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Abstract

Ecological sustainability at the global level is not consistent with continuously increasing
extraction, processing and consumption of material products at the individual or firm levels.
This stark fact implies that economic growth must either be disconnected from material
consumption or stop altogether. Since the latter outcome would be socially unacceptable, the
former must become a major objective of environmental and economic policy. But it must
also become a core strategy for firms. Is there a coherent "eco-efficiency" strategy at the firm
level that leads in the right direction? What role must government play to encourage firms
to adopt this strategy? This paper discusses these questions.
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Introduction

Sustainability has achieved cult status, if not clarity. One prerequisite of sustainability,
however, is the reduction of anthropogenic pressures on the environment. These pressures
occur due primarily to extraction and processing of natural resources and using the
environment as a sink for the disposal of waste effluents and "garbojunk".

More recently, the notion of "sustainable consumption" has emerged, to reflect the
recognition that consumption of physical materials and energy derived from non-renewable
fuels cannot exceed some finite limits imposed by the carrying capacity of the Earth. The
biosphere can only absorb a limited amount of waste products (including, but not limited to
CO2) associated with the extraction, processing and disposal of materials. The nature of these
limits are clearly beyond the scope of this paper. Suffice it to say that there are many
indications that the limits are not far away. In fact, given the slow response of complex
systems to perturbations, it is possible that the limits of long-term carrying capacity of the
Earth/biosphere have already been exceeded. If this is the case, the climate and biosphere may
have already started on a slow but possibly irreversible downward spiral.

For these reasons, a number of experts have proposed that the total worldwide
consumption of materials (including fuels) should be stabilized. But allowing for inevitable
global population growth, which will certainly increase by more than 60% in the next 50
years, and allowing for economic growth in the non-industrialized countries, especially China
and South Asia, stabilization at the global level can only be achieved by sharp reductions in
the consumption of materials in the industrialized West. One recent book suggests a reduction
factor of four [von Weizsdcker et al 1994]. Others suggest the need for an even more dramatic
ten-fold reduction [Factor 10 1994].

Given the need to limit the aggregate global material consumption, to ensure that future
generations have the opportunity to develop and prosper, what are the implications for
individual manufacturing firms? What, if anything, is the meaning of another term that has
recently emerged: "the sustainable firm"? In this paper we try to address this question.
However there are several preliminaries to deal with.

Eco-efficiency

The term "eco-efficiency" was first used in the book Changing Course, an input to the
Earth Summit conference of the UN Commission for Environment and Development
(UNCED) held in Rio de Janeiro, June 1992 [Schmidheiny 1992]. 1 One definition, from a
workshop on the subject held in Antwerp by the World Business Council for Sustainable
Development (1993) is the following:

"Eco-efficiency is reached by the delivery of competitively priced goods and services
that satisfy human needs and bring quality to life, while progressively reducing
ecological impacts and resource intensity throughout the life cycle, to a level at least
in line with the earth's estimated carrying capacity." [Robins 1993]

In the language of economists, this suggests the objective of maximizing value added per
unit resource input. This idea is essentially equivalent to maximizing resource productivity
at the firm level (taking into account scarce environmental resources as well as energy and
raw materials), rather than simply minimizing wastes or pollution associated with a given
product.
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A more specific approach was suggested at the second Antwerp Eco-efficiency Workshop
of the WBCSD [Ayres & Fluckiger & Hockerts 1995]. It emphasizes seven objectives:

1. Minimize the material intensity of goods and services
2. Minimize the energy intensity of goods and services
3. Minimize toxic dispersion
4. Enhance material recyclability
5. Maximize sustainable use of renewable resources
6. Extend product durability
7. Increase the service intensity of goods and services

From a management standpoint, there seem to be four key elements. They have been
identified as follows [ibid.]:

i. Providing real services based on the customer's needs.
ii. Assuring economic viability for the firm.
iii. Adopting a systems (life-cycle) viewpoint with respect to both processes and products.
iv. Recognizing, at the firm's policy level, that the environment is finite, the carrying

capacity of the Earth is limited, and that the firm bears some responsibility regarding the
environment.

The first two of the above elements have always been, and remain, firmly in the domain of
corporate management. However, in regard to elements (iii) and (iv) above, a viewpoint and
a recognition may not be enough to ensure that a firm's actions are consistent with the
imperatives of global sustainability.

It is possible to estimate what effect it would have if all people worldwide were to buy
or use a given product. Consider, for example, that nearly everybody wants to own a car.
What are the implications for highway construction, loss of valuable farmland, petroleum
consumption, air pollution, etc? Such calculations, and questions, are essential aspects of the
life cycle perspective, but they offer little or no guidance as to how an individual firm should
behave. This occurs because the carrying capacity (element iv) is characteristic of the system
(i.e. the Earth and the biosphere) as a whole. In short, it would seem that long-term
sustainability for the Earth system is not a manageable criterion for an individual product or
a company [ibid.].

The global carrying-capacity criterion is evidently beyond the control of firms operating
in a competitive market. It would, apparently, require regulation, at the global level, of total
materials and energy consumption and waste output. Regulation could be accomplished in one
of two ways. The first might be termed "command and control", implying an authoritarian
central bureaucracy to allocate production, akin to the central planning agency of a communist
country. It would be the ultimate nightmare for most businessmen. It would certainly be
unacceptable.

