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Introduction

least two-thirds of the material resources that we now waste
could be reused without important changes in our life-styles.

wi:fi probucts designed for durabi!ity  and for ease of re-
cycling, the waste streams of the industrial world could

be reduced to small trickles. And with an intelligent materials polic
t h e  parGnn  o f  mur r--cxC\“rCeS  &ar is jrre&+,rao.y Y,1 &$.!~d c9,2.c!
eventually be reduced to almost zero.1

The ever-expanding consumption of both raw materials and energy
has become an inflationary force that is likely to grow as high-grade
ores are exhausted, as energy costs rise, and as the pollution control
investments needed to safely process low-grade ore increase. A sensible
materials policy-one that emphasized the repai;,  :euse,  and recyciing
of goods we currently discard-would help check these inflationary
pressures.

Most of what we use today is soon thrown awa’7.  About 70 percent
of all metal is used just once and then discarde d The remaining 30
percent is recycled. After five cycles, only one-quarter of 1 percent of
the metal remains in circulaticn.  After ten cycles, less than one one-
thousandth of I percent remains.2

Annual per capita mineral use worldwide is now more than 3.75 metric
tons, and is increasing 7 pnrcent  each year. If continued, such growth

I am indebted to my colleague Christopher F&n for his help with the research for this
paper.
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would lead to a 32.fold increase in mineral use in just 50 years. The
highest rate of consumption is found in the industrial world; in the
United States, the figure is 1.5 metric tons per person. The lifetime
garbage of a typicai American will equal at !east 600 times his or her
adult weight. Most of these minerals will make a one-way trip from
the mine to the dump. But as high-grade ores are exhausted and
dumps become  overcrowded, we rnt>
for cur wealth.3

‘51 increasingiy  turn to our wastes

Waste is a human concept. In nature, nothing is wasted, for every-
thing is part  of a continuous cycle. Even the death of a creature pro-
vides nutrients that will eventually be reincorporated in the chain of
life. The idea of waste springs from the perception of most material
by-prc ‘ucts of human activity as useless. But one person’s waste
newspapers are another person’s recyclable fibers or cellulose insula-
tion. Disposable plastic containers that are discarded without thought
by the Japanese would be carefully used and reused by Tanzanian
vi!!agers. The Japanese, in turn, are aggressive purchasers of scrapped
U.S. automobiles, leading to the joke that this year’s Buick is next
year’s Datsun. And the concept of waste varies over time. Much of
what were thought of as the wastes of the pulp and paper industry
some decades ago are now a source of fuel and chemical feedstocks.
The designation “waste” is thus a product of judgment and circum-
stances.

Not much hard data exists about materials use in the Third World.
However, the recycling system in Cairo illustrates the different under-
standing of “waste” in developing countries. Wastes from the eight
million households are ha:tdled  mostly by two groups in Cairo: the
Wayiha, who control rights to the city’s domestic refuse, and the
Zabaline, who rent the right to do the actual removing and processing
of Cairo’s domestic waste.  They remove tin, glass, paper, plastic, rags,
and bones from the refuse, and forward these materials to factories
and other markets within the city. They extract about 2,000 tons of
paper a month that is reprocessed into some 1,500 tons of recycled
paper and cardboard. Cotton and wool rags are converted into up-
holstery and blankets; metals are converted into new implements;
even bones are used to make such things as glue, paints, and high-
grade carbon for sugar refining. Most organic wastes are fed to pigs;



the rest is converted into compost that is sold for agricultural pur-
poses. In societies with chronic unemployment, inefficient bureaucra-
cies, and few raw materials, such labor-intensive, income-
approaches make more sense than the capital-intensive,

reducing

no!ogies favored by many Western-trained engineers.4
ligh-tech-  7

The term “consumption” is similarly ambiguous. A newspaper, for
example. has been “consumed” when the purchaser has finished
reading it. A product may be thought of as consumed when it has
provided all the usefulness its owner expects from it. Thus a erfectl
good pair of shoes, or even a perfectly frunctioning  automot? Ide, WL 1
be thought of as consumed if changing styles persuade the owner to
discard the older product for something newer.

Modern economies are geared toward an endless increase in material
consumption and the generation of ever-larger amounts of waste.
Underlying :his is an implicit polic
materials. Many policies that were

to e Icourage  the use of virgin

tion of fledgling industries
J- fesrgned ion ago for the protec-

remain on the boo s, greatiy distorting
the materials market. The mining and extractive industries, for exam-
ple, are given more favorable tax treatments than are industries based
on the use of recycled materials. The full costs of environmental
damage due to mining have not been internalized and hence the prices
of vi:gin materials do not reflect the full social burde~ns their extrac-
tion imposes. Secondary materials are often discriminated against in
government procurement specifications, freight transport tariffs, and
so on.5

Moreover, the institutional structure does not adequately discourage
the generation of waste. For example, the charge for waste pickup
often remains constant regardless of how much
Waste disposal charges are often artificially low

arbage  is produced.
I?ecau:,e  the environ-

mental costs of disposal have not been considered. Where efforts have
been made to overcome these imbalances, significant progress has
often been made. Some small New England towns are currently re-
cycling about 50 percent of their wastes, and Wilton Falls, New
Hampshire, has designed a ret
the town planners expect to han2

cling and cornposting  program that
le 80 percent of the town’s wastes.
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One hundred percent recycling will never be a genuine option. Rather
than leaving materials in a concentrated form, much human activity
dissipates them to an extent that sometimes approximates their aver-
age abundance in the earth’s crust. Such uses, although often having
merit in the short run, dramatically reduce the chance of successful
recycling in the long run. For example; 50 percent of -etrochemical
feedstocks  become commerciai soivents, detergents, gaso me additives,r:
antifreeze, dyes, pesticides, and pharmaceuticals-all of which are
effectively lost as soon as they are used. The lead concentrated in
storage batteries can be recycled easily; the tetraethyl lead acided to
motor gasoline is lost forever, except as a pollutant.6

Society can minimize the extent to which materials are dissipated by
use. For exam le. the substitution of ethanol-a high octane fuel ob-
tainable from rologrcal  crops-for gasoline would eliminate the needfi
for lead. anti-knock additives. This, in turn, would remove the prin-
cjpal source of atmospheric lead (and the health problems it entai!s),
srmplify t h e  recyding  vI-r lead, and convert motor vehicles to a fuel
that will be available long afte: oil.’

In a sustainable world, what we currently think of as waste will be-
come our major source of hi h-quality materials for industry and
commerce. One important benef.It ~111  be the diminishing contribution
of rising raw material prices to inflation. Increasingly, virgin ores will
merely supplement the existing material inventory. Recycling will
become a central organizing principle for the entire economy.

Resource Supplies

Stringent limitations on the production of several minerals from raw
ores are unavoidable -within  the next half-century. For some, the turn-
ing point may be encountered far sooner. By the time this turning
point is first reached, tine world must have learned how to live com-
fortably with a finite, non-growing stock of the material in question.8

It is sometimes argued that since the entire planet is composed of
minerals, the fear of running out of supplies is ridiculous. Such a
notion rests upon a very loose definition of “supplies.” All the min-



“Resource estimates depend on
a judgment of tomorrow’s prices,

tomorrow’s technolo
T

and tomorrow’s
supply of a fordaMe  energy.”

erals  with which human civilization will b:e sustained are located in
the four-tenths of 1 percent of the earth’s mass constituting its outer
crust. Of this, only a trifling fraction may be legitimateiy viewed as
potential supplies. The remainin
centrations  or at such great dept8.

minerals are in such dilute con- 9
m the crust that the energy and

environmental costs of mining and concentrating them will ail/v+  be
prohibitive.

