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Introduction

ubstances extracted from the earth—stone, iron, bronze—have

been so critical to human development that historians name the

ages of our past after them. But while scholars have carefully

tracked human use of minerals, they have never accounted for
the vast environmental damage incurred in mineral production.

Few people would guess that a copper mining operation has removed a
piece of Utah seven times the weight of all the material dug for the
Panama Canal. Few would dream that mines and smelters take up to a
tenth of all the energy used each year, or that the waste left by mining
measures in the billions of tons—dwarfing the world’s total accumula-
tion of more familiar kinds of waste, such as municipal garbage. Indeed,
more material is now stripped from the earth by mining than by all the
natural erosion of the earth’s rivers. :

Scouring the planet for its minerals has damaged large areas of land,
often in remote, ecologically pristine areas. Mining projects now threat-
en4 of every 10 national parks in tropical countries. The smelting of ores
pumps millions of tons of sulfur dioxide and other pollutants into the
atmosphere each year. Smelter pollution has created biological waste-
lands as large as 10,000 hectares, and accounts for a significant portion of
the world’s acid rain. The mineral industry’s profligate use of energy
makes it a substantial contributor to climate change as well as to more
localized environmental problems.'

Yet in most discussions of threats to the global environment, mining is
conspicuous only by its absence. The damage from mineral extraction is
usually considered a local problem, and accepted—or imposed on local
inhabitants—as an inevitable cost of economic development. Itis also
rarely tracked. For instance, the U.S. mining industry—though itis

[ would like to thank Alyson Warhurst, Brian Skinner, and my colleagues at Worldwatch
for comments on drafts of this paper.
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clearly among the largest polluters—is not required to report its toxic
emissions to state and federal regulators, as are most manufacturing
industries. Cognizant that a country’s overall prosperity usually corre-
lates closely with its per capita use of mineral products, industrial
nations have focused instead on the question of mineral supplies.

In the United States, for example, periodic waves of concern over future
mineral supplies have led to the appointment of at least a half-dozen
blue- ribbon panels on the subject since the twenties. Experts have assid-
uously questioned whether the country is going to have enough copper,
tin, uranium, and other “nonrenewable resources.” In 1978, a U.S. con-
gressional committee requested a study whose title expressed the central
question of virtually all these inquiries: Are we running out?

Recent trends in price and availability suggest that for most minerals we
are a long way from running out. Regular improvements in exploitive
technology have allowed the production of growing amounts at declin-
ing prices, despite the exhaustion of many of the world’s richest ores. For
many minerals, much of the world has yet to be thoroughly explored.

In retrospect, however, the question of scarcity may never have been the
most important one. Far more urgent is: Can the world afford the
human and ecological price of satisfying its present appetite for miner-
als? If the answer is that it cannot, the challenge will be to find ways to
continue developing and improving the quality of human life without
constant growth in mineral extraction.

In turn, the question of what the world can afford depends on a true
accounting of the costs of taking materials from the earth. Today’s low
mineral prices reflect only the immediate economics of extraction and
distribution; they fail to consider the full costs of denuded forests, erod-
ed land, dammed or polluted rivers, and the uprooting or decimation of
indigenous peoples unlucky enough to live atop mineral deposits.

The environmental impacts of mineral extraction are particularly severe
in developing countries, which produce a large portion of the world’s
mineral supplies but use a relatively small share. These nations also har-
bor some of the globe’s greatest remaining concentrations of biological



diversity. Mineral projects are among the largest causes of disturbance in
such areas.

But while much of the damage is concentrated in the developing world,
responsibility for most of it ultimately lies with those who use the most
minerals—the fourth of humanity who live in industrial nations, enjoy-
ing material comforts others only dream of. The rich nations thus bear a
special responsibility to help clean up the messes created to satisfy their
needs, and to ensure tnat new damage is kept to a minimum.

In the long run, the most effective strategy for minimizing new damage
is not merely to make mineral extraction cleaner, but to reduce the rich
nations’ needs for virgin (non-recycled) minerals. Hope for success lies
in the economic maturity of today’s most prosperous countries. Large
quantities of minerals were required to build up their infrastructures—to
make the concrete, steel, brick, and other materials needed for buildings
and transportation systems. But once a society’s basic structures are
built, the quantities of additional materials it uses need not determine its
quality of life. After a certain point, people’s welfare may depend more
on the caliber of a relatively small number of silicon microchips than on
the quantities of copper, steel, or aluminum they use.

The sooner the whole world reaches such a point, the better. At the end
of the minerals- and energy-intensive development path taken by
today’s industrial nations lies ecological ruin. Mining enough to supply
a world expected to double in population during the next half century,
with everyone using minerals at rates that now prevail in rich countries,
would have staggering environmental consequences. Only by adopting
a new development strategy—one that focuses on improving human
welfare in ways that minimize the need for new supplies of
minerals—can such consequences be averted. '

Minerals in the Global Economy

Large-scale use of minerals began with the Industrial Revolution and
grew rapidly for over two centuries. From 1750 to 1900, the world’s
overall use of minerals increased tenfold while population doubled.



Since 1900, it has jumped by at least thirteen-fold again.’

For some individual minerals, the growth has been even more extraordi-
nary. Annual production of pig iron (the crude metal used to make steel)
now stands at more than 500 million tons—or 22,000 times what it was in
1700. Outputs of copper and zinc are now 570 and 7,400 times greater
than they were in 1800. Although aluminum was not commercially
available until 1845, and was far too expensive for large-scale production
until the modern electrolytic process was invented in 1886, smelters cur-
rently turn out 18 million tons of new metal each year.*

The term “minerals” encompasses a wide variety of substances taken
from the earth. They are generally divided into four groups: metals,
such as aluminum, copper, and iron; industrial minerals—such as lime
and soda ash—that are valued for special qualities; construction materi-
als, such as sand and gravel; and energy minerals, such as uranium,
coal, oil, and natural gas (which, while they are extracted in large quan-
tities at substantial cost to the environment, are outside the scope of this

paper)

Of the non-fuel minerals, stone, sand, and gravel are produced most
widely and in the largest quantities. (See Table 1.) The principal use of
the estimated 20 billion tons of such materials taken from the ground in
1991 was in construction, most often as ingredients of concrete.
Ubiquitous in the earth’s crust, they are generally used near the site
where they are found.