The second approach could be favored by most economists on theoretical grounds. It
would be to internalize the social and environmental costs of excessive materials production
and consumption by imposing taxes or effluent charges. 2 The tax would raise the cost of
materials and/or energy consumption, discouraging trivial and low-value uses, and
encouraging conservation. Tax revenues would then be used (in principle) to pay for pollution
abatement or remediation, or to compensate those who suffer damage. The controversial
carbon tax is an example of such a proposal.
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Unfortunately, while this neat solution might work in some cases, it is usually unfeasible,
if only because the social and environmental costs in question are impossible to calculate
accurately. Moreover, experience suggests that a pollution tax collected by government is
unlikely to be used as the theory requires (i.e. to abate the pollution or compensate those who
are harmed by it). It is far more likely that the tax would be lumped in with general revenues
and reallocated to other purposes.

We suggest one possible loophole to avoid both of the above alternatives. Businesses
could voluntarily adopt the strategy that we have called internalizing the product. Since
material wastes and environmental pollution are directly attributable to the production and
consumption of material products, the way to reduce the former is to reduce the latter. In
other words, the ultimate goal of an eco-efficiency strategy must be for firms to sell only the
immaterial service content embodied in durable goods, retaining ownership and responsibility
for the goods themselves. The effect, in the long run, would be to eliminate most durable
goods from the consumer market – along with consumer goods normally required for
operation and maintenance, such as fuel, lubricants and antifreeze. It would also ensure a
much higher degree of reuse, renovation, remanufacturing and recycling. This combined
strategy would result in a gradual, but ultimately radical, dematerialization of the economy.3

Can it be accomplished without sacrificing economic growth and prosperity? This is the
essential question we try to address in this paper. Unfortunately, neoclassical economists are
generally skeptical on this point. We argue that this skepticism is a consequence of some of
the convenient but not necessarily factual assumptions underlying standard economic models.
To anticipate our conclusions, we are generally optimistic about the technical possibilities. We
are less optimistic about the capacity of the business community to undertake the necessary
"eco-restructuring" without strong government intervention to speed the transition. However,
we remain hopeful.

Limits to Conservation?

Before tackling the basic eco-efficiency questions raised above, a closely related issue
needs to be addressed, namely: Are there any fundamental physical limits to the potential for
dematerialization (and energy) conservation? It is important to face this question explicitly,
because many people assume without much questioning that there is a fixed relationship
between the consumption of energy and materials used and economic activity. This
assumption reflects much of the public debate that occurred during and after the Arab oil
boycott of 1973-74. Many at that time rejected utterly any suggestion that using less imported
oil might be a good idea. The idea was firmly established among businessmen and
governments that less oil, or less energy consumption, would inevitably lower the standard
of living ("let them freeze in the dark" was a popular slogan at the time).

Yet any such linkage would be quite inconsistent with fundamental axioms of economic
theory. Economists generally argue for, and assume, general substitutability of all factors of
production. Resource economists were very quick in the 1970s to attack the "Limits to
Growth" thesis put forward by the Club of Rome [Meadows et al 1972]. The neo-Malthusians
were scolded for unjustified worry about natural resource scarcity. Any potential scarcity
would be forestalled by technological innovations or substitutions, called forth by rising
prices, according to the theory. Likewise, today, economists and managers should be
optimistic about the potential for energy savings by increased conservation.
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with which the economy uses energy. For this purpose, it is convenient to introduce the more
precise term "exergy efficiency", the efficiency with which energy is converted from primary
sources to final services.4

Electricity is currently generated and delivered to homes with an overall efficiency of
about 34% in the industrial world. That means that from each kilowatt equivalent of coal
burned in the plant, only 340 Watts arrive to the consumer. This figure has changed very little
in recent years.5 However, if that efficiency doubled, much would still be wasted by the
inefficient processes that deliver the final services. Energy is lost and wasted at each step of
the chain of successive conversions, from crude fuels to intermediates, to finished goods, to
final services.

For instance, conventional incandescent lights (converting electricity to white light) are
only 7% efficient, in the sense that only 7% of the electricity goes into producing visible
light; the rest is wasted in the form of heat. Fluorescent lights are a bit better, and the new
compact fluorescent lights are better still. But there is a long way to go. Moreover, lighting
fixtures are typically deployed very inefficiently, in the sense that most of the light does not
illuminate anything that contributes to human comfort or well-being. Overall, the efficiency
of producing electric light where it is wanted — the final service — is quite low, probably less
than 1% in terms of the electric power consumed. To put it another way, if pure "cold" light
were provided precisely where, and in the amount, needed for comfort, the amount of electric
power needed would be 1% of the amount now used.

Based on arguments along these lines, it can be shown that the overall efficiency of
energy use by the US is in the range 2.5% - 3% [Ayres 1989]. This means that the final
services provided by the economy (heat, light, transport, cooking, entertainment, etc.) are
currently obtained by the expenditure of 30-40 times as much available energy (technically,
exergy) as would theoretically be necessary to achieve the same results in the most efficient
possible way. Western Europe and Japan are slightly more efficient than the US, mainly
because their cities are more compact and they use less wood for house construction.
However, all countries are still very inefficient in using materials and energy resources.

Hence, there is no fundamental technical reason why end-use efficiency could not be
quadrupled, or even more, in the course of the next half century or so. If end use efficiency
were quadrupled (as advocated in the book Faktor Vier [von Weizsacker et al 1994]), the
Western World would still be using energy with an overall efficiency of less than 15%, which
is hardly an upper limit. It is important to remember that this assumes no change in the mix
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of final services demanded by consumers. In reality, it is very likely that the mix will change,
and consumers will continue demanding more services. 6 While a comprehensive discussion
of the technological alternatives will not be attempted here, it is clear that there are many
technologically and economically feasible possibilities. A later section addresses a classic
example, transportation.