Broadly speaking, minerals can be grouped in two categories: “re-
serves” and “resources.” Reserves are usually defined as known
deposits that are extractable with existing technology at current prices.
The term has great utility, but it must not be misused. As a case in
pcint, Zambia has no copper reserves because that country’s copper
cannot be economically extracted at today’s world price. Yet Zambia
has some of the world’s largest deposits of copper, much of which
will be mined eventually.9

“Resourczs.’  is a much broader category that generally encompasses
the totai  minerai  base that can be extracted. Clearly, resource esti-
mates also involve confusing uncertainties and depend on a judgment
of tomorrow’s prices, tomorrow’s technology, and tomorrow’s supply
of affordable energy.

For particularly valuable mineral resources, reserves sometimes cover
virtually all known~  resources. For example, to obtain three tons of
diamonds from the world’s richest diamond deposit, 75 million tons
of rock had to be moved. Needless to say, the price charged for min-
erals obtained with such effort is very high. An entire economy can-
not be built around minerals that cost as much as diamonds.

An average cubic kilometer of rock drawn from the earths crust
contains some 200 million metric tons of aluminum, 100 million met-
ric tons of iron, 800,000 tons of zinc, and 200,000 tons of copper.
But such figures are meaningless. The mineral producer is not inter-
ested in average rock, but in uncommon rock: ore that is dispropor-
tionately rich in one or more minerals and that can be economically
extracted, transported, and refined. The average amount of lead in the
continental crust, for example, is 0.001 percent, while lead ore general-
ly contains between 2 and 20 percent lead.10
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Twelve elements account for R9.23
crust. <See Table I 1.) Of these abun R

ercent of the mass of the earth’s
ant e!ements, five are metals that

are widely used
and manganese.

in industry: aluminum, iron, magnesium, titanium,

Eler.:ent

$ygen

Amwxt by Weight -
(percent)
45.20

Si!icon 27.20
Aluminum 8.00
Iron 5.80
Calcium 5.06
Magnesium 2.77
Sodium 2.32
Potassium 1.68
Titanium 0.86
Hydrogen 0.14
Manganese 0.10
Phosohorus 0.10

Total
-

99.23

Source: Brian Skinner.

Most metals do not ordinarily appear in nature in their elemental
states. They are combined with other elements in crystalline, inor-
ganic compounds. To obtain these metals for human use, ores must
be refined of nonmetallic impurities. The refiring process, which
involves the breaking down of stable compounds, is very energy-
intensive. In order to minimize the energy needed for refinin

2
the

mineral industry prefers to use sulfides, oxides, hydroxides, an car-
bonates rather than the refractory silicate minerals that constitute most
of the earth’s crust.

For several years, interest has been growing in the mining of large
deposits of manganese nodules from the ocean floor. These potato-
sized nodules contain 25 to 30 percent manganese, and are also rich



sources of nickei, copper, and cobalt. There appear to be no insur-
moilntable  technical difficulties in mining them. Such activities, how-
ever, will be enormously expensive. requiring at least a doubling in
copper prices and a 50 percent increase in nickt’ prices foi economic
operation. Deep-sea mining will also be energy-intensive, probably
sucking nodules up from the depths with an ap aratus that resembles
a huge vacuum cleaner, and it wi!l  have un nown  environmentalK
impacts.”

The largest obstacles to ocean mining may well be political. The UN.
Law of the Sea Conference has thus far failed to produce a treaty that
satisfies the 158 member nations, although it has been wrestling with
the problem since 1973. In the Third World, mineral-poor nations feel
that these resources in international waters should belong to all na-
tions equally, while mineral-rich nations fear that ocean mining may
disrupt their export earnings and want to exercise some control over
it. And many industrial nations, having developed the technology to
mine the seabed, are eager to stake out the claims and begin decreasin
their dependence upon minerai  exporters. The United States, whit i?
imports virtualiy all its manganese and cobalt, !70 percent of its raw
nickel, and one-fifth of its cop er, lies adjacent to the world’s richest
nodule beds and is particular y eager to begin exploiting these re-P
sources. Of course, at the prices that will be charged for seabed metals,
the United States should still find it economically attractive to recycle
most metals.”

Historically, a combination of technological advances and cheap ener-
gy expanded the reserves of most metals by pushing back the grade
of ore that can be mined and processed economically. While there is
still room for technological advance, energy has become an ever-
tightening constraint. For a while growth will continue: increasing
amounts of more expensive energy wili be used to mine and process
poorer grade ores. But we are approaching a fundamental discon-
tinuity in the types of ores avai!able.  When traditional ores are ex-
hausted and silicate minerals must be broken down to obtain scarce
metals, between 100 and 1,000 times as much energy will generally be
required. It is exceedingly doubtful that much metal will be produced
in this fashion. Scarce metals are already far more expensive than
abundant metals, and the cost differential will become unbearable if

11



the energy requirements increase loo-fold or more. At that point,
society will probably choose to substitute more abundant metals for
the more scarce ones-even if this means lower efficiencies.13

1 2
Even in the unlikely event that an energy deus ex machina makes
availab!e such va=t amounts of cheap energy that silicate minerals can
be mined for scarce metals, the substitution of common metals is still
likely to take place. Common metals are far more abundant in rock
than are the scarce metals, so in mining for scarce metals vast amounts
of common ores will be produced. Rather than accumulating an ever-
increasing surplus, society will doubtless find ways to use all the
metals produced.

Economic literature is often very glib about the ease of resource sub-
stitution. But the desultory results of most recent efforts to substitute
other fuels for oil indicate that, even when .the need is clear and sub-
stitutes are available, the process of change can be slow and painful.14

A. G. Chynoweth, Materials Research Director at Bell Laboratories, be-
lieves that, as a general rule, “the simpler the application, the easier it
is to find a substitute material. If a society’s needs are sufficiently
simple, the thesis of infinite substitutability might be tenable-mate-
rials are likely always to be available for simple products such as
utensils for cooking and eating, for clothing, and for simple dwelling
structures. But the more a society depends on comnlex and sophis-
ticated equipment, the more vulnerable it is to scarcities of certain key
materials, even if these are used in very modest amounts.” To support
this point, Chynoweth notes that in the telephone “42 of the 92
elements provided by nature are present as constituents of 35 types
of metals and alloys, 14 types of plastic, 12 varieties of adhesives, and
20 different semi-conductor devices”‘5

Some resocrces  are in sufficiently short supply that their primary
production is unlikely to contribute much in the not-too-distant
future. Oil and natural gas are examples, as are helium, antimony.
gold, and molybdenum. For most minerals, however, the most imme-
diate danger is not an absolute global shortage but a supply that is
constrained by political, energy, and environmental limits.



“Over the last few years,
producers’ associations

have been formed
for copper, bauxite, iron,
mercury, and tungsten.”

Other OPECs7

Mineral resources are distributed unevenly. A disproportionate share 13
of the world’s most important industrial materra  s are drawn from
southern i\frica,  East Asia, the Soviet Union, and the western portion
of the Americas. Most scholarly work on mineral availability has
focused on geological constraints under various economic assump-
tions. But the single most important lesson of the oil cartel is that
political constraints can come firstI

Cartels are not a new phenomenon in the field of mineral production.
What is new is the
firms in the establis

rowing interest of governments with nationalized
ament of such collusive associations. Over the last

few vears, producers’ associations have been formed for copper,
bauxite, iron, mercury, and tungsten.r7

The eleven members of the International Bauxite Association control
75 percent of all production-a higher fraction than that of world
oil production controlled by the Organization of Petroleum Ex
Countries (OPEC). In 1974, Jam:,lca increased its taxes on

orting
&auxite

more than fivefold. All other major bauxite producers in the Inter-
national Bauxite Association, except Australia, followed suit. Between
late 1973 and mid-1974,  the price of Moroccan phosphate quadru-
pled in a series of increases imposed by the Moroccan phosphate
monopob-. Price increases by other major producers, including the
United States, followed quickly.