Other nonmetals are more valuable and typically travel farther from
mine to user. These include phosphates and potash (important ingredi-
ents in chemical fertilizers), lime (a major component of the cement that
binds concrete), soda ash (an alkaline material used in many chemical
processes), clays such as kaolin (an important ingredient in ceramics),
and salt (most of which is used in the chemical industry, not in food).*

The most valuable minerals extracted are metals—of which the most
important is iron. About thirty times as much iron is produced as the
next most common metal. Steel—the cheap, strong material into which
most iron is converted— costs one third to one half as much by weight as



Table1. Estimated World Production of Selected Minerals, 1991

Mineral Production’
(thousand tons)

Metals
Pig Iron 531,000
Aluminum 18,500
Copper 9,100
Manganese 6,700
Zinc 7,400
Chromium 3,800
Lead 3,370
Nickel 953
Tin : 210
Molybdenum 110
Titanium 82
Tungsten 39
Cobalt 34
Cadmium 20
Silver 14
Mercury 6
Gold 2
Platinum-Group Metals 03

Nonmetals
Stone 11,000,000
Sand and Gravel 9,000,000
Clays 500,000
Salt 186,000
Phosphate Rock 160,000
Potash 160,000
Lime 135,000
Gypsum 98,000
Soda Ash 33,000

'All data exclude recycling; figures for metals are smelter production or metal content of
ore; figures for nonmetals are ore mined.

Sources: U.S. Bureau of Mines (USBM), Mineral Commodity Summaries 1992
(Washington, D.C.: 1992); Donald G. Rogich, “Trends in Material Use:
Implications for Sustainable Development,” unpublished paper, Division of
Mineral Commodities, USBM, April 1992; figures for stone, sand and gravel,
;nd clays are Worldwatch estimates basef on USBM, Mineral Commodity

ummaries.
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aluminum, its most common substitute. The estimated value of the steel
sold each year is about five times the total for all other metals; and four
of the nine metals immediately below iron on the production list—man-
ganese, chromium, nickel, and molybdenum—are primarily used in
steel-making.’

Aluminum is second to iron both in quantity and value of production. It
is extremely important in aircraft construction because of its light
weight, though in the United States, which leads all nations in alu-
minum consumption, the largest share of the metal is used to make bev-
erage cans. Copper, the third-ranked metal in total tonnage, is primarily
used as an electrical conductor. Zinc provides corrosion-resistant coat-
ings for other metals; lead is used in electrical batteries and as an octane-
boosting gasoline additive; and tin serves as a coating for steel cans.

The use of minerals is heavily concentrated in rich nations, and the dis-
parities in use are most dramatic for metals. In 1990, the top eight indus-
trial-nation users of aluminum, copper, and lead accounted for two
thirds of world consumption. Eight or fewer wealthy countries took
over half the iron ore and three fifths of zinc, tin, and steel supplies. A
few decades earlier, these disparities were even greater; throughout the
sixties, the industrial nations absorbed more than 80 percent of world
steel production and at least 90 percent of other metals.*

Steady increases in demand fueled rapid expansion in minerals output
until the seventies, when growth rates dropped substantially. From 1950
to 1974, use of eight economically important minerals grew between 2
and 9 percent each year, on average. By 1974-87, average growth rates
for the same eight all fell under 2 percent. In the case of tin, use actually
shrank.’

Five factors appear to underlie the slackening demand for minerals, and
for metals in particular. Most involve basic changes in the economies of
the chief users. First, industrial economies have grown more slowly
since the oil crisis of 1973, so new construction has waned. Second, these
economies are shifting away from heavy industry and toward services
and high technology, so the amounts of physical materials needed are
much smaller even when the economies do boom. The pharmaceutical



and electronics industries, for example, are among the fastest-growing
sectors in industrial economies, and are far less materials- and energy-
intensive than traditional extractive and manufacturing industries.”

Third, recycling has reduced demand for metals (though not for other
minerals, which are not easily recycled). In the United States, for
instance, recycling provides a substantial share of consumption for
many metals. (See Table 2.) Lead is recycled at a very high rate, largely
because the metal is so toxic that its use is now tightly regulated.
Seventy-three percent of 1990 U.S. lead consumftion was supplied
through recycling. Fifty-six percent of iron and steel consumption in the

Table 2. U.S.Metal Consumption and Recycling, 1990

Share of Consumption
Metal Consumption Provided by Recycling
(thousand tons) (percent)
Lead 1,297 73
Copper 2,168 60
Iron & Steel' 99,900 56
Gold 0.2 47
Aluminum 5,263 45
Platinum Group 0.1 45
Zinc' 1,060 43
Tin 45 38
Tungsten 8 29
Nickel 148 23
Cobalt' 7 2
Chromium 423 : 21
Silver' 5 14
Molybdenum 21 5

11989 figures

Source: Donald G. Rogich, “Trends in Material Use: Implications For Sustainable
Development,” unpublished paper, U.S. Bureau of Mines, Division of Mineral
Commodities, April 1992.
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United States now derives from scrap rather than fresh ore. Aluminum
recycling is particularly widespread because its manufacture from scrap
takes about one twentieth as much energy as its production from ore.
Worldwide, nearly a third of the aluminum used each year is recycled."

The fourth reason the demand for minerals, and especially for metals,
has slackened is that new materials such as plastics, ceramics, and high-
technology composites are now competing with metals—and are
increasingly substituted for them—in many applications, from airplanes
to construction. Glass fiber, for example, is supplanting copper in com-
munications uses, and substitution of polyvinyl chloride pipes for cop-
per ones effectively reduced yearly U.S. copper consumption by 13

percent in 1988."2

Fifth, and perhaps most important, the industrial nations have largely
completed the building of their basic infrastructure of roads and build-
ings, and now need mineral products primarily to maintain or replace
worn-out equipment and structures, not for massive new construction.