Double Dividends, Win-Win Solutions and Low Hanging Fruits'

To state a long-range goal is a far cry from identifying feasible first steps along the road.
First steps are of the greatest possible importance, since they demonstrate a range of possible
inducements and strategies. Perhaps the first step is waste reduction by inducing process
change. Here we come back to the core question: To what extent can waste reduction be
expected to yield immediate or near-term profits through resource savings or reduced end-of-
pipe treatment costs? To what extent must eco-efficiency be justified on the basis of long
term, not quantifiable or poorly quantifiable benefits to the firm? Moreover, to what extent
should eco-efficiency be justified on the basis of indirect benefits, such as reduced
environmental damage costs, usually attributable to society as a whole?

This issue is important, partly because there has been a controversy regarding the extent
to which pollution prevention through process change can be expected to be profitable in the
first sense.8 Yet, there is still a lot of skepticism, both among economists [e.g. Palmer &
Simpson 1993; Jaffee et al 1995] and non-economists. For instance, the following quote
comes from Harvard Business Review:

"Questioning today's win-win rhetoric is akin to arguing against motherhood and
apple pie. After all, the idea that environmental initiatives will systematically
increase profitability has tremendous appeal. Unfortunately, this popular idea is also
unrealistic. Responding to environmental challenges has always been a costly and
complicated problem for managers. In fact, environmental costs at most companies
are skyrocketing, with little economic payback in sight. . .To achieve truly
sustainable environmental solutions, managers must concentrate on finding smarter
and finer trade-offs between business and environmental concerns, acknowledging
that, in almost all cases, it is impossible to get something for nothing." [Walley &
Whitehead 1994]

The counter-argument for "double dividends" and "win-win" is worth articulating
explicitly. Even for natural resource processors, such as mining companies, metallurgical
firms, petroleum refiners, paper companies, food processors and even electric power
companies, eco-efficiency is a dynamic strategy that presupposes both existing and likely
future environmental risks and regulation, and their costs, as facts of business life. From this
perspective, reducing the likely costs of doing business in that future environment can
legitimately be regarded as a real saving, as compared to the future costs of continuing current
practices.

By contrast, the more static (and more standard) view, as exemplified by Walley &
Whitehead [ibid], tends to make comparisons with respect to a cost baseline that is not in the
future but in the past. The W-W baseline is a hypothetical world without environmental
damage or liability. It is also a world in which firms have already made the optimal choices
of technology, given the cost of labor and energy and the prices of raw materials and
products. But the skeptics (of which we take W-W to be representative) can make a fairly
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strong quantitative case that "environmental concerns" are costly, because the bulk of
environmental expenditure to date — and mandated by laws such as the US Clean Air Act
— has necessarily been restricted to end of pipe waste treatment.

In other words, the unavoidable costs Walley & Whitehead (and other skeptics) refer to
are the costs of achieving very slight improvements in process efficiency to eliminate a trace
pollutant, or the costs of converting wastes from a harmful form into another less harmful
form. An example of the first kind is the catalytic convertor, which reduces carbon monoxide,
unburned hydrocarbon and nitrogen oxide emissions from internal combustion engines.
Examples of the second kind are sewage plants, electrostatic precipitators and scrubbers to
remove particulates and sulfur dioxide, respectively, from combustion products. The key point
here is that the end of pipe treatment technologies such as the above do not involve
fundamental process change. In fact, the whole point is to avoid it. So, it is not surprising that
such technologies add to costs (and complexity) and offer no economic benefits with the
dubious exception of possible export opportunities for manufacturers of the equipment. 9 On
the contrary, there is a much stronger case for believing that there are many unexploited win-
win opportunities for double dividends in the areas of dematerialization and waste reduction
by process change.

Many economists believe that the economic system is fairly efficient at identifying and
exploiting real opportunities for profit, whence the economic system can be assumed to be
very near its optimum state – called Walrasian equilibrium – at all times. If this were true,
when a scientist or engineer identified an opportunity to save energy, or reduce pollution,
while simultaneously reducing costs, the believers in equilibrium would say that the
opportunity is probably illusory, because there are must be hidden costs that the scientist or
engineer failed to take into account. If the opportunity were real some entrepreneur would
have taken advantage of it. Obviously, in such a world it is harder to find win-win
opportunities. But that is not the world we live in now, or will inhabit in the future.

The counter-argument is simple. It is possible to cite literally hundreds of specific cases
where investments in energy conservation have yielded impressive – even enormous – returns
on investment. Sometimes these savings, which go straight to the firm's bottom line, turn out
to be far beyond the average return obtained by the average firm.'°

Examples in the literature are plentiful. For instance, the 3M Company began its in-house
program, called "Pollution Prevention Pays" (PPP), to encourage employees to notice and
implement opportunities to reduce energy consumption and pollution and thereby eliminate
costs of end-of-pipe pollution control. This program has been extremely successful, both from
an environmental protection perspective, and also from an economic standpoint. The 3M
Company estimates that it has saved $482 million by waste reduction since 1976 while
eliminating 500,000 tons of process wastes, plus additional cumulative savings of $650
million through energy conservation. Dow's similar program, "Waste Reduction Always Pays"
(WRAP) also claims to have achieved substantial economic savings as well as environmental
benefits. The US EPA asserts that the use of energy efficient lighting (such as compact
fluorescent bulbs) in the US would reduce electricity consumption (hence costs) by 10% while
cutting air pollution 4% to 7%. Many other comparable examples can be cited [e.g.
Schmidheiny 1992; Porter & Van der Linde 1995; Bonifant & Van der Linde 1995; Fussier
1996].

Much more comprehensive studies have been carried out that strongly confirm these
findings. For instance, the U.S. EPA commissioned a study (by Versar Inc. and Jacobs
Engineering Group) of payback from waste minimization projects in 1992. Of 28 cases
examined in that study 54% produced investment payback in less than one year and 75% in
less than two years. Only 7% required more than four years to recover the investment [Teclaw
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1993]. Another such survey, carried out by the Southwest Technology Development Institute
for the U.S. Department of Energy (DOE), reviewed 75 cases for which both technical and
economic data were available [Fischer & Zachritz 1992]. Mean payback time for these 75
projects was 1.58 years; in financial terms each dollar invested yielded a net present value
of $3.89, or an average return of 389% [ibid].

