes i n 
re l a t i v e and absolute prices. If all input prices were to i n 
crease proportionally, for example, the payoff to input-reducing 
innovation i n general would increase. Changes i n r e l a t i v e input 
prices would favor innovations that permit substitution against 
the r e l a t i v e l y higher priced inputs and also stimulate the search 
for new processes that economize on those inputs. Implications 
of this nature follow from the models discussed e a r l i e r i n this 
section. The effect of price changes on capacity-increasing 
innovations i s more d i f f i c u l t to analyze: an increase i n capa
c i t y leads to a lower average cost with constant input prices, 
but this will be offset to some extent by the higher costs 
associated with a price increase i n the nonlinear inputs that 
constrained capacity—generally plant and equipment. Thus, it i s 
not clear what effect a r i s e i n the price of c a p i t a l goods will 
have on capacity when such increases require additional c a p i t a l 
goods; innovations that reduce c a p i t a l intensity may become 
more attractive than those that increase capacity. 

The effects of environmental and workplace regulations have 
not been e x p l i c i t l y included within this innovation model. 
Nevertheless, a few tentative generalizations might be offered. 
Some processes may be so harmful to the environment or worker 
safety and health that the development of a new process i s 
necessary if continued production of the product i s to take 
place. In other cases it may be necessary to substitute for an 
input which has deleterious effects on the environment or worker 
safety and health; for example, innovations designed to permit 
the use of fuels other than coal might be generated. Note that a 
change i n fu e l may not be a simple substitution because chemical 
process technology i s highly integrated. For example, the same 
hot air or steam may be used for differ e n t purposes as it cools. 
Moreover, i n steam reforming of natural gas, the same input i s 
used both as f u e l and feedstock, and purge gases are used as 
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supplementary f u e l . In such cases an attempt to change any part 
of the process may require changes throughout. Process modifi
cations for control of regulated effluents may increase fixed 
and operating costs i n various ways and may thus stimulate a 
search for factor-saving innovations i n the absence of factor 
price changes. F i n a l l y , capacity-increasing innovations may be 
inhibited if an environmental regulation takes the form of l i m i t s 
on t o t a l pollutant emissions at a given s i t e . Of course, this 
effect may be p a r t i a l l y o f f s e t by reductions i n input use or 
substitutions for the offending input. 

Issues i n the Empirical Study of Innovation 

The use of the above model as a framework for the study of 
the effects of government regulatio d othe  factor  i n
novation has a number o
those e f f e c t s . In p a r t i c u l a r
conveniently studied i n an industry that: 1) has produced an 
unchanging product; 2) has undertaken process change over a con
siderable period of time; 3) has made public data on input co
e f f i c i e n t s , capacity, input prices, and output prices; and A) has 
experienced a history of government regulation. With this i n f o r 
mation it should be possible to explore the relationship between 
input coefficients and capacity on the one hand, and prices of 
inputs and outputs and government regulation on the other. 
S p e c i f i c a l l y , input c o e f f i c i e n t s and maximum plant capacity may 
be treated as dependent variables i n a multiple regression 
analysis with input prices, output pric e , cumulative capacity, 
and other variables as independent variables. 

Input coefficients are of special interest because, as men
tioned above, they describe the production technology. Although 
input c o e f f i c i e n t s may be defined at various levels of aggrega
t i o n , the most useful c o e f f i c i e n t s for studying innovation are 
those that characterize the industry's leading commercial tech
nology. Such coe f f i c i e n t s will r e f l e c t innovative responses to 
changes i n input prices and government regulation far more 
promptly than the average industry r a t i o s of inputs to output 
because an industry generally includes plants of various ages; 
these embody technologies adapted for prices and regulations of 
e a r l i e r periods. Coefficients for leading technologies are 
available for many products i n the open l i t e r a t u r e . 

Several strategies are available for estimating the effects 
of government regulation on input coefficients and capacity. 
F i r s t , since a change to a new engineering process i s generally 
well documented and i s widely discussed, it should be r e l a t i v e l y 
straightforward to ide n t i f y the ro l e , if any, of regulation i n 
causing the change. Input co e f f i c i e n t data are l i k e l y to be 
available for both old and new processes so that costs could be 
compared i n an attempt to is o l a t e the role of regulation i n 
bringing about the new process. Since the development of new 
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processes i s extremely d i f f i c u l t to predict, this type of analy
s i s would not be very useful for forecasting the engineering 
nature or det a i l s of responses to government regulation. 

The types of innovation that take place within a basic pro
cess could be examined s t a t i s t i c a l l y . Separate relationships 
could be estimated for periods within which regulations were un
changed, and tests could be made for s i g n i f i c a n t differences 
between subperiods when regulations do change. If time periods 
of unchanging regulation are too short, a set of dummy variables 
representing regulatory modes might be included. In addition, 
an e f f o r t should be made to determine the extent to which regu
lations were enforced, and variables representing the degree of 
enforcement should be included i n the regressions. 

Application to Ammonia Production 

The synthetic anhydrou
of the c r i t e r i a mentioned above. It was one of the first chem
i c a l products to be produced using modern techniques; i t s com
position has remained constant over the years; it has been 
produced with a variety of processes; input coefficients and 
prices are available i n the open l i t e r a t u r e ; and parts of the 
production process require considerable attention to workplace 
safety and health and to protection of the environment. 

Unfortunately—at least for the purpose of studying the 
determinants of innovation—an intensive search of the le g a l and 
technical l i t e r a t u r e revealed that ammonia production had not 
been subject to r e s t r i c t i v e government regulation over the r e l e 
vant time period (JL). Instead, sound engineering and business 
practices resulted i n reasonable levels of workplace safety and 
environmental protection i n the absence of regulation. Although 
recent trends suggest increased government a c t i v i t y i n this 
industry, impacts on input co e f f i c i e n t s have not yet appeared. 

Empirical work was therefore r e s t r i c t e d to the effects of 
input prices and cumulative gross capacity on input coefficients 
and to the effects of output pric e , labor costs, c a p i t a l costs, 
and cumulative gross capacity on the maximum capacity of new 
plants. Linear and log-linear equations were estimated. Input 
co e f f i c i e n t data were obtained from engineering information 
re l a t i n g to newest plants. A search of engineering journals and 
other publications uncovered numerous a r t i c l e s that present input 
coefficients for the l a t e s t ammonia plants available at the time. 
These were adjusted to improve comparability among plants with 
respect to such items as which f a c i l i t i e s are included i n invest
ment and whether steam i s purchased or generated. Attention was 
confined to plants that produced ammonia by steam reforming of 
natural gas. The period studied, 1947-1972, witnessed the 
switch from reciprocating to centrifugal compressors, which i n 
many respects may be regarded as a process innovation. Data on 
plant capacity were estimated by compiling a history of U.S. 
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ammonia production f a c i l i t i e s , and price data are available from 
government and industry publications. A detailed discussion of 
data, methods, and results may be found i n (1). 

The results from the input coefficient regressions were en
couraging. They suggest that increases i n the prices of natural 
gas, e l e c t r i c i t y , and c a p i t a l result i n a decreased use of the 
respective inputs with a lag of 6 years. A lag of this length 
suggests that more than simple substitution i s taking place. The 
estimated c o e f f i c i e n t of cumulative gross capacity implied that 
growth in i n s t a l l e d capacity reduced inputs, but this r e l a t i o n 
ship was not s t a t i s t i c a l l y s i g n i f i c a n t . 

Results with the capacity equations were not as clear-cut. 
Although variables affected capacity i n the hypothesized direc
tions, they were not generally s t a t i s t i c a l l y s i g n i f i c a n t . One 
possible reason was the lack of a variable that measures trans
portation costs. Furthe
problem. 

Conclusions 

Detailed conclusions and policy implications may be found i n 
(1). Regarding the effects of government regulation on ammonia 
process technology, it was concluded that: 1) recent workplace 
and environmental regulation have not yet had a s i g n i f i c a n t im
pact on ammonia production, but some proposed regulations may 
do so; 2) regulations concerned with the safety of pressure 
vessels, which have been i n e f f e c t for many years at the state 
l e v e l , were consistent with, and possibly based on, standards 
devised by professional code-setting i n s t i t u t i o n s ; 3) certain 
aspects of EPA 1s p o l i c i e s lead to end-of-pipe treatment of pol
lutants rather than in-process treatment; and 4) OSHA's multi-
tiered enforcement mechanism preserves some scope for process 
innovation. 

The multiple regression analysis demonstrated that process 
technology responded to factor price changes i n a manner con
sistent with the hypothesis that innovations tend to economize 
on r e l a t i v e l y expensive inputs. If this phenomenon can be 
v e r i f i e d more generally, policy-makers may have greater c o n f i 
dence i n the a b i l i t y of the economy to adjust dynamically to 
changed a v a i l a b i l i t y and prices of inputs. 

The approach described i n this paper can be applied to 
other industries. I t should be possible to i d e n t i f y chemicals 
that have been subject to government regulation for which 
input coefficients over a reasonably long period are available 
i n the open l i t e r a t u r e . The finding that process innovation can 
be explained by movements i n input prices should be subjected to 
further testing, and the study of other products may reveal 
more cl e a r l y the role of government regulations i n determining 
process innovations. 
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Economic Trends, Resource Scarcity, and Policymaking 
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Modern man is becoming more and more aware that he is only 
one part of a very comple
taneously environmenta
compartmentalized. Nor are issues clearly good or bad for the 
nation. In solving complex national problems, policymakers must 
be aware of tradeoffs and costs of alternate actions. How these 
tradeoffs and actions are structured depends on the quality and 
breadth of knowledge of our nation's policymakers and their con
stituents. 

Many worthwhile national goals are desired by Americans. 
Among these goals are reasonable energy independence, a clean 
environment, and low cost-of-living. How these goals are attained 
will affect the future of the United States as a leader of the 
free world. If, for example, the goal of reasonable energy in
dependence is attained at the cost of a polluted environment or 
skyrocketing prices, then the attainment of that goal carries a 
price tag that the American consumer will not pay. Similarly, if 
the goal of a clean environmemt is sought by regimenting society 
with unnecessary costs, then the means of attaining that goal will 
be discarded. 

Solutions to America's interrelated problems of scarce ener
gy, clean environment, and price inflation require a comprehensive 
analysis of the economic consequences of policy alternatives be
fore policy is changed. Major policy changes, in the face of re
source scarcities, are greatly modifying the structure of the 
economy. Structural changes are resulting in totally new economic 
trends in supplies, demands, and prices. 

For that reason, historical data are not sufficient to fore
cast future trends in a period of great policy change. As real 
ized by President Carter in the National Energy Plan (1), 

The future availability of energy has 
significant economic implications that 
are not captured by current projections 
of the GNP or other economic indicators. 
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Clearly, econometric models must be redeveloped to show how policy 
changes will transform the economic structure of the economy and 
how t h i s structural transformation will result in new trends. 
The data base for these new econometric models must include not 
only management's h i s t o r i c a l responses to past p o l i c i e s and eco
nomic conditions, but management's anticipated responses to future 
p o l i c i e s and economic conditions. 

F u l f i l l i n g these needs will require a comprehensive mathe
matical modeling capability for both industry and the economy. 
At a minimum, the modeling c a p a b i l i t y must encompass industry 
models to r e f l e c t the nation's heavy industry at the core of the 
f o s s i l energy and materials sector ( e l e c t r i c power, petroleum re
f i n i n g , basic chemicals). This industry core generates the na
tion's e l e c t r i c i t y , refines the nation's petroleum products, and 
transforms the nation'
trends in production costs
i t y will generally be influenced s i g n i f i c a n t l y by what happens in 
this heavy i n d u s t r i a l core. 

Modeling Developments and Results 

The foundation for evaluating how changes in policy will re
sult in new economic trends has been l a i d by industry modeling 
work at the University of Houston (2-7). This industry modeling 
capability permits direct energy, environmental, c a p i t a l , and 
selected tax constraints to be imposed in a mathematical model 
of the interrelated petroleum r e f i n i n g , e l e c t r i c power, and basic 
chemical industries of the economy. The integrated model of these 
three industries is interfaced with supply functions for raw fos
s i l energies and demand functions for manufactured energy end-
products. This interface of supply, demand, and industry models 
gives the equilibrium price/quantity tradeoffs of different ener
gy prices, environmental conditions, and c a p i t a l a v a i l a b i l i t i e s . 
New input-output tables for the nation's economy are formed from 
the equilibrium results; see (6,7). 

Brief Description of Models. The industry modeling capa
b i l i t y includes detailed process economic models for the ten 4-
d i g i t Standard Industrial C l a s s i f i c a t i o n industries shown in F i g 
ure 1. These process models are designed to evaluate the impor
tant substitution p o s s i b i l i t i e s among the fundamental systems of 
production, process energy use, water use and waste water treat
ment, air emission control, and s o l i d waste and brine management 
in the ten industries; see Figure 2. The ten industry models, 
which are i d e n t i f i e d in Figure 1, are combined into an integrated 
industry process model of the e l e c t r i c power, petroleum r e f i n i n g , 
and basic chemicals industries of the nation to account for in-
terdependencies among these industries. The integrated industry 
model refines the nation's raw crude o i l into refined petroleum 
fuels and refinery byproducts; the integrated industry model proc-
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8. T H O M P S O N Resource Scarcity and Policymaking 121 

esses the nation's petroleum refinery byproducts and natural gas 
feedstocks into basic petrochemicals for use as inputs in the 
p l a s t i c s , polyesters, rubber, and f e r t i l i z e r s industries; and the 
integrated industry model generates the nation's e l e c t r i c i t y for 
use in the residential/commercial, i n d u s t r i a l , and transportation 
sectors of the economy. Additionally, complementary components 
of this integrated model prepare the nation's coal and natural gas 
for heating and cooling uses in the economy. 

The integrated industry model evaluates the economic cost, 
resource use, and technical configuration effects of possible p o l 
icy decisions l i m i t i n g or not l i m i t i n g (1) the discharge of any 
major water or air pollutant, and (2) the a v a i l a b i l i t y of any 
scarce resource input (energy, water, raw materials, and c a p i t a l ) . 
This basis may be used to evaluate the economic, resource, and 
technical effects of (a
any of the endproducts in
(including taxes) for resource inputs and product outputs. Simul
taneously, the integrated industry model determines the economi
c a l l y e f f i c i e n t a l l o c a t i o n and valuation of the resource inputs 
used to produce the endproduct requirements of the ten industries 
modeled. This economic al l o c a t i o n both minimizes the economic 
costs of producing the desired endproducts and maximizes the eco
nomic value of the limited resources used by the industries mod
eled. 

For each p o l i c y s p e c i f i c a t i o n , the technology matrix of the 
integrated industry model is transformed from the productive 
structure existing before the policy change to the productive 
structure existing after the policy change. This structural 
transformation is the master key to identifying the economic de
mands and supplies of the industries modeled. I d e n t i f i c a t i o n is 
necessary to soundly estimate: (1) the economic demands for crude 
o i l , natural gas, coal, water, and c a p i t a l ; (2) the economic 
costs of p o l l u t i o n control for major water and air pollutants; 
and (3) the economic supplies of the endproducts in the model. 
The integrated industry model includes detailed c a p i t a l considera
tions for existing plants, modifications to existing plants, and 
new grass-roots plants in the e l e c t r i c power, petroleum r e f i n i n g , 
and organic chemical industries. Also, the integrated industry 
model includes detailed regional f u e l u s e / e l e c t r i c i t y generation 
considerations for the nation's e l e c t r i c utilities. Also, ex
tensions are underway to include additional industries, namely 
iron and s t e e l , pulp and paper, aluminum, cement, and food and 
f i b e r processing. In addition, extensions are planned: (a) to 
model advanced coal, nuclear, and solar technologies; and (b) to 
evaluate substitutions between as well as within different time 
periods. 

The integrated industry model has been interfaced with eco
nomic supply functions for crude o i l , natural gas, and coal (low, 
medium, and high-sulfur) and with economic demand functions for 
important energy products (gasoline, f u e l o i l s , e l e c t r i c i t y , 
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122 FEDERAL REGULATION AND CHEMICAL INNOVATION 

natural gas, coal) to give an equilibrium model for the f o s s i l 
energy sector of the U. S. economy. This equilibrium model for 
the free market case is an application of the Walras/Cassel theory 
of competitive equilibrium to the f o s s i l energy sector. Iterative 
solutions to this model are computed u n t i l the d e f i n i t i o n of a 
competitive equilibrium is f u l f i l l e d ; the Leontief balance equa
tion with the transactions table for the f o s s i l energy microcosm 
is derived from this equilibrium solution. With modifications in 
the economic structure of the process models to r e f l e c t deviations 
from a free market sit u a t i o n , i t e r a t i v e solutions are computed to 
find a solution as close to the competitive equilibrium solution 
for the revised model as the policy-imposed constraints will a l 
low. The "equilibrium solutions" for the revised model are also 
used to form transactions tables for the f o s s i l energy microcosm. 
See Dorfman et a l . (8)
developments. 

Significant Uses of Models. Several s i g n i f i c a n t uses of 
this economic modeling capability have been made to date. Two 
of these uses will be b r i e f l y described here to indicate the sub-
stantiveness of the implications. A s i g n i f i c a n t implication of 
current environmental p o l i c y is captured by one set of economic 
indicators; and a s i g n i f i c a n t implication of recent energy pro
posals is captured by another set of economic indicators. 

Environmental Policy Analysis. In 1975, the Environmental 
Protection Agency was estimating the costs of implementing uni
form effluent standards by measuring the costs for each industry 
independently and summing the independent estimates. This pro
cedure was of concern to leading technicians in the Office of 
Management and Budget because the cumulative demand, supply, and 
price effects were ignored. 

The following argument i l l u s t r a t e s the point. Uniform 
technology standards for p o l l u t i o n control will simultaneously 
expand the demands for all resources needed to implement the uni
form technology standards. (Suppose for i l l u s t r a t i v e purposes 
that all of these resource demands are completely insensitive to 
price.) Increasingly costly resources will be required to f u l f i l l 
the expanded demands. Incentives to bring forth the additional 
supplies will result in higher market prices for all the resources 
used; see Figure 3. EPA was capturing the increased costs of the 
additional resource use at constant resource prices (Area q Q ABq^); 
however, EPA was f a i l i n g to capture the increased costs of all the 
resources used because of the higher market prices required to 
bring forth the additional supplies (Area p 0 p^ CB). 

Two different modeling cases were constructed for 1985 to 
measure the significance of EPA 1s underestimate. In the one case, 
the endproduct uses and resource prices were specified as para
meters (engineering cost analysis); and in the other case, the 
endproduct uses and resource prices were determined as solutions 
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124 FEDERAL REGULATION AND CHEMICAL INNOVATION 

to economic variables (economic pr i c i n g analysis). Significant 
implications were captured by the modeling evaluations. Cost in
creases of the uniform technology standards were three to f i v e 
fold greater in the economic pricing analysis than in the engi
neering cost analysis. Increasing supply costs of scarce re
sources, according to the model, will i n f l a t e s i g n i f i c a n t l y the 
costs of achieving a clean environment; see Chapter 12 of Thompson 
et a l . (5). 

Energy Policy Analysis. In 1977, President Carter proposed 
a National Energy Plan (NEP) to the Congress for the nation's 
future energy pol i c y . This plan represented a s i g n i f i c a n t de
parture from current policy at that time; also, it stood in sharp 
contrast to the market-pricing recommendations of the Texas Energy 
Advisory Council. 

The Advisory Counci
salient p r i c i n g , taxing, and environmental recommendations in the 
President's Plan. Similar equilibrium evaluations were made of 
the Advisory Council's recommendations and a Business-As-Usual 
policy. A l l evaluations were made for 1985. 