For all these reasons, minerals use is now growing faster in developing
countries than in wealthier nations. Between 1977 and 1987, for exam-
ple, the Third World's share of aluminum and copper use grew from 10
to 18 percent, and that of zinc from 16 to 24 percent. The increases are
heavily concentrated in Mexico, Brazil, India, and the newly industrial-
izing countries (NICs) of East Asia. Many products of traditional heavy
industries, such as automobiles, are increasingly imported into industri-
alized nations from NICs—such as South Korea and Malaysia—so the
mineral demand of those industries is partially shifting outside the
major consumer nations.” o

Production of minerals is more widely distributed through the world
than consumption, although for some individual minerals there are
exceptions. For instance, known deposits of cobalt, chromium, and the
platinum-group metals are concentrated in a few countries, making sup-
plies vulnerable to local political developments.™

Production is declining, however, in many of the countries that are major
minerals users. West European countries, for instance, have depleted



their high-grade mineral reserves and now rely mostly on imports.
Japan imports virtually all the minerals it uses. The United States is still
an important producer of many minerals, but gets nearly all of its baux-
ite and alumina (the refined bauxite used by aluminum smelters), three
fourths or more of its nickel, chromium, and tin, and about a third of its
zinc from foreign sources.'s

Despite a long history of mining, the republics of the former Soviet
Union still produce large amounts of minerals. Australia and South
Africa are major mineral sources, and the list of important producers
also includes such developing nations as Brazil, Chile, China, and Zaire.
(See Table 3.)

Each major industrial region looks to a corresponding part of the Third
World for most of its mineral imports: the United States to Latin
America, Western Europe to Africa, and Japan to Asia and Oceania.
Mineral trade relationships also often reflect old colonial ties. For
instance, Zaire supplies Belgium, its former ruler, with about two thirds
of its imported copper, and Zambia supplies Britain with a third of its
imports of the same metal."

Mineral “reserves”—an often misunderstood concept—have been a sub-
ject of abiding interest for the world’s great mineral-using nations.
Reserves consist of deposits whose existence has been documented by
detailed surveying and that are judged to be minable at a cost no higher
than current market prices. At current use rates, global reserves of eco-
nomically important minerals range from 20-30 years of supply (lead,
tin, and zinc) to 200 years (bauxite). Although 20 years may seem alarm-
ingly short, there is little danger of the world soon running out. Mineral
resources—deposits whose presence is indicated by preliminary surveys
or other geologic evidence but that are not yet economically viable—are
far greater than reserves, and exploration constantly moves deposits
from the resources to the reserves category. In recent decades, mineral
reserves have generally grown at least as fast as production.”

Many of the best reserves now lie in developing countries, since indus-
trial nations have a much longer history of mining. The Commonwealth
of Independent States and the other former members of the Warsaw Pact

13



Table3. Major Mineral-Producing Countries, 1991

Share in
Mineral Countries World Production
(percent)
Bauxite Australia 38
Guinea 16
Chromium South Africa 35
Soviet Union/CIS' 30
Cobalt Zaire 50
Zambia 21
Copper Chile 20
United States 18
Gold South Africa 29
United States 15
Iron Ore Soviet Union/CIS 24
Brazil 17
Lead Australia 16
United States 14
Manganese Soviet Union/CIS 38
China 14
Molybdenum United States 54

Chile 13




— — —— /
Table 3. Major Mineral-Produ Countries, 1991
. Table jor cing =1
Share in
Mineral Countries World Production
(percent)
Nickel Soviet Union/CIS 27
Canada . 21
Phosphate Rock United States 29
Soviet Union/CIS 23
Platinum Group South Africa 48
Soviet Union/CIS 44
Potash Soviet Union/CIS 32
Canada 28
Silver Mexico 15
Peru 13
Tin China 19
Brazil 15
Tungsten China 52
Soviet Union/CIS 21
Zinc Canada 16
Australia 14

! Commonwealth of Independent States (successor to the Soviet Union in 1991).

Source: U.S. Bureau of Mines, Mineral Commodity Summaries 1992 (Washington, D.C..

1992).
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also possess large reserves of many important minerals, including iron
ore, manganese, chromium, and nickel, and their potential resources are
enormous. However, economic and political turmoil in the former
socialist countries makes them unlikely sites for new mineral projects,
which usually require large capital investments and long lead times
before production can begin."*

Overall, scarcity of mineral deposits does not appear likely to constrain
the production of most important minerals in the foreseeable future.
Much more probable, however, are reductions in output due to environ-
mental concerns.

Laying Waste

Mining is the original dirty industry. As the German scholar Georgius
Agricola put it in his 1550 treatise on mining: “The fields are devastated
by mining operations...the woods and groves are cut down, for there is
need of an endless amount of wood for timbers, machines, and the
smelting of metals. And when the woods and groves are felled, then are
exterminated the beasts and birds.... Further, when the ores are washed,
the water which has been used poisons the brooks and streams, and
either destroys the fish or drives them away.”"

Four centuries later, mining’s environmental effects remain much the
same, but on a vastly greater scale. Modern machinery can do in hours
what it took men and draft animals years to do in Agricola’s time.
Larger equipment reflects the growing scale of the industry. A typical
truck used in hard-rock mining in 1960 weighed 20-40 tons, for example;
in 1970 it weighed in at 80-200 tons. The size of the shovels used to move
ore increased from 2 to 18 cubic meters over the same period. Such tech-
nological advances allowed world mineral production to grow rapid-
ly—and proportionately increased the harm to the environment.”