The prospects for successful mineral cartels vary from commodity
to commodity, depending upon the fraction of the world’s resource
base controlled by the cartel members, the extent of the fall in demand
for the commodity as the price rises, the amount of the commodity
produced outside the cartel when the price rises, and the cohesiveness
of the commodity association. For many important minerals, the major
sources of production are concentrated in a rather small number of
hands. (See Table 2.) The current level of concentration implies that
a very large number of minerals are vulnerable under this criterion for
a successful cartel.r8
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Table  2: Share of World Production and Reserves of Major Minerals,
Four Largest  Producing  Countries, 197.5

Mineral Yro&ction Rest&es Countries-

Bauxite

Chromium+

Cobalt**

Copper
Fluorspar

Gold**

Iron Ore

Lead**

Manganese**

Mercury
h4;~e~denurr**

**
Phosphate Rock**

Platinum  group

Potash**

Silver
Tin

(pwent)
64 62

70 96

YO 64

53 57
51 42

84 88

55 61

59 77

78 95

65 65
99 98
63 65
81 88

99 99

90 95

53 60
65 48

85 96
43 57

Australia, Jamaica, Guinea,
Surinam
‘JSSR, S. Africa, Rhodesia,
Philipoines
Zaire,‘Zambia, Canada,
Morocco
US, Chile, Canada, USSR
Mexico, USSR, Spain,
Thailand
S. Africa, Canada, US,
Australia
USSR, Australia, US,
Brazil
US, Australia, Canada,
Mexico
S. Af:ica, -Gabon, Brazil,
Australia
Spain, USSR, China, Italy
US, Canada, Chile, Peru
Canada, New Caledonia+“*
US, Morocco, Sp. Sahara,
Tunisia
;-,A;i;, USSR,

***
Canada, W. Germ~any,  US,
France
Peru, Mexico, Canada, US
Malaysia, USSR,-.__Indonesia, LIolrvta
S. Africa, US, USSR, Chile
Canada, Australia, US, Peru-

*Figures are based on 1974 data. “Calculated for noncommunist countri&  only.
l *eFor nickel, figures are for two largest producers; for platinum for the three largest.
Source: U.S. Sureau of Mines.



In the short run, price increases tend to have little effect on mineral
demands. Materials are usually a smii  part of the cost in most pro-
duction recesses, and firms will choose to pay higher prices for min-
erals rat e; than a!ter their basl: production processes. In cne long 1.5rl
run. it is safe to assume that there is substantial price elasticity for
minerals, but this will not stop a cartel from functioning effectively
in the interim.

Because it takes a long time to o en mines and construct processing
facilities, price rises generally wl not trigger significant increases inT
production by non-cartel countries. In those cases where strategic
stockpiles are available, however, these wil! often be tapped in an
effort to moderate the impact of soaring prices.

The tension and rivalry that sometimes exists among producers dews
not mean they cannot form an effective association. Little holds the
member countries of OPEC together beyond their keen understanding
of their shared self-interest in a cohesive organization. The ownership
of many mineral resources by governments rather than by private
firms may also strengthen the prospects for successful cartels.

It ‘is sometimes alleged that the ideological differences between major
mineral-producing states will handicap the formation of cartels. A
quick glance at t e hst of major producers for severa!  basic minerals
underscores this point. However, ideological differences often seem to
pale alongside marketplace considerations. For example, the Soviet
Union has long cooperated with South Africa to maintain the diamond
cartel. Even the United States, which perceives itself as the bastion of
international free markets, allows its mineral producers to participate
in cartels under the condition that the cartels affect only foreign
markets.19

If formed at the same time, several cartels can act to one another’s
mutual benefit. A copper cartel, for example, could be weakened in the
short term by iile substitution of aluminum for copper. However, the
chances of this happening will be greatly reduced if there also exists
an effective bauxite cartel that restricts the supply of aluminum.

The likelihood of effective mineral cartels is a matter of conjecture,
and reasonable people can come to different conclusions. However, it



is acknowiedged  by all that such cartels are pla;isible, and that com-
prehensive programs to repair, reuse, and recycle our material goods
would !imit the impact cartels could have on importing countries.

Energy and Environmental Constraints

More than one-fifth of the total U.S. energy budget is now spent on
materials production, and that fraction is rising. The mwnting cost
of energy and the environmental damage connected witi? energy and
materials production are of increasing concern.20

The primary metals industry uses about 8 percent of total energy
consumed in the United States. Of this, about two-thirds is used for
iron and steel production, and about one-fifth for aluminum. The
plastics industry, which remains one of the fastest growing industrial
sectors in most Western countries, uses oil as its feedstock. In the
United States, more ener  y is embodied in plastics than is used in
aluminum production. Un Ike refined metal, however, the energy in-7
vested in plastics is generally only recoverable through combustion.
In a society wiere  recycling was the rule rather than the exception,
the energy initially invested in refining aluminum might be properly
perceived as an energy investment for the future. Only 4 percent as
much energy is required to recycle aluminum as to refine bauxite
ore.2

The amount of ener
from virgin ore can

y
%

required to produce one :nit of a basic material
e compared with the amount required to produce

recycled materials from scrap. (See Table 3.) The recycling of alumi-
num, copper, and polyethylene plastic can save large amounts of
energy, while the recycling of glass and newsprint can save smaller
amounts.2z

By producing raw steel from scrap, the steel industry avoids using
energy to mine and transport iron ore, coal, and limestone, as well as
to
4

reduce iron in a blast furnace. In the case of glass reduction,
w1t only one melting step and no energy-consuming cR emrcal re-
actions involved, the energy-saving potential from reuse of scrap
glass is considerably less.



Table 3: Energy Used in Processing Virgin and Recycled Materials

Energy Needed to Process
Ek%?!k$d  17

Material

Steel

Aluminum
Aluminum Ingot
Copper
Glass Containers
Plastics (polyethylene)
Newsprint

Virgin Ore Recyc-led Material By R&cling

(BTU/pound) (percent)
8,300 7,500 (40% scrap) 10

4,400 (100% scrap) 47
134,700 5,000 95
108,000 2,200.3,400 97
25,900 1,400.2,900 88-95
7,800 7,200 8

49,500 1,350 97
11,400 8,800 23

Source: Adapted from Christopher Hill and Charles Overbv.

V&:~f ‘ferences exist in the amounts of energy needed to process
varii  ic, irgin ores, but the range of energy requirements for recycling
used I: ::~ials is much narrower. Sometimes energy relationships are
even reversed at the recycling stage. For example, 17 times as much
energy is needed to refine one pound of aluminum as to manufacture
one pound of glass, but almost 50 percent more ener y is needed to
recycle one pound of glass than to recycle one pounli of aluminum.
(In fact, at centralized resource recovery plants it can actually require
more energ:;  to sort and recover used glass than to simply dispose of
the glass and start fresh.) On the other hand, aluminum containers
can currently be used only once before being recycled whereas re-
turnable glass bottles can be reused several times at great energy
savings.