Results of the NEP modeling analysis showed that market 
prices and windfall p r o f i t s taxes would accomplish the President's 
1985 energy demand reduction goal (energy growth of less than 2% 
per year) and would come closer to attaining the President's 1985 
increased coal production goal (400 m i l l i o n tons per year) than 
the program he proposed. However, f u l l imposition of the P r e s i 
dent's proposed gasoline excise tax would be necessary in any 
program to f u l f i l l the 1985 gasoline consumption goal (10% re
duction from 1977 level) and the 1985 o i l import goal (6 m i l l i o n 
barrels per day). 

Use of the equilibrium results to develop new transactions 
tables for an energy/materiaIs microcosm of the economy showed a 
serious economic shortcoming of both policy alternatives. As 
modeled, the President's p o l i c y and the Advisory Council's policy 
would increase, rather than decrease, the direct plus indirect in
put requirements of the three basic conversion industries (petro
leum r e f i n i n g , e l e c t r i c power, basic chemicals) from petroleum 
mining sources. Also, both policy recommendations would decrease, 
rather than increase, the direct plus indirect input requirements 
of these three industries from the coal mining sector. This eco
nomic implications, which evidently was not captured by state-of-
the-art econometric models, means that neither policy recommenda
tion is s u f f i c i e n t to t r a n s i t i o n the economy from petroleum to 
alternate energy resources; see Thompson (7). 

Important Messages 

The important messages to be gained from these two modeling 
evaluations are: (1) s i g n i f i c a n t economic implications of sup
ply s c a r c i t i e s may be captured by models designed to evaluate the 
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8. THOMPSON Resource Scarcity and Policymaking 125 

structural consequences of major changes in energy and environ
mental p o l i c i e s ; and (2) the cumulative hidden economic costs of 
environmental and energy policy inadequacies seem to be at the 
roots of the nation's sta g f l a t i o n interlock of low r e a l economic 
growth, continued high unemployment, rapidly i n f l a t i n g prices, 
small c a p i t a l investments, unfavorable trade balances, and de
preciation of the d o l l a r . 

Serious consideration needs to be directed to revising the 
nation's strategy for attaining a clean environment. Uniform 
technology standards for p o l l u t i o n control impose unnecessarily 
great economic stress throughout the economy because of i n e f 
f i c i e n t resource use implications. Much more effi c i e n c y in r e 
source use and much less i n f l a t i o n of market prices would result 
from a balanced combination of economic instruments and technology 
controls. Such a balanced combination could be designed to ac
complish the economic e f f i c i e n c
economists as well as th
importance to engineers. Both considerations are c r i t i c a l to 
achieving p u b l i c a l l y acceptable tradeoffs for a desired balance 
among economic growth, clean environment, and energy independence 
goals. 

If the goal of the United States energy policy is to trans
i t i o n the energy base of the nation from petroleum to alternate 
energy sources, then serious consideration needs to be directed to 
extending the forthcoming energy l e g i s l a t i o n to include an eco
nomically e f f i c i e n t , yet environmentally acceptable technology 
development plan. This plan must be designed to decrease over 
time the re a l resources of the economy going into petroleum min
ing sources and increase over time the r e a l resources of the econ
omy going into alternate energy sources. In addition to support
ing the research and development of new technologies, the eco
nomics of this plan must come to grips with the increasing uncer
tainty of long-term investments in alternative energy resources. 

This increasing uncertainty is being heavily influenced by 
the steadily growing inventories of U. S. dollars in the hands of 
a few oil-endowed nations. Modern day communications and banking 
technology allow b i l l i o n s of these dollars to be transferred a l 
most instantaneously from one money market to another for a wide 
array of p o l i t i c a l and economic reasons. The f l u i d i t y of these 
dollars and their concentrations in a few hands adds a whole new 
dimension to investment and f i n a n c i a l analysis. In this economic 
arena, the fundamental premises of competitive markets are d e f i 
n i t e l y questionable: large numbers of small players, free trade, 
market-determined prices, and widely held information; see (10) 
for requisites of competition. Today's investment and f i n a n c i a l 
markets seem better characterized as economic games of just a few 
"high r o l l e r s 1 1 . These economic games are largely outside the con
t r o l of United States f i n a n c i a l i n s t i t u t i o n s (e.g., Federal Re
serve); however, the i r outcomes s i g n i f i c a n t l y affect investments 
and f i n a n c i a l decisions in this country. 
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An effective t r a n s i t i o n of the nation's energy base from 
petroleum to alternate energy sources will require r e l a t i v e l y 
large c a p i t a l investments. Incentives to make these investments 
will be influenced by our nation's capability to control i t s 
money supply and execute a desired monetary policy. The United 
States faces the sobering task of designing a technology develop
ment plan and implementing it. Its development and implementa
tion will require an ef f e c t i v e United States monetary policy. 
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Methodology for Measuring the Effects of Regulation 
on Pharmaceutical Innovation 
Regulatory Disposition and National Origin of New 
Chemical Entities in the United States 

JEAN DIRADDO and WILLIAM M. WARDELL 
Center for the Study of Drug Development, Department of Pharmacology and 
Toxicology, University of Rochester Medical Center, Rochester, NY 14642 

As long as any disease that is potentially treatable by 
drugs remains unconquered
ceutical innovation. Amon
fit from pharmaceutical innovation are arthrit is, cancer, the 
muscular dystrophies, and schizophrenia. Despite the advances 
in drug therapy that have occurred, there is still a pressing 
need for new and better medicines within many therapeutic areas. 
Valuable innovations in such areas would offer drugs that are 
more effective, have fewer or significantly different side 
effects, and/or are more convenient than existing therapies. 

Although the aim of pharmaceutical regulation is to ensure 
the safety and efficacy of new drugs, regulatory cr i ter ia should 
not be so stringent that they inhibit innovation. In April 1976, 
the President's Biomedical Research Panel gave the following 
description of how the regulatory process may act as a roadblock 
to the development of new drugs. 

"There is a clear impasse arising between society's desire 
for new and better drugs and the barriers society is 
erecting to their development and introduction. These 
barriers, based on a valid desire to improve the standards 
of safety and efficacy and to insure ethical control in 
cl in ical evaluation, increase developmental costs. There 
is a real danger of bringing the development process and 
access to c l in ical resources to a halt."(1) 
It is important to balance the effects of drug regulation 

with the need for innovation. As the c l in ica l pharmacologist 
Walter Modell has said, "Only progress is protection. Without 
progress we have no protection."(2) 

This paper examines the impact of regulation on pharma
ceutical innovation in the United States and the methodological 
problems involved when one attempts to measure pharmaceutical 
innovation. Data describing the rate and manner of passage of 
new chemical entities (NCEs) through the U.S. regulatory system 
and the national origin of NCEs marketed in the U.S. are pre
sented. 

0-8412-0511-6/79/47-109-127$06.00/0 
© 1979 American Chemical Society 

In Federal Regulation and Chemical Innovation; Hill, C.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



128 FEDERAL REGULATION AND CHEMICAL INNOVATION 

Pharmaceutical Regulation in the United States 

Legislation. The first major l e g i s l a t i o n concerning drugs 
was the Pure Food and Drugs Act of 1906. This Act banned adul
terated or misbranded foods and drugs from interstate commerce. 
Although directed against both impure foods and drugs, i t s main 
impact was on foods. 

The Food, Drug and Cosmetic Act of 1938 was enacted follow
ing the E l i x i r Sulfanilamide tragedy ( i n which the untested use 
of diethylene glycol as a solvent caused the deaths of about 100 
people). The aim of this Act was to prevent the marketing of 
untested, potentially harmful drugs. Its major provision was 
that the manufacturer was required to demonstrate the safety of 
a drug to the FDA (in a new drug application or NDA). Unless the 
FDA determined within 60 days that safety was not established  a 
drug could then be marketed
against interstate transfe
solely for investigational use by q u a l i f i e d s c i e n t i f i c experts. 

The next major l e g i s l a t i o n was also enacted after a 
tragedy—that of thalidomide. The major provision of the Drug 
Amendments of 1962 (the Kefauver-Harris Amendments) was that the 
manufacturer must show substantial evidence of a drug's effec
tiveness (in addition to i t s safety) to obtain approval for mar
keting. Other changes were that positive FDA approval of a drug 
was required instead of automatic clearance; FDA control over 
the c l i n i c a l testing stage was expanded; and the Secretary of 
HEW could immediately suspend a drug's NDA approval if the drug 
was found to represent an "imminent hazard" to the public 
health.(3) 

Regulation. The regulations promulgated by the FDA to 
implement i t s r e s p o n s i b i l i t i e s as defined by the l e g i s l a t i o n 
have had, and continue to have, a s i g n i f i c a n t impact on pharma
ceutical R&D. 

Examples of p a r t i c u l a r l y important regulations include the 
1970 regulations that defined what constitutes the "well-
controlled investigations" needed to provide substantial evidence 
of effectiveness as required by the 1962 Amendments. 

In 1975 regulations came into effect to enhance the 
acceptance by the FDA of foreign data meeting certain require
ments. The aims of these regulations were to eliminate dupli
cative c l i n i c a l research and to expedite the a v a i l a b i l i t y of 
important new drugs in the United States. 

In July 1976, due to concerns over the findings of FDA in
spections of certain research laboratories, the Bioresearch 
Monitoring Program was i n i t i a t e d . Four components of this pro
gram relate to drugs: regulations regarding p r e c l i n i c a l testing 
(Good Laboratory Practices)(4), those proposed for sponsors and 
monitors of c l i n i c a l studies(5), those proposed for c l i n i c a l 
investigators(6), and the proposed regulations pertaining to in-
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s t i t u t i o n a l review boards or IRBs.(7) Proposed regulations may 
be modified on the basis of comments submitted to FDA before 
they appear in f i n a l form. Implementation of any of the proposed 
regulations included within this program will raise the cost of 
developing new drugs and may influence the process of drug 
development in other ways as well. For example, B r i t i s h pharma
ceutical firms have stated that they cannot meet the require
ments of the proposed sponsor/monitor regulations in Br i t a i n ( 8 ) , 
so presumably c l i n i c a l data from B r i t a i n (and probably from other 
countries as well) will become unacceptable in support of an NDA 
if these regulations are implemented as currently proposed. Uni
v e r s i t i e s will have severe d i f f i c u l t i e s in meeting the require
ments of, for example, the proposed regulations on Good Labora
tory Practices.(9) 

Following the appearance of the F i n a l Report of the HEW 
Review Panel on New Dru
attention was devoted b
to formulating l e g i s l a t i o n that would s i g n i f i c a n t l y revise phar
maceutical regulation in this country. The outcome was The Drug 
Regulation Reform Act of 1978 (S.2755, H.R. 11611, H.R. 12980), 
which was introduced in both houses in March 1978. 

The Drug Regulation Reform Act (DRRA) represents a complete 
revision of the Food, Drug and Cosmetic Act of 1938. Although 
the FDA is currently practicing some of the procedures described 
in the b i l l , and would be able to follow others by i n i t i a t i n g 
appropriate regulations, passage of this l e g i s l a t i o n would c l a r i 
fy and formalize the nature and extent of the authority that 
Congress intends the FDA to have. 

The b i l l is lengthy and complex. Even among le g a l and 
s c i e n t i f i c experts there is disagreement as to which aspects of 
the drug development and approval processes should most appro
pr i a t e l y be covered by l e g i s l a t i o n and which should best be dealt 
with by regulations. Although this particular b i l l was not en
acted in 1978, the issues raised during the hearings and debates 
on it are extremely important and will undoubtedly reappear in 
future b i l l s . 

Since both the 1938 Act and the 1962 Amendments were passed 
in the wake of tragedies, they were oriented towards r i s k -
avoidance; the FDA is primarily required to prevent harm from 
drugs and at present has no congressional mandate to promote the 
improvement of health or to maximize the benefit obtainable from 
drugs. 

The DRRA recognizes the need to encourage innovation and 
research and to get new drugs on the market faster. In practice, 
however, many of i t s provisions would probably i n h i b i t research 
and innovation.(10) Significant aspects of the b i l l include the 
following: 

1. provisions for limited d i s t r i b u t i o n of a drug; 
2. required postmarketing surveillance of a new drug for 

f i v e years (unless waived by the Secretary of HEW); 
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3. postmarketing studies of a drug's effectiveness for 
indications other than those for which approval is 
sought could be required for uses that are known or 
could reasonably be expected to occur; 

4. continuation of the current requirement for "adequate 
and well-controlled investigations" as evidence of 
effectiveness (in contrast to the provision in the 
Medical Device Amendments of 1976 by which the Secre
tary may determine whether other v a l i d s c i e n t i f i c e v i 
dence is adequate to establish the effectiveness of a 
device); 

5. a new d e f i n i t i o n of safety to mean that the health bene
f i t s of a drug must cl e a r l y outweigh i t s risks with 
regard to society and the public health; 

6. provision fo l f  dru  fro  th  market if it 
represents a
(this would replac  provisio  require
that a drug be shown to represent an "imminent hazard"); 

7. provision for the accelerated approval of "breakthrough" 
drugs if certain requirements are met; 

8. the disclosure of all safety and effectiveness data sub
mitted to the FDA (some of which is currently considered 
as trade secret information); 

9. provision for the export of drugs not approved for mar
keting in this country under certain conditions; 

10. expansion of the FDA's j u r i s d i c t i o n to include all 
drugs (not only those involved in interstate commerce); 
and 

11. provision for drug innovation investigations for the 
purpose of examining c l i n i c a l pharmacology, making pre
liminary assessments of the risks or effectiveness of a 
drug, or studying the b i o l o g i c a l mechanisms in humans. 
The FDA review of such investigations would focus only 
on the protection of subjects, not on the adequacy of 
the s c i e n t i f i c design. (The aim of this provision is 
to avoid i n t e r f e r i n g with the discovery and development 
of new drugs but the extent to which the provision 
would achieve this aim has been questioned.) 

For estimating the impact and effects of proposed changes 
in the regulatory system, it would be essential to have a 
thorough evaluation of the present system. Ideally one would 
l i k e to see a cost/benefit assessment of the current r e g u l a t i o n s — 
cost representing not only economic cost but also the cost of 
missed innovation, and benefit representing the improved health 
and safety of the public. One part of this task that our group 
has approached is a study of the effects of regulation on phar
maceutical innovation. The first problem that must be dealt 
with in such a study is how to measure innovation. 
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Nature of Innovation 

The present predictive state of pharmacological science is 
such that the therapeutic or even pharmacologic value of an 
innovation usually cannot be foretold at the time of i t s d i s 
covery. Thus, a certain amount of innovative a c t i v i t y may never 
y i e l d real breakthroughs, while certain innovations that may 
appear s c i e n t i f i c a l l y t r i v i a l can turn out to be useful c o n t r i 
butions to medical progress. 

Pharmaceutical innovations that lead to advances in medical 
therapy occur in a variety of ways. There are dramatic "break
through" innovations that depend on a single major concept or 
discovery, examples being p e n i c i l l i n , levodopa, the beta-blockers 
and the ^-antagonists. In contrast to these, the cumulative 
results of several mino
taken together over a
vance. The areas of antihypertensive therapy and combinatio
chemotherapy for cancer i l l u s t r a t e this type of innovation. 
Important therapeutic advances may also come about through 
chance observations of the effects of drugs in man in those 
situations in which science and animal models are not yet cap
able of making r e l i a b l e predictions, such as the use of chlor-
promazine as a tranquilizer and of iproniazid and imipramine as 
antidepressants. 

Mechanisms of Innovation 

We s h a l l assume, rather a r b i t r a r i l y for the purpose of this 
discussion, that the s t a r t i n g point of pharmaceutical innovation 
is the development of a new biologic concept (or a new approach 
to an existing concept) that is p o t e n t i a l l y therapeutically ex
ploitable. Moving from the e a r l i e s t and most a p r i o r i to the 
l a t e r and more empirical methods of drug discovery, the follow
ing types of innovation can be distinguished. 

1. Synthesis of a new molecular structure (new chemical 
entity or NCE) with possible b i o l o g i c a l significance. 

2. Discovery of a new pharmacologic action (e.g., the 
beta-blockers and the l^-antagonists). 

3. Structural modification of an existing molecule to 
improve i t s therapeutic value, e.g., by making it more 
effe c t i v e , less toxic, better absorbed, or longer act
ing (such modification can also lead to the discovery 
of a new pharmacologic action, as in point 2 above, or 
of new therapeutic effects in man, as in point 5 below). 
An instructive example of the major therapeutic advances 
that have been obtained by molecular modification is 
seen in the family of p e n i c i l l i n s that followed benzyl 
p e n i c i l l i n , the o r i g i n a l member of the series. In 
little more than a decade from i t s first characteriza
tion, the o r i g i n a l benzyl p e n i c i l l i n molecule was 
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s t r u c t u r a l l y modified to y i e l d phenoxymethyl p e n i c i l l i n 
(orally active), a m p i c i l l i n (orally active against gram 
negative organisms), the p e n i c i l l i n a s e - r e s i s t a n t peni
c i l l i n s (active against certain resistant organisms, 
pa r t i c u l a r l y staphylococci), and c a r b e n i c i l l i n (active 
against Pseudomonas organisms). These are all r e l a 
t i v e l y t r i v i a l modifications of the o r i g i n a l benzyl 
p e n i c i l l i n molecule, the few successes out of competi
tive programs that synthesized l i t e r a l l y thousands of 
such modified molecules, but they are some of the major 
therapeutic advances of the a n t i b i o t i c era. 

Similar examples abound in most f i e l d s of thera
peutics. For example, the major tranquilizer chlor-
promazine—the first drug found to have true a n t i 
psychotic p r o p e r t i e s — i
phenothiazine
a de-wormer fo  paren  phenothiazine, 
and many of i t s structural modifications, have no a n t i 
psychotic a c t i v i t y at all; it is only certain minor 
structural modifications that have the essential pharma
cologic and therapeutic properties. (Chlorpromazine 
also happens to be a c l a s s i c example of the serendipi
tous e m p i r i c a l - c l i n i c a l method of discovery of a drug's 
unique therapeutic value, a method described below.) 

4. "Pharmaceutical" modifications of drugs to improve per
formance, e.g., the production of diff e r e n t formulations 
or delivery forms. On the overall scale of innovations, 
these pharmaceutical modifications are generally re
garded as being of r e l a t i v e l y minor innovative s i g n i f i 
cance; however, some can be of disproportionately large 
medical value. For example, the simple concept of the 
depot (long-acting injectable forms of) phenothiazines 
has improved the long-term treatment of psychotic 
patients whose disease predisposes to noncompliance 
with the therapeutic regimen and resultant treatment 
f a i l u r e ; in some cases the depot form can avert the 
need for i n s t i t u t i o n a l i z a t i o n . Depot preparations of 
injectable contraceptives s i m i l a r l y overcome the obvious 
problem that can result from noncompliance. The Ocusert 
and Progestasert systems, which deliver drugs l o c a l l y 
into particular body compartments (the eye and uterus, 
respectively) reduce the t o t a l systemic burden of a 
drug, reduce side effects, and provide more uniform and 
r e l i a b l e release; the inhaled form of steroids for 
asthma serves a similar purpose. These are a few of 
the many examples where pharmaceutical innovations of a 
r e l a t i v e l y modest conceptual or technical nature have 
nevertheless led to substantial improvements in the 
quality of medical treatment. 

5. Discovery of therapeutic effects in man that may not be 
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predictable from animal models, also known as serendi
pitous discovery or the "Oates Type II f f method of di s 
covery. Examples of major therapeutic advances that 
have been made in this way include some of the most 
important therapies of the past three decades: all the 
major psychotherapeutic drugs (the major tranquilizers 
and both classes of antidepressants); the thiazide 
d i u r e t i c s ; the antiparkinsonian actions of levodopa and 
amantadine; the anti-inflammatory actions of steroids 
and of phenylbutazone; the antihypertensive actions of 
beta-blockers and methyldopa; the antigout action of 
allop u r i n o l ; and the protective effects of beta-blockers 
and p l a t e l e t modulators against coronary death and myo
cardial i n f a r c t i o n , and against stroke. 