Indeed, the U.S. Office of Technology Assessment concluded from these and other
studies that a 10% reduction in waste generation each year, for the next five years, would be
technically and economically feasible [USOTA 1992]. By "economically feasible", OTA
meant that the macro-economic benefits, properly calculate, would significantly exceed the
costs. In fact, a detailed study for DOE, covering the 7 sectors that account for most U.S.
industrial waste, reached some interesting conclusions [CONSAD 1993]. First, cumulative
waste reduction from 1996 through 2010 of about 1.3 billion tons (for the U.S.) were
achievable, with significant cost reductions and efficiency gains. Second, these potential gains
were estimated (using an input-output model) as increased cumulative GDP (1996-2010) of
$1936 billion (1992 $) with a net present value — as of 1993 — equal to $335 billion (1992
$). Third, these gains would also result in estimated employment increases of 16 million
person years over that 15 year time period. Moreover, the benefits would continue after 2010.
In short, a national policy of waste reduction (DOE's term) or waste minimization (EPA's
term) looks like a double dividend (win-win) opportunity of significant magnitude.

There are obviously a lot of assumptions and extrapolations in any macroeconomic study
such as the one cited above. One of the key assumptions is unexploited opportunities really
do exist. (This is based on "bottom up" technological considerations). Another assumption is
that both private and public sectors devote a larger fraction of R&D resources to the search
for cost-effective opportunities for process improvement and waste reduction. A related
assumption was that R&D in these areas would yield social and private returns to R&D
comparable to R&D carried out in the past. All of these assumptions will no doubt be
challenged by some economists, on the grounds that R&D resources are already being
allocated optimally. Clearly, the fundamental disagreement is doctrinal; it is not likely to be
resolved by argument. However, this is not the place for a detailed critical assessment of the
theoretical foundations of neoclassical economic analysis.

Returning to the firm level, we necessarily rely more on case histories. As always, the
skeptics can argue that the it is unrealistic to draw conclusions based on a few successful
projects. At present, the skeptics remain unconvinced.

However, in this connection, it is clear that a lot depends on how the corporate
accounting is done. In particular, much depends on how corporate accountants treat hidden
and/or future costs, both internal and external to the firm. A hidden cost can be a real cost
that is normally lumped into corporate overhead and not allocated to specific products (such
as pollution control). Or, it can be a potential cost that is far in the future, such as the future
expenditures in environmental remediation or health problems caused by pollution generated
during the raw material extraction or refining process, or unsuspected harm from the product
itself. The ideal accounting system would reflect all such potential liabilities, and the savvy
management would not overlook them. The need to do so, in turn, would provide strong
incentives to minimize the possibility of such future liabilities.

Evidently, a company adopting a standard accounting system will tend to view
expenditures on pollution prevention as "costly" (because the liabilities they reduce are hidden
from management view). The standard accounting system, therefore tends to support the W-W
perspective on the rarity of win-win opportunities. On the other hand, a firm with a forward-
looking accounting system will view many environmental protection expenditures as good
financial investments. This is apparently the philosophy that has guided profit-seeking
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companies like 3M and Dow. It is certainly the philosophy that underlies the eco-efficiency
paradigm.

Variants and Extensions of the Theme

We have discussed waste reduction through process change above, but that is only the
tip of the iceberg. It presupposes no change in the mix of goods end services produced and
consumed by the economy. However great the potential for waste reduction (and
dematerialization) by process change alone, there must by much larger potentials at the system
level. Some of these possibilities are discussed later.

However, a complementary approach at the product level can be called "product
internalization". It is especially applicable to extending the useful lives and increasing the
recoverability of value from end-of-life durable goods. As we have already noted, incentives
are of vital importance. A firm that simply sells it's products to others and retains no
responsibility for it's subsequent maintenance or disposal has no incentive to facilitate either.
In fact, a manufacturing firm has a clear economic incentive to minimize product life so as
to encourage early replacement. (The automobile companies, in particular, have been accused
in the past of adopting a deliberate policy of "planned obsolescence" [e.g. Galbraith 1968].

It follows that major opportunities to reduce waste by extending life, and reducing
operating and maintenance costs require long-term responsibility on the part of the
manufacturer itself, or of a service provider with enough economic clout to dictate design
specifications. In either case, some version of vertical integration by ownership or contract
appears to be needed. We call the end result product internalization (rather than, for instance,
product responsibility) to suggest the economic effect without using language with other
connotations.

One of the major implications of internalization of durable goods by service providers
would inevitably be a sharp increase in re-use, renovation, reconditioning, remanufacturing
and recycling. Here again, we foresee significant opportunities for double dividends, since a
durable product that is designed for efficient reconditioning and eventual remanufacturing can
offer a much higher value per kilogram of embodied material over it's useful life than a
product designed for minimum initial cost, for instance. For instance, if automobile engines
were truly designed for remanufacturing, the most complicated parts, such as the crankshaft,
camshaft and engine block would be made of very hard and durable materials, but with easily
replaceable wearing surfaces such as piston rings and cylinder linings. The remanufacturing
process would consist of disassembly, washing, replacement of all wearing parts such as
valves, bearings and wearing surfaces, and re-assembly. This could be very largely automated,
though it would be slightly more labor intensive than the original manufacturing process.
However, such engines would last indefinitely. We discuss product recovery and
remanufacturing at length in another paper [Ayres, Ferrer & van Leynseele 1997]. The
environmental benefits arising

Leasing of durable goods by the manufacturer is the most obvious, and possibly the most
common way to achieve effective internalization. Many kinds of capital equipment, including
aircraft, are leased by specialized leasing firms. However, in most cases this is purely a
financial arrangement to free up the buyer's working capital. The aircraft, computer or
machinery leasing firms are simply financial intermediaries; they take no responsibility for
either the operation or the maintenance of the equipment itself. These responsibilities remain
with the end-user, not the manufacturer. Here the aircraft case is the best model of
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internalization, since airlines — service providers — handle maintenance and have a very
strong influence on airliner design.