There is a happy coincidence between conserving energy and making
efficient use of material resources. The current wasteful materials
policies could only have evolved in an era of cheap, abundant energy.
For the last century we have been living off our energy “capital”
(sunlight stored in the form of fossil fuels): we must soon begin



living off just our “income” (sunlight used directly). Now that the
end of the petroleum era is in sight, fundamental shifts in materials

LB
policies will necessarily f>llow.  Even as energy provides a constraint
on mineral extraction, a scarcity of materials would limit our future
capacity to harness energy. The dependency is mutual.aa

Materials policies also have important environmental implications.
Much of the world’s pollution comes from the refining and produc-
tion of primary materials. This problem can only grew as the mining
industry moves to lower grade ores. More energy will be required per
unit produced, and a!1 energy use carries an environmental rice tag.
The mineral processing Facility itself, which can discharge angerousB
compounds into the air or water, must be outfitted with increasingly
~r;~:sticated  and costly pollution abatement equipment if continuing
degradation is to be avoided.

Biological materials, such as wood pulp and cotton, can also pose en-
vironmental problems. Unsound agricultural or silvicultural  practices
can quickly turn a fertile tract into a disaster area. Because biolo ical
resources are renewable, there is a popular tendency to think of taem
as unlimited. Nothing could be further from the truth. If cultivated
carefully, crops can be planted in perpetuity. But if the land is pushed
past its carrying capacity or otherwise abused, permanent damage
can be done.24

As ever-!swer  grades of ore are mined, the sheer volume of materials
to be moved and processed necessarily increases. The mining and
transport of this growing tonnage has profound implications for land
use. President Ford’s ten-year ener y development plan-since aba&
doned by President Carter-would ave dtsturbed more than 45 mil-a
lion acres, an area the size of the state of Missouri. At some point the
land required for continued mineral extraction will not be available.
As we approach that point, costs will rise rapidly.25

Land use problems can ariG+ at the opposite end of the materials cycle
as well.  After products have been degraded into wastes, they must
somehow be disposed of. The situation in the United States illus-
trates the extent of the problem. Almost one ton of solid waste per
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“Almost one ton of solid waste per erson
is collected annuatly  from *es, ential,-f

commercial, and institutional sources.”

person is collected annually from residential, commercial, and institu-
tional sources. Most of this waste goes into 14,000 open dumps, oc-
cupying about 476,000 acres. At the present rate of disposal, about
500 new dumping locations must be found each year.26 19

The first and most obvious problem is finding land near urban areas
for this bulk. Some cities are now looking within a radius of several
hundred miles without notable success. The citizens of Virginia
Beach, Virginia, in an act of whimsical desperation, decided to pile up
640,000 tons of garba-e  as a large hill; they then christened it “Mt.
Trashmore.” %Sixtyeig t feet high, with a nine-acre base, the grass-
covered knoll is the focal point of a recreation area. The 160~acre  park
in which it sits has a lake, tennis cows, skateboard ram s an amphi-
theater, and picnic areas. The city h& now announceBits intention
to build a second such mountain. but this approach has obvious
limits.

Not all dumps around the world are as neatly manicured as Mt. Trash-
more. More commonly, they are breeding grounds for rats and. in-
sects, and prone to trash fires. Incinerator emissions foul the skies;
runoff and leachate  pollute surface and groundwater. The aesthetic
blight is not confined to the dump, but is obvious from the point
where materials become wastes: litter and illed trash mark the route
of a problem ti.at grows uglier as it grows er. With a current U.S.
price tag of about $4 billion a year, the lem begs for reduction
to a more manageable size.

Between the Mine and the Dump-

Most materials flow directly from their naturai source (a mine, forest,
or crop) to a processing
sumer, and lastly to the B

Iant; to a manufacturin
ump. At several points a ong this path, mate-H

industry, to a con-

rials  can be recycled. It is common, for example, for primary process-
ing industries to immediately recycle the “home scrap” produced
inside their own facilities and also the “prompt industrial scrap”
produced by manufacturing industries.



After a manufactured commodity has gone through its expected life-
time, it can often be repaired. This includes such actions as over-
hauling automobiles, recapping tires, mending clothing, and renovat-
ing ‘buildings. A second way to stretch the lifetime of materials is
through the direct reuse of material goods without changing their
form. Packagin _ refillable bottles, and shipping allets  can be imme-
diately reused; unctronally  adequate, if stylistical y dated, automobilesP P
can be resold.

For goods clearly at the end of their usefulness, complete recycling
is generally possible. There are large social and economic advantages
to segregating them by component materials as close to the point of
end use as possible for easy recycling. For example, many neighbor-
hoods, apartment buildings, and commercial establishments provide
for the periodic pickup of newspapers and other paper products.
Many communities have established recycling centers where paper,
beverage containers, and waste oil can be deposited. In a couple of
instances-notably, aluminum cans and automobile lubricating oil-
the industries themselves have participated in the establishment of
recycling centers for segregated products.

Resources can also be recovered at centralized facilities designed to
recycle mixed urban wastes. This approach requires the least effort
on the part of the individual consumer, but it places vastly greater
economic, energy, and environmental demands upon the recycling
technology. Moreover, due to the fre uent contamination of one set
of desired materials by another, mixe -waste systems hold lower po-I?
tential for a compiete  recovery of high-grade materials than do other
systems.

There are thus three basic components of a sustainable resource
policy: waste reduction, with an emphasis upon smaller, simpler,
more easily repaired, more durable products; waste separation, which
requires consumers to segre ate useful constituents of the wastes
instead of mixing them toget %er; and waste recovery, which consists
of high-technology, centralized facilities to resegregate mixed wastes
into their useful components. Each deserves a more careful examina-
tion.



Frugality

A complaint often heard from purchasers of houses, major appliances,
or almost anvthing else today is that “they don’t make them the way 21
they used to.-” As recently as the forties, most products in the indus-
trial world were being built to last. By the end of the fifties, this was
undoubtedly no longer true. Many people can empathize with Willy
Loman, a character in the play Death of n Salesman. “Once i n  m y
life I would like to own somethin outright before it’s broken! I’m
always in a race with the junkyar ! I just fuush pa in
and it’s on its last le s. The refrigerator consumes be ts tke a goddam

a

cf . . y f for the car,

maniac. They time t ose things. They time them so when you’ve fi-
nally paid for them, they’re used up.”

When something is “used up,” it is generally thought of as waste
and thrown away. Sometimes it is recog‘xized to contain materials and
embodied energy, and it is recycled. But even when an item is re-
cycled, a great part of its value is lost. The difference between the
value of the component materials and the price of the item when new
is the value added-the labor and overhead costs of manufacturing
and selling the product. In order to retain this “value added” for as
long as possible as part of the national wealth, society must design its
products for durability.

There is no question that most consumer durables  could be ouilt to
last much longer. Two basic strategies toward this end include de-
signing products for longer wear, and designing them for easy and
economical repair or remanufacture. In the latter case, it might be
sensible to make even the product’s exterior replaceable, so that the
item could be kept looking relatively new. This whole approach to
materials- and energy-conscious design, known as “non-waste tech-
nology,”rs receiving increasing attentionz7

During the fifties and sixties, Vance Packard and others thorou hly
aired the concept of planned obsolescence. Non-waste techno ogyf
was definitely not the choice of the day. Packard showed that some

being explicitly chosen,
roducts  were being specifically engineered, and component materials

to ensure a short life span. Some portable



radios, for example, were being designed to last not more than three
years and the average life expectancy of several types of light bulbs

22
dropped by about one-third.28

Planned obsolescence is common in many industries. Each year the
manufacturers of men’s and women’s clothing “forecast” which
colors they expect to be popular in the coming season. They have a
noteworthy record of success: year after year the public purchases
the color that is “in.” Much of the modern concept of planned obso-
lescence has its roots, in fact, in the constantly changing styles
adopted almost whimsically by the leading manufacturers of men’s
and women’s apparel. Louis Cheskin of the Color Research Institute. . *. . .*
contends that “most design changes are made not tar improving the
product either esthetically or functionally, but for making it obso-
lete.“z9

Henry Ford, the auto titan, based his early success upon a rather sim-
ple strategy. He developed a basic design and incor orated it in his
Model T; over the course of 15 years he permitted on y mmor changesP
in the vehicle and successfully lowered the price from $780 to $290.
Competing manufacture:s found the price-reduction contest increas-
ingly unattractive. General Motors finally hit on the idea of using
stylistic fashionability as the key to selling the consumer a new car.
In the event that someone took such good care of his or her auto-
mobiie that it did not date oefore its time, annual automobile fashion
shows were arranged to preniatureiy unde;mine the perceived grace
and style of the vehicle.30

Marketers also discovered that by “positioning” their products care-
fully they could promote multiple purchases. Appliance manufac-
turers, for example, began narrowing the range of tasks that could be
performed with a single utensil. Whereas a few years ago most people
bought pots and pans for their kitchens, j today they are sold appli-
ances that can cook only hot dogs, or :only  hamburgers, or only

doughnuts. In the process, kitchen cupboards must be enlarged to
accc,nmodate  cookware that is used rarely, at best.