6. Discovery of
those uses discovere

When one examines the nature, sources, and funding of phar
maceutical innovation, certain principles become apparent. The 
areas where federal support has been most prominent are in basic 
research and in large-scale c l i n i c a l t r i a l s . These happen to be 
areas where the be n e f i t s — w h i l e very r e a l — a r e long-term, not 
immediately apparent ones. 

Conversely, the development of s p e c i f i c therapeutic drugs 
has to a large extent (with the exception of some important areas 
such as cancer chemotherapy) been achieved by the pharmaceutical 
industry, without federal funding. For example, the o r i g i n a l 
basic work on beta-blockers, new beta-agonists, t^-antagonists, 
and cromolyn sodium was all done in laboratories of pharmaceu
t i c a l firms (foreign laboratories, as it happens), and the most 
important c l i n i c a l development was also performed by firms 
abroad. If one traces the research back still further, one can 
usually find connections with research supported by public fund
ing, but the connection is not an immediate one. 

An important trend appears to be developing. Basic research 
knowledge, once produced, is an international commodity because 
of the well-developed systems that exist for s c i e n t i f i c publica
tion and communication. It is ironi c that while most p u b l i c l y -
financed basic knowledge is probably generated by U.S. funding, 
the U.S. pharmaceutical industry may not be proportionately as 
prominent in making applied use of this knowledge. It is as if 
foreign companies are getting " f i r s t crack" at these U.S.-
originated basic-knowledge opportunities. It is possible that 
the f a c i l i t y to exploit basic knowledge for therapeutic purposes 
is dependent on the regulatory environments in particular 
countries. 

Measures of Innovation 

There are several possible ways of measuring pharmaceutical 
innovation, but all present technical problems. Two general 
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approaches are the use of absolute measures, using some absolute 
c r i t e r i o n to measure innovative output, and comparative measures, 
such as comparing the nature and extent of the output of two 
different countries. Among the possible absolute measures are 
the number of new molecular structures (NCEs) synthesized, the 
novelty of their molecular structure, the novelty of their phar
macologic action, the number of patents issued, the number of 
NCEs tested in man, the number of NCEs submitted for marketing, 
the number of NCEs marketed, and qualitative measures of the 
value of marketed NCEs. 

Measures such as the number of compounds synthesized and 
the number of patents issued have been c r i t i c i z e d on the grounds 
that they are more measures of R & D a c t i v i t y (input) rather 
than of output.(11) Novelty of molecular structure represents a 
technically d i f f i c u l t assessment which  if performed at the time 
of synthesis, involves
therapeutic properties
sents a fundamental measure of at least the potential for thera
peutic innovation. In practice, however, this represents a 
judgmental issue and the necessary data on untested or unmarketed 
drugs would be d i f f i c u l t to obtain. 

The problem with using the numbers of NCEs, whether tested 
in man, submitted for marketing, or marketed, is that these 
measures consist of numbers alone without interpretation or 
assessment of therapeutic value. Furthermore, as measures of 
innovation, they are confounded by regulatory influence during 
the IND and NDA stages. The therapeutic value of marketed NCEs 
can be evaluated but the real assessment can only be made some 
years after a drug has been marketed and i t s properties f u l l y 
ascertained (e.g., aspirin's prophylactic effects against myo
car d i a l i n f a r c t i o n ) . Therapeutic assessments have been made by 
the FDA for example(12), but the methodology for such assessments 
has not been well-developed. 

The measure we have recently developed in some d e t a i l is the 
number of NCEs taken into human testing. This is a v a l i d and 
useful measure since it represents a firm's decision that a com
pound is worthy of further testing and investment. It also 
represents the first appearance of innovative output outside a 
firm, and in the U.S. it marks the entry of a compound into the 
regulatory pathway. Although, as described above, this measure 
of innovation is made before a compound's therapeutic properties 
are known, it is made at a point when the compound's pharmaco
logic and toxicologic properties are already defined. 

A further reason for the importance of this measure is the 
seemingly paradoxical one that some of the most important thera
peutic properties of a drug cannot be predicted at the time a 
drug is first taken into man. In the present rather primitive 
state of knowledge about structure-activity relationships, our 
a b i l i t y to make a p r i o r i predictions using such relationships is 
poor. We therefore depend more than is generally realized on the 
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"Oates Type I I " or serendipitous method of discovery, in which 
major new properties of drugs are discovered only after their 
introduction into human therapeutics. The more compounds that 
are studied in man, the more potential there is for this seren
dipitous method of discovery. Thus, the number of NCEs taken 
into man for study is one of the more important of the feasible 
indices of innovation. 

The New Drug Approval Process in the United States 

The upper portion of Figure 1 depicts the various stages 
through which a new drug must pass before it can be marketed in 
the United States. After the p r e c l i n i c a l testing phase and 
i n i t i a l t oxicological studies, a manufacturer may f i l e with the 
FDA for an investigational  dru  exemptio  (IND) pri o  t
i n i t i a t i n g human testing
vided into three phases
small number of healthy human volunteers with the p r i n c i p a l ob
jectives of looking for evidence of t o x i c i t y and determining the 
basic properties of the drug in man. In Phase II the drug's 
effects on a small population of patients with the appropriate 
disease are examined to determine i t s therapeutic value and to 
detect any adverse effects or possible t o x i c i t y . Phase III con
s i s t s of large-scale testing to uncover less common side effects 
and to approximate more closely the type of drug u t i l i z a t i o n 
(e.g., in patients of varying disease severity) that would occur 
in medical practice if the drug were marketed. 

When a manufacturer believes he has adequate evidence to 
demonstrate the safety and effectiveness of a compound, an NDA 
is submitted to the FDA. After the NDA has been approved, the 
drug can be marketed in this country. The term Phase IV is used 
to denote postmarketing studies that are done to examine the 
properties of the drug in more widespread or long-term u t i l i z a 
tion. 

Regulatory Disposition of NCEs in the United States 

To measure innovation we examined the rate of flow of NCEs 
into human testing, the e a r l i e s t point at which r e l i a b l e i n f o r 
mation appears outside the pharmaceutical industry and the point 
at which NCEs enter the regulatory pathway. The rates at which 
these compounds pass the milestones of the U.S. regulatory path
way (the points of IND f i l i n g , NDA submission, and NDA approval) 
were defined. In addition to the overall analysis, the data were 
analyzed by individual therapeutic areas. The observed d i f 
ferences between categories of NCEs imply the existence of 
s c i e n t i f i c , i n d u s t r i a l , and/or administrative differences be
tween these categories. 

Data were obtained by an exhaustive survey of all pharma
ceutical companies operating in the U.S. An NCE was defined as 
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DRUG DEVELOPMENT (U.S.A.) 
IND0962) 

I 

PRECLINICAL! - — 

NDA: 1938 

-CLINICAL 

IND 
FILING 

IND PHASE 

NDA NDA 
SUBMISSION APPROVAL 

' NDA PHASE I—*> MARKETING 

CHEMICAL 
LAB. 

PRECLINICAL 
(ANIMAL! 

PHARMACOLOGY 

1 

1 — 

phose 1 jphc »e 2'phose 3! phase 3 (cont.) J phase 4 
PRECLINICAL 

(ANIMAL! 
PHARMACOLOGY 

1 ! ! i ί 
f 

lOXICOLOGY 
f 

lOXICOLOGY 

PHASES: 

TIME REQUIRED 
(minimum) 

ATTRITION K),000(?) Ι,000(?) 10 

COST (81976) 

j 3yrs(?) | 4 yrs 2 yrs 

$30 
million 

$24 
million 

AVERAGE EFFECTIVE PATENT LIFE (from NDA approval date) 1966 13.8 yrs 
1977 9 yrs 

D. C. Heath and Company 

Figure 1. The stages through which a new drug must pass before it can be mar
keted in the U.S. (32). The time and attrition data are described in the text; the 

cost data are described in Reference 13. 
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Figure 2. Total number of NCEs given to man worldwide by U.S. companies by 
year first given to man (13) 
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a compound of molecular structure not previously tested in man 
(excluding new s a l t s or esters, diagnostic agents, and vaccines). 
For U.S.-owned companies, NCEs taken into man anywhere in the 
world for the first time from January 1963 (the year the IND re
quirement was first implemented) to the time of the survey (Sep
tember 1975) were included. In the case of foreign-owned 
research-based firms operating in the U.S., we obtained complete 
data on their U.S. experience with NCEs but not on their world
wide experience. 

Information was obtained on a t o t a l of 1,103 NCEs, 859 from 
36 U.S.-owned companies and 244 from 10 foreign-owned companies. 
(A more detailed description of this study is in (13).) The 
portion of the U.S. pharmaceutical industry responsible for the 
NCEs was highly concentrated; seven companies accounted for one-
half of the NCEs and fou
th i r d . 

The annual rate of NCEs tested in man by U.S. companies rose 
from 70 in 1963 to a mean of 94 in 1964-1965, then declined 
sharply to a lower plateau that has been r e l a t i v e l y stable (with 
a mean of 62 NCEs per year) from 1966-1974 (Figure 2). 

The interpretation of this trend is not simple. The values 
in 1964 and 1965 are r e l a t i v e l y high whereas those in 1966-1974 
are not very different from 1963. To interpret t h i s , more i n f o r 
mation for 1963 and prior years is necessary. If 1963 was an 
"ordinary" year, then the temporary upsurge in 1964 and 1965 needs 
to be explained but the changes in the l a t e r 1960s and early 
1970s have been small. I f , however, 1963 represents an unusually 
low year, the subsequent decline from the levels of 1964-1965 has 
been substantial. 

Our best interpretation of the present data, based on an
swers to questions asked of the firms, is that the 1963 values 
are a r t i f i c i a l l y low (because of the need then for companies to 
divert their e f f o r t s toward compiling materials for the required 
retrospective IND f i l i n g s on drugs already in c l i n i c a l research), 
while the 1964-1965 values are a r t i f i c i a l l y rather high (because 
of a catching-up process). 

Analysis by pharmacologic area showed that most NCEs tested 
by U.S. companies were in the areas of a n t i - i n f e c t i v e drugs 
(19.4%), psychotropic/neurotropic drugs (14.3%),. cardiovascular 
drugs (14.3%), analgesic/anti-inflammatory drugs (13.0%), and 
endocrine drugs (11.8%). The strongest time patterns were the 
large r i s e and f a l l in the early years seen overall (as described 
above) and p a r t i c u l a r l y with a n t i - i n f e c t i v e and cardiovascular 
compounds, but not with psychotropic/neurotropic, endocrine, or 
analgesic/anti-inflammatory drugs. After 1966 the trends were 
not strong, but there was a perceptible decline in a n t i - i n f e c t i v e 
and a r i s e in endocrine compounds. Psychotropic/neurotropic com
pounds showed a marked f a l l between the early and l a t e r years 
studied. 

In recent years there has been a large s h i f t in early U.S. 
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drug studies abroad (Figure 3). From 1963 to 1969, an average of 
only 8% of U.S.-owned NCEs were first studied abroad by the 36 
U.S. firms, but this rose to 34% in 1973. (It f e l l to 31% in 
1974 but showed a continuing r i s e to 47% in our incomplete data 
for 1975.) The increase in the number of drugs being i n i t i a l l y 
studied abroad was p a r t i c u l a r l y marked within the larger com
panies; in 1973 the four largest companies first studied 50% of 
their NCEs abroad. The proportion of drugs first studied abroad 
also varied by therapeutic area, with gastrointestinal and endo
crine drugs having the highest percentages. 

The annual rate of IND f i l i n g s by U.S. companies declined 
from an average of 87 per year during the two first f u l l years 
(1964-1965) to a low of 42 in 1972, with a subsequent return to 
the general levels prevailing in 1967-1970 (Figure 4). The 
steepest decline occurred betwee  1965 d 1966  th  interpreta
tion of the magnitude o
previously discussed. 

By constrast, the rate of foreign-owned NCE IND f i l i n g s 
showed no time-related trend and averaged 19.5 f i l i n g s per year 
from 1964 to 1974 (range 14-26). The decline in the rate of 
t o t a l f i l i n g s was thus due solely to the decline in the U.S. 
portion. This is consistent with, but does not by i t s e l f prove, 
the hypothesis that an inhibitory influence was acting on U.S. 
companies but not on foreign companies during this period. 

Of those NCEs that entered the U.S. regulatory system, 12.5% 
of the INDs f i l e d before 1970 ( i . e . , those which had at least 
f i v e years to be acted upon) had reached the stage of NDA sub
mission by 1975. Of the NDAs submitted prio r to 1970, 88% were 
successful. The finding that decisions on most INDs that were 
discontinued before the point of NDA submission were made p r i 
marily by the companies themselves has substantial implications 
for the structure of the regulatory process. Of those compounds 
that reached the NDA stage, where most of the regulatory assess
ment by the FDA is involved, only 12% f a i l e d to pass in f i v e 
years. Nevertheless, the NDA review phase occupies a substantial 
f r a c t i o n of the t o t a l IND-NDA time requirement; for many of the 
drugs that were ultimately approved, the NDA phase exceeded the 
length of the IND phase. 

The t o t a l time required for c l i n i c a l investigations and 
approval of a successful NCE in the U.S. (IND and NDA stages) 
rose from a mean of 31 months in 1966 (17 months IND plus 14 
months NDA) to a peak mean of 71 months in 1969 (28 months IND 
plus 43 months NDA), and has averaged 62 months over the l a s t 
two complete years (1973-1974; Figure 5). In the l a s t but in
complete year, 1975, the mean time required rose sharply to 82 
months (55 months IND plus 27 months NDA), mainly due to the 
r i s e in the duration of the IND stage. 

The most recent data available on the time requirements and 
the a t t r i t i o n rates are shown in the bottom portion of Figure 1. 
The cost estimates provided in the figure are from a study by 
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75-

YEAR FIRST GIVEN TO MAN 

Clinical Pharmacology and Therapeutics 

Figure 3. Percent of U.S.-owned NCEs first given to man abroad by year first 
given to man. Data are shown for all 36 companies, the top 16, the top 8, and the 
top 4 companies, as determined by ranking the number of NCEs which each com

pany took into man over the entire period (13). 
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Figure 4. Number of INDs filed by year of filing. Data from U.S. and foreign 
companies are shown separately and combined (13). 

In Federal Regulation and Chemical Innovation; Hill, C.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



9. DiRADDO AND WARDELL Pharmaceutical Innovation 141 

Clinical Pharmacology and Therapeutics 

Figure 5. Duration in months of IND (mean time from IND filing to NDA sub
mission), NDA (mean time from NDA submission to NDA approval), and Total 
(mean time from IND filing to NDA approval) stages for approved NDAs by year 
of NDA approval. Data from U.S. and foreign companies are combined and the 
figures at the bottom indicate the number of NDAs approved each year for U.S. 

and foreign companies (IS). 
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Hansen(14), who obtained economic data from U.S. firms on a sam
ple of compounds that were included in the NCE study. He found 
that, taking f a i l u r e s into account as well as successes, the 
average cost for a U.S. firm to develop i t s own NCE to the point 
of marketing in this country is $54 m i l l i o n in 1976 d o l l a r s . 
This is higher than previous estimates, largely due to c a p i t a l i 
zation of expenditure flows and exclusion of licensed compounds. 

A survival d i s t r i b u t i o n analysis was performed to study the 
success rates of NCEs in the IND and NDA phases and the amount of 
time spent in each phase (residence time). There was a trend 
toward increasing residence times and decreasing success rates 
with time, but this trend was not s i g n i f i c a n t with the s t a t i s t i 
cal tests employed. The success rates and residence times of 
U.S. and foreign companies were quite similar in each phase. 

The duration of th
pharmacologic classes
r e l a t i v e l y quick approval of anticancer drugs in contrast to the 
r e l a t i v e l y long times for approval of cardiovascular drugs. 

The duration of the NDA phase for all NCE NDAs ( i . e . , not 
just that subset represented by the cohort with new INDs) rose 
from a mean of approximately 6 months through the l a t t e r half of 
the 1950s to a mean of 44 months in 1969, and then f e l l rather 
sharply to a mean of 17 months in 1972 (Figure 6). The reasons 
for these large changes are not at present clear. Some actions 
taken by the FDA may have contributed to this shortening of the 
NDA phase, such as an increased number of Public Health Service 
physicians assigned to the FDA, an increase in the number of 
Advisory Committees, and the i n s t i t u t i o n of new internal manage
ment systems at FDA. Since 1972, the duration of the NDA phase 
has been r i s i n g again to a value of about two years. This pattern 
needs further investigation since an understanding of what caused 
it could help to elucidate the role of regulation versus other 
factors in the causation of these changes. 

This is the first time a data base of this size and degree 
of comprehensiveness has been compiled on the state of new drug 
development in any country. We are currently obtaining further 
information on investigational NCEs, which will include the 
reasons for termination of c l i n i c a l research by the firms and 
f u l l data on licensed compounds. These additional data will 
c l a r i f y some of the trends that have been revealed by the present 
study, and will allow further analyses to be performed of the 
reasons behind the observed changes. 

National Origin of NCEs Marketed in the United States (15, 16) 

The national o r i g i n of NCEs introduced onto the U.S. market 
is a key measure of the location of pharmaceutical innovation, 
and of changes in location. The number and nature of drugs d i s 
covered or originated in each country are important because these 
data r e f l e c t the s c i e n t i f i c climate, as well as regulatory and 

In Federal Regulation and Chemical Innovation; Hill, C.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



DIRADDO AND WARDELL Pharmaceutical Innovation 143 

55 5 7 59 61 63 65 6 7 6 9 7 / 73 75 
YEAR OF NDA APPROVAL 

Clinical Pharmacology and Therapeutics 

Figure 6. Number of NCE NDAs approved and mean duration of NDA stage 
(months from NDA submission to NDA approval) by year of NDA approval (13) 
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economic considerations, in that country. Cultural and geographic 
influences will also be seen if there is an emphasis on certain 
therapeutic areas or diseases in a p a r t i c u l a r country. An 
analysis using this type of measure can provide a useful picture 
of worldwide innovative a c t i v i t y ; furthermore, the findings in 
one country can also serve as a control group for making compari
sons with another country in assessing the influence of national 
regulations on innovation. Ideally the o r i g i n of new drugs i n t r o 
duced onto the entire world market should be assessed, but data 
are available only for certain countries; our study focused on 
the U.S. market. 

Two analyses were performed based on data compiled by Paul 
deHaen (17, 18) and by Harold Clymer.(19) In one analysis the 
national o r i g i n of an NCE was defined as the location of the 
laboratory where the drug'
and in the other the nationa
of the parent company that owns the drug ( i . e . , the patent). 
According to both definitions of national o r i g i n , the percentage 
of U.S. NCE approvals that were accounted for by U.S.-originated 
drugs generally declined from the early 1950s through the early 
1970s, but several transient fluctuations in this pattern were 
observed. Since there was considerable v a r i a b i l i t y from year to 
year, three-year moving averages were used rather than yearly 
figures to represent general time-related trends. By laboratory 
of o r i g i n , the percentage of NCEs originated in the U.S. ranged 
from a high of 76% in the years centered around 1954 to a low of 
47% around 1973 (Figure 7). By nationality of the parent company, 
for which data were available from 1963 to 1975, the percentage 
of U.S.-originated NCEs ranged from 63% in the years centered 
around 1964 and 1966 to 38% around 1972 (Figure 8). This decline 
has been followed by a recent r i s e in the portion of U.S.-
originated NCEs, but the U.S. has not regained the prominence it 
had in the e a r l i e r years. 

A similar pattern was observed in both analyses when the per
centages of U.S.-originated " s i g n i f i c a n t " NCEs ( i . e . , those rated 
by the FDA as representing important or modest therapeutic ad
vances) over time were calculated. 