The case of rental car firms is far different. Car rental firms do take responsibility for
maintenance, but only for relatively new vehicles. Operating costs (fuel) are simply passed
on to consumers. Rental cars are invariably sold through the second-hand market while still
relatively new – normally after only one or two years. Car rental firms, in practice, are merely
marketing arms for the automobile manufacturers (and are mostly owned by them). They have
no influence whatsoever on vehicle design. Insurers potentially have some influence in this
domain, but they rarely choose to exert it. (For example, insurers could do a great deal to
influence manufacturers to make straightforward design changes that would reduce the costs
of car theft; up to now they have neglected to do so; instead, cost have simply been passed
on to consumers.) Thus, car rental, as currently practiced, cannot be regarded as a step
towards internalization. It would become so, only if service providers were forced to compete
to sell services directly (per trip or per passenger km travelled) and if final disposal
responsibility remained with the original equipment manufacturer (OEM).

The German take-back legislation is a step in that direction – or will be, once fully
implemented. In principle, this should give OEMs a stronger incentive to design durable
goods for easier disassembly, recovery of valuable parts for remanufacturing, and easier
recycling of less valuable materials. Some firms, engaged in selling the service rather than
the product they make, are committed to change their product design to facilitate the recovery
process. One good example is the tire and rubber firms, which are working in the
development of commercial tires with very long lives.

Another step in the right direction, which has required no legislation, is the trend toward
OEMs taking over long-term operation and maintenance (e.g. Otis Elevators, Xerox) 11 and
even providing the final service itself. Many manufacturing companies are finding that an
increasing part of their revenue comes from selling services. Examples range from a postage
meter manufacturer (Pitney Bowes) taking over mailroom operations, copier manufacturers
taking over copying and document transmission operations for customers, to computer
companies taking over computer and networking services.

In effect, some of these large companies are shifting gradually from a traditional product-
orientation to a service-orientation. The change is fundamental, since a product-oriented firm
is driven to maximize unit sales of equipment, whereas a service-oriented firm is one that has
deliberately undertaken to market customer service while retaining ownership and long term
responsibility for the product that delivers the service. In principle, such a company will make
innovative changes in the design and production processes to minimize maintenance costs and
energy consumption throughout the product's life-cycle. It will seek to recover and
remanufacture valuable subsystems, rather than allow them to be junked, thus reducing
manufacturing costs and increasing profits.

There are a number of variants on the theme. From the standpoint of maximizing service
output (and revenue) per unit of materials and energy input, the optimum organizational
structure would seem to be a vertically integrated company whose operations encompass the
entire life cycle of the product, from "cradle to grave". The structure of AT&T (prior to its
forced breakup) was close to this. One subsidiary, Western Electric Co. designed and
manufactured telephones and all the various kinds of switching and transmission equipment
for all the operating divisions of AT&T. The individual Bell companies handled all
maintenance for subscribers, and owned all the phones. When any equipment was replaced,
it was recycled (or remanufactured) as a matter of course. The breakup of the system opened
the way for independent equipment manufacturers, but cut the links between design,
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manufacturing, maintenance and recycling. Now old phones and other telephone equipment
are not recycled, but are mostly junked and sent to landfills.

The same sort of vertical integration once characterized the computer industry. In its
heyday, IBM manufactured all the equipment, wrote software, leased the computers to its
customers, did the maintenance under contract, and took back the old equipment when the
next generation machines were available. It is only to be expected that – despite the rapidity
of technological obsolescence – some reusable electromechanical parts and components were
recovered and reused in less demanding machines, such as card punchers, sorters, magnetic
tape readers, drums and printers. Why not? The customers were paying for service, and the
service was guaranteed by IBM. As in the case of AT&T, IBM was forced by the US
government to unbundle its products and software, and to offer to sell computers and
peripherals outright, so that customers could (in principle) "mix and match". Although IBM
still puts the effort into taking back its old equipment when a customer upgrades, it has been
more difficult to recover value, as electromechanical units were increasingly replaced by
purely electronic units which are more difficult to reuse or recycle. Xerox, had a similar rental
with take-back policy in the early days, which also eroded over the years. Now, a smaller
proportion of the Xerox machines are leased, which has reduced the number of returned end-
of-life Xerox machines although the firm is now trying to reverse this trend. These examples
underline the tradeoffs between different industry structures.

Ownership by OEMs or service providers is not the only mechanism for internalization,
to be sure. Another possible scenario is that customer pressure on retailers may be generated
by "green" preferences of end-users. This, in turn, can be transmitted down the value-added
chain to intermediate and even primary suppliers. The process is well illustrated in the case
of B&Q (Box).