Differences in “position” are almost invariably the creation of adver-
tising executives rather than the result of any real need on the part of



“Ill 1977,
Americans used some  20 billion

square feet d ahninum foil and
24 billion aluminum cans.”

a particular consumer. Cigarettes and alcoholic beverages are two of
the most carefully “positioned” products in the advertising fieid.
One brand of Scotch whiskey will sell for double the price of another
-despite virtually identical tastes-simply because it is marketed as 23
the choice of the rich. The real difference, of course, is not in the
product but in the packaging. Given this economic fact of life, the
packaging industry has become a growth industry par excellence.

Packaging represents one of the fastest
sectors in the economy. A number of non urable,li

rowing materials-using
small consumer

goods are deliberately marketed as “throwaways.”  Beverage containers
and convenience foods are prominent examples. Everything from
popcorn to complete meals can be purchased in aluminum pans de-
signed to be tossed away after one use.

These examples may seem trivial, and, taken individually, they are
not in fact very important. But when added up, the packaging prob-
lem becomes formidable. Jn 1977,  Americans used some 20 billion
square feet of aluminum foil and 24 bil!ion aluminum cans. Virtually
all the foil and 18 billion cans beca:~,-  part of the nation’s solid waste
immediately after use.31

In the United States, packaging now accounts for between 30 and
40 n-rren+ of municipa!  so!id waste. About 7.5 percentt-------- o f  a!1 g!ass
produced, 40 percent of the paper, 29 percent of the plastic, 14 per-
cent of the aluminum, and 8 percent of the steei is used in packages.
In manv cases, the growth in
sales of the product being pat

ackaging far outstrips the growth in
R aged. Behveen  1958 and 1970, milk

consumption per capita decreased by 23.1 percent while milk con-
tainers increased by 26.1 percent per capita. Further, Americans some-
times pay several times more for containers than for the products in-
side them: salt in small throwaway containers can cost 15 to 17 times
as much as the same salt purchased in larger containers.32

Within limits, there are technological ways to address the problems
of wastage in packaging. With a modest amount of redesigning for
materials conservation, many products could do more with less. The
Campbeii  Soup Company, for examr2,  is now marketing a new can
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for dog food that uses 30 percent less materials, and costs 36 percent
less to manufacture, than previous cans. If all current steel and tin
cans were replaced with cans of the Campbell design, one million tons
of these metals would be saved annually.33

But to design a society that is t&y  thrifty in its use of materials, far
more than technological fixes will be required. At a minimum, prod-
ucts must be built to last and be designed in ways that simplify repairs
and remanufwturing.

In remanufacturing, many identical products are brought to a central
facility, disassembled, cleaned, inspected, and then reassembled, usual-
ly on an assembly line. This is a common procedure with automobile
parts and even tires. About one-fifth of all vehicle tires produced
in the United States today are retreaded. These 45 million retreads
have lifetimes up to 90 percent as ion
tires were retreaded once, the demand B

as those of new tires. If all
or synthetic rubber would be

cut by about one-third, tire disposal problems would be cut in half,
a.rd  substantial ener
in the synthetic rub

y
E

savings would be realized. Jobs would be lost
er and new tire industries, but new jobs would

be created in the tire recapping business Such businesses tend to be
much smaller and more regionally distributed than facilities to manu-
facture new tires.34

The renovation of dilapidated urban residences, currently inspired in
part by rising gasoline costs for commuters. can be thought of as
an important form of repairin
these structures were constructe %

obsolete existing products. Often
more soundly than many contempo-

rary buildings. If during renovation they were also weatherized and-
where possible-outfitted to take advantage of solar energy, the energy
benefits would be substantial. No new materials need be constructed
for the shell of the building, and a considerable amount of transpor-
tation fuel would be saved as well bv former comunuters.  In the Third
Worid, upgrading existing domiciles has been found to be far more
cost-effective than constructing new houses. As a consequence, the
Worid Bank has shifted much of its housing assistance from new
construction to rehabilitation, and has spent $866 million on such
projects since 1972.35



Of the various “solutions” to the problem of materials scarcity, none
is more important than waste reduction. Eliminating things that are
unnecessary is better from every perspective than simply recycling
them: waste reduction saves materials, reduces ener
environmental problems, and eliminates some of t

y d,emands, eases
ae clutter in con-

temporary life in the industrial world. There are already indications of
trends in this direction. In many subcultures in Western societies, the
ethic of conspicuous consumption is being replaced by one of con-
spicuous frugality. Carried to its logical conclusion, a careful examina-
tion of waste reduction will require a fui.:l~mental  rethinking of the
structure and direction of the global economy.30

Waste Separation

No matter how heroic an effort is made to reduce the volume of mate-
rials leaving the economy each year, a lar e amount of waste will still
be generated. In general, the most cost-effectwe and efficient way to
reintroduce such materials into productive use is through segregation
at the point of origin. Much of the energy invested in economic pro-
duction is used to refine and bring structure to what was originally
a disorganized conglomeration of raw materials. It seldom makes sense
to mix these diverse rnateriais  together in a garbage stream, only to be
forced to invest still more energy iater in their resegregation.

Many governments have begun to
separation. The motivations behinB

remote recycling through source
these efforts vary. The United

Kingdom and France, for example, cite their declining domestic self-
reliance for minerals and view recycling as a path toward more mate-
rial independence. Sweden has an aggressive paper recycling program
to reduce tree cuttin  since forest products are a mainstay of the
Swedish econom  T e Netherlands has noted the
savings associatei  wi!&h recyclin when compared wit R

otential energy

primary ores. And, of course, a 1 are acutely aware of the need to re-
H the refining of

duce the volume of waste to be disposed of.37

Source separation is the best way to recover wastepaper for recyciing,
since paper is frequently contaminated when mixed with other gar-
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bage.  It is also an attractive way to recycle glass, aluminum, ferrous
metals, some plastics, and organic wastes for cornposting.  At least 500
source separation programs of various types now operate in the
United States. In Portland, Oregon, a city of 900,000 people, an esti-
mated equivalent of 80 full-time employees recyc!e 77 tons of urban
refuse daily.38

In Sweden, the separation of wastepaper from all other garbage in
homes, shops, and offices will be required by law for most of the
country by 1980. The paper industry made such legislation a con-
dition of its investments in new wastepaper processing plants. In
the United States, about one-fifth of all paper is recycled, and it ac-
counts for 90 percent (by weight) of all materials recycled. Ret cling
of high-grade paper is required by law in all federa!  office but dmgs.Y
with 100 or more employees; newspaper recycling is stipulated for
federal facilities housing 500 or more families; and recycling of corru-
gated containers is mandatory in federal facilities using ten tons or
more of such materials per month.39

