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The era of environmental regula-
tions dominated by “end-of-pipe”
solutions, such as waste treat-

ment, could be ending as regulatory
emphasis shifts to pollution prevention.
Rather than focusing on released pollu-
tion, the new regulatory approach
targets the causes of pollution and aims
to reduce its release into the environ-
ment. “Twenty years of end-of-pipe
regulation have taught us an important
lesson—that the best way to clean up
the environment is to prevent environ-
mental degradation in the first place,”
said former U.S. Environmental Protec-
tion Agency (EPA) Administrator Carol
Browner. 

One way to think about pollution is
to consider it the result of inefficient
production processes. This inefficiency
does not show up in manufacturing cost
calculations because of the failure to
include a value on the quality of the
environment in these calculations. The
end-of-pipe pollution abatement treat-
ments first used on a large scale in the
1980s brought the financial value of
environmental quality into manufactur-
ing cost calculations. As the cost of
reducing polluting emissions came to be
included in manufacturing costs, the
possibility that other methods could be
more cost-effective became important.

Both Ends of the Pipe
Passage of the Pollution Prevention Act
of 1990 brought pollution prevention to
the fore. Pollution prevention includes
end-of-pipe solutions such as recycling
wastes into valuable raw materials and
front-of-pipe solutions (source reduc-
tion) such as the redesign of manufac-
turing processes—often referred to as
green chemistry. Technologically, pollu-
tion prevention can require a green
chemistry approach involving the
redesign of products and changes in
manufacturing processes. Economically,

pollution prevention, particularly green
chemistry, can require new supplier and
customer relationships. 

The Pollution Prevention Act was the
first federal legislation to foster the
source reduction approach. It defines
source reduction as “the use of materi-
als, processes, or practices that reduce

the use of hazardous materials, energy,
water, or other resources and practices
that protect natural resources through
conservation or more efficient use.”
Major provisions of the act include
� Providing matching funds for state

and local pollution prevention pro-
grams through the Pollution Preven-
tion Program for States grants to pro-
mote the use of pollution prevention
techniques by businesses. 

� Establishing a pollution prevention
strategy outlining the EPA’s intent
to promote source reduction and
collect data on source reduction and
recycling. 

� Operating a source reduction clearing-
house that provides telephone refer-
ence and referrals, distributes
EPA documents, and has a collec-
tion of pollution prevention refer-

ences available for interlibrary loan.
Has the new emphasis on pollution

prevention resulted in changes in chem-
ical manufacturing processes and envi-
ronmental benefits? Why haven’t more
pollution prevention technologies been
commercialized? James Boyd of Re-
sources for the Future, an economics
and social sciences nonprofit research
organization in Washington, DC, sug-
gests that pollution prevention projects
often fail because of unresolved techni-

cal difficulties, marketing challenges,
and regulatory barriers (1). He bases his
beliefs on his study of various industrial
pollution prevention projects, including
several in the chemical industry. His
findings led him to reject the view that
firms suffer from organizational weak-
nesses that make them unable to realize
the benefits of pollution prevention
investments. 

Case Histories
Case histories illustrate the difficulties in
determining the economic effects of
pollution prevention projects. For exam-
ple, in 1995 and 1996, Dow Chemical
(Midland, MI) and the Natural Resources
Defense Council (NRDC, New York,
www.nrdc.org) studied Dow’s LaPorte, TX,
plant to identify pollution prevention
opportunities (2). The project team iden-
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tified an opportunity for in-process recy-
cling of monochlorobenzene (MCB) to
eliminate its incineration, which
produces pollution due to incomplete
combustion. However, recycling MCB
would not create the opportunity to shut
down the plant’s incinerator or remove it
from the status of a Resource Recovery
and Conservation Act (RCRA) regulated
boiler. This is because the boiler also
incinerates methanol, phenyl isocyanate,
phosgene, and other chemicals from vari-
ous units in the plant. So the economic
benefit of recycling MCB is dependent on
the feasibility of making many other
process changes. Each of these changes
must be evaluated to determine its cost
and feasibility. MCB recycling cannot,
therefore, be financially analyzed with-
out a technical, financial, and regulatory
analysis of eliminating other waste
streams from the incinerator. Despite
estimates of an excellent rate of return
on the MCB recycling process, Dow’s
polyurethane business group has twice
rejected making the investments needed
for the project because of uncertainties
in the project analysis. 

“Side Effect” Savings
David Sarokin of EPA conducted a study
of waste reduction at chemical plants
and concluded that waste reduction was
brought about in some cases only to
meet regulatory requirements, but that
the plants found the measures cost-
effective after implementation. This
finding suggests that some regulations
can lead to reduced operating costs and
improved environmental quality but
that managers were often unable to
identify such opportunities without
being forced to do so by regulations.
Linda Greer of NRDC participated in a
conceptually similar study with Dow
and came to similar conclusions (3).
Despite instituting source reduction
programs saving more than $5 million at
a program cost of $3 million, Dow didn’t
institute the program at other plants. 