B&Q is the biggest retailer of do-it-yourself (DIY) furniture in Europe. In 1996, B&Q sales were
£ 1.28 billion (about $2 billion) with profits of £ 55.4 million. The company employs over 18,000
people and sells an average of over 25,000 products, mainly in the U.K. The company recently
began a program to force it's suppliers to increase their environmental awareness and responsibility.
One of the first examples concerned the origins of timber products. B&Q discovered that most
suppliers did not know, or care, where their supplies originated or how the forests were managed.
After further analysis, B&Q found that some of its timber came from mismanaged forests. The firm
recognized its responsibility and initiated a policy to identify the environmental problems associated
with its products. Since then, all suppliers now have to document their own sources and
environmental problems. The company now grades suppliers on their environmental performance.
In addition, it encourages them to do likewise with their own suppliers. As a result, more than 90%
of the suppliers today have an environmental policy in effect. In essence, B&Q has used its large
purchasing power to induce behavioral change on the part of its suppliers. About 10% of B&Q
suppliers have changed their own sources in order to keep B&Q's business.

It is clear that (organized) end users have had significant impact on producers in some
cases, usually via the intervention of an environmental group such as Greenpeace. The two
outstanding examples appear to be the introduction of "chlorine free" paper, in Europe, and
the introduction of a new CFC-free technology for household refrigerators. Unfortunately,
Greenpeace intervention is highly idiosyncratic.

While the two cases mentioned above have arguably been socially beneficial, they are
not by any means clear cases of double dividends or win-win. Some of Greenpeace's other
campaigns, such as it's continuing campaign against the plastic PVC (and against all industrial
uses of chlorine), would probably be very costly to the economy while offering deceptive and
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minimal environmental benefits. On the whole, we regard indirect consumer pressure
mobilized by environmental activist organizations as the least reliable of all approaches to
achieving long-range envircnmental sustainability. Certainly, it has achieved nothing, so far
as we know, in the domain of waste reduction through internalizing the product.

An Eco-efficient Automobile?

The first target for a grand societal change toward eco-efficiency is the ubiquitous
automobile (and its cousin, the light truck). One of the main reasons the US uses more energy
than Europe or Japan is that people own more cars and use them more. This is partly because
of greater distances, spread-out cities and low population density. It is also because of lack
of alternative means of transport. And finally, it is because of low fuel prices, free use of
heavily subsidized roads, free parking in most places, and several other incentives.

If the average car were slightly smaller and considerably lighter, with a different engine,
more efficient transmission, better tires and better aerodynamics, the fleet average fuel
economy could easily be doubled, without significant sacrifice of comfort, safety or
performance. Greenpeace recently reengineered a standard European mass-production car to
demonstrate such a possibility. In fact, much larger savings are possible through redesign. A
super-efficient "hyper-car" has been studied in considerable detail, demonstrating that it would
theoretically be capable of increasing fuel economy from five to ten-fold.12

The average American car travels about 15,000 miles (25,000 km) per year, carrying an
average of 1.2 passengers. Postulate a combination of improvements in alternative modes of
transport, "piggy-backing" of cars by trucks or trains over densely traveled network links,
strong encouragement of car pooling and ride sharing, restrictions on road use by single-
occupancy vehicles, etc. With these modest innovations, one can imagine that each car would
travel only 7500 miles (12,500 km) per year carrying 1.8 passengers. These combined changes
in usage patterns would cut fuel consumption per car by three quarters (75%). They would
cut fuel consumption per passenger-km by five sixths (83%). Suppose, in addition, that one
third of the vehicles – the urban fraction – were electrified and that they consumed neither
fossil fuel nor electric power from fossil fuels. This would bring the overall savings in fossil
fuels up to eight ninths (89%). In other words, it is fairly plausible to argue that the
combination of several modest technological changes and innovative transportation policies
could reduce fossil fuel consumption by private cars to just 11% of the current level. Nor is
that an upper limit. The hyper-car mentioned above would, of course, enable much greater
fuel savings.

All of these changes have been or are being implemented already in various places
around the world. None is extraordinarily radical. Even the electrification of urban vehicles
is already being considered in California, as well as in certain European capitals.

However, as the matter stands today, the industry that manufactures conventional
automobiles has no incentive to undertake a major redesign effort. If cars were more durable,
for instance, they would be replaced less often. The industry has little incentive to cut fuel
consumption now because it perceives little or no demand for fuel economy and it has
convinced the public that fuel economy means small and lacking in power. (Even at high
European gasoline prices, operating costs are relatively low as compared to ownership costs.)
The auto industry has even less incentive to support institutional changes that would reduce
vehicle usage. It makes its profits by selling new cars, and every financial analyst knows that
profits are maximum when factories are operating at capacity.
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The Integrated Transportation System

Is there any way to change the incentive structure, so as to provide financial incentives,
both for reducing vehicle usage and fuel consumption? The answer is, surprisingly, yes! The
point is that vehicles need not be privately owned and operated in a totally decentralized and
autonomous manner, as they are at present. Automotive transportation is, in essence, a service.
The main benefits of private ownership are (1) maximum flexibility in terms of trip
scheduling, (2) privacy (if desired), (3) low apparent marginal cost of trips, especially for
families, and (4) the psychic benefits of ownership as a means of display.

We argue that all of these benefits are achievable, in principle, without direct ownership.
In short, personal point-to-point transportation on demand could, in principle, be provided in
most urban and suburban locations as a commercial service, like telecommunications. This
does not mean that cars, or driving, would necessarily disappear as such. Even with today's
telecommunications and information processing technology, automobiles could be integrated
into a comprehensive transportation service network. In such a system they would constitute
the local pickup and distribution elements of the larger system. The transportation provider(s)
would also have – or serve and coordinate with – a variety of larger vehicles, including buses,
trams, trains, aircraft, and also some dedicated high speed rail links with "piggy-back"
capabilities for bridges, tunnels and high-speed inter-city travel.