The three major foreign contributors to the U.S. market by 
either d e f i n i t i o n of national o r i g i n have been Switzerland, 
B r i t a i n , and Germany; the order of their importance has varied 
over time however. 

Since factors other than innovation, such as commercial con
siderations affecting foreign entry onto the U.S. market, i n f l u 
ence the observed patterns, analysis of the national o r i g i n of 
NCEs using the definitions employed here is not a highly sensi
tive or s p e c i f i c measure of pharmaceutical innovation. However, 
the observed trends are consistent with the tightening of regu
latory p o l i c i e s first in the U.S. and then subsequently abroad. 

We are currently obtaining data that will improve and expand 
upon these national o r i g i n analyses. The new information includes, 
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Figure 7. (top) Percentage of NCE approvals accounted for by drugs originated 
in U.S. Laboratories (three-year moving averages). The dashed line indicates the 
50% level (an equal number of U.S. and foreign-originated drugs), (bottom) Num
ber of NCEs originated in U.S. and in foreign laboratories, (three-year moving 

averages). 
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Figure 8. (top) Percentage of NCE approvals accounted for by drugs originated 
in U.S. parent companies (three-year moving averages). The dashed line indicates 
the 50% level (an equal number of U.S. and foreign-originated drugs), (bottom) 
Number of NCEs originated in U.S. and in foreign parent companies (three-year 

moving averages). 
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for each NCE marketed in the U.S. since 1963, the countries of i t s 
first chemical synthesis, i t s first pharmacologic study, and i t s 
first administration to man. Information on licensing patterns 
and on international transfers of drugs at different stages with
in companies is also being obtained. These data will c l a r i f y the 
observed patterns of national o r i g i n and will provide more sensi
tive measures of international s h i f t s in world pharmaceutical 
innovative a c t i v i t y . 

Comparative Methods of Measuring Innovation: NCEs Marketed in 
the United States and Great B r i t a i n 

Since the techniques for measuring pharmaceutical innovation, 
in particular i t s s c i e n t i f i c and medical value, are not yet well 
developed, alternative
vation should be explored
national comparative approach, comparing the performance of drug 
innovation under the U.S. regulatory system with the performance 
of drug innovation systems in other countries having different 
types and amounts of regulation. 

Clearly this type of comparison will be affected by i n t e r 
national differences other than regulatory o n e s — i n p a r t i c u l a r , 
the different states of sophistication of pharmacological and 
pharmaceutical science and technology between countries, and the 
state of development and prominence of the industry in different 
countries 1 economies. Nevertheless, although communication 
channels from the U.S. National Institutes of Health to U.S. firms 
are potentially shorter, basic knowledge is an international 
commodity. Substantial information can therefore be obtained 
from international comparisons, as in the case of the interna
t i o n a l comparison between the U.S. and B r i t a i n for the period 
1962-1971 performed by one of the authors.(20, 21, 22) 

An update of the comparison of NCEs marketed in the U.S. and 
B r i t a i n from January 1972 through December 1976 indicated that in 
this five-year period 82 new drugs appeared for the first time in 
one or both of the two countries.(23) Of these, only 29% became 
mutually available in both countries—2.4 times as many becoming 
available first in B r i t a i n as in the U.S. Of the 71% that became 
exclusively available, 2.6 times as many became available in 
B r i t a i n as in the U.S. 

More important than numerical data are the c l i n i c a l impli
cations of differences between the two countries. The largest 
differences have narrowed since the previous study, but important 
categories in which the U.S. still lagged behind B r i t a i n in 
December 1976 included cardiovascular drugs, peptic ulcer treat
ment, and central nervous system drugs—including therapies for 
depression, epilepsy, and migraine. 
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Conclusions 

While the inhibitory influence of regulation on innovation 
is clear, we have not been able to measure the precise extent of 
this influence with our present data. The main problem l i e s in 
separating the s p e c i f i c contributions of influences other than 
regulation that are also acting to i n h i b i t innovation. Factors 
such as the generally increasing amount of s c i e n t i f i c evidence 
required to document safety or efficacy, together with economic 
considerations, have no doubt contributed to the decline in inno
vation. The attribution of causal relationships for recent policy 
changes is helped, however, by the fact that we have better data 
on the timing and size of recent regulatory changes, by correla
tions between the observed differences in innovation between d i f 
ferent therapeutic area d know  difference  in governmental 
po l i c i e s in these areas
approach(20, 21, 22, 23) y  analyses.(14
sults from our studies, and those of others(24-31), are consistent 
with the hypothesis that over the past 15 years increased regu
l a t i o n has reduced the amount of pharmaceutical innovation. 
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Innovation in the Pharmaceutical Industry: Possible 
Effects of the Proposed Drug Regulation Reform Act of 
1978 

GAIL UPDEGRAFF 

JRB Associates, Inc., McLean, VA 22102 

This paper is a discussion of the impact of the proposed 
Drug Regulation Reform
pharmaceutical industr
economic impacts. (Before proceeding, the reader may want to 
refer to the brief overview of the DRRA at the beginning of the 
section on the Economic Analysis of the DRRA (See p.9 ).) 
Although only a small segment of the paper will discuss the 
various forces that have led to proposing the DRRA, arguments 
made concerning U.S. drug laws, primarily since the 1962 Amend
ments to the Food, Drug and Cosmetic Act (FD&C), that are rele
vant to direct or indirect effects of this law on drug innova
tion will be discussed. (The 1962 Amendments required that 
drugs not only be safe, but also that they be effective.) Hence, 
a brief synopsis of the ongoing debates surrounding the drug 
law embodied in FD&C and also the way the Department of Health, 
Education, and Welfare's Food and Drug Administration (FDA) has 
administered this law will be presented. 

Determining the impact of the DRRA on drug innovation 
involves recognizing several problematic steps in relating regu
lation and innovation. The first is the evaluation of the 
dollar costs to industry of the regulation. Second, a deter
mination of the extent to which costs imposed on industry affect 
R and D expenditures must be made. Next, the extent to which 
changes in R and D expenditures affect innovation must be 
assessed. Then, one needs to categorize the innovations (say, 
therepeutically significant versus not significant) in order 
to determine whether those innovations that are most beneficial 
to society are the drug innovations affected. Finally, it is 
imperative to attempt to determine the effect of other regula
tory and nonregulatory factors on drug innovation. Each of the 
above points are covered, some to a lesser degree than others, 
in this paper. However, no attempt is made to cover the poten
tial benefits of the DRRA in terms of preventing "harmful" 
(ineffective and/or unsafe drugs) innovations from being 
marketed. 
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The analysis of the DRRA. presented below demonstrates that 
it is possible to predict that the proposed Act, the DRRA, will 
have both positive and negative economic impacts ( i . e . , will 
impose savings as well as costs on the pharmaceutical industry), 
and, hence, impacts on innovation. The different sides in the 
ongoing debate concerning government regulation of the drug 
industry and i t s impact on pharmaceutical innovation usually 
appear to overlook this notion of effects in opposite or 
countering directions. In fact , the proponents and opponents, 
rather than searching for truth, appear to be searching for the 
most damning, most supportive case. The result is that e f f o r t 
is primarily expended not on reaching a f a i r and accurate con
clusion, but instead searching for the winning argument. It 
will be possible to r e l a t e many of the "predicted 1 1 impacts of 
the DRRA on drug innovation to previous arguments on t h i s topic

This paper will primaril
on the economic aspect  impact y 
interface with drug innovation. Economic aspects of the impacts 
means those aspects that d i r e c t l y influence the a b i l i t y of firms 
to finance research and development (R&D) and, therefore, 
possible innovations. There are also indirect economic impacts 
such as the time it takes to obtain market approval for a drug 
and the possible health effects t h i s has on consumers from 
having to forego an e f f e c t i v e alternative treatment—this, of 
course, can have a multitude of monetary effects on the patient 
(lost employment, more expensive alternative treatment costs, 
etc.). Of course, the timing of market approval can have 
negative monetary impacts on the a b i l i t y of drug firms to 
finance R&D because of l o s t or "untimely" sales (untimely in 
that R&D projects are curtailed because drugs that are approved 
were done so too l a t e to generate revenue in time to support the 
projects) . 

The point made e a r l i e r concerning the relationship between 
R&D expenditures and drug innovation is an important one. 
Although U.S. introductions and discoveries in the drug f i e l d 
have exhibited a declining trend since the late 1950's, constant 
U.S. drug firm R&D dollar expenditures have continued to 
increase, as shown by Grabowski, et. a l ( 1) . Many have argued, 
as have Grabowski, et. a l , that the decrease in drug introduc
tions and discoveries is due in large part to government regula
tion, p a r t i c u l a r l y that by FDA. Others have argued that there 
is a depletion in our knowledge of the drug f i e l d that has led 
to a declining trend in drug introductions and discoveries even 
though constant dollar R&D expenditures have continued to 
increase—the increase has been taking place at a decreasing 
rate in the past several years. This argument is often 
supported with reference to the boom years of innovation that 
came with the various vaccine, a n t i b i o t i c and psychotherapeutic 
drug breakthroughs. In summary, there does not appear to be a 
readily i d e n t i f i a b l e relationship between marginal changes in 
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R&D e x p e n d i t u r e s a n d t h e d i s c o v e r y a n d i n t r o d u c t i o n o f n e w d r u g s . 
N e v e r t h e l e s s , t h e a s s u m p t i o n will b e m a d e t h a t a c o n t i n u o u s a n d 
s u b s t a n t i a l e r o s i o n in R&D e x p e n d i t u r e s will h a v e a n e g a t i v e 
i m p a c t o n d r u g i n n o v a t i o n . 

T h i s p a p e r is o r g a n i z e d i n t o t w o m a i n s e c t i o n s f o l l o w e d b y 
a s u m m a r y a n d c o n c l u s i o n s e c t i o n . T h e first s e c t i o n p r e s e n t s 
t h e d e f i n i t i o n s a n d a s s u m p t i o n s n e c e s s a r y t o b r i n g a b o u t a 
c o h e s i v e a n d m e a n i n g f u l e x p o s i t i o n o n t h e p o s s i b l e i m p a c t s o f 
t h e DRRA o n d r u g i n n o v a t i o n . T h i s s e c t i o n a l s o d i s c u s s e s t h e 
m u l t i t u d e o f f o r c e s , b e s i d e s t h e p r o v i s i o n s o f t h e D R R A , t h a t 
i n f l u e n c e t h e d o l l a r s a v a i l a b l e f o r R & D . F i n a l l y , t h i s s e c t i o n 
g i v e s a b r i e f o v e r v i e w o f t h e c r i t i c i s m s t h a t h a v e b e e n m a d e o f 
F D A ' s r e g u l a t o r y a u t h o r i t y a n d b e h a v i o r , e s p e c i a l l y s i n c e t h e 
p a s s a g e a n d p r o m u l g a t i o n o f t h e 1 9 6 2 A m e n d m e n t s t o F D & C . 

T h e s e c o n d s e c t i o n b e g i n s w i t h a n o v e r v i e w o f t h e D R R A , a n d 
t h e n i d e n t i f i e s t h e s e c t i o n
e c o n o m i c a s p e c t s o f d r u g r e g u l a t i o n a n d i n n o v a t i o n t h a t a r e t h e 
f o c u s o f t h i s p a p e r . T h i s s e c t i o n is r e a l l y t h e h e a r t o f t h e 
p a p e r , a n d f o r t h i s r e a s o n , c a v e a t s a r e s p e l l e d o u t in e s s e n t i a l 
d e t a i l . T r a d i t i o n a l l y , c o n s i d e r a b l e l a t i t u d e h a s b e e n g i v e n t o 
F e d e r a l a g e n c i e s in i m p l e m e n t i n g n e w l y a c q u i r e d a s w e l l a s 
e x i s t i n g a u t h o r i t y — t h i s h a s c h a n g e d s o m e , h o w e v e r , b e c a u s e o f 
c o u r t d e c i s i o n s o v e r t h e p a s t f e w y e a r s Ç 2 ) . H e n c e , it is 
d e s i r e a b l e t o e x p l a i n u n d e r l y i n g a s s u m p t i o n s , t h e r e b y l e s s e n i n g 
t h e c h a n c e o f m i s i n t e r p r e t a t i o n . 

B a c k g r o u n d a n d S u p p o r t i n g M a t e r i a l 

I t is n e c e s s a r y f o r a n a r e a s u c h a s t h e r e l a t i o n s h i p 
b e t w e e n g o v e r n m e n t r e g u l a t i o n a n d d r u g i n n o v a t i o n t o s e t f o r t h 
t h e a s s u m p t i o n s , c a v e a t s , d e f i n i t i o n s , e t c . t h a t a r e t o b e u s e d 
in a d i s c u s s i o n o f t h e t o p i c . T h e r e a s o n f o r t h i s is t h a t t h i s 
is a v e r y d i f f i c u l t a r e a in w h i c h t o e s t a b l i s h a s u p p o r t a b l e 
r e l a t i o n s h i p . F i r s t , we h a v e t o e s t a b l i s h w h a t it is we m e a n 
b y d r u g i n n o v a t i o n . T h e d e f i n i t i o n o f a n i n n o v a t i v e d r u g s h o u l d 
i n c l u d e a t l e a s t t h e f o l l o w i n g d r u g s : ( 1 ) a s a f e r a n d p e r h a p s 
e v e n m o r e e f f e c t i v e ( b u t a t l e a s t a s e f f e c t i v e ) d r u g a s is o n 
t h e m a r k e t f o r a g i v e n d i s e a s e ; ( 2 ) a d r u g t h a t is a t l e a s t a s 
s a f e ( a n d p e r h a p s s a f e r ) a n d y e t is m o r e e f f e c t i v e in t r e a t m e n t 
t h a n d r u g s a l r e a d y o n t h e m a r k e t ; ( 3 ) a d r u g t h a t m e e t s t h e 
l a w ' s s a f e t y r e q u i r e m e n t s a n d is e f f e c t i v e in t h e t r e a t m e n t o f 
a d i s e a s e f o r w h i c h t h e r e w a s n o p r e v i o u s t r e a t m e n t ; o r ( 4 ) a 
d r u g t h a t is s i g n i f i c a n t l y l e s s e x p e n s i v e b u t j u s t a s s a f e a n d 
e f f e c t i v e a s d r u g s a l r e a d y o n t h e m a r k e t . 

S i n c e t h e r e h a s b e e n d i s a g r e e m e n t o v e r t h e m e a n i n g o f t h e 
t e r m s s a f e a n d e f f e c t i v e , t h i s p a p e r will u s e new c h e m i c a l 
e n t i t i e s ( N C E ' s ) a p p r o v e d f o r m a r k e t i n g b y F D A a s t h e m e a s u r e 
f o r d r u g i n n o v a t i o n — t h e m o r e a p p r o v e d N C E ' s p e r R&D d o l l a r , 
t h e m o r e p r o d u c t i v e d r u g r e s e a r c h is, if o n e a c c e p t s t h i s 
d e f i n i t i o n . I t a p p e a r s t o b e a c o m m o n l y a c c e p t e d d e f i n i t i o n Ç L ) . 
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In addition, since t h i s paper is discussing possible revisions to 
the U.S. drug laws, the d e f i n i t i o n is a l o g i c a l as well as prac
t i c a l one to use. Nevertheless, it should be noted that the FDA 
and others distinguish between NCE's that are therapeutically 
s i g n i f i c a n t and those that are not. In spite of the necessity 
of c l a s s i f y i n g innovations in t h i s way as acknowledged at the 
beginning of the paper, no system acceptable to both government 
and industry presently exists. 

A basic premise of t h i s paper is that prescription (or 
ethical) drugs have been providing and will continue to provide 
a benefit to society. The important thing about drug innovation 
should be that it is a benefit to soc i e t a l health, not that it 
possibly means the f i n a n c i a l growth of drug firms. 

There is support for the thesis that prescription drugs may 
be a s o c i e t a l benefit
r i s i n g rapidly (4), drug
of treatment. A n t i b i o t i c s have allowed the treatment of 
numerous infectious diseases with a consequent decrease or 
elimination of hospitalization in many cases. Psychotherapeutic 
drugs have cut the cost of both inpatient and outpatient care 
for mental traumas and i l l n e s s e s , and probably increased a 
segment of the population's productivity. Drugs are now 
approved or in the pipeline for treatment of such i l l n e s s e s as 
ulcers, gallstones and certain forms of cancer. These treatments 
are considerably less expensive than surgery in some cases, and 
they have far less negative s o c i a l impact in some instances. 
F i n a l l y , vaccines have reduced the demand for health care through 
the prevention of several once widespread i l l n e s s e s . Of course, 
there are also going to be drugs that are not therapeutically 
s i g n i f i c a n t and which even may be harmful because they are 
unsafe, or ef f e c t i v e treatment is foregone. 

A point that merits discussion before proceeding is the 
behavioral and resource assumptions that must be considered in 
regard to how the DRRA might be implemented. When HEW Secretary 
Joseph A. Califano, J r . first addressed FDA staff shortly after 
coming into o f f i c e , he cal l e d FDA the most under-staffed, under-
resourced agency in HEW. I t is only l o g i c a l that if any of the 
cr i t i c i s m s that have been made of FDA (these will be b r i e f l y 
discussed l a t e r in t h i s paper) is true, and if one gives 
credence to Secretary Califano's statement, then the f a i l u r e s 
that FDA has been accused of will probably not be solved by a 
revision of the drug laws alone — s u f f i c i e n t additional staff 
and resources must go along with the DRRA. If they are not 
provided, innovation may be slowed as a result of the market 
approval process being slow. Hence, one assumption I make is 
that the increase in resources is adequate to e f f i c i e n t l y 
administer the drug laws if they are revised. This might even 
take a revision in the salary scale for physicians, as some have 
advocated, in order to attract more medical doctors into the 
FDA. 
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An important behavioral assumption with respect to the 
individuals and teams (medical doctors, pharmacologists, t o x i -
cologists, chemists, etc.) which review applications for approval 
to market a drug is that, for various reasons, they are not 
adequately motivated. When an important discovery is made in the 
drug f i e l d , and when the drug (or series of drugs) continues to 
give evidence that it is safe and e f f e c t i v e , then who gets the 
credit — the drug company, of course. The FDA reviewers may 
receive some e x p l i c i t or i m p l i c i t credit with FDA, but most of 
the public and private praise will go to the drug company (or 
the company and the discover(s)). This negative impact on 
innovation, along with low salary scales and other adverse 
factors, such as the i n a b i l i t y of these teams to do research 
because of the present nature of their work, makes it d i f f i c u l t 
to r e c r u i t the requisit  s t a f f

However, if FDA reviewer
be unsafe or i n e f f e c t i v e , p a r t i c u l a r l y one that ends up being 
unsafe, then FDA and these reviewers will take a major share 
of the c r i t i c i s m — this c r i t i c i s m will come from the public, 
from Congress, and from the Executive Branch, including 
c r i t i c i s m of the reviewers by fellow FDA s t a f f . The result of 
this situation is probably that FDA and i t s reviewers have 
become conservative in their market approval policy — the 
negative incentives appear to be much stronger than the positive 
incentives related to drug approval. Hence, to change the drug 
laws without changing FDA st a f f incentives may be a f u t i l e 
exercise, depending on what one is trying to accomplish. This 
is not meant to be a c r i t i c i s m of the process of drug market 
approval. It is meant to reveal what the author's thoughts are 
with respect to changing the process of drug approval while 
ignoring problems perhaps even more important than the process 
i t s e l f (5). 