“First, there’s the problem that $5
million isn’t an awful lot of money from
Dow’s perspective,” says Greer. “They
make daily investment decisions 10
times bigger than that. [Secondly,] this
project solves a problem they don’t
think they have. From their perspective,
they have a government permit to treat
or release these chemicals from their
factory, and they are meeting occupa-

tional health standards, so what’s the
problem? They’re busy people, and so
you can see why these projects would
not be a priority.” 

Corporate environmental managers
are often skeptical of the profitability of
pollution prevention. This skepticism is
often warranted. Boyd’s analysis of
source reduction opportunities at a
large oil refinery concluded that most
were unprofitable and the one that was
profitable had a lower rate of return on
investment than the historical rate of
return for projects at this refinery. In
this situation, when source reduction
projects must compete with other types
of projects having historically higher
rates of return, often only the force of
environmental regulations leads to
investment in pollution prevention. The
reason for this, as Boyd notes in his
analysis of a Monsanto pollution preven-
tion investment decision, is that “a firm
will lose money if it directs capital from
a project that offers a higher return to
that offering a lower return.” Thus,
investing in a project with a positive
rate of return can actually reduce a
firm’s profits compared with investing in
higher rate of return projects. 

Overall, the detailed reports of these
and other case histories lead to the
conclusion that one of the primary chal-
lenges to pollution prevention is reliably
estimating financial returns on the
needed investments. It is difficult to
translate reduced environmental emis-
sions into a dollar value. While better
methods of environmental accounting
are needed, many environmental bene-

fits are probably impossible to quantify
financially. 

Boyd concludes that firms fail to
pursue profitable pollution prevention
opportunities—an indication of the
continuing need for environmental
regulations.

A Novel Analysis
Boyd’s studies beg the question: Could
appropriate environmental regulations
actually promote adoption of green
chemistry while resulting in both a
cleaner environment and higher corpo-
rate profits? Also, will environmental
regulations still be needed when green
chemistry research yields economical
new processes that are environmentally
friendly? 

“Some researchers believe that capi-
tal markets or subsidies for production
or R&D innovation will cause companies
to adopt green technologies,” said asso-
ciate professor of economics Amy Farmer
of the University of Arkansas (Fayette-
ville). “However, we found that it is
strategic behavior that causes compa-
nies to not adopt these technologies.
Under certain circumstances, firms
would not adopt cost-saving green tech-
nologies without government interven-
tion. Therefore, stricter environmental
policy could raise social welfare not only
through improving environmental poli-
cy, but also through decreasing the cost
of production.”

Why would companies adopt such
seemingly counterproductive policies?
Farmer and her colleagues used game
theory analysis to study the situation
(4). They concluded that, without regu-
lations, a company would not adopt an
environmental technology if it could
raise the profits of all the firms in the
industry.

“If one firm goes forward and adopts
the new technology,” Farmer explains,
“it bears the sole cost of gathering the
information, but its competitors can
make their (later) decisions based on
superior information.” For example,
should the implementation of publicly
supported green chemistry process
research be successful, other companies
can adopt it later and realize the profits
while incurring lower implementation
costs. Should the first company’s imple-
mentation be unsuccessful or cost-
neutral, no competitors would follow
suit and the leading firm is the only one
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incurring the costs of the learning
experience. In these situations, it pays
to be a follower rather than a leader,
according to Farmer.

Thus, environmental regulations
may be needed even when their net
effect is to increase profits for all
companies in a particular industry. This
logic runs counter to standard econom-
ic theory, which says that firms do not
need regulations as inducements to
undertake profitable activities.

As a result, Farmer and co-workers
argue that environmental policy should
be stricter, not more relaxed. “Stricter
environmental policy could raise social
welfare not only through improving
environmental quality,” says Farmer,
“but also through decreasing the cost of
production.”

References
(1) Boyd, J. Searching for the Profit in Pollu-

tion Prevention: Case Studies in the Corpo-
rate Evaluation of Environmental Opportu-
nities; EPA 98-30; U.S. Environmental
Protection Agency, U.S. Government Print-
ing Office: Washington, DC, 1998; www.
epa.gov/opptintr/acctg/paper2b.htm.

(2) Natural Resources Defense Council.
Preventing Industrial Pollution at its
Source: A Final Report of the Michigan
Source Reduction Initiative; www.nrdc.org/
cities/manufacturing/msri/msriinx.asp.

(3) Greer, L.; van Loben Sels, C. Environ. Sci.
Technol. 1997, 31, 418–422. 

(4) Farmer, A.; Kahn, J. R.; McDonald, J. A.;
O’Neill, R. Ecol. Econ. 2001, 36, 461–473.

John K. Borchardt is a research chemist
and freelance writer. Send your comments
or questions regarding this article to
tcaw@acs.org or to the Editorial Office
address on page 6. ◆

Environmental
regulations may 
be needed even 

when their net effect
is to increase 
profits for all

companies in a
particular industry.

cbb97
Advertiser

http://rs.ims.ca/todayschemist

	Thermo Elemental: 