Mining and smelting have created large environmental disaster areas in
many nations. (See Table4.) In the United States, which has a long histo-
ry of mining, at least 48 of the 1,189 sites on the Superfund hazardous-
waste cleanup list are former mineral operations. The largest Superfund
site stretches across the state of Montana, along a 220-kilometer stretch of



Table 4. Environmental Impacts of Selected Mineral Projects

LocationvMineral

Observation

Ilo-Locumbo area, Peru
copper mining and
smelting

Nauru, South Pacific
phosphate mining

Para state, Brazil
Carajds iron ore project

Russia, Severonikel
smelters

Sabah Province,
Malaysia
Mamut Copper Mine

Amazon Basin, Brazil
gold mining

The llo smelter emits 600,000 tons of sulfur com-
pounds each year; nearly 40 million cubic meters
per year of tailings containing copper, zinc, lead,
aluminum, and traces of cyanides are dumped into
the sea each year, affecting marine life in a 20,000
hectare area; nearly 800,000 tons of slag are also

dumped each year.

When mining is completed—in 5-15 years—four
fifths of the 2,100-hectare South Pacific island will
be uninhabitable.

The project’s wood requirements (for smelting of
iron ore) will require the cutting of enough native
wood to deforest 50,000 hectares of tropical forest
each year during the mine’s expected 250-year life.

Two nickel smelters in the extreme northwest cor-
nerof the blic, near the Norwegian and
Finnish ers, pump 300,000 tons of sulfur diox-
ide into the atmosphere each year, along with lesser
amounts of heavy metals. Over 200,000 hectares of
local forests are dying, and the emissions appear to
be affecting the health of local residents.

Local rivers are contaminated with high levels of
chromium, copper, iron, lead, manganese, and
nickel. Samples of local fish have been found unfit
for human consumption, and rice grown in the area
is contaminated.

Hundreds of thousands of miners have flooded the
area in search of gold, clogging rivers with sedi-
ment and releasing an estimated 100 tons of mer-
cury into the ecosystem each year. Fish in some
rivers contain high levels of mercury.

Source: Worldwatch Institute, based on sources documented in note 21.
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Silver Bow Creek and the Clark Fork River. Water and sediments in the
river and a downstream reservoir are contaminated with arsenic, lead,
zinc, cadmium, and other metals, which have also spread to nearby
drinking-water aquifers. Soils throughout the local valley are contami-
nated with smelter emissions.?

The Clark Fork Basin was the site of more than 100 years of mining and
smelting, including what was at one time the largest open pit in the
world, the Berkeley Pit copper mine. The pit and a network of under-
ground mine workings contain more than 40 billion liters of acid mine
water that rises a little higher each year, threatening local aquifers and
already-tainted streams with contamination. The Clark Fork Coalition, a
local environmental group, estimates that cleaning up the pit and other
sites in the area could cost over $1 billion. A proposed large new copper
mine in the Cabinet Mountains area of northwest Montana now endan-
gers another section of the Clark Fork’s drainage.?

The environmental damage done in producing a particular mineral is
determined by such factors as the ecological character of the mining site,
the quantity of material moved, the depth of the deposit, the chemical
composition of the ore and the surrounding rocks and soils, and the
nature of the processes used to extract purified minerals from ore. (See
Table 5.) Damage varies dramatically with the type of mineral being
mined. For example, stone ranks first in production, but its extraction
probably causes less overall harm than that of several metals. Since
stone and other construction materials are usually taken from shallow or
naturally exposed deposits and used with little or no processing, the
environmental impacts are mostly limited to land disturbance at the
quarry or gravel pit, and relatively few wastes are generated.

At the other end of the damage spectrum, metals are produced through a
long chain of processes, each of which involves pollution and the gener-
ation of waste. Copper production, for instance, typically involves five
stages. First, soil and rock (called overburden) that lie above the ore must
be removed. The ore is then mined, after which it is crushed and run
through a concentrator, which physically removes impurities. The con-
centrated ore is reduced to crude metal at high temperatures in a smelter,
and the metal is later purified, through remelting, in a refinery.
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duces more waste than working underground. In 1989, U.S. surface
mines produced 8 times as much waste per ton of ore as underground
mines did. That same year, overburden accounted for more than a third
of the 3.4 billion tons of material handled at non-fuel mines. Such mate-
rial, while it may be chemically inert, can clog streams and cloud the air
over large areas. If the overburden contains sulfur compounds—com-
mon in rock containing metal ores—it can react with rainwater to form
sulfuric acid, which then may contaminate local soils and watercourses.”

Similar but more severe effects often stem from extraction of the ore itself
and from the disposal of tailings, the residue from ore concentration. Up
to 90 percent of metal ore ends up as tailings, which are commonly
dumped in large piles or ponds near the mine. The finely ground mate-
rial makes contaminants that were formerly bound up in solid rock
(such as arsenic, cadmium, copper, lead, and zinc) accessible to water.
Acid drainage, which exacerbates metal contamination, is often a prob-
lem, since sulfur makes up more than a third of the commonly mined
ores of many metals, including copper, gold, lead, mercury, nickel, and
zinc. Tailings also usually contain residues of organic chemicals—such
as toluene, a solvent damaging to human skin and to the respiratory, cir-
culatory, and nervous systems—that are used in ore concentrators.
Ponds full of tailings cover at least 3,500 hectares in the Clark Fork area
and 2,100 hectares at the Bingham Canyon copper mine in Utah.*

A particularly dramatic example of the impact of tailings disposal is the
Panguna copper mine on Bougainville, an island in Papua New Guinea
that since mid-1989 has been controlled by secessionist rebels. Before it
was closed, the mining operation dumped 600 million tons of metal-con-
taminated tailings—130,000 tons each day—into the Kawerong River.
The wastes cover 1,800 hectares in the Kawerong/Jaba river system,
including a 700-hectare delta at its mouth, 30 kilometers from the mine.
Environmental writer Don Hinrichsen described the Jaba River as “so
full of sediments from the Bougainville Copper Mine that its slate-grey
waters are completely dead....Wading into the river to take samples is
like inching through moving mud.” Local anger at the destruction of the
area by mining was a major cause of the civil war.® '