Glass recycling has received a high priority in many countries because
it can help solve a serious litter problem. The benefits of recycling
&ass are not as great as the benefits of reusing
ever that is possible-and generally it is possib e.7

lass containers when-
But recycling glass

does make great sense when reuse is not an option. West Germany
uses 3,000 collection containers to recycle 260,000 tons of used glass
a year-equaling about 10 percent ol the country’s annual production
of g?ass  containers. In Switzerland, one !arge glass manufacturing
concern has been consuming increasing amounts of recycied glass
each year: 16,471 tons in 1973; 45,800 tons in 1974; 55,696 tons in
X973; and 62,684 tons in 1976. Sixty percent of the Swiss population
now recycles glass.40

A ciassic success story of glass recycling involves the Glass Containers
Cor oration facility in Dayville,  Connecticut,  which tound  tbz: it
cou d reduce particulate emissions by increasing its use of recycledP
glass. Under pressure from the Environmental Protecti.on  rlgency  to
mtroduce pal utron control measures, the plant began increasing its
use of cullet.  Today, a full SO percent of its raw materials comes from
recycled glass-70,000 tons a year-and the plant manager hopes to



Although aluminum is worth several times more
place than ferrous metals, iro&l  and steel are muc R

er ton in the market-
more easily recycled

as they can be separated from other materials with magnets While
technoiogical  advances might make centralized separation of non-
ferrous metals practical, the real future of recycled aluminum will
probably depend upon source separation.

Plastics can be divided into two main classes: thermoplastics, such as
polyethylene, polystyrene, and nyion; and thermosets,  such as poly-
esters, phenolics,and epoxies. Thermoplastics can be recycled by re-
melting, though some quality is lost on each new round. Such;re-
melting requires a smali fraction of the energy ori~ginally  needed to
make the piastic. Plastics must be carefully separated by chemical type
and a!1 contaminants must be removed before nre!ting.  U:Gke mixed
steels, mixed plastics do not form alloys we!!, ii at ai!. Only industrial

---

“In the United States,
about one-fifth of

all paper is recycled.”

increase the percentage. The facility now meets .ir quality standards
without co& scrubbers, conserves fuel, prciduces a high quality
glass, reduces~both  litter volume and landfill re uirements,
$2.5 million into the local economy for recycleti g9

and pours
ass.41 27

The benefits of metais recyciin
to the energy savings discussea

are even more  apparent. In addition
earher,  the reuse of ferrous scrap by

steel mills and foundries leads to an 86 ercent reduction in air pollu-
tion, a 76 percent reduction in water po lutlon, a 40 percent reductionP
in water zse, and a virtual elimination of solid wastes. Similar benefits
are involved in the recycling of other metals.42

tcsentialiy  all metal embodied in heavy industrial machinery is re-
cycled. But the record for consumer products is less impressive.
Herschel Cutler of the Institute of Scrap Iron and Steel points out
that “there are over 600 million tons of recoverable ferrous scrap
strewn arcsnd !the United States!, and better than 8 million czs,
buses, and trucks will be added to the backlog this year.” In 1977,
post-consumer recycling contributed 20.1 percent of American copper
(down from 24.8 percent in 1968). 19.2 percent of iron and steel (up
from 13.3 percent), and 8.4 percent of aluminum (up from just 4.6
percent nine years earlier). About half of all antimony entering the
U.S. economy is recycled-mostly from antimonial lead in batteries.43
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scrap is currmtly  recycled; post-consumer plastic is, at best, burned
as fuel.

Thermoset  plastics, however, cannot be remelted. When heated, they
break down into mixed or
these organic products cou d be used as chemical feedstocks, but it isf

anic gases and liquids. It is possible that

also possible that the only potential use for waste thermoset plastics
is as a fuel.

The biological portion of the solid-waste stream is perhaps the sim-
plest to recycle. ‘Consisting of paper, garden debris, and various food-
related materials, this portion can be easily separated in individual
households, and then decomposed in a compost pile. Cornposting is a
very simple process, practiced by farmers and home-gardeners for
centuries, and it requires little sophisticated technology. The organ-
isms necessary for decomposition are normally already present; the
materials to be composted only need to be kept in an oxygen-rich en-
vironment through occasional mixing. Within a period of weeks, a
compost is produced that is odorless and germ-free, rich in nutrients,
and useful as a fertilizer and soil conditioner. Cornposting  can be done
either at the household level for use on private gardens or at cen-
tralized facilities for commercial application on croplands, woodlands,
or strip mined areas.

Interest in composting has been building rapidly around the world in
recent years. In Leicester, England, the Waniip Composting Plant is
simultaneously treating domestic garbage and municipal sewage
sludge. The resulting compost is sold for use on croplands and on
household gardens. In New York’s South Bronx, a composting pro-
gram begun in 1576 aims to restore the soil on 500 acres of vacant
urban land. The main input consists of vegetable wastes from a large
produce market that previously were hauled to a landfill at consider-
able cost. In the first year of operation, the Bronx Frontier Develop-
ment Corporation was able to restore 17 acres of vacant land with a
six-inch layer of compost. Each fertilized acre should be able to supply
vegetables for 40 or more people.44

The big
are smal‘i

est disadvantage of source separation schemes is that they
enterprises that can be wild!y  ouffeted by the dramatic price
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“In many cities,

expenditures on. waste management
are second only to those

on education.”

changes that often occur in raw materials markets. Macroeconomic
trends affect the prices not just of recycled materials, but also of raw
materials. Most of the world’s mineral companies are either huge,
transnational  enterprises or government-owned firms; in either case, 29
they are able to tighten their belts and wait out tight eriods. Com-
munity recycling centers do not, unfortunately, have sue R .’flexlbllity.

One answer might be government ownership or underwriting of re-
cycling efforts. This, however, seems likely to dampen some of the
entrepreneurial spirit so pervasive in the recyclir.5 field. Another
option would be to provide government price supports, ti: guaranteed
government markets, for recycled goods, thus flattening out the hills
and valleys in materials prices. Germany, Denmark, and the Nether-
lands all have programs to encourage government procurement of re-
cycled paper in an effort to ensure at least a minimum !evel  of de-
mand.45

Direct subsidies are another ossibility Americans spend about $4
billion a year collecting and J!lsposmg of municipal solid wastes. In
many cities, expenditures on waste management are second only to
those on education. To the extent that this volume can be significantly
reduced by active source separation and recycling programs, a credit
should be received by the recycler for the money saved. Today, only
about 6 percent of municipal solid waste is recovered in any form.46

In the final analysis, the success of source separation programs de-
pends on the perctntage  of the public that participates in them. On
the one hand, thorough programs with concomitant life-style changes
could result in a more dramatic increase in the percentage of goods
recycled. On the other hand, strenuous programs might mean fewer
people will take the trouble to participate-either to acquire materials
or to dispose of wastes-except in times of national crisis or in the
event of major price increases.