Given the above discussed assumptions and d e f i n i t i o n s , the 
next topic that is covered is the background or setting in 
which the DRRA was introduced. Two areas are of importance 
here. The first is the other influences, besides FDA regula
tion, that affect the a b i l i t y of U.S. pharmaceutical firms to 
carry out innovative research and, ultimately, develop new 
drugs as a result of the discovery of NCE's. The second is the 
numerous cr i t i c i s m s that have been leveled at FDA by the 
pharmaceutical industry, Congress, academia, public interest 
groups, etc. 

One needs to be cognizant of the influences, discussed 
immediately below, on the drug industry other than FDA regula
tion because these influences also effect (1) the amount of R&D 
expenditures and (2) the proportion of these expenditures that 
go into drug discovery research. The cost of discovery and 
development of a new drug is a starting place for examining other 
influences, since other things relate back to it regarding the 
a b i l i t y of firms to finance drug R&D. It has been estimated 
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recently that the cost of discovery and development for a new 
drug is now approximately $50 m i l l i o n (6). This estimate 
includes the cost of f a i l u r e s during research. Of thi s cost, 
about half is for discovery and half for c l i n i c a l testing of the 
drug to determine i t s s u i t a b i l i t y for marketing — i . e . , is it 
safe and effective? FDA, u n t i l this year, was not involved in 
the discovery or innovative phase. They have now started to 
regulate animal toxicology laboratories, hence they have become 
involved in the innovative phase since it depends heavily on 
animal testing. FDA has estimated the cost of t h i s involvement 
to industry, academia and the government at about $50 m i l l i o n 
(7), but industry claims it will be more. In fact, during 
informal discussions of the DRRA, one drug company executive 
asserted that it would cost his firm alone $20 m i l l i o n to 
comply with FDA's animal toxicolog  regulations  Th  poin  is 
that FDA is now involve
regulation it has promulgated,  impac
ment on R&D costs is still uncertain. 

FDA's primary impact is on the other half of the costs of 
obtaining drug market approval — the development phase. 
Accepting the estimate of $50 m i l l i o n and that half of thi s 
goes to the developmental phase, we have $25 m i l l i o n in cost 
that is s p l i t up in several ways. A part of the c l i n i c a l 
testing would be done regardless of FDA's regulations on market 
approval. Drug firms would do this testing to decide which 
patients would benefit from the drug ( i . e . , what the market is); 
to prevent negligence s u i t s ; and to s a t i s f y corporate ethics. 
Certainly the degree of testing might vary from company to 
company. The problem is estimating how much would be done and 
how well. The same goes for labeling, package inserts for 
physicians and other marketing functions. The view to date is 
that government must watch over the pharmaceutical industry to 
assure the public of safe and effec t i v e drugs. Thus, at least 
some proportion of development phase costs must be attributed 
to FDA regulation. To date, no one has been able or w i l l i n g to 
estimate what th i s proportion is. 

Whatever the proportion of development phase costs that 
can be attributed to FDA regulation is, it has been c l e a r l y 
demonstrated that the cost of drug research and development has 
been increasing s i g n i f i c a n t l y — from $30 m i l l i o n in 1967 to 
$54 m i l l i o n in 1976 by one estimate (6). The cost of testing 
equipment and materials, s c i e n t i f i c personnel, f a c i l i t i e s , etc. 
needed to meet government regulation or due to other factors 
have all contributed. These are areas where the DRRA will have 
little if any impact. Yet the cost of R&D is very important 
because it determines how far an R&D dollar goes, just as food 
prices determine how far our food d o l l a r goes. 

Besides the market approval regulations of FDA, there are 
other FDA regulations that influence the cost of drugs. The 
most s i g n i f i c a n t of these is the set of regulations for good 
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manufacturing practices (GMP's). The GMP's are presently being 
revised, and there is considerable debate as to what the 
economic impact of these revisions will be on the pharmaceutical 
industry. 

One important area of regulation outside FDA's regulatory 
authority are cost containment p o l i c i e s and programs such as 
maximum allowable cost (MAC). (MAC is a proposed HEW program 
whose objective is to lower the cost of drugs purchased through 
Medicare-Medicaid without s a c r i f i c i n g the quality of drugs 
purchased). This program, which FDA is only a contributor to 
through i t s expertise in such areas as bioequivalence, can be 
expected to decrease the revenues of drug firms because the 
indication is that the volume of drugs sold will stay the same 
but the sales price will be the same or lower for drugs under 
this program. The effect of a decrease in sales revenue is 
quite l i k e l y to be a decreas
Referring to what was sai
decrease in R&D expenditures will lead to a decrease in drug 
innovation. 

The international drug law and regulation situation 
presents still another influence on the a b i l i t y of U.S. drug 
firms to generate sales and hence R&D do l l a r s . Although many 
U.S. pharmaceutical firms have argued that drug regulation in 
this country is, in many instances, forcing them to invest 
abroad, this is not to say that drug laws and regulations are 
not also getting s t r i c t e r in other countries. In f a c t , Wardell, 
in his most recent work on the so-called "drug lag", says that 
the U.S. is closing the gap between Great B r i t a i n and the U.S. 
in new drugs approved; one of the reasons he gives is a r e l a t i v e 
increase in drug regulation by Great B r i t a i n (10). F i n a l l y , on 
the international side, we can expect foreign competition to 
increase as s c i e n t i f i c c a p a b i l i t i e s of other nations expand in 
the pharmaceutical f i e l d . Productivity in other nations 
r e l a t i v e to the U.S. is an increasingly important topic of 
discussion, and there is no reason to believe that it will not 
be just as important an issue in the drug area as it is in 
other areas. 

Although there are probably other relevant influences on 
drug innovation besides the FDA's regulatory e f f o r t s , the l a s t 
influence I will mention is a potential one — national health 
insurance (NHI). Actually, NHI could lead to an expansion of 
sales revenue and hence R&D d o l l a r s . The reason for this is 
that NHI is expected to make health care (including, of course, 
treatment by drugs) available to a larger population than is 
now the case. Offsetting these expected revenue effects would 
be regulatory programs such as MAC. 

A l l of the above influences that impose costs on drug firms 
do so only to a certain extent. That extent is the degree to 
which the drug firms can raise their prices to cover cost 
increases. The consumer then pays the cost and, in a sense, 
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helps to maintain R&D in the pharmaceutical f i e l d . Foreign 
competition is one factor that would l i m i t the a b i l i t y of drug 
firms to cover cost increases. Cost containment p o l i c i e s for 
health care could emerge as another. 

In addition to the non-FDA influences described above with 
respect to their effect on the a b i l i t y of U.S. pharmaceutical 
firms to fund R&D, the background for the revision of the FD&C 
Act includes the cr i t i c i s m s of FDA regulation that the DRRA is 
attempting to address. One often advanced c r i t i c i s m has already 
been discussed — the cost of research and development for 
discovery and marketing of a new drug. (No conclusion was drawn 
by the author with respect to the magnitude of FDA's impact on 
this cost). Another c r i t i c i s m of FDA and the statutory author
i t y it operates under is that there is a "drug lag" (safe and 
eff e c t i v e drugs are approved quicker in other countries than in 
the U.S. as indicated e a r l i e
in the U.S. as a resul
Amendments to the Act, and of the way in which FDA has imple
mented the drug laws. The consequences of this "drug lag" as 
put forth by the proponents of the argument are that some drugs 
that are therapeutically s i g n i f i c a n t are not available to people 
l i v i n g in the U.S. as a result of FDA regulation (10). Attempts 
have been made to quantify t h i s loss (11), but even Peltzman's 
well-known cost-benefit study has not escaped c r i t i c i s m (12). 
The c r i t i c i s m appears to at least p a r t i a l l y negate Peltzman's 
conclusion that the costs of the 1962 Amendments exceed their 
benefits — costs in Peltzman's study refer to " e f f e c t i v e " 
drugs that do not reach the U.S. consumer and benefits refer to 
"i n e f f e c t i v e " drugs kept off the U.S. market. Nevertheless, the 
speed at which drugs are granted market approval and the impact 
of FDA and i t s authority on drug innovation (the two parameters 
of the "drug lag") are still viable issues. 

U.S. drug laws have also been c r i t i c i z e d for not allowing 
drug companies to export drugs that have not received FDA 
approval for marketing in the U.S., but have a potential 
market(s) outside the U.S. and are considered acceptable in 
this market(s). Since requirements for obtaining market 
approval vary by country, some drugs not yet acted on regarding 
market approval or denied approval in the U.S. may still be 
e l i g i b l e for approval elsewhere in the world. Consequently, 
U.S. drug firms are given the incentive to locate f a c i l i t i e s 
abroad (13). 

A c r i t i c i s m advanced by many individuals and groups, but 
not by the pharmaceutical industry, is that the FDA operates in 
secrecy when it decides whether to grant market approval for a 
drug. The argument is that since the safety and ef f i c i e n c y 
data that drug firms submit to FDA in support of a drug are 
proprietary, the public is not given s u f f i c i e n t information to 
have meaningful input into the approval process. The argument 
is then usually extended to say that drugs are being approved 
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that are either unsafe or i n e f f e c t i v e as a result of pressure 
from the pharmaceutical industry (14). 

F i n a l l y , the rate of return (ROR) on R&D investment in the 
drug industry and the possible effect of FDA regulation on ROR 
has been examined. Schwartzman has argued that even though the 
potential for discovering important drugs is s i g n i f i c a n t , drug 
companies will actually cut back th e i r R&D programs (17). The 
reason for this cutback, he argues, is that the expected ROR for 
a drug firm with respect to i t s R&D a c t i v i t i e s has declined from 
11.4 percent in 1960 to 3.3 percent in 1972. It is argued that 
FDA regulation is one of the factors in this decrease. Opponents 
have argued that if ROR on R&D were as low as 3.3 percent, then 
drug companies would stop investing in drug R&D — the c r i t i q u e 
of Schwartzman's work is not this simple, of course, but this is 
a major point. 

Economic Analysis of the DRRA 

The DRRA was submitted to Congress on March 16, 1978. The 
proposed Act, if passed, would represent the first t o t a l re
vi s i o n of the drug portion of the F, D and C Act since i t s 
passage in 1938 and the 1962 Amendments. The DRRA constitutes 
a rewrite of all facets of the present U.S. drug l a w s — i . e . , 
it revises statutory authority with respect to market approval, 
manufacture, d i s t r i b u t i o n , promotion and use of pharmaceuticals. 
In addition, it provides the statutory authority to deal with 
problems that arise after a drug is granted market approval. 
This authority includes the right of FDA to ask for reports 
on experience with a drug's use and provides for s t i f f e r 
enforcement mechanisms. The DRRA also authorizes the establi s h 
ment of a National Center for C l i n i c a l Pharmacology (NCCP) as 
part of HEW. 

More s p e c i f i c a l l y , it is proposed under T i t l e I that the 
present process of obtaining market approval for a new drug 
(the New Drug Application (NDA) process) be replaced with one 
that includes establishing a monograph for a drug entity first, 
and then obtaining a license to market drug products made up of 
one or more drug e n t i t i e s . The monograph represents the 
innovator's submission of evidence to FDA that has the purpose 
of establishing the conditions for safety and efficacy of the 
drug entity. The basis of deciding whether a drug product 
should be licensed is the compliance of the product with the 
requisites of the monograph (see J6 and 17 for elaboration on 
the monograph). 

T i t l e I of the DRRA also attempts to provide f l e x i b i l i t y 
in the investigational use of human drugs. It does so by 
categorizing these drug investigations into three types for 
the purposes of regulation—drug innovation, drug development, 
and drug treatment—and gearing the regulations to the type of 
investigation while still maintaining the goal of protecting 
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human subjects. In addition, T i t l e I sets forth protective 
measures for those who use a drug once it has obtained market 
approval. These measures pertain to drug labeling and marketing 
techniques as well as to educational programs for consumers and 
health professionals. 

The only other part of the proposed Act bearing a direct 
relationship to the discussion in this paper is the provision 
setting forth conditions under which a drug product not 
approved for marketing in the United States may be exported 
(see 16 and 17 for more d e t a i l on the DRRA). 

The analysis of sections of the DRRA that follows expands 
on those parts of the Act that have consequences for drug 
innovation through their economic implications. Again, it 
should be emphasized that the impact of the proposed DRRA 
depends on how the propose
in which it is promulgate
quences. For example,  goo g practice
now in force be carried over under the new Act? And, what about 
the recently proposed revisions of the bio-research monitoring 
program for safety and effi c a c y testing of drug e n t i t i e s , as 
well as other drug research? W i l l they remain intact? These 
decisions will primarily be made when rules are promulgated 
based on a new drug law. When this occurs, the pharmaceutical 
industry, the public, and other governmental e n t i t i e s will have 
an opportunity to affect how the law is implemented. Of course, 
these same groups now have an opportunity to affect the proposed 
law, which is written in more general language then the 
implementing rules will be. This is the reason for the 
uncertainty as to what impacts a new law will have. 

The sections of the DRRA to be discussed with respect to 
economic implications and, eventually, impact on R&D expendi
tures, can be divided into two categories — (1) time and cost 
saving provisions, and (2) time and cost expending provisions. 

There are four sections or provisions of the DRRA that are 
discussed in this paper that f a l l under the "time and cost 
saving" category: 

— the "breakthrough" drug provisions; 
— the export provision; 
— the drug innovation provision; 
— the batch c e r t i f i c a t i o n provision. 

The l i s t i n g represents a subjective ranking of the four pro
visions (which may represent one or more sections of the DRRA) 
based on the author's perception of which provisions will have 
the larger time and cost savings. 

The "breakthrough" drug provisions of the DRRA are ex
pected by FDA to increase the a v a i l a b i l i t y of s i g n i f i c a n t new 
drugs in the U.S. Drugs that are considered to be therapeuti
c a l l y s i g n i f i c a n t advances (whether they are or not is usually 
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a point of disagreement between industry and government as stated 
above) will, under this provision, be given the opportunity for 
faster market approval. These provisions, therefore, would be 
expected to decrease the "drug lag" in the United States. In 
addition, drug companies would receive sales from these products 
e a r l i e r , hence revenues available for R&D funding would be 
expected to increase. Offsetting these revenues, however, will 
be the costs of the post-marketing requirements for a "break
through" drug, including recordkeeping and reporting. 

The export provision in the DRRA will allow, under certain 
r e s t r i c t i o n s , drugs that contain an entity, or e n t i t i e s , for 
which there is not an approved monograph(s) to be marketed out
side the United States. This provision can be expected to slow, 
to some extent, the s h i f t of pharmaceutical firm investment 
abroad. The extent, again
tered. There are othe
abroad—investment and tax incentives, wage rates, a v a i l a b i l i t y 
of s c i e n t i f i c personnel, etc. These factors may swamp the 
effect of the export provision. 

Dividing, for purposes of analysis, the stages of drug 
research and development into the innovative phase and the 
developmental phase, the DRRA offers the p o s s i b i l i t y of less 
r e s t r i c t i o n s in the innovation phase; i . e . , the drug innovation 
provision. This provision states that in the i n i t i a l phase of 
c l i n i c a l t r i a l s for new drugs, only those aspects of the t r i a l s 
that may adversely affect the health or rights of participants 
will be r e g u l a t e d — s c i e n t i f i c design and other technical aspects 
will not be. If the Act were implemented to accomplish what i t s 
stated objectives are, and if the intensity of review by FDA in 
the developmental phase increased by s h i f t i n g resources, the 
cost to pharmaceutical companies of bringing a drug to market, 
and the time it takes to bring a drug to market, should decrease. 

The f i n a l cost and time saving to be discussed is the batch 
c e r t i f i c a t i o n provision. The important aspect of this provision 
is that FDA, not industry as in the past, will now be responsible 
for c e r t i f y i n g the quality of batches of such drugs as a n t i 
b i o t i c s . Hence, given that FDA would be paying the b i l l and 
would be responsible in part for an adequate supply of drugs such 
as a n t i b i o t i c s , the c e r t i f i c a t i o n process is expected to be 
timely. Furthermore, under this provision, companies can estab
l i s h a c e r t i f i c a t i o n record that will allow them to be exempted 
from t h i s requirement—a time as well as cost savings. 

Four provisions will be discussed in this paper under the 
time and cost expending provisions. Subjectively ranked in 
order of probable time and cost expenditures, they are: 

— the safety and eff i c a c y data release provision, 
— the post-marketing study and monitoring provisions, 
— the patient package insert (PPI) provision, and 
— the unit of use packaging provision. 
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The impact of the safety and efficacy release provision is, 
at present, one of the few impacts for which publicly available, 
quantitative impact data exists. This provision permits the d i s 
closure of safety and efficacy data submitted for a drug entity 
monograph. The degree to which data is made public depends on 
whether the monograph has been approved; portions of the data are 
available p r i o r to monograph approval only to individuals or 
e n t i t i e s that take part in the hearing on the approval request. 
A l l data reports are available without r e s t r i c t i o n after mono
graph approval, subject to the f i v e year provision discussed 
below. 

Because data is released p r i o r to approval of the monograph, 
the p a r t i c i p a t i o n of more individuals and e n t i t i e s in the process 
may, at least in some cases, slow down the approval of mono
graphs. On the other hand  the disclosure of data allows more 
s c i e n t i f i c knowledge t
a drug entity. Furthermore
monograph approval is expected to reduce duplicative testing to 
support the safety and e f f i c a c y of a drug product, because the 
necessary studies for a drug entity are already available. E s t i 
mates of the degree of duplicative testing would obviously be 
useful in assessing the benefits of this provision. To date, 
no r e l i a b l e estimates are pu b l i c l y available. 

Although the DRRA states that no one can use the safety and 
eff i c a c y data submitted by an innovator to request the approval 
of a monograph, a study by the Economic Staff of the Food and 
Drug Administration concludes that, based on certain assumptions 
about the loss of market share by innovative ("research-inten
sive") firms, the degree of s h i f t in sales to foreign firms, 
and the amount of sales gained by non-research-intensive firms, 
the disclosure of safety and efficacy data will still have a 
negative impact on pharmaceutical R&D expenditures (18). 

The FDA study contains the following paragraph in the 
Executive Summary: 

" F u l l disclosure of S&E data is estimated to 
decrease U.S. pharmaceutical firms' R&D 
expenditures by $56 m i l l i o n or up to 4.7 percent 
of recent levels of R&D. The impact on R&D 
investment is a consequence of increased com
pet i t i o n in the industry and the accompanying 
s h i f t s in sales from innovators to other U.S. 
firms and to foreign firms. Innovative or 
research-intensive firms in the aggregate invest 
a higher proportion of sales into R&D than 
other U,S. firms. The estimated potential loss 
in sales of all U.S. firms is approximately 
$600 m i l l i o n , an event which would occur over 
a multi-year period," (18) 
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It is noted in the Executive Summary to the FDA study that 
the impacts given in the above paragraph do not take account of 
the possible "mitigating effects 1 1 of the May 17, 1978, version of 
the DRRA, such as the provision that the data cannot for a period 
of f i v e years be used to obtain market approval for a drug pro
duct without the permission of the individual or entity that 
submitted the data o r i g i n a l l y . On the other side of the coin, 
however, is the fact that if one does not accept some or all of 
the assumptions of the FDA study, the sales loss, and in turn the 
loss in R&D funds, could be s i g n i f i c a n t l y greater. 

The competition, through " i n t e l l i g e n c e " use ( i . e . , acquiring 
knowledge from) of safety and efficacy data, and through i t s use 
to obtain approval to introduce generics onto the market, could 
have another negative effect besides that on R&D expenditures. 
The incentive for innovator
of new drugs to foreig
lag". Of course, the increased competition may increase innova
tion. I t is d i f f i c u l t to estimate the consequences of provisions 
in the DRRA for post-marketing studies to, say, examine an ad
verse finding more carefully or monitor drugs after approval. 
These provisions are discretionary; hence, the number of drugs to 
which they would apply is impossible to estimate. Also, costing 
out such requirements is equally d i f f i c u l t because of limited U.S. 
experience. On the whole, however, it might be anticipated that 
marketing approval for some drugs would be granted e a r l i e r with 
the a v a i l a b i l i t y of these provisions. Hence, there would be a 
possible time savings, but at some cost. This cost for post
marketing studies could, however, be more than offset by in
creased revenues. This provision is in the time and cost ex
pended category because the argument that it will cost appears 
stronger than the argument that it will save since the l a t t e r 
argument is more conjectural in nature. 