Smelting, the next stage of the extraction process, can produce enormous
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“Up to 90 percent of metal ore ends up as 6ilings,

which are commonly dumpyin large piles or ponds.”
N ed

[dvmped ]

quantities of air pollutants. Worldwide, smelting of copper and other
nonferrous (non-iron) metals releases an estimated 6 million tons of sul-
fur dioxide into the atmosphere each year—8 percent of total emissions
of the sulfur compound that is a primary cause of acid rain. Nonferrous
smelters can also pump out large quantities of arsenic, lead, cadmium,
and other heavy metals. If they lack pollution control equipment, alu-
minum smelters emit tons of fluoride, which can concentrate in vegeta-
tion and kill not only the plants but, in some cases, animals that eat
them.*

Uncontrolled smelters have produced some of the world’s best-known
environmental disaster areas—"dead zones” where little or no vegeta-
tion survives. Such an area around the Sudbury, Ontario, nickel smelter
in Canada measures 10,400 hectares; acid fallout from the smelter has
destroyed fish populations in lakes 65 kilometers away. Between 1896
and 1936, a smelter at Trail, British Columbia killed virtually all conifers
within 19 kilometers and retarded tree growth up to 63 kilometers away.
In the United States, a dead zone surrounding the Copper Hill smelter in
Tennessee covers 7,000 hectares. In the United Kingdom, 400,000
hectares of agricultural land have been lost to metal smelting since
Roman times; and in Japan, about 6,700 hectares of cropland are too con-
taminated for rice production.”

New dead zones, such as the area surrounding the Severonikel nickel
smelter in Russia, are still being created. Smelters in industrial countries
are now often required by law to have pollution control equipment, but
few in developing countries or the formerly socialist nations have any
such controls. For each kilogram of copper produced, 12.5 times more
sulfur dioxide is released to the air from Chilean smelters than from
those in the United States.”

The grade of an ore—its metal content in percentage terms—is a critical
factor in determining the overall impact of metal mining. The average
grade of copper ores, for example, is lower than that for any of the other
major metals. Four centuries ago, copper ores typically contained about
8 percent metal; the average grade of ore mined now is under 1 percent.
One consequence of the drop in grade is that more than eight times as
much ore now must be processed to obtain the same amount of copper.

21
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An estimated 990 million tons of ore were mined to produce about 9 mil-
lion tons of copper in 1991.® (See Table 6.)

Even this figure understates the total amount of material moved, since it
does not include overburden. The scale of the industry is apparent,
however, in the size of the holes it creates. Some 3.3 billion tons of mate-
rial—seven times the amount moved for the Panama Canal—have been
taken from Utah’s Bingham Canyon copper mine. Now 774 meters
deep, this mine is the largest human excavation in the world. It gained

Table 6. Estimated Ore Production, Average Grade, and Waste
Generation, Major Minerals, 1991

Mineral Ore Average Grade Waste
(million tons) (percent) (million tons)
Co 1,000 0.91 990
Goﬁrer 620 0.00033 620
Iron 906 40.0 540
Phosphate - 160 9.3 140
Potash 160 17.0 ' 130
Lead 135 25 130
Aluminum/Bauxite 109 23.0 84
Nickel 38 25 37
Tin ‘ 21 1.0 21
Manganese 2 30.0 16
Tungsten 15 0.25 15
Chromium/Chromite 13 30.0 9
Total 3,200 2,700

Waste figures do not include overburden.
Totals do not add due to rounding.

Sources: Worldwatch Institute, based on production estimates in U.S. Bureau of Mines,
Mineral Commodity Summaries 1992 (Washington, D.C.: 1992), and grade esti-
mates in DonaldyG. Rogich, “Trends in Material Use: Implications for
Sustainable Development,” unpublished paper, Division of Mineral
Commodities, U.S. Bureau of Mines, April 1992.

56-345 0 - 92 - 12



another distinction in 1987 when its operator, Kennecott Copper, inad-
vertently reported its toxic chemical releases to the Environmental
Protection Agency’s Toxics Release Inventory (a national toxic-chemicals
reporting system from which the mining industry is exempt). Out of the
18,000 industrial facilities reporting, the Bingham Canyon mine ranked
fourth in total toxic releases and first in metals. The company discontin-
ued reporting the following year, but the scale of its releases spurred leg-
islative efforts in 1991 and 1992 to include the mining industry in the
inventory in the future.”

Gold mining also requires the processing of large amounts of material,
since the metal occurs in concentrations best measured in parts per mil-
lion. An estimated 620 million tons of waste are produced in gold min-
ing each year— even more than is produced in iron mining, which yields
26,000 times as much metal by weight. The operators of the Goldstrike
mine in Nevada—the largest in the United States—each day move
325,000 tons of ore and waste to produce under 50 kilograms of gold. In
Brazil's Amazon Basin, thousands of small-scale gold miners are using a
technique called hydraulic mining to extract as much as 120 tons of gold
per year. This involves blasting gold-bearing hillsides with high-pres-
sure streams of water, and then guiding the water and sediment through
sluices that separate tiny amounts of gold, which is heavier, from tons of
non-valuable material, which then pollutes local rivers. The technique is
so environmentally destructive that its use was halted over 100 years ago
in California, where it did widespread damage during the state’s leg-
endary gold rush.”

Since 1979, when the price of gold soared to an all-time high of $850 per
ounce, a gold rush has swept the world. Waves of gold seekers have
invaded remote areas in Brazil, other Amazonian countries, Indonesia,
the Philippines, and Zimbabwe. Dramatic environmental damage has
resulted. Hydraulic mining has silted rivers and lakes, and the use of
mercury—an extremely toxic metal that accumulates in the food chain
and causes neurological problems and birth defects—to capture gold
from sediment has contaminated wide areas. Mincrs release an estimat-
ed 100 tons of mercury into the Amazon ecosystem each year. An esti-
mated 32 tons are released each year in the watershed of the Madeira
River (a major Amazon tributary) alone. Mercury levels in most carniv-
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orous and some omnivorous fish in the Madeira exceed the maximum

- safe levels for human consumption set by many nations.*

In North America, heap leaching, a new technology that allows gold
extraction from very low-grade ores, is now in wide use. Miners spray
cyanide solution, which dissolves gold, on piles of crushed ore or old
tailings. After repeated circulation through the ore, the liquid is collect-
ed and gold is extracted from it. Both cyanide-solution collection reser-
voirs and the contaminated tailings left behind after leaching pose
hazards to wildlife and groundwater. In October 1990, for instance, 38
million liters of cyanide solution spilled from a reservoir at the Brewer
Gold Mine, near Jefferson, South Carolina, into a tributary of the
Lynches River. The spill, caused by a dam break after a heavy rain, killed
as many as 10,000 fish. Thousands of birds also die each year when they
mistake cyanide impoundments for lakes.”