The distinction between chauffeur-driven cars (i.e. taxis) and self-driven cars would
gradually fade as computers and "smart" roads take over the guidance and traffic control
functions. Computer-routed, radio-dispatched multi-passenger limousines, jitneys or vans could
provide a major alternative to private cars, especially for commuters, because they would
avoid the parking problem. Needless to say, as telecommunications and information
processing technologies continue to improve, the quality and scope of such services will
continue to improve.

The big step that remains is to eliminate the artificial distinction between conventional
taxi service and the shared vehicle version. The barrier is already weakening. For instance,
airport taxis in some cities are free to pick up several passengers with different destinations,
as long as the passengers do not object. Fares are reduced. Computer-assisted routing would
make this easier. An expert system would identify groups of commuters with compatible
schedules who could share rides to and from work on a regular basis. Telecommunications
and computers could provide this kind of service with needed flexibility to allow for and
adjust to exceptional circumstances, such as traffic jams, breakdowns and last-minute
cancellations.

The car-less user should have a choice of service providers and class of service. In the
lowest cost service, the vehicle might stop for other passengers en route like a shared taxi
does today. Or the user could opt for private door-to-door service, at any level of luxury, at
appropriately higher cost. The highest level of service would be indistinguishable from the
personal chauffeur-driven limousine of today, except that the passenger need not worry about
providing garage space for the car and living quarters for the chauffeur. (This would seem
to take care of the psychic display benefits, noted above.)

The annual or per km costs of travel by car need not differ radically from the costs we
pay today. The big difference would be that, although paid monthly, like the phone bill, the
costs would be allocated to specific trips and travel conditions. The system would allow
consumers and business travelers to be more discriminating in their choices. Congestion
charges would induce customers to make more efficient use of roads and to use other options
more frequently. Less congested roads would favor public mass transport. Self-driven
privately owned cars would not be advantageous for most trips in an urban area where the
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services sketched above were available. But the low marginal cost of shared usage (e.g. for
family vacations) would still be available through self-drive car rental, as at present.

Challenges to Implementation

The transportation service provider may or may not be the vehicle manufacturer. But the
key point is that all of the equipment would be owned and maintained by the service
providers (including rental fleets). The providers would then have clear financial incentives
to ensure efficient use of their equipment, enforcing a rigorous schedule for maintenance,
renovation, upgrade and eventually remanufacturing or recycling. This is in sharp contrast to
the present situation where vehicle manufacturers maximize profits by selling cars, not
services, and take no responsibility for how those products are used, maintained and
eventually disposed of when their useful lives are over.

Could this shift happen spontaneously? There are some social forces pushing towards this
kind of system. Private ownership in the current pattern will probably become less attractive
over time, for several reasons. First, the psychological utility of private ownership, as opposed
to service on an as-needed basis, is already fading. (The cars themselves are more
standardized and indistinguishable – less individualized.) Second, the costs of parking and
insurance are rising rapidly. Downtown parking in most cities has become very difficult and
expensive. Third, urban congestion and pollution are worsening. Driving is no longer
enjoyable in most urban areas – especially in competition with increasingly large and assertive
trucks. Many cities are experimenting with restrictions on private vehicle use, in particular
during periods of high pollution and congestion. These restrictions could evolve into more
draconian measures and outright bans. Fourth, the cost of private vehicle ownership is
becoming more visible. Most people buy cars on the basis of fixed monthly payments over
3 or more year contracts. At the end of this time, the average owner trades-in for a newer
model. Leasing by the month or year has become a popular alternative for business and
professional users because it does not tie up capital and reduces the responsibility associated
with outright ownership.

The major obstacles to change are the network economies of scale and institutional
barriers. The latter are obvious enough. Many industries are indirectly dependent on
automobile usage, beginning with the politically powerful petroleum industry. Every
comfortable little monopoly (especially labor unions) in the present system would oppose
change, if change meant increasing flexibility. Other monopolies (such as taxis) are protected
by law.

The economy-of-scale problem is simply stated: shared vehicle systems cannot compete
with privately-owned vehicles on a convenience and marginal cost basis unless there are
enough roving vehicles to reliably reach and pick up any would-be passenger in (say) five
minutes or less, and deliver that passenger to his/her destination as quickly as a self-driven
vehicle would. Yet the average load factor for these shared vehicles would have to be high
enough to keep the marginal cost down to levels comparable with private cars. This is a high
hurdle to overcome. However, if the network starts along high density urban routes, it seems
likely that the areas served could be gradually expanded, until most central cities were
covered within a few years. The extension to suburban service would be much more gradual,
of course, beginning with localized services within suburban communities, coordinated with
high capacity systems (buses and railways).
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Clearly, the government has a role. If some of the existing direct and indirect subsidies
to petroleum and road use were removed, if parking charges were increased, and if car
ownership, fuel and road use were more heavily taxed to reflect the true social costs of
pollution and congestion, then alternative modes of transport would automatically be more
attractive and auto usage would decline. This would obviously create profitable opportunities
for alternative services that do not exist now. But another important role for government
would be to eliminate legal barriers.

Conclusions

The case of transportation discussed at some length above is, of course, just an example
of the larger challenge. The major points in this paper can be summarized succinctly. First,
long term sustainability depends on massive reductions in the production of pollution and
waste. This reduction must be initiated, and carried furthest, in the industrial countries which
now account for most of the world's material and energy consumption.

Second, this program of waste reduction and dematerialization need not be impossibly
costly. There are major opportunities for near-term savings at the process level, even given
current energy prices. These opportunities would be substantially increased in the event of
higher energy prices, whether due to government policy (such as a carbon tax) or due to
political events, or simply from gradual exhaustion of the cheapest international sources.