Most of the recycling efforts around the world during ihe last few
years have attracted widespread participation. In the central Swedish
town of Orebro, for example, between 80 and 90 percent of house-
holds were willing to cooperate with fairiy aggressive ex erimental
recycling efforts. Writing in New Scientist, Brian Hammon B contends



that “the reasons are not difficult to define. In an increasingly imper-
sonal world, in which political and economic events seem as arbitrary

30
and unalterable as the weather, many of us feel remote from the real
levers of power. At the individual level, recycling systems give us the
chance to help, to exercise control over at least one section of the
who!> Lomplex and bewildering macroeconomy. We become, once
more, a useful part of the whole set-up-and we like it.“4’

The role that source separation could play is often underestimated by
government officials and others who believe that people simply will
not change their behavior. Yet people change their behavior all the
time, and at least occasionally it is for the better. A study in the United
States suggested that an average family would only need to spend
about 16 minutes a week to be involved in a source separation pro-
gram. It is hard to believe that even rather modest changes in prices,
coupled with a reasonable effort at public educ;:ron, couldn’t bring
-‘lout at least that level of participation.48

Resource Recovery

It is unlikely that urban waste streams can be entirely recycled through
source separation. Some centralized facilities will probably prove nec-
ess>rv!  especially near large metropolitan areas. The U.S. Environ-
ment=, Protection Agency, in its annual report to Congress for 1977,
iisted 118 centralized resource recovery facilities in various stages of
development. About half of these had a capacity of at least 1,000 tons
of refuse per day.49

Resource recovery systems remove valuable materia!s  by taking ad-
vantage of their physical pro erties. Copper, for example, has a s e-
cific ravity of 8.9 and can tKus be se arated from aluminum (wrt  a

.f medium. It can be separa!edspecr  rc gravity of 2.7) using a hqur.8-
from iron using magnets. Its color allows it to be separated from
bronzes and brasses using optical techniques. Sophisticated tech-
niques are being developed to separate copper from other nonmagnet-
ic materials such as tm, lead, paper, and polymers.50



At today’s prices, energy production provides two-thirds or more of
the revenue from centralized resource recovery systems, while mate-
rials recoverv  provides less than one-third. The tendency is to estab-
lish a diversity of smaller resource recovery plants near the sources
of energy demand, at shopping centers and factories, for example.
However, there are very real social and political barriers to the estab-
ment of such units in most neighborhoods.51

One objection stems from the volume of traffic involved. A ~,OOO-
tons-per-day resource recovery facility would receive about 250 large
truckloads daily. Other objections at the local level deal mainly with
environmental problems: biological pathogens common in garbage,
heavy metals and complex hydrocarbons emitted during combustion
or pyrolysis, water pollution from landfills in which the residues are
buried, and local fogging due to moisture discharges from cooling
towers. Because the extent of risk is not yet clearly understood, there
is a general reluctance to build resource recovery units that might be
the target of environmental legislation adopted at some later date.52

Three principal energy-harnessing technologies are commonly re-
garded as holding the most potential for resource recovery systems:
waterwall incineration, refuse-derived fuel, and pyrolysis. Waterwall
incineration to reduce steam-widely practiced in Europe-is a mature
technology, alt oughf new approaches may be able to increase the
efficiency of boilers. “Refuse-derived fuel” is produced by grinding
(and son etimes chemically treating) the organic corn onents of urban
waste. The highly combustible product can be mixe !with fossil fuels
in conventional power plants. Pyrolysis-a technology to convert
wastes into high-quality liquid, gaseous, and solid fuels-is not yet
being used successfully on a commercial scale.53

As the process becomes more sophisticated, the possibility of mechani-
cal problems increases. Pyrolysis plants, in particular, have been
plagued with malfunctions. Moreover, although more sophisticated
processes produce a higher quality energy, they do so at a substantial
net energy penalty. It may well be that the optima! energy-harnessing
option for urban wastes is direct combustion, perhaps using fluidized
beds for greater efficiencies, Virtually all resource recovery facilities
recover ferrous metals, and some employ equipment (with varying
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levels of success) to separate other metals and glass from the com-
bustible garbage. The economics are most viable when conventional
disposal costs are high and markets for recycled materials are nearby.

A fourth approach to energy production from waste, which shows
particular promise for metropolitan areas with popuiations over
500,000, is anaerobic digestion of a mixture of municipal organic
waste and human sewage. The by-products are methane, which can
be f-d into existing natural gas pi
be used as fertilizer. The principaP

elines, and a rich residue that can
problem is avoidin contaminants

that could poison the digestion process or that coulf pose hazards
when applied in fertilizer.  Also, because this is a relatively slow pro-
cess, the facility would require more land area than would be needed
by other centralized technologies.54

Leningrad, with a population of 4.3 million, expects to process all its
municipal solid wastes through a huge resource :ecovery plant by
1985. The proposed plant would be six times larger than the existing
580,000-tons-per-year  facility. The Soviet facility benefits from the
fact that Russian municipal wastes contain almost no plastic and very
little packaging. Most paper is separated at the point of origin for re-
cycling; glass containers are refillable, require large deposits, and have
a high rate of return.55

In Toyohashi, Japan, a city with a population of 300,000, an “Urban
and Rural Environmental Combination System” is being constructed.
With a projected cost of $40 million, the system should be completed
by 1980. Heat recovered from an incineration plant and compost from
an associated composting plant will both be used in a huge green-
house constructed on the site.56

In several countries, a strong rivalr
vocates of source separation and t e champions of centralized re-K

has developed between the ad-

source :ecovery  facilities. The latter tend to believe the former have
laudable ideals, but that their proposals are little more than naive dis-
tractions from the real solutions. Source separation is fine as far as it
goes, according to the resource recovery school of thou ht, but it
doesn’t go very far because people just won’t change their 11 e-styles.f



Proponents of source separation, on the other hand, feel that cen-
tralized facilities are capital-intensive behemoths that produce little
net energy and recover a comparatively small fraction of the material
value of trash. Resource recovery centers are viewed by this group as
marginal1 better than landfills as a destination for whatever is not
successfu  ly recovered through source separation. But there is a stronK
fear that economies of scale will dictate that huge units be built at higi?
expense to handle the entire current volume of urban waste. After-
ward, cities would have a strong vested interest in maintainin1 thesame level of waste in order to maximize the return on their sun m-
vestments. This could lead to official discouragement-or even for-
bidding-of community recycling schemes.57

This scenario is entirely plausible. Successful source reduction efforts,
coupled with successful programs to segregate the remaining wastes at
the point of origin, could financially cri
facility. A more sensible ap

ple a centralized recovery

the problem could be solveB
roach would Ee to frrst see how much of
by comprehensive programs for reducing

waste, recycling, and composting. Appro
covery facilities could then be constructe s

riately-scaled resource re-
to process the remaining

wastes.

Making the Most of What We’ve Got

The intellectual case for materials conservation is powerful, and the
needed technology is net terribly sophisticated. The missing ingre-
dients are a broad social commitment to this goal and the implementa-
tion of specific policies to achieve it. A large number of specific poli-
cies have been suggested, and a few have been enacted in various
places.

An intelligent starting point would be the elimination of the discrimi-
natory taxes and regulations that currently place secondary materials
in an uncompetitive position. Depletion allowances, for example,
constitute an outright subsidy designed to encourage the consump-
tion of virgin ma!eria.s.1 In the United States, railroad rates are iower
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for ores than for secondary materials. Moreover, waste disposal costs
are not generally felt directly b

Y
the consumer, and they frequently

do not include all environmenta costs. The policies that were enacted
in a period of bountiful resources deserve a comprehensive reexami-
nation today.58

Perhaps the most highly publicized scheme to combat solid waste
deals with one of the most visible waste products-the beverage con-
tainer. Some analysts favor deposits on bottles and cans, while others
would bail nonrefillable containers altogether. Sweden and Norwa
have taxation and deposit programs for beverage containers. Denmar Kc
prohibits the use of nonrettrrnable  soft drink containers and is study-
ing the concept of requiring a standard-sized bottle for many different
beverages. Such an easily reused bottle is already marketed in Den-
mark for wines.59

An analysis by the U.S. Environmental Protection Agency of proposed
national returnable-bottle legislation found that a successful program
would reduce roadside beverage-container litter by 60 to 70 percent by
1980, and would save 500,000 tons of aluminum, 1.5 million tons of
steel, and 5.2 million tons of glass each year. It would also save the
energy-equivalent of 45.6 million barrels of oil annually and require
no more capital investment than a one-way container system would.
The program would produce 165,000 jobs while eliminating 80,000
jobs (of which normal attrition would account for 40,000, in any case).
And the use of returnable beverage containers would save consumers
$2.5 billion annually by 1980, rising to savings of $3.2 billion a
year by 1985.6*

Although returnable beverage containers would be of enormous bene-
fit to society, practical politics is always biased toward the status
For example, the 40,000 people who would lose jobs if all bottlesauO.ad
to be returnable have a clear idea who they are; the 165,000 people
who would acquire jobs are not easily identified, and have no union
looking out for their prospective interests. Moreover, a returnable
beverage container law would cut into the profits and growth poten-
tial of manufacturers of bottles and cans alike, and the two have
forged a potent political alliance to defeat such legislation. The prob-
lem, in this case, lies not so much in determining what policies would



“Returnable beverage containers
would save consumers

$2.5 billion annually by 1980,
rising to savings of $3.2 billion

by 1985.”

promote the public interest as in assembling the political muscle to
overcome the opposition of those to whom change would not neces-
sarily represent an improvement.