Fossil-fuel-powered machinery has allowed mining to expand to such a
degree that its effects now rival the natural processes of erosion. An esti-
mated 24 billion tons of non-fuel minerals are taken from the earth each
year, of which about 2.7 billion tons are waste (not including overbur-
den). Taking overburden into account, the total amount of material
moved is probably at least 28 billion tons—about 1.7 times the estimated
amount of sediment carried each year by the world’s rivers.*

An estimated half-million hectares of land—including mines, waste dis-
posal sites, and areas of subsidence over underground mines—are
directly disturbed by non-fuel mining each year. Most of this land will
bear the scars indefinitely. Historian Elizabeth Dore, describing the
effects of 500 years of mining on the Bolivian landscape, writes: “Silver
and tin are gone; in their place rise mountains of rock, slag, and tail-
ings.... Saturated with mercury, arsenic, and sulfuric acid, the irides-
cence of these rubbish heaps provides a psychedelic reminder of the
past.” The damage is not limited to the mine site. As Dore puts it, min-
ing initiates “a chain of soil, water, and air contamination” that can alter
the ecosystems of large areas.”

Moving billions of tons of material and crushing and melting rock
requires large amounts of energy, and supplying it can cause major dam-
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“An estimated 24 billion tons of non-fuel minerals
are taken from the earth each year,
of which about 2.7 billion are waste.”

age to local ecosystems. Ever since Agricola’s time, for example, wood-
fired smelters have threatened nearby forests. In southern England, the
Sussex iron industry was effectively wiped out when it destroyed the
local woods that provided its fuel supply. In the late nineteenth century,
more than 2 million cords of wood were used as smeiter fuel in Nevada’s
Comstock Lode—described by one observer as “the tomb of the forests
of the Sierras.”*

Today, demand for energy to extract and process minerals is playing a
major role in the deforestation and inundation of large parts of the
Amazon Basin. A huge iron ore mining and smelting project at Carajds,
in the Brazilian state of Par4, threatens a large area of tropical forest. The
project’s 20 planned pig-iron smelters will need an estimated 2.4 million
tons of charcoal each year, which if produced from native trees will
require an estimated 50,000 hectares of forest to be logged annually.
According to ecologist Philip Fearnside, high costs make it unlikely that
plantations will supply much of the wood, and the state enterprise that
owns the project has thus far done little to develop plantation produc-
tion. The mine is expected to operate for 250 years.”

The iron ore facilities are only one piece of Brazil’s colossal Grande
Carajas Project, a vast state-run development scheme that also includes
bauxite, copper, chromium, nickel, tungsten, tin, and gold mines; miner-
al processing plants; hydroelectric dams; deep-water ports; and other
enterprises. Aluminum smelters, including the 330,000-ton-per-year
Albras plant (another element of the Carajas project) now take most of
the electricity output of the enormous—and enormously
destructive—Tucurui hydroelectric station. Albras, a major justification
for the dam'’s construction, receives power at one fourth the cost of gen-
eration (and one third the average cost of Brazilian electricity).
Aluminum smelting took 12 percent of Brazilian electricity in 1988, and
the industry’s power requirements more than doubled between 1982
and 1988.*

Aluminum production is particularly energy-intensive. Unlike most
other metals, which can be obtained by simply heating the ore, alu-
minum forms such tight chemical bonds that it can only be economically
extracted through a process involving the direct application of electrical
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for inflation, the International Monetary Fund (IMF) index of norfuel
mineral prices declined by half between 1974 and 1986. (See Figure 7-1.)
Real prices recovered somewhat in the late eighties, but have never
returned to the levels of the fifties, sixties, and early seventies. They
were again in decline in 1990, 1991, and early 1992.

Why are mineral prices so low? One reason is that many nations subsi-
dize development of their domestic mineral resources. Since the twen-
ties, for example, the United States has offered mining companies
generous tax exemptions or “depletion allowances.” Miners can deduct
from 5 to 22 percent of their gross income, depending on the mineral.
Unlike conventional depreciation, depletion allowances are not based on
capital investments made by the company. In fact, the allowances may
be taken for as long as the mine operates—even after the company’s
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investment is fully recovered. In addition, mining companies may also
deduct much of the cost of exploring for and developing mineral

deposits.*®

The lost taxes added up to a $5 billion subsidy to the U.S. mining indus-
try over the last decade. The President’s budget projects that the 1992
subsidy will be $560 million. According to the Joint Committee on
Taxation of the U.S. Congress, the Treasury could gain $2 billion over the
next five years if the mineral industry were taxed on the same basis as
others.“

The U.S. mining industry receives another large but uncalculated sub-

sidy through virtual giveaways of federal land under the General

Mining Act of 1872. This legal relic of the frontier era allows those who
find hard-rock minerals (such as gold, silver, lead, iron, and copper) in
public territory to buy the land for $12 per hectare or less. Since the gov-
ernment retains no rights to the land, the Treasury does not receive roy-
alties on minerals taken from it, as it does from oil, gas, and coal found
on public land. Even very low royalty levels would yield large sums,
since miners took $4 billion worth of hard-rock minerals from former
federal lands in 1988.7