Third, there are even larger — albeit longer term — opportunities for dematerialization
at the product level. In particular, we stress the technical opportunities for increasing the
lifetime value provided by durable goods, through redesign for increased operating efficiency
and recovery of asset value by reuse, reconditioning and remanufacturing. However, we also
stress that these opportunities are not likely to be exploited as long as original equipment
manufacturers are able to avoid responsibility for operating and maintenance costs and
ultimate disposal. Only when these costs are all born by the same organizational entity — a
service provider — will the incentive system work to minimize materials and energy use.

Finally, we emphasize the existence of enormous opportunities for increased resource
productivity at the systems level. The example of the transportation system has been discussed
at some length to illustrate the point. However, major social innovations will be required
before these opportunities can be achieved in practice. In this case, government intervention
will surely be required.

Endnotes

1. One of the early works including the underlying ideas of eco-efficiency is Bruce Smart (ed.) Beyond
Compliance: A New Industry View of the Environment, World Resources Institute, Washington DC 1992
[Smart 1992].

2. The notion of "internalizing" can be understood in the context of economic theory as eliminating
externalities, or external costs. For those not trained in economics, an external cost is a cost to a third party,
not directly involved in a buy-sell transaction. Pollution, noise, congestion, and so on, are all externalities,
in that they are costs that have to be borne by people who had no part in (and no gain from) the economic
activities and transactions that caused the problem. Generally, such costs should be charged to those who
caused them. This idea is sometimes expressed as the "polluter pays principle". In the case of pollution,
it is generally optimal for the cost to be charged to the party that has the greatest potential for eliminating
the pollution through process or product redesign, namely the manufacturer. In principle this could be done
by imposing a tax equal to the social cost of pollution, and using the revenues to compensate those who
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suffer damage. For a more detailed survey see [Goulder 1995].

3. Consumer goods, such as food products, cosmetics, pharmaceuticals, household cleaners, and so on do not
embody enormous amounts of materials, except as packaging. The problem of reducing excessive use of
packaging materials can be dealt with in other ways.

4. The efficiency of any process is defined as the ratio of the minimum amount of energy theoretically needed
for the process to the energy actually used. It can be defined consistently, in principle, for any process
(given a suitable convention on the treatment of co-inputs and by-products), although actual numerical
determination can be difficult in some cases. Since the "lost" exergy is not actually lost but becomes
unavailable in accordance with the second law of thermodynamics, it has been called "second law"
efficiency. It must be pointed out that there is another widely used definition of efficiency, namely the ratio
of "useful" energy outputs to total energy inputs. (This ratio has also been called "first law" efficiency).
In some cases, such as electric power generation, the two definitions are nearly equivalent. However in
other cases (such as space heating and air conditioning systems) there is a very big difference. Gas furnaces
are often advertised as having "efficiencies" up to 90%, which merely means that 90% of the heat is
"useful" and only 10% is lost up with the combustion products. However, this is extremely misleading,
since it happens that the same amount of final space-heating effect can be achieved with much less exergy
expenditure (e.g. by means of a "heat pump"). In this sense, most heating systems are actually very
inefficient.

5. Energy experts generally agree that by the year 2050 this might increase to something like 55%-60% for
steam-electric plants, taking advantage of higher temperature (ceramic) turbines, combined cycles, co-
generation, etc.

6. Current trends suggest that low-energy entertainment and communications services (based on computers
and information technology or IT) will substitute for many of the materials and energy intensive products
and services currently being consumed.

7. One may want to distinguish between the three. The first two are essentially equivalent: in this context, they
refer to opportunities to reduce environmental harm while simultaneously making profit. Investments may
be required, but they can be expected to generate reasonable returns. The "low hanging fruits" generally
refers to neglected opportunities for savings that can be achieved at no (or negligible) sacrifice, once
recognized.

8. This controversy was low level and academic until the publication of a widely quoted article by Michael
Porter, "America's Green Competitiveness Strategy" [Porter 1991], lauding the beneficial impacts of
regulation on innovation. The article was subsequently quoted by Vice President Gore.

9. It is unfortunate that Michael Porter and others have emphasized this sort of "competitive" benefit, rather
than clarifying the distinction between waste treatment technology and waste reduction or waste
minimization [Porter 1991; Porter & Van der Linde 1995].

10. There is, however, a stronger argument available. It is this: If the economy were really in, or very near,
some Walrasian equilibrium, there would be no opportunity for innovation or risky but high-return
investments (or for investment advisors). It follows that there couldn't be any exceptional profit
opportunities of any kind. Why? Because, according to the orthodox theory, if such opportunities did ever
occur, in a competitive equilibrium, some entrepreneur would have already found and exploited it! All
investments would necessarily yield roughly the same rate of return. Obviously they do not. See [Ayres
1994].

11. According to the Economist (March 16 1996) demand for new elevators in the US has fallen from about
90,000 units per year to 70,000 units per year, since 1990. In response, manufacturers are competing
actively for after-sales service contracts previously handled mainly by independent contractors. If this trend
continues, the OEMs will be more strongly motivated to design their elevators for easy service, on a regular
scheduled basis, and even for regular upgrades. There will also be increasing opportunities to take back
older equipment for face-lifts and remanufacturing.
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12. The hypercar proposal would achieve dramatic gains by making a number of small but coordinated
improvements, e.g. in aerodynamic design. The three major innovations would be a hybrid electric
propulsion system, similar to that recently announced by Chrysler Corp. to be available by the year 2005,
a drastic reduction in vehicle weight through the use of advanced composite materials, such as carbon-fiber
technology, and "unibody" construction, dispensing with the need for separate frame and chassis. Their
major drawback (from the auto industry's perspective) is the material cost and the need for a completely
different method of forming and shaping. Fuel savings are achieved through vehicle weight reduction (by
a factor of 3 or 4) as compared to the current US fleet average [Lovins & Lovins 1995; Lovins 1996;
Lovins et al 1996].
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