In addition to mandatory deposits for beverage containers, such de-
35

posits have been proposed for automobiles, tires, electrical machinery,
and consumer durables. In Sweden, everyone who has purchased a
car since 1976 has had to pay a $54 deposit; when the car is scrapped,
the owner receives a refund of $65. The average life expectancy of a
Swedish car is about 9 years. When the car is returned to a certified
scrap yard, the owner receives a certificate, which must in .urn be
shown to the relevant ministry in order to “deregister” the automo-
bile. In lieu of such deregistration,  the owner is presumed +.J maintain
ownership of the vehicle, and must continue paying amural  registra-
tion taxes on it in perpetuity.61

Another common proposal is that al! products be charged a flat tax
based upon the amount of virgin material they contain. The tax could
be based on the cost to society of toxic emissions and other pollu-
tants, land loss, resource depletion, and the disposal of the material
after use. A study by the Research Triangle Institute concluded that
the 18 to 20 percent of U.S. paper currently recycled could be dou-
bled to 36 percent-roughly the percentage recycled during World
War II-by 1985 if a $X-per-ton product charge were introduced
gradually. The net social benefits were calculated at $1 billion for a
ten-year period. Similar charges could be levied for all the principal
sources of waste.62

A number of British analysts have suggested the use of an amortization
tax that would be proportionate to the estimated life of a product-
from 100 percent for products expected to last a year or less down to
nothing for those designed to last 100 years or more. The obvious
effect of this scheme would be to penalize short-lived products in the
marketplace. The use of severance taxes has been proposed by econo-
mist Talbot Page. This is simply ,s levy on virgin material as it is ex-
tracted from the round, based either upon its monetary value or on
the quantity of t1e material extracted. The severance tax would be
almost a mirror image of depletion allowances, and its purpose would
be to slow down the rate of extraction.63
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A most important additional role for government at all levels would
be to facilitate and stabilize market; for secondary materials, perhaps
by providing price supports or even by becoming the purchaser of
last resort. An increase in the product charges on virgin ore might also
be necessary when the price drops due to ordinary market fluctua-
tions. Building a stable market for secondary materials will doubtless
be a long process, requiring the generation of enthusiasm for recycled
materials in the manufacturing sector and the creation of an infra-
structure to handle the processing.

While some combination of taxes, incentives, and subsidies should
provide a context within which a materials-conserving ethic would
evolve, a major program of public education will doubtless also be
necessary. This is particularly true for life-style changes to reduce the
volume of materials used, and for programs to segregate household
wastes at the point of origin. Cooperation in such programs cannot
simply be legislated: broad public support is required.64

If source separation is to be truly successful in individual homes,
modest design rearrangements might be hecessary. Segre ated
for cans, bottles, paper, and food scraps could handily taa

places
e the place

of the single garbage can. There will, of course, be some costs con-
nected with these changes, but they are trifling when compared, for
example, with the cost of indoor lavoratories and the connecting
sewage systems-an expensive “waste-disposal technology” that was
unheard of a cen’llry  ago but that is now almost universal i;r the in-
dustrial worid.  Twenty years from now, it may be as unusual to build
a house without segregated waste receptacles as it would be now to
build a house without indoor plumbing. Garbage trucks would be
similarly partitioned to keep collected materials apart.65

For commercial buildings and multifamily dwellings, the government
may need to assist the establishment of recycling programs. Today,
for example, most local governments have policies re uiring a certain
amount of parking space per building. Considering 9,t e extraordinary
advantages of source separation, it would be sensible for these same
governments to set mandatory space requirements for on-site process-
ing and storage of recyclable materials.



Much of the contemporary world was built in an era when oil cost $2
per barrel and most resources were plentiful. We are now approachin
an era in which oil will cost $20 per barrel and several resources WI 1.f
begin to grow scarce. This will necessarily prompt some changes in 37
the way we do things, and perhaps some changes in the choice of
things we do.

In some cases, these changes will involve no more than the substitu-
tion of intelligence for materials. New approaches to old problems
will yield solctions that require materials to perform a different func-
tion. For example, adhesives can be substituted for nuts and bolts in
joining two materials together. Telecommunications can be substi-
toted for mail as a means of transmitting information. A sophisticated
mini-calculator can perform functions that previously required a
good-sized computer. In each of these instances, the substitution re-
sults in a significant decrease in both the materials and the amount of
energy required to perform a specific function.

To the extent that life-style changes are required, the public seems
willing to emtlrace  them. Louis Harris concluded from a 1975 poll
that “when the alternative is posed between changing our life-style
to have less consum tion of physical goods,
enduring the risks op . on the one hand. and,

conhnumg mflatlon and unemployment on the
other, by 77 percent to 8 percent, the American
change in life-style.” Particularly impressive was t

rply opt for a
e wtllingness  t o

abandon frequent changes for style reasons alone. Ninety-two percent
were willing to elimina’-.  -nnual  model changes in automobiles, and
90 percent, yearly fashion changes in clothing. A 1977 poll disclosed
that 76 percent of Americans favored “learning to get our pleasure out
of non-material experiences” rather than “satisfying our needs for
more goods and services.” Eighty-two percent preferred to “improve
those modes of travel we already have” instead of “developing ways to
get more places faster.“66

The public may be ahead of its leaders in recognizing that we are
entering a new era in which thrift will be a prime asset, and that this
development holds more promises than threats. Materialism has failed
to provide something for which people hunger, and increasingly  they
are turning elsewhere. Voiuntary simplicity-a central message of
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every major religious figure from Jesus to Lao-Tzu, from Buddha to
h&hammed-is  finally acquiring a modern foliowing. And in that fact
may Lie one of the principal hopes of those who wish to build a sus-
tainable world.67

What would a sustainable world look like? Material well-being would
almost certainly be indexed by the quality of the existing inventory of
goods, rather than by the rate of physical turnover. Planned obso-
lescence would be eliminated. Excessive consumption and waste would
become causes for embarrassment, rather than symbols of prestige.

The environment would be enhanced, and global population would
be balanced with the planet’s carrying capacity. All people would have
a means of livehhood that yielded fair wages and did not deprive them
of health or pride. The inflationary impact of raw materials prices
would be diminished, as resource scarcity was mitigated by the wide-
spread use of durable products that could be recycled. Industries and
energy sources would be decentralized and hence less vulnerable to
acts of man and nature. Both ends of the material chain-the mine and
the dump-would fade in importance compared with the improvement
of the human condition from existing material stocks. Society would,
at long iast, apply its collective intellect and energy to the central task
o,‘,;en  intelligent materials policy: making the most of what we already
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