Japan offers loans, subsidies, and tax incentives for exploration and
development of domestic mineral deposits. Similarly, the French gov-
ernment offers financial assistance for minerals exploration, and also
makes direct investments in mineral projects through the Bureau de
Recherches Geologiques et Miniéres (BRGM), a state-owned enterprise.
Germany is considerably less generous, but does offer direct support for
exploration. Most industrial nations must now look abroad for new
mineral supplies, however. Japan's domestic mineral resources are, by
the geological luck of the draw, quite limited. Western Europe was once
quite rich in minerals, but demand during two centuries of industrial
development has depleted most major deposits.*

Industrial nations have thus also tried to ensure continued access to
cheap minerals supplies through their international trade and aid poli-
cies. The Japanese government subsidizes foreign mineral projects of
Japanese companies through low-interest loans, loan guarantees, and
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direct government investments. The BRGM helps French companies
with funding for exploration and development of overseas projects.
Germany offers investment guarantees, minimum rate-of-return guar-
antees, and favorable loans for foreign mineral investments by its com-

ies. These nations have often joined the United States in supporting
efforts by development institutions, including the World Bank, to
finance mineral projects in developing countries—at times with the
explicit intention of securing future minerals sources.”

Historically, nations have justified subsidies for minerals extraction on
national security grounds. Minerals are critical to arms production, and
supplies have often been equated with military power. Progress in the
arms race between the United Kingdom and Germany prior to World
War | was measured in steel production. The aluminum industry would
not be what it is today were it not for the many forms of special sup-
port—especially cheap electric power—given by national governments
that during World War I came to understand the metal’s importance in
modern warfare. The role of aluminum in World War Il was summed up
by a U.S. analyst in 1942 with the following equation: “Electric power
aluminum -» bombers - victory.”®

Today, powerful political and economic interests support continued sub-
sidies for domestic mineral production. While the mining industry and
manufacturers who purchase mineral products benefit from this prac-
tice, taxpayers end up with the bill—and markets are skewed toward
use of virgin rather than recycled materials. One analyst estimated in
1977 that U.S. tax subsidies for virgin materials—including wood prod-
ucts as well as minerals—made such items about 10 percent cheaper
than they would be otherwise. The actual impact of subsidies on virgin
materials prices is probably much greater, since other, unquantified sub-
sidies were not taken into account.”

Given the growing dependence of rich nations on foreign mineral sup-
plies and their willingness to assist with the development of these
resources, developing nations would seem well positioned to benefit
from their mineral wealth. But the people of most mineral-exporting
developing countries have gained little from mining. Take the case of
Bolivia, as described by writer David J. Fox: “The world knows Bolivia,
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“Many developing nations seem to have been
dragged fownonomi by their dependence
on revenue from mineral exports.”
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if it knows it at all, as a mining country.... [1t] is a member of a small
group of African and Latin American countries for whom mining is the
cornerstone of their economies; no other country of this group...has
been so dependent on mining over such a long period as has Bolivia.
But...great mining wealth has brought only poverty to the average
Bolivian; in no other country in South America is the standard of living
so low.” Bolivia is not alone. Indeed, many developing nations seem to
have been dragged down economically by their dependence on revenue
from mineral exports.®

At least fourteen developing countries get a third or more of their
export revenues from minerals. (See Table 7.) For these nations, the
effect of nearly two decades of falling prices has been less foreign
exchange with which to purchase the manufactured goods—from trac-
tors to televisions to pharmaceuticals—they import. Reduced foreign
exchange earnings have also made it difficult or impossible for many
minerals producers to repay their international debts. They are among
the world’s most indebted nations. On average, the developing coun-
tries listed in the table bear external debts 1.4 times greater than their
gross national product (GNP). By comparison, the average ratio of
debt to GNP among the nations the World Bank classifies as severely
indebted is 0.6.%

Zambia provides a dramatic example of what can happen when a nation
gets trapped between heavy debt and falling prices for its main export.
The country went into an economic tailspin when the price of copper,
which provides 86 percent of its export revenue, dropped sharply in the
early eighties. The results were calamitous: twice as many Zambian chil-
dren died from malnutrition in 1984 as in 1980. A series of IMF-pre-
scribed recovery plans—which cut domestic spending and devalued the
national currency in an attempt to boost mineral exports and reduce the
external debt—have failed to rescue Zambia from its economic slide. As
of 1989, Zambia's debt was 1.4 times as great as its GNP.*

The current plight of Third World minerals exporters is the product of a
collision between economic development strategies and unforeseen
trends in the mining industry and minerals use. Unfortunately, the pro-
jected positive trends in minerals demand and prices that were the foun-
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Table 7. Share of Minerals in Value of Total Exports,

Selected Countries, Recent Years'
Country Mineral(s) Share
(percent)
Botswana diamonds, copper, nickel 87
Zambia copper 86
Zaire copper, diamonds 71
Suriname bauxite/alumina, aluminum 69
Papua New Guinea copper 62
Liberia iron ore, diamonds 60
Jamaica bauxite/alumina 58
Togo phosphates 50
Central African Republic diamonds 46
Mauritania iron ore 41
Chile copper 41
Peru copper, zing, iron ore, 39
lead, silver
Bolivia zing, tin, silver, antimony, 35
tungsten
Dominican Republic ferronickel 33
Guyana bauxite 31
South Africa gold 29
*Fi; are for most recent year available; most are 1990 or 1991;

earliest (Zaire) is for 1986.
*Minerals are listed in order of total export value.

Source: International Monetary Fund, International Financial Statistics, May 1992.

dation of the economic plans of many exporters during the sixties and
seventies have vanished in the last decade.