The patient package insert (PPI) provision (this provides 
that patient information on dosage, adverse e f f e c t s , etc., would 
be included with prescription as well as over-the-counter drugs) 
of the DRRA appears to have gathered more attention on the cost 
impact side than is warranted. The PPI should save expensive 
physician time at a small cost per prescription. However, as 
long as no hard figures e x i s t , the cost of PPIs will undoubtedly 
continue to be an issue. 

And, f i n a l l y , there is unit-of-use packaging ( i . e . , certain 
drugs may be required to be packaged in quantities used in an 
"acceptable treatment regimen"). This is again a discretionary 
provision. How costly? Even if the number of drugs that would 
f a l l under this provision were known, it is necessary to estimate 
the cost of switching the pharmaceutical production and marketing 
system over to unit-of-use packaging methods. This would require 
some detailed cost work. 
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Summary and Conclusions 

It can be seen from the above discussion that there are some 
potential time and cost savings associated with the DRRA that are 
expected to contribute to the R&D e f f o r t of pharmaceutical firms. 
However, there are also some potential time and cost losses asso
ciated with the DRRA. Furthermore, there is a paucity of quanti
tative estimates of those time and cost savings and losses. 

Presently, no d e f i n i t i v e conclusion can be reached on the 
economic consequences of the DRRA. Furthermore, it is never 
expected that all the monetary benefits and costs can be summed 
to arrive at such a conclusion, or to make an assessment of the 
impact on innovation resulting from these benefits and costs. 
However, there is an obvious need for more and better economic 
analysis. 

A look at what ha
provision of the propose , y y
release section, has been studied in any s i g n i f i c a n t d e t a i l for 
economic impact. Admittedly, this provision is one of the most 
important, but the other provisions discussed in this paper 
could, either singly or in some combination, have an even greater 
economic impact and, consequently, impact on drug innovation. In 
addition, there are other provisions with seemingly less economic 
and innovative impact, not discussed above, which may be elevated 
to importance or added as the 1979 version of the DRRA is 
reviewed and revised by Congress. 

I would l i k e to make a plea. Although the DRRA is not the 
only force bearing on the success of the pharmaceutical industry 
and the issue, therefore, of drug innovation, it is potentially 
one of the most important pieces of l e g i s l a t i o n , and thus forces, 
to affect this industry. Therefore, I would l i k e to see in
creased cooperation on the part of both industry and government 
with respect to data resources and studies of the DRRA. It all 
goes back to an emphasis on analysis that is designed to c o n t r i 
bute to a policymaker's a b i l i t y to make decisions, and not on 
analysis designed to win arguments. 

F i n a l l y , not to overemphasize the role of economics in 
making decisions on issues such as those surrounding the DRRA, it 
may be that economics can and should play only a small part in 
these decisions. That is, perhaps such decisions should be 
based primarily on s o c i a l grounds. Too much appears to be 
expected of economic analysis, p a r t i c u l a r l y cost-benefit analy
s i s . Normally only parts of a problem and alternatives to 
solving it are amenable to economic analysis. We should not 
expect more regardless of the recent surge in demands for econo
mic impact analysis. 
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Meeting the Challenge of the Toxic Substances Control 
Act with Technological Innovation 

JOHN DEKANY and STEVEN MALKENSON 

U.S. Environmental Protection Agency, 401 M St., SW, Washington, DC 20460 

As most of you know, the Toxic Substances Control Act 
(TSCA) was enacted in October
ical in the drive for thi
awareness of the threat chemicals can present to human health 
and the environment. This threat was (and is) not adequately 
understood because little data is available and the state-of
-the-art in assessing risk is rudimentary. This element of the 
unknown added to the unacceptability of the situation. 

Secondly, in many cases certain segments of society were be
ing forced (sometimes unknowingly and involuntarily) to assume 
substantial risks. Workers, consumers, and the general public 
have been exposed to dangerous chemical substances at work, in 
consumer products, and in the water they drink and the air they 
breathe. 

In general, the public was ill-equipped to respond to this 
dilemma - it had neither information nor a vehicle to obtain it. 
Interestingly, however, we can cite examples of isolated cases 
where the public, when informed of a potential risk, was will
ing to go out of i ts way to control it. Consumers have been ex
tremely reluctant, for example, to buy remaining inventories of 
products uti l izing fluorocarbon propellants. They have been 
willing to accept the products in less desirable packaging as a 
tradeoff for the increased measure of environmental safety asso
ciated with their use. Another indication of this phenomena 
has been the premium prices consumers are willing to pay for 
organically-grown food. Do not mistake this as a condemnation 
of pesticides, but rather an indication of the genuine cost 
people associate with uncertainty regarding unknown toxic ef
fects of chemicals. 

Understandably, responsible businesspeople are constantly 
under competitive pressure to keep costs down and margins high. 
It would have been extremely d i f f i cu l t for a company to carry 
out an extensive testing program if their competitors did not. 
This might lower return (at least in the short-run), and 
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correspondingly have negative impacts on the firms' competi
tive position in the marketplace. 

In passing TSCA, Congress found this combination of circum
stances to be unacceptable. The Environmental Protection Agency 
was given 4 major powers under the Act to work toward better 
understanding the problem and eliminating "unreasonable risks" 
from chemical substances. They are as follows: 

1) Reporting - EPA can require chemical manufacturers to 
report certain types of data vdiich will enable the Agency to 
more effectively assess the risks associated with particular 
substances. This includes information on chemical identity, 
use, production volume, exposure, and existing health and safe
ty studies. 

2) Testing - EPA can require manufacturers to perform health 
and safety studies on specific chemicals or categories of chemi
cals that the Agency feel
human health or the environment.

3) Regulatory - TSCA gives EPA broad authority to regulate 
any chemical that the Agency finds presents an "unreasonable 
risk to human health or the environment." The Agency may take 
action at any stage of the chemical's lifecycle - manufacture, 
processing, distribution, use, or disposal, in order to elimi
nate this unreasonable risk. 

4) Premanufacture Notification - The Toxics Act requires 
chemical manufacturers to give EPA 90 days notice before com
mencing commercial production on any new chemical substance. 
Through premanufacture notification, the Agency is charged with 
the responsibility of regulating unreasonable risks from these 
new chemicals before they occur. 

As I have described, in passing TSCA, Congress charged EPA 
with the responsibility to prevent chemicals from presenting 
unreasonable risks to human health or the environment. At the 
same time, however, Congress directed the Agency to implement 
the Act so as not to "unduly impede technological innovation." 
Striking a balance between these two objectives is one of the 
incredible challenges we all must face in the coming years. In 
a sense, it is also one of our goals to address this issue here 
today. 

The section of TSCA that will most directly effect innova
tion, research, and development in new chemicals is prmanufac
turing notification. Consequently, a more detailed description 
of this program would be appropriate. 

Manufacturers proposing to produce a new chemical for com
mercial purposes for the first time must first submit certain 
types of information to EPA to enable the Agency to evaluate the 
potential risk attributable to that chemical substance. Ex
amples of the information to be required include chemical identi
ty, projected uses, production volume, and data on human exposure 
and environmental release. Additionally, manufacturers are ex
pected to test new substances as necessary to assess their po-
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tential to cause specific adverse human health and environmental 
effects. 

Based on this information (supplemented with data on substi
tute products and the projected economic significance of the 
chemical), the Agency will take one of the following courses of 
action: 

1) Do nothing. This allows the manufacturer to commence 
production of the chemical upon the expiration of the 90-day no
tification period. It does not constitute an EPA endorsement of 
the safety or efficacy of the substance. 

2) If the Agency feels insufficient test data has been sub
mitted to allow a "reasoned evaluation" of the risk presented by 
the chemical, it can act to limit or prohibit manufacture of the 
substance until sufficient data has been submitted. In this 
event, EPA must specify the necessary tests  Action taken under 
this option would be subjec

3) If the Agency feel
able risk to health or the environment," it may regulate the 
chemical in such a way to eliminate the unreasonable risk. 

EPA is conducting an extensive study in order to more fully 
understand the impact of the premanufacturing review program on 
innovation in new chemicals. Although the lack of data in this 
area is discouraging, we are doing the best we can to quantita
tively evaluate the effect on both the input (in terms of R&D 
dollars) and the output (in terms of new chemical substances) of 
the innovative process. 

Ihere are two aspects of this program that will effect the 
research and development investment decision. First, the costs 
of premanufacture notification (including testing costs) will 
increase the investment in R&D necessary to develop and market 
new chemicals. The health and safety properties of a chemical 
must now be considered an intrinsic part of the new chemical de
velopment process, right alongside consideration of the sub
stances commercial properties. Both are equal parts of the 
"total product". To the extent that this results in increased 
testing for health and environmental effects, the amount of in
vestment required to achieve a given level of output from R&D 
will also rise. 

Secondly, the additional uncertainty that a new chemical 
will be environmentally unacceptable will increase the risk 
associated with the investment decision. Given the increased 
data that will be available relating to a chemical's health 
and environmental effects, decision-makers will be more aware 
of any risks a new substance may present. In many cases, the 
manufacturer will be able to sufficiently control this risk 
through the use of safeguards - for example, controlling emis
sions or proper labeling. In some cases, however, risks may 
be unavoidable as a direct result of the chemical's use. I think 
we would all agree that it would be unreasonable for a chemical 
to be used as a detergent in commodity quantities if it were 
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found to be carcinogenic. To the extent that the increased 
awareness of the chemical's toxicity resulting from premanufac
ture testing presents an additional uncertainty in the innova
tion process, the number of new chemicals being marketed in a 
given year may decrease. 

Both these factors - increased testing and additional un
certainty, will reduce the output of research and development 
in the chemical industry ( i f measured by numbers of new chemicals 
marketed) that would likely be achieved in their absence. It is 
an undeniable fact that the market for some low volume, specialty 
chemicals will not be sufficient to justify the expenditure neces
sary to perform adequate health and safety testing. It would be 
foolish of me to stand before you and deny this. 

But let me also be quick to point out that the impacts will 
not be as significant as they at first appear  The number of 
new chemicals is not a
cal innovation. It ignore
cals, a very important one of vhich is the unintended environ
mental and health effects resulting from the use of the product. 
In this respect, it is one of the goals of the premanufacture 
review program to improve the quality of output of the innovative 
process. 

Furthermore, I think we will all agree that the implicit re
sponsibility for assuring the safety of a chemical has always 
rested with i t s manufacturer. A l l TSCA does is make this re
sponsibility explicit. To the extent that a manufacturer has 
responsibly dealt with this problem in the past (through test
ing and withholding undesirable chemicals from the market), the 
incremental impact of TSCA will be minimal. It is the manufac
turers who have habitually avoided this responsibility that will 
be most impacted. In effect, Congress has said we can not wait 
any longer for these firms to take this responsibility on 
voluntarily. 

The point I would like to emphasize is that EPA is sensitive 
to the effect of its programs, particularly premanufacture noti
fication, on the development of new chemicals. The Agency is 
actively seeking ways to mitigate this impact, and several 
possibilities are already under investigation. One alternative 
involves some form of financial assistance to developers of new 
chemicals. A fund could be established by the chemical industry 
or Congress which could help finance health and environmental 
testing of new chemicals. Manufacturers could pay back the 
fund according to the commercial success ultimately achieved 
by the chemicals for which testing was in part financed by the 
fund. Another program under consideration by EPA is the offer
ing of technical assistance by the Agency in the designing of 
test programs and the f i l i n g of premanufacture notices. I am 
not hesitant to say that you may contact me personally with any 
additional ideas to help in this area. 

I can safely say that the tradeoff between health and en-
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vironmental protection and technological innovation is excruti-
atingly d i f f i c u l t to make, but it is one we must make. The 
larger question then becomes, "what parts can we all play to 
optimize the outcome?" Ironically, the answer rests in part in 
seeking innovative and creative responses to the problem. 

Let me first answer this question from the perspective of 
the Environmental Protection Agency. The first positive step 
we can take is to recognize the natural tension that exists 
between the cost of information and the value of information in 
addressing risks to be presented by chemical substances. From 
a purely scientific viewpoint, more data is always better. How
ever, data is not free and its potential usefulness must be 
carefully weighed against i t s cost. We can be sensitive to this 
by promulgating responsible test guidelines that ask only for 
test data appropriate for assessing the reasonableness of the 
risk presented by a particula
ty, structure, uses, an

Secondly, EPA seeks a cooperative, informal relationship 
with industry. Solutions to d i f f i c u l t problems are easier to 
reach when people are working with each other, not in opposite 
directions. We will work hard not to bog industry down with un
necessary administrative and technical requirements. 

Thirdly, the Agency will act only vdien necessary under the 
regulatory authorities granted under Section 5 of TSCA. Consist
ent with the principals of Regulatory Reform, we are constantly 
looking for innovative alternatives to command and control regu
lations. A good example of this is one of the approaches the 
Office of Toxic Substances is exploring with respect to non-
propellant uses of chlorofluorocarbons. A system of marketable 
permits sold to the highest bidder could perhaps be used in this 
case to ration fluorocarbon emissions among its most valuable 
uses. 

Let me now turn to industry's role in minimizing the ad
verse effect of TSCA on innovation. I would urge recognition 
and acceptance of an important objective of Congress in passing 
the Toxics Act to assess health and environmental risks associ
ated with new chemicals prior to their i n i t i a l manufacture. By 
institutionalizing a testing program that parallels new chemical 
research as early as feasible in the R&D cycle, chemists can 
concentrate their efforts on chemical structures with few or no 
toxic properties. In this way, firms can avoid investing large 
efforts in chemicals environmentally unacceptable for antici
pated uses. 

Secondly, firms should cooperate with EPA in spirit and 
action by moving voluntarily to mitigate risks (when present) 
from toxic new chemicals. Appropriate actions might include 
taking precautions and safeguards to limit exposure to humans 
or the environment in manufacture, use, and disposal. I can 
cite many examples where chemical companies have faced environ
mental problems in certain of their activities, and with the 
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help of a little innovative thinking (and sometimes some tech
nical and technological research) have turned the problem 
around into a profitable opportunity. In one case, Ontario 
Paper Company was producing large amounts of unwanted chemical 
byproducts from a particular manufacturing process. Chemists 
there found a way to convert lignum to vanillan, thus eliminat
ing the disposal problem and providing a source of revenue at 
the same time. In another instance, Union Carbide developed 
the "Brodie Purifier Process", which cut production costs of 
certain high purity organic chemicals by 20% to 50% and reduced 
waterborne wastes at the same time. Allied Chemical's new pro
cess for manufacturing aluminum sulfate cuts production costs, 
reduces process wastes, and eliminates discharge all at the 
same time. I could continue with examples, but the important 
thing is that through innovative technical and technological 
thinking, many problem
the R&D process can be

A c r i t i c a l role in the successful tradeoff between con
trolling risk and protecting innovation will also be played oy 
toxicologists - whether in government, industry, universities, 
or elsewhere. Although we all might agree that the field of 
toxicology is advancing very quickly, the state-of-the-art is 
still archaic. The development of cheaper, more reliable 
screening tests for various toxic effects is c r i t i c a l to the 
success of this program. 

We must all work together and share the burden in support
ing this effort to achieve the dual objectives of maintaining 
innovation in the chemical industry and controlling unreasonable 
risks to health and the environment from these same chemicals. 
Some compromises must be made from each objective, but working 
together we can achieve the optimal solution. 

R E C E I V E D March 21, 1979. 

In Federal Regulation and Chemical Innovation; Hill, C.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



12 
The Effect of Government Regulation on Innovation 
in the Chemical Industry 

ARTHUR GERSTENFELD 
Department of Management, Worcester Polytechnic Institute, Worcester, MA 01607 
HOWARD K. NASON 
I.R.I. Research Corporation, 7800 Bonhomme Avenue, St. Louis, MO 63105 

This paper addresses issues concerned with the 
effects of governmen
novation, (as dif ferentiate
with part icular focus on the chemical industry. There 
is perhaps no other topic more timely these days than 
that of government regulation and its effect on what 
generally is conceded to be a lagging innovation pro
cess in the U.S. There are scarcely any meetings of 
business persons, government officials, or academics 
where this topic does not emerge as a central concern 
for today's economy. 

The concerns are not limited to the borders of 
the United States since regulatory differences are now 
being c ited as an important factor affecting in ter 
national balance of trade. It is clear that if some 
area of the U.S. economy has imposed on it more strin
gent requirements than a foreign counterpart the U.S. 
regulations must result in increased costs, hence an 
unfavorable trade pattern. However, for the purposes 
of this discussion we shal l l imit our attention to 
three aspects, namely growth of performance regula
tions; unintended consequences; and prescriptions for 
improvement. 

I. Growth of Regulations 

Prior to 1960 there were few performance regula
tions affecting chemicals in industry and the environ
ment. Some of the leg is lat ion that has since come 
into effect includes: (1) 

The Clean A i r Act 
The Energy Supply and Environmental 

Coordination Act 
The Clean Water Act 
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The Federal Environmental Pesticide Control Act 
The Occupational Safety and Health Act 
The Federal insecticide; Fungicide, and 

Rodenticide Act 
The Mine Safety and Health Act 
The Fish and Wildlife Coordination Act 
The Coastal Zone Management Act 
The Hazardous Materials Transportation Act 
The Marine Protection Research and 

Sanctuaries Act 
The Resource Conservation and Recovery Act 
The Solid Waste Disposal Act 
The Toxic Substances Control Act, and 
The Transportation Safety Act 
There is little doubt in  mind  that economi

historians will identif
present as "The Regulatory  Regulatio y 
has not only increased in volume but has increased in 
breadth (2). One used to equate regulations with 
"Regulatory Controlled Industries" i.e., transporta
tion, utilities, etc. However, there is scarcely an 
industry today that is not affected by the spectre of 
government regulations. The chemical industry has 
been particularly affected. 
II. Unintended Consequences 

In order to examine the unintended consequences 
from this large growth of government regulation we 
shall first consider the major forces that have caused 
this growth to appear. Rising incomes often result 
in demands for social l e g i s l a t i o n . These demands have 
been coupled with engineering and science sophistica
tion and change is coming about rapidly. New products 
and processes constantly appear with ever decreasing 
product l i f e cycles, with demands for requirements 
often exceeding the original intention. 

Focusing on unintended consequences, it has been 
pointed out that although we desperately need better 
medicines, the current state of drug regulation is 
standing in the way of that objective ( 3 ) . There is 
essentially no area of medicine that does not suffer 
from inadequate drugs. Cancer patients receive little 
help from present therapies and schizophrenics would 
welcome treatment that does not carry with it the risk 
of irreversible neurological damage. One consequence 
of current regulations is that it now takes a U.S. 
firm about 8 years and $ 5 4 million to bring one of i t s 
drugs to the U.S. market ( 4 ) . Recent studies show 
that many new drugs are available for the treatment of 
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the a f f l i c t e d from 3 to 1 5 years sooner in other coun
t r i e s , such as Great Bri t a i n , Canada and Germany, than 
in the U.S. Some attempts have been made to calculate 
the effects in lives saved vs. damage from unantici
pated side effects, but more definitive data of this 
kind is needed. The effect is, however, significant. 