Throughout the fifties, privately owned companies essentially con-
trolled— through loose oligopolies—the prices of most major minerals,
owned most major projects, and garnered the bulk of the profits.
Although cyclical swings were not eliminated, prices were maintained
at profitable levels by the combination of steadily increasing demand
and industry control. Companies cut production during economic



slumps in the major consumer nations, and anticipated economic
upturns with investments in new capacity. The power of private firms
made it very difficult for Third World governments to impose substan-
tial local taxation or royalty requirements on foreign-owned mineral
firms. If they did, the mining companies—which often owned not only
mines but also smelting and refining facilities—could keep local tax bills
to a minimum by selling their ores to their own processing subsidiaries
at low prices, a practice known as transfer pricing.®

But in the tide of nationalism of the sixties and seventies, many govern-
ments—including newly independent nations and some long-indepen-
dent ones just learning to flex their muscles—tried to increase their share
of the profits from mining through higher taxes, new royalty require-
ments, and measures against transfer pricing. Some of them, including
Bolivia, Chile, Guinea, Guyana, and Zaire, imposed minimum local
ownership requirements or nationalized foreign-owned mines. Inspired
by the example of the Organization of Petroleum-Exporting Countries,
producers of some commodities, including bauxite, copper, and iron ore,
banded together in attempts to increase prices.*

At the same time, the World Bank and other international development
institutions promoted an economic strategy that emphasized the use of
mining revenue as working capital for industrialization and overall eco-
nomic growth. Optimistic mineral price projections fueled a rush of
investment in mining projects. An increasing number were undertaken
by state-owned enterprises rather than private firms, so national govern-
ments ended up bearing the debt. Although World Bank investments in
mineral projects were not exceptionally large compared with other eco-
nomic sectors, its contributions leveraged considerable funding from
other sources. For example, the Bank contributed only $60 million of the
$501 million required for the Guelbs iron ore project in Mauritania, with
the balance coming from European, Arab, and Japanese institutions.
Private banks, awash in billions of dollars amassed by the newly
wealthy oil-exporting countries, also plowed newfound capital into
mineral projects.”

Minerals projects are expensive. They are also often connected more
closely to the outside world than to the host country. For instance, the
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Guelbs project—which consists of an iron mine and ore concentrator, a
port, and a railroad to connect them—has virtually no links with the rest
of Mauritania’s economy, which it dwarfs. When financing was
arranged in 1979, the investment required for the first phase of the pro-
ject topped the nation’s gross domestic product, which then stood at
$470 million.® :

As long as future demand appeared strong, however, and prices
remained fairly high, such projects seemed viable. Mineral export rev-
enues grew during the seventies. But in the early eighties, the bubble
burst. Softening minerals demand collided with rapid production
expansion to create an unprecedented, sustained drop in mineral prices.
From 1980 to 1985, the IMF index of non-fuel mineral prices fell nearly 30
percent. The decline was exacerbated by the tendency of nationalized
mines to continue producing in large quantities despite falling prices.
While private producers cut back their output, some nations, such as
Zaire, Peru, and Zambia, had become too dependent on mineral revenue
to reduce production; a few, such as Chile, even expanded production in
an attempt to make up for lost revenues, and prices were driven even
lower. Chilean copper output grew by nearly 30 percent between 1981
and 1985, while the price of the metal plunged by more than 20 percent.”

The overall result of these developments was a dramatic transformation
of the world mineral industry—from a relatively stable, lucrative
oligopoly to an unpredictable, intensely competitive business. This
change undermined overnight the development strategy followed by
many Third World minerals producers. No longer, as the authors of a
1990 study put it, can mineral resources “be regarded as buried trea-
sure.” In other words, if mineral projects are hard pressed to pay for
themselves, they cannot be expected to provide much help in economic
development beyond the mine.#

The traditional response to this dilemma, followed by the United States
and other industrialized nations with long mining histories, is to move
into mineral processing and fabrication, which add more value to miner-
al products than earlier stages of production. Unfortunately, developing
countries have found it difficult to do so. Trade barriers (tariffs are gen-
erally higher on refined or fabricated metals than on ores or concen-
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| " “From 1980 to 1985, the IMF index of non-fuel
mineral prices fell nearly 30 percent.”

trates), the reluctance of many private firms to assist in activities that
may affect the markets for their own products, and other factors have
kept Third World mineral producers from moving heavily into the high-
er-value steps of the production process.¢

It may be time, instead, for developing countries to turn—as a growing
grassroots development movement now suggests—to an alternative
economic strategy, focused less on generation of export revenue and
- more on activities that directly reduce poverty and its human costs.
- These include promotion of grassroots, rural development and local
agricultural production, education, health care, and other basic human
needs. The outlines of such an approach are still vague, but it is clear
that, for many Third World countries, and particularly those in Africa
?n;ledl.atin America, the current strategy of export-led development has
ailed.

Cleaning Up

Since the time of Agricola, the destruction from mineral production has
been justified in the name of human progress. The sixteenth century
scholar was quite conscious of mining’s effects on the environment, yet
argued that, without metals, “men would pass a horrible and wretched
existence in the midst of wild beasts.” In an absolute sense, Agricola was
right: civilizations have always depended heavily on minerals for sur-
vival—and still do.®

But as Lewis Mumford put it in his classic Technics and Civilization, “One
must admit the devastation of mining, even if one is prepared to justify
the end...What was only an incidental and local damage in [Agricola’s]
time became a widespread characteristic of Western Civilization just as
soon as it started in the eighteenth century to rest directly upon the mine
and its products.” Mining’s effects on the earth, far from being merely
local as often depicted, are now on the same scale as such hugely
destructive natural forces as erosion.®

Cleaning up the mineral industry and its legacies will not be easy.
Perhaps the hardest task will be to clean up abandoned mineral projects,
because doing so often requires moving, treating, and containing
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extraordinarily large amounts of material spread over large areas. For
example, about 7 million tons of tailings are present at the Eagle Mine
Superfund site in Gilman, Colorado, and more than 200 million cubic
meters of materials are stored in the 3,500 hectares of tailings ponds in
the Clark Fork area of Montana. The latter contain an estimated 200 tons
apiece of cadmium and silver, 9,000 tons of arsenic, 20,000 tons of lead,
90,000 tons of copper, and 50,000 tons of zinc.“

The consequences of not cleaning up such abandoned operations can be
severe and long-lasting. The very reason these sites will be difficult to