A great threat to chemical innovation is incon
sistent government regulations, often as dysfunctional 
as the regulation themselves ( 5 ) . Inconsistency and 
indecision by Federal Agencies cause companies to 
withdraw financial support from projects at c r i t i c a l 
times. Regulatory inconsistencies leave company man
agement unable to predict whether a new product or 
process will be acceptable  Nason has stated that 
regulation-driven change
innovation, though  grea
(6). Examples include the development of more sensi
tive and reliable automatic instrumentation for moni
toring chemicals, radiation and biological materials 
in the environment, of safety-or-environment-related 
add-on equipment for vehicles, of pollution-control 
technology and of safety-related equipment for use in 
industry, mining and the home. 

A major concern is the effect of regulation on 
the innovation process i t s e l f . While Hill, ( 7 ) in a 
1 9 7 4 study of the chemical and a l l i e d products indus
t r i e s , concluded that "although much of the literature 
emphasizes the possible deleterious effects of regu
lation on innovation, examples of regulations which 
stimulate innovation may also be found", the concensus 
today among industrial research administrators is that 
the overall effect is pernicious ( 8 ) . R and D aimed 
at innovation increasingly is being squeezed out by a 
growing proportion of non-discretionary work made 
necessary by regulation in a total environment of a 
fixed, or in some cases decreasing, resource pool. 

I l l . Prescription 
In a new book to be published in late 1 9 7 8 , Ger-

tenfeld ( 9 ) presents a seven point prescription for 
lessening some of the deleterious effects from govern
ment regulations. In this paper some of those ideas 
will be l i s t e d and some new ideas added with the ob
jective of ameliorating the effects of government regu
lation on innovation. 

1 . Efforts to evaluate the entire economic im
pacts of regulations before enactment is essential and 
could yield substantial positive results ( 1 0 ) . 
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2. Improved consistency within government could 
provide industry with the guidelines so necessary to 
encourage the needed R and D efforts. 

3 . The concept of accepting some inevitable risk 
(inherent in all products and processes) must become 
a part of the decision-making process, since our cur
rent path toward a "no-risk" society creates a climate 
that is the very antithesis for innovation and is, in 
any event, unattainable at any cost in the real world. 

4 . Information transfer must take place between 
industry and government on a continual basis and must 
start at the very beginning of a regulatory movement. 

5 . Government regulators must become more famil
i a r with industry problems and perhaps it is time to 
consider a one year sabbatical to be spent in industry 
for each governmen
industry. 

6. Similar to zero base budgeting, there should 
be zero base regulations so that a regulation cannot 
be allowed to build on a previous regulation but 
rather each should be considered from a zero baseline. 
Application of the "Sunset Principle" to regulation 
has been advocated widely and is under study by the 
Congress. 

7. Careful, rigorous societal impact analyses of 
both primary and secondary effects should be evaluated 
prior to the enactment of each and every regulation. 

8 . Periodic assessment of regulations and their 
impact on innovations should be a standard and regular 
procedure. It has become far too easy to allow for an 
accumulation of regulations which has resulted from a 
reward system within government which encourages in
creasing legislation with no rewards for lesser con
t r o l s . A process to correct for experience is badly 
needed. 

9. Conflicting agencies often issue conflicting 
regulations resulting in lessened innovations. A 
clearinghouse system must be devised so that compat
i b i l i t y can be obtained. 

10. Small business, which has been particularly 
hurt by performance regulation requirements, should 
have special systems available so that reporting re
quirements and other administrative costs connected 
with regulations can be decreased. 

11. Research programs and experiments should be 
u t i l i z e d so that more of the. uncertainty in connection 
with the effects of regulation can be reduced. 

In conclusion, an example of a form of economic 
deregulation will be used to chart a course for 
similar actions on performance regulations. While the 
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Senate has passed a major b i l l giving a i r l i n e s more 
authority to cut fares and add new routes, the C i v i l 
Aeronautics Board has relaxed i t s rules so much that a 
form of a i r l i n e deregulation now exists. This has re
sulted in an abundance of new low fares, and the entry 
into new markets of competing a i r l i n e s . The overall 
result of this decreased regulation has been more air 
travelers and higher profits for the carriers. While 
we recognize that not all cases are to clear cut, we 
do believe that similar positive results could be ob
tained by seriously considering the points raised 
within this paper and by taking a careful reappraisal 
of the unintended as well as the intended consequences 
from government regulations. 
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During the past few years the chemical industry has responded 
to a wide range of environmenta
significant changes -- a
the current availability and costs of products dependent on chemi
cals, in employment opportunities, or in the growth or configura
tion of the industry. Of course, there have been changing empha
ses in product lines in response to environmental concerns, a few 
products have been abandoned, and environmental control costs have 
been a factor in some plant closings. Nevertheless, from the pub
lic's viewpoint, the industry continues to operate at the fore
front of technological opportunities in providing a wide variety 
of products for our ever advancing standard of l iving. 

Indeed, the industry has exhibited a remarkable degree of 
technological resiliency in adjusting to the dramatic upsurge in 
regulatory requirements. Much of the success in significantly re
ducing effluents and emissions in response to air and water pollu
tion limitations of the early 1970's is attributable, at least in 
part, to the earlier industrial neglect of technological opportu
nities for curtailing environmental discharges, both in operating 
old plants and in designing new ones. Similarly, when confronted 
with requirements several years ago to reduce worker exposure to 
carcinogens, the industry demonstrated technological ingenuity on 
many fronts -- in the rapid introduction of substitute chemicals, 
in new and modified engineering processes that bypass use of the 
troublesome chemicals, and in vastly improved engineering and re
lated approaches to containment of these chemicals. 

In short, the immediate economic impacts of regulatory re
quirements have frequently been overestimated by spokesmen for both 
industry and Government who have not fully anticipated the tech
nical ingenuity of both management and engineering staffs when 
near-term profitabil ity is at stake. However, from the perspective 
of both individual companies and of the industry, the immediate 
impacts of regulations can be almost t r iv ia l in comparison with 
the longer term impacts of these same regulations within an in
dustry that operates on a global basis and on the forward edge of 
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a constantly changing technology. Unfortunately, almost every 
regulatory impact assessment concentrates solely on the immediate
ly apparent impacts on the " t i p of the iceberg" while the impacts 
on the submerged aspects — and p a r t i c u l a r l y research a c t i v i t i e s 
— can have a major effect on the rate and direction of i n d u s t r i a l 
production in the years ahead. 
Technological Penalties Associated with Environmental and Work
place Controls 

While responses to environmental and workplace standards f r e 
quently stimulate considerable innovative a c t i v i t y among the en
vironmental and chemical engineers, such a c t i v i t i e s are not with
out their technological penalties. Compliance with regulatory 
requirements frequently requires the diversion of f i n a n c i a l re
sources and technical manpower from other a c t i v i t i e s  including 
innovative a c t i v i t i e s directe

Examine, for example
ment of v i n y l chloride as a serious environmental and workplace 
hazard in 1974. Almost every company operating v i n y l chloride or 
polyvinyl chloride production f a c i l i t i e s diverted many engineers 
to tighten the engineering controls required to reduce v i n y l 
chloride leakages. They succeeded in s i g n i f i c a n t l y reducing emis
sions in a very short time. At the same, time, however, many of 
these several hundred engineers had been diverted to work on the 
v i n y l chloride problem from other product and process improvement 
a c t i v i t i e s . Indeed, in some companies major development projects 
were postponed since the key personnel had been diverted from 
these projects. Also, the equipment and related costs resulted in 
diversion of f i n a n c i a l resources from other a c t i v i t i e s , including 
the support of research and development programs. In short, im
pending regulatory decisions on v i n y l chloride resulted in the 
rapid upgrading of chemical engineering approaches in a number of 
plants, but at the same time technological progress in other 
areas was delayed. 

There are a few, but not many, examples of engineering inno
vations introduced in response to regulatory requirements result
ing in overall cost savings as the result of recovery of materials 
or other newly introduced e f f i c i e n c i e s . More generally, a small 
portion of the control costs will be recovered — perhaps ten 
to twenty percent — as the result of improved plant performance. 
In r e t r o f i t t i n g old plants the percentage of costs that is recov
erable is l i k e l y to be lower; in designing new plants, it may be 
somewhat higher. 

The costs of compliance with pollution abatement regulations 
have been documented in many company, industry, and Government 
studies. These costs obviously impact on company growth, invest
ment decisions, and allocation of resources among competing 
company p r i o r i t i e s . Such increased costs of company a c t i v i t i e s 
impact on technological innovation in several ways. Upgrading of 
production processes may be postponed. Investments in f a c i l i t i e s 

In Federal Regulation and Chemical Innovation; Hill, C.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



13. S C H W E I T Z E R Regulation and Innovation 181 

or equipment needed for introducing new products or processes may 
be deferred. F i n a l l y , research and development budgets may be 
reduced or perhaps not increased as would otherwise have been the 
case. 

A less obvious interaction between regulatory compliance and 
innovation relates to the role of management in the innovation 
process and the increasing amount of management time devoted to 
workplace and environmental requirements with less time available 
for considering new discoveries and concepts. The innovation pro
cess requires a number of risk-laden decisions. Thus, careful 
management attention to the details of such decisions can often be 
c r i t i c a l to the successful development and commercial introduction 
of new approaches. 
What Is Technological Innovation? 

Most i n d u s t r i a l i s t
development of a new o  improve  produc  proces  yield
p r o f i t . Under this d e f i n i t i o n , a chemical company would not con
sider the following a c t i v i t i e s as innovation: use by the company 
for the first time of off-the-shelf technology; a company discov
ery which is successfully commercialized by a competitor; develop
ment and use of new engineering technologies to s a t i s f y pollution 
control requirements. These i n d u s t r i a l i s t s emphasize the many 
steps involved in the innovation process in going from discovery 
to p r o f i t , and they consider regulatory requirements as hurdles — 
and perhaps necessary hurdles — along the path to successful 
innovation. 

At the other extreme, public interest groups could argue that 
any discovery that benefits society in any way should be consid
ered as innovation. Thus, a routine toxicological test that 
develops new information about a compound would be innovation. 
Identification of impurities associated with a compound would be 
innovation. Epidemiological studies would be innovations. 

Section 2 of the Toxic Substances Control Act states that 
regulatory authority "should be exercised in a manner as not to 
impede unduly or create unnecessary economic barriers to tech
nological innovation . . . " The l e g i s l a t i v e history suggests a 
de f i n i t i o n close to the d e f i n i t i o n of the i n d u s t r i a l i s t s . However, 
innovation needs to be examined more broadly than from the per
spective of a single company or the success or f a i l u r e of a single 
project. Thus, if environmental engineers introduce new tech
niques to reduce the cost or improve the effectiveness of p o l l u 
tion control, such techniques should probably be considered as 
technological innovation. Similarly, if toxicologists develop 
cheaper, faster, or better b i o l o g i c a l screening tests, such devel
opments should be considered as innovation. On the other hand, 
detailed characterization of the b i o l o g i c a l , physical, or chemical 
properties of compounds using standard methods should probably not 
be c l a s s i f i e d as innovation. 
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R e s e a r c h a n d D e v e l o p m e n t T r e n d s in L a r g e C h e m i c a l C o m p a n i e s 

T h e r a p i d g r o w t h in R&D t h a t c h a r a c t e r i z e d t h e l a r g e r c o m p a n 
i e s a f e w y e a r s a g o h a s s u b s i d e d . A t t h e t o p o f t h e l i s t o f t h e 
c a u s e s f o r a l e v e l l i n g o f f o f R&D e x p e n d i t u r e s in r e c e n t y e a r s a r e 
two i n t e r r e l a t e d f a c t o r s : ( a ) o v e r i n v e s t m e n t in R&D d u r i n g t h e 
I 9 6 0 ' s a n d a s u b s e q u e n t r e t r e n c h m e n t t o a m o r e r e a l i s t i c l e v e l , 
a n d ( b ) g r o w i n g m a t u r i t y o f t h e c h e m i c a l i n d u s t r y w i t h f e w e r 
o p p o r t u n i t i e s f o r d i v e r s i f i c a t i o n . I n some c o m p a n i e s , e n v i r o n 
m e n t a l c o n t r o l c o s t s h a v e a l s o s l o w e d R&D g r o w t h . 

A s t h e d i r e c t r e s u l t o f r e g u l a t o r y c o n c e r n s , t h e o b j e c t i v e s 
a n d o r i e n t a t i o n o f R&D a c t i v i t i e s a r e c h a n g i n g s i g n i f i c a n t l y , a n d 
t h e m i x o f r e s e a r c h e r s is a l s o c h a n g i n g . 

O n e o f t h e m o s t d i s c e r n i b l e c h a n g e s w i t h i n R&D b u d g e t s is t h e 
g r o w t h o f e x p e n d i t u r e s f o r e n v i r o n m e n t a l a n d h e a l t h a c t i v i t i e s . 
T h e s e e x p e n d i t u r e s t y p i c a l l y e x c e e d t e n p e r c e n t o f t h e R&D b u d g e t , 
l a r g e l y f o r e v a l u a t i o n s
n i f i c a n t a d d i t i o n a l f u n d s , s o m e t i m e s e x c e e d i n g a n o t h e r t e n p e r c e n t , 
a r e a l s o b e i n g d i r e c t e d t o t h e s e a r c h f o r s u b s t i t u t e s f o r c o m 
p o u n d s t h a t h a v e b e c o m e t h e t a r g e t s o f r e g u l a t o r y a g e n c i e s . T h i s 
r e a l i g n m e n t o f R&D b u d g e t p r i o r i t i e s h a s n e c e s s i t a t e d h i r i n g o f 
a d d i t i o n a l e n v i r o n m e n t a l a n d h e a l t h s p e c i a l i s t s . S o m e t i m e s a d d i 
t i o n a l p o s i t i o n s h a v e b e e n m a d e a v a i l a b l e t o t h e R&D u n i t s , b u t 
m o r e o f t e n t h e new p o s i t i o n s h a v e b e e n a c c o m m o d a t e d w i t h i n a n 
o v e r a l l R&D p e r s o n n e l l i m i t a t i o n . 

W i t h r e g a r d t o t h e r e m a i n d e r o f t h e R&D e f f o r t , s e v e r a l 
n o t i c e a b l e c h a n g e s in o r i e n t a t i o n a r e o c c u r r i n g . P e r h a p s m o s t 
s i g n i f i c a n t l y , g r e a t e r e m p h a s i s is b e i n g p l a c e d o n i m p r o v i n g 
e s t a b l i s h e d p r o d u c t s a n d in b r o a d e n i n g t h e i r u s e s , w i t h l e s s e m 
p h a s i s o n t h e d e v e l o p m e n t o f new p r o d u c t s . F o r e x a m p l e , in o n e 
c o m p a n y new v e n t u r e s c o m m a n d e d 25 p e r c e n t o f t h e R&D b u d g e t in 
t h e m i d - 1 9 6 0 1 s b u t now command l e s s t h a n t e n p e r c e n t . I n a n o t h e r 
a r e a , m o s t c o m p a n i e s a r e r e d u c i n g t h e n u m b e r o f n e w l y s y n t h e s i z e d 
c h e m i c a l s in f a v o r o f m o r e d e t a i l e d c h a r a c t e r i z a t i o n o f t h e c h e m i 
c a l s t h a t a r e s y n t h e s i z e d . 

M a n y o f t h e s e c h a n g e s a r e a d i r e c t r e s p o n s e t o e x i s t i n g o r 
a n t i c i p a t e d r e g u l a t i o n s . A p r i n c i p a l c o n c e r n w h i c h is r e s u l t i n g 
in a n i n c r e a s i n g p e r c e n t a g e o f t h e R&D e f f o r t b e i n g d e v o t e d t o 
d e f e n s i v e r e s e a r c h o n e s t a b l i s h e d p r o d u c t s is t h e l e n g t h e n i n g o f 
t h e R&D c y c l e , a n d t h e a t t e n d a n t i n c r e a s e in r i s k . T h e l o n g e r 
t h e c y c l e , t h e g r e a t e r t h e l i k e l i h o o d t h a t m a r k e t f a c t o r s , 
a c h i e v e m e n t s o f c o m p e t i t o r s , o r new r e g u l a t i o n s will i n h i b i t 
s u c c e s s f u l c o m m e r c i a l i z a t i o n . 

Some c o m p a n i e s h a v e d e c i d e d t o a v o i d c e r t a i n c l a s s e s o f c o m 
p o u n d s in t h e i r i n v e s t i g a t i o n s s i m p l y b e c a u s e o f t h e p o s s i b i l i t y 
t h a t t h e y will b e p l a g u e d b y r e g u l a t o r y p r o b l e m s d u e t o t h e g e n 
e r a l c h a r a c t e r o f t h e i r m o l e c u l a r s t r u c t u r e s ( e . g . c h l o r i n a t e d 
h y d r o c a r b o n s ) . O n e c o m p a n y h a s a b a n d o n e d a b o u t 100 c o m m e r c i a l l y 
i n t e r e s t i n g c o m p o u n d s s i n c e t h e y h a v e a p p e a r e d o n l i s t s o f s u s 
p e c t e d c h e m i c a l s . A n o t h e r c o m p a n y is b a c k i n g o f f o n all u s e s o f 
c h e m i c a l s w h i c h b r i n g t h e c h e m i c a l s in c l o s e p r o x i m i t y t o f o o d 

In Federal Regulation and Chemical Innovation; Hill, C.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1979. 



13. S C H W E I T Z E R Regulation and Innovation 183 

s u p p l i e s o r d r i n k i n g w a t e r . S t i l l a n o t h e r c o m p a n y h a s d e c i d e d t o 

r e d i r e c t i t s R&D e f f o r t s a l m o s t e x c l u s i v e l y t o n e w u s e s o f c h e m i 

c a l s t h a t a r e a l r e a d y in c o m m e r c i a l u s a g e . I n s h o r t , w h i l e e x 

p l o r a t o r y r e s e a r c h in t h e 1 9 5 0 1 s a n d I 9 6 0 1 s w a s c h a r a c t e r i z e d b y 

a t t e m p t s t o e x p a n d u n d e r s t a n d i n g o f all a s p e c t s o f c h e m i s t r y , some 

a r e a s a r e now l a r g e l y o f f l i m i t s . 

T h e n u m b e r o f new m o l e c u l e s t h a t a r e b e i n g c o m m e r c i a l i z e d h a s 

d e c l i n e d in r e c e n t y e a r s . T h i s d e c l i n e is p a r t i c u l a r l y n o t i c e a b l e 

w h e n c o n s i d e r i n g new c h e m i c a l s i n t e n d e d f o r h i g h v o l u m e , l o n g t e r m 

m a r k e t s a s c o n t r a s t e d t o n e w c h e m i c a l s w h i c h a r e p r o d u c e d in s m a l l 

b a t c h e s in r e s p o n s e t o t h e n e e d s o f s m a l l m a r k e t s , f r e q u e n t l y 

l i m i t e d t o o n e c u s t o m e r . T h e r e is now c l e a r l y a t r e n d w i t h i n 

l a r g e c o m p a n i e s t o e m p h a s i z e a v e r y l i m i t e d n u m b e r o f new 

c h e m i c a l s w i t h h i g h v o l u m e m a r k e t s r a t h e r t h a n i n v e s t i n g s u b s t a n 

t i a l R&D r e s o u r c e s in l a r g e

M e a n w h i l e , t h e s m a l l c o m p a n i e

b a t c h - l o t c h e m i c a l s u s e d a s s t a r t i n g m a t e r i a l s b y t h e l a r g e c o m 

p a n i e s . 

T h e s e q u e n c e , t i m i n g , a n d c o s t s i n v o l v e d in t h e many s t e p s 

f r o m s y n t h e s i s t o c o m m e r c i a l i z a t i o n o f new m o l e c u l e s a r e c h a n g i n g . 

P r e l i m i n a r y t e s t i n g f o r b i o l o g i c a l a c t i v i t y ( e . g . Ames t e s t ) is 

f a r m o r e c o m m o n p l a c e now a n d is u s u a l l y u n d e r t a k e n m u c h e a r l i e r in 

t h e R&D c y c l e t h a n w a s t h e c a s e s e v e r a l y e a r s a g o . M e a n w h i l e , d e 

t a i l e d e f f i c a c y , f e a s i b i l i t y , a n d m a r k e t t e s t i n g a r e o f t e n d e l a y e d 

p e n d i n g m o r e d e t a i l e d e v a l u a t i o n s o f p o s s i b l e h e a l t h e f f e c t s . I n 

e v i t a b l y , many m o l e c u l e s a r e a b a n d o n e d e a r l i e r in t h e i r p o t e n t i a l 

l i f e t i m e s a s t h e r e s u l t o f s u s p e c t e d e f f e c t s , a n d t h e o v e r a l l 

l e n g t h o f t h e R&D c y c l e is b e i n g e x t e n d e d . 

I n t h e p a s t , m a j o r new c h e m i c a l s h a v e o f t e n h a d R&D l e a d 

t i m e s o f s e v e n t o t e n y e a r s . I n s u c h c a s e s , some a s p e c t s o f n e w l y 

i n s t i t u t e d e n v i r o n m e n t a l a s s e s s m e n t s ( e . g . a p o r t i o n o f t h e t i m e 

r e q u i r e d f o r l o n g - t e r m c h r o n i c t o x i c i t y t e s t s ) c a n b e c o n d u c t e d in 

p a r a l l e l w i t h o t h e r R&D a c t i v i t i e s . I n o t h e r c a s e s s u c h a s b a t c h -

l o t p r o d u c t i o n a c t i v i t i e s , n e w t e s t r e q u i r e m e n t s s i m p l y e x t e n d t h e 

R&D c y c l e f o r t h e l e n g t h o f t h e t e s t p r o g r a m . 

L a r g e c o m p a n i e s h a v e f o r m a l i z e d t h e R&D p r o c e s s t o a n u n p r e 

c e d e n t e d d e g r e e . E n v i r o n m e n t a l c h e c k p o i n t s a r e u s u a l l y b u i l t i n t o 

t h e e n t i r e c y c l e . I n o n e c a s e , t h e c o r p o r a t e e n v i r o n m e n t a l s t a f f 

i s s u e s a n R&D " p e r m i t 1 1 i d e n t i f y i n g p o t e n t i a l p r o b l e m s t h a t m u s t b e 

a d d r e s s e d in e a c h R&D p r o j e c t . 

A n o t h e r c o n c e r n r e l a t e s t o t h e n e c e s s i t y t o o b t a i n F e d e r a l o r 

s t a t e p o l l u t i o n c o n t r o l p e r m i t s f o r p i l o t p l a n t s . T h i s r e q u i r e 

m e n t is f u r t h e r d e l a y i n g t h e c o m m e r c i a l i z a t i o n p r o c e s s a s w e l l a s 

r a i s i n g c o s t s w h i c h a r e o f t e n c h a r g e d t o R&D b u d g e t s . 

M o s t r e s e a r c h d i r e c t o r s a r e c l e a r l y b e c o m i n g m o r e c o n s e r v a 

t i v e in t h e i r a p p r o a c h e s t o new c h e m i c a l s . T h e y a r e n o t e a g e r t o 

b e c o m e e m b r o i l e d in h a s s l e s w i t h t h e r e g u l a t o r y a g e n c i e s . S h o u l d 

q u e s t i o n s d e v e l o p a s t o t h e a c c e p t a b i l i t y o f new c h e m i c a l s , t h e s e 

d i r e c t o r s a r e u s u a l l y i n c l i n e d t o d e v o t e t h e i r e f f o r t s t o o t h e r 

p r o d u c t s . I n d e e d , t h e r e a r e c a s e s o f l a r g e c o m p a n i e s a b a n d o n i n g a 
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complete l i n e of products (e.g. dyes), with regulatory concerns 
being a major factor in the business decisions. 

Perhaps of even greater concern is the dampening effect of 
regulations on the enthusiasm and inquisitiveness of the R&D s c i 
e n t i s t s . While synthesis of a new chemical is r e l a t i v e l y easy, 
translating a new molecule into a commercial success is not easy. 
One c r i t i c a l element in success stories is an individual research
er who is w i l l i n g to devote his energies and reputation for a num
ber of years to helping overcome a variety of technical and busi
ness d i f f i c u l t i e s on the path to commercialization. As the regu
latory d i f f i c u l t i e s increase, fewer researchers are w i l l i n g to de
vote their efforts to this type of a c t i v i t y with increasing odds 
of f a i l u r e . 
Changes in Corporate Approaches that Affect Technological Deci
sions 

Environmental regulations now constitute a regular agenda 
item at the meetings of most Boards of Directors of the large 
chemical companies. The impacts of environmental requirements 
permeate the entire corporate structure. Staffs of health and 
ecology s p e c i a l i s t s have expanded rapidly, and medical departments 
have been enlarged. The competition for toxicologists in p a r t i c 
ular is resulting in unprecedented salaries for these s p e c i a l i s t s . 
Concurrent with these internal company adjustments, some companies 
are giving greater attention to the public relations aspects of 
environmental consciousness, including the encouragement of publi
cation of internal company s c i e n t i f i c findings, the release of 
data on environmental control expenditures, and the publicizing 
of internal'company environmental p o l i c i e s . 

There are many examples of how chemical companies are chang
ing as the result of regulatory requirements. Two developments 
that may become industry-wide trends are p a r t i c u l a r l y interesting. 

As the result of regulations c a l l i n g for prompt reporting to 
EPA of any discovery within a company that a chemical- manufactured 
or processed by that company may present a "substantial r i s k , " 
many companies have established extensive internal reporting sys
tems to bring such discoveries to the immediate attention of top 
management. In the past, heavy reliance was placed on the l o c a l 
doctors at the plant sit e s and on the toxicological s t a f f s to 
handle as appropriate new information on chemical hazards. Now 
with the establishment of formal internal reporting systems, the 
s e n s i t i v i t y of corporate s t a f f s at all levels to environmental and 
health concerns is at an all time high. 

Many large companies are becoming increasingly selective in 
purchasing chemicals from small suppliers who do not follow sound 
environmental or worker protection control procedures. This a t t i 
tude is d i r e c t l y related to the problems associated with the pro
duction of kepone by L i f e Sciences, Inc., for use by a single 
customer, A l l i e d Chemical Company. Similarly, on a number of re
cent occasions large chemical companies have withheld sales to 
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small customers who do not have the environmental wherewithal to 
handle the chemicals in a safe manner. 
The Changing Regulatory Framework Surrounding Technology Choices 

About once a month, a new l e g i s l a t i v e action, court decision, 
or regulatory proposal modifies the legal framework surrounding 
regulatory proceedings. With each new Congress, there is an in
creasing desire to " l e g i s l a t e " regulatory actions directed to spe
c i f i c products and problems and to increase the precision of the 
c r i t e r i a to be used by the agencies in reaching controversial 
decisions. Many of the recent procedural requirements written 
into regulatory l e g i s l a t i o n have been designed to strengthen the 
hand of the public interest groups. Perhaps most importantly, 
more and more attention is now directed by the regulatory agencies 
to procedural matters
Technical personnel ar
tion and decision-making processes, as lawyers become more impor
tant. F i n a l l y , the complexity of the regulatory process i n e v i 
tably increases. 

The courts are becoming more heavily involved in toxic sub
stance cases, thus forcing greater attention in the administra
tive proceedings to building a record. However, few judges are 
content simply to review procedural adequacies and the complete
ness of the record and to insure that decision-making has not been 
arbitrary and capricious. Rather, they are no longer hesistant 
to substitute their s o c i e t a l judgements for those of regulatory 
administrators in controversial decisions. 

Three recent actions involving the courts are p a r t i c u l a r l y 
relevant to current concerns over chemical control, namely: 

— the discussion of the nature of s c i e n t i f i c evidence 
accompanying the decision of the Court of Appeals 
concerning the removal of lead from gasoline. 

— the denial of the l i a b i l i t y claims of Galaxy Chemical 
Company against a doctor who on the basis of very 
slender evidence publicly accused the company of 
contributing to an alleged increase of cancer rates. 

— the current legal suits of a number of former em
ployees of American Can Company, who are alleging 
increased bronchial problems attributed to their 
employment with that company, against many of the 
chemical suppliers of that company after the workers 
had exhausted worker compensation claims against their 
direct employer. 

With regard to the administration of regulatory programs, 
toxic substances l e g i s l a t i o n is resulting in a more introverted 
Government. The agencies now seem more concerned with internal 
coordination and internal negotiations and less sensitive to 
developments in the private sector and to the need for and im
pact of regulations. As the regulatory agencies continue to grow, 
as their programs overlap to a greater degree, as their l e g i s l a -
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t i v e l y mandated tasks increase, and as decisions become more com
plex, the limited time available to top management is increasingly 
devoted to intra-agency and inter-agency negotiations and coordi
nation. Further, the continuously changing leadership of the 
agencies is always low on a learning curve which is quite long in 
view of the complex character of the chemical industry. Not sur
p r i s i n g l y , these officials are more comfortable in internal d i s 
cussions than exposing their uncertainties to external scrutiny. 
F i n a l l y , concerns over potential c o n f l i c t s of interest are a s i g 
n i f i c a n t deterrent to bringing the technical expertise of the 
chemical industry into the decision-making stream, either through 
personnel appointments to Governmental posts or through eff e c t i v e 
Government-industry interactions. 

As a result of the inward looking tendencies which are be
coming more commonplac
forums for meaningful interaction
ested parties, and p a r t i c u l a r l y the i n d u s t r i a l sector, are in
creasingly limited to highly structured public meetings and ad
ministrative hearings. This development has several drawbacks. 
The likelihood of adversarial confrontations over minor issues is 
greatly increased. Suspicion over Government motivations runs 
high. The receptivity of Government to external views is reduced 
since many compromises have already been made within the agencies 
prior to public scrutiny of regulations, and Government officials 
are not anxious for these compromises to become "unstuck". Finally, 
the range of alternative approaches that can be r e a l i s t i c a l l y con
sidered is very narrow given the usual strictness of the ground 
rules surrounding such public sessions. 

Meanwhile, the role of the s c i e n t i s t is changing. On the one 
hand, s c i e n t i s t s are being asked to provide precise estimates of 
chemical risks often based on very sketchy laboratory data. Then 
they are frequently excluded from the deliberations leading to 
determinations as to whether the risks are acceptable to society, 
only to be called into legal proceedings later to help defend such 
value judgements. As the result of pressures from the legal pro
fession to be as clear as possible as to r i s k s , and p a r t i c u l a r l y 
with regard to possible carcinogenic effects, many scie n t i s t s are 
now taking sides in very controversial debates (e.g. carcinogen 
threshhold vs. no threshhold) even when they believe that clear 
cut positions may be distorting s c i e n t i f i c r e a l i t y . 

The inspections by Government to insure compliance with Good 
Laboratory Practices are resulting in an upgrading of shoddy prac
tices in many laboratories. However, this intrusion into the inner 
sanctum of the s c i e n t i f i c establishment is indeed a revolutionary 
challenge to the long held concept of s c i e n t i f i c i n t e g r i t y . At 
the same time, the increasing scope of laboratory tests proscribed 
by Government — while setting a minimum standard which must be 
achieved by all — will inevitably discourage some innovative 
efforts by companies to explore other approaches to toxicology 
which in the long run might have proven more effective than the 
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accepted test requirements. In this regard, there probably is 
still time to b u i l d into Governmental regulations f l e x i b i l i t y 
which recognizes that there may be better and cheaper ways to con
duct tests and which rewards industry for devoting efforts in this 
direction. 

Thus, regulation is impacting on R&D in many ways. Increas
ing attention is being devoted to very v i s i b l e changes in R&D 
a c t i v i t i e s in response to regulatory trends. However, there are 
also more indirect impacts that will be important in the years 
ahead. These indirect impacts are already developing their roots 
in the changing l e g a l and administrative apparatus surrounding the 
regulatory process and in the changing attitudes and approaches of 
the many participants in chemical a c t i v i t i e s . 
Modifying the Legislative Base 

Fundamental to s i g n i f i c a n
process is a reshaping of the l e g i s l a t i v e base which drives the 
regulatory a c t i v i t i e s of the executive agencies. At the top of 
the p r i o r i t y l i s t should be (a) a recasting of the objectives of 
concern, and (b) the establishment of mechanisms which will help 
decision makers understand the impact — both positive and nega
tive — of regulations on society. 

S p e c i f i c a l l y , Section 30 of the Toxic Substances Control Act 
should be recast. This provision requires an annual accounting to 
Congress of regulatory actions taken by EPA but does not even 
refer to the far more important issue, namely, the impact of the 
law — either d i r e c t l y as a result of these actions or in other 
ways — on health and the environment and, at the same time, on 
other s o c i e t a l concerns. U n t i l the Congress recognizes that the 
number of regulations that are promulgated may have little r e l a 
tionship to the state of the environment, a preoccupation with the 
weight of the Federal Register will continue to take precedence 
over more meaningful health and environmental concerns. 

Closely related to the need for a refocusing of l e g i s l a t i v e 
objectives is the need for a l e g i s l a t i v e l y mandated Commission to 
evaluate the impact on society, including the chemical industry, 
of recently enacted l e g i s l a t i o n and to present recommendations for 
mid-course corrections in the l e g i s l a t i o n that will surely be in 
order in several years. Quite understandably the complexities of 
the chemical industry defy an easy and quick grasp by lawmakers of 
the impact of l e g i s l a t i o n on the technological base that underlies 
15 percent of U.S. industry and that affects every consumer. A 
serious e f f o r t to improve such understanding, d i r e c t l y involving 
at least a few of the key Senators and Congressmen, seems essen
t i a l . Given the stakes involved, both environmental and economic, 
such a study e f f o r t , even if only p a r t i a l l y successful, should 
serve s o c i e t a l interests in many ways. 

F i n a l l y , prompt steps are needed to a l t e r some of the provi
sions of the Toxic Substances Control Act which divert attention 
from the main problems at hand and can only lead to long and 
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protacted le g a l confrontations with little environmental payoff. 
S p e c i f i c a l l y , a lower chemical production l i m i t (e.g. one or ten 
pounds per chemical per year per manufacturer) should be adopted 
for a p p l i c a b i l i t y of this new law in the absence of indications 
that in s p e c i f i c cases the lower l i m i t should be removed. At 
present, even a few grams of a chemical produced for commercial 
purposes is automatically subject to a variety of legal provi
sions. It is certainly true that a few grams of a poisonous chem
i c a l can be a problem. However, there are more than enough prob
lem chemicals produced in much larger quantities that need atten
tion rather than complicating the research and related issues that 
inevitably arise in dealing with all chemicals produced in such 
small quantities. Secondly, the extensive requirements for imme
diate publication by EPA in the Federal Register of the receipt of 
premanufacturing n o t i f i c a t i o n s and of the reasons for not taking 
regulatory actions unde
v i t i n g unnecessary adversaria
involved could be better expended in dealing with more s i g n i f i c a n t 
issues. C r i t e r i a could be ea s i l y established concerning the need 
for and frequency of Federal Register notices. 

Clearly, the area of testing of existing chemicals will be 
fraught with s c i e n t i f i c uncertainties and controversies over p r i 
o r i t i e s and cost sharing. This is precisely the area where in
dustry has a story to t e l l , an opportunity to help shape future 
approaches, and an opportunity to help reduce the adversarial ten
sions that characterize Government-industry relations at present. 
S p e c i f i c a l l y , the large companies should pledge themselves to a 
prompt doubling of the budget of the Chemical Industry Institute 
of Toxicology, with the "expectation" that Government would recog
nize such testing as just as important as testing in response to 
Federal Register notices. Perhaps the lawyers from industry 
would want to provide a little protection by coupling this i n i t i a 
t ive with a c i t i z e n s p e t i t i o n to EPA concerning the s p e c i f i c chem
i c a l s to be tested. 

Should such an i n i t i a t i v e work — i . e . not only result in 
needed testing but also gain recognition that such voluntary 
actions count in the Government report card — then a second 
i n i t i a t i v e under Section 6 of the new law should be considered. 
S p e c i f i c a l l y , industry might commit i t s e l f to preparation and d i s 
t r i b u t i o n of safety data sheets, r e f l e c t i n g available health and 
environmental data, on all chemicals that are sold. Again, the 
Government would be expected to recognize such an i n i t i a t i v e as an 
important complement to the current limited regulatory approach 
under Section 6 of placing limitations only on polychlorinated b i -
phenyls and selected chlorofluorocarbons. 
The Carcinogen Issue 

The uncertainty as to the Government's approach to carcino
gens is currently having a major dampening effect on research 
a c t i v i t i e s of a number of companies. While prompt a r t i c u l a t i o n of 
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a Government-wide policy is therefore very important, the current 
approach of OSHA needs some modification to r e f l e c t sound science 
and improved public administration. 

The OSHA concept of categorizing chemicals which exhibit car
cinogenic tendencies on the basis of demonstrated potency has e l i 
c ited broad support. However, the categorization schemes that are 
adopted should be uniform throughout the Government. EPA, CPSC, 
FDA, and DOT are in the midst of addressing the carcinogen issue. 
Therefore, the f i n a l OSHA set of standards should be coupled to 
equal3.y formal actions by the other agencies directed to a con
sistent approach for categorizing carcinogens according to their 
demonstrated potency. Each agency, of course, must then determine 
the appropriate regulatory response to chemicals in each category 
depending on the exposure levels and statutory requirements con
cerning economic impact

Secondly, the concep
should be the overridin
other available evidence is not sound. While certain types of 
test results may strongly suggest certain levels of potency, 
guidelines rather than r i g i d test result c r i t e r i a should be estab
lished for each category, with the category assignment made on a 
chemical-by-chemical basis after consideration of all relevant 
evidence. While OSHA1s motivations in attempting to automate the 
categorization system are understandable, responsible policy deci
sions should be made on the basis of all available evidence, re
cognizing that in some cases results of a single test may be far 
more si g n i f i c a n t than all the other evidence combined. 

F i n a l l y , with guidelines in hand, the task would then be to 
place individual chemicals into appropriate categories. This is 
a s c i e n t i f i c task that should be undertaken by the best available 
s c i e n t i f i c talent in the country. Further, this task should be 
undertaken in a manner that will serve the interests of all con
cerned Government agencies and not just OSHA. Therefore, an ex
pert s c i e n t i f i c panel, drawing members from both the public and 
private sectors and with the f u l l support of OSHA and other regu
latory agencies, should be established under the aegis of the 
Council on Environmental Quality. This Panel would recommend for 
Government-wide action the appropriate category for each chemical 
associated with carcinogenic tendencies. With regard to OSHA, 
these recommendations should then trigger the appropriate work
place standard for the category of chemical. Should the Secretary 
of Labor disagree with the Panel's recommendations, he would of 
course have the option of separate rulemaking processes in those 
cases of disagreement. 

As Government agencies grow larger, there is an increasing 
reluctance to entrust any re s p o n s i b i l i t y to groups not under the 
direct control of the interested agency. In this case, where the 
issues are s c i e n t i f i c and where much of the nation's best talent 
is in the private sector, the public interest rather than frag-
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merited interests of individual Governmental o f f i c e s should be 
recognized and an appropriate organizational response developed. 

The stakes involved in the OSHA regulatory proceeding are 
substantial, not only in terms of worker r i s k s , but also in terms 
of our economic welfare and the processes of good Government. 
While the Department of Labor's desire to promulgate a standard 
without delay is commendable, it is essential that the complexi
ti e s of science, the interrelationships of Governmental programs, 
and the appropriate role for individual Government of f i c e s be 
carefully weighed prior to reaching a f i n a l judgement as to the 
workplace standards that will best serve the public interest. 

Draft Economic Impact Assessment for the Proposed Toxic Substances 
Control Act S. 776, Environmental Protection Agency, June 1975. 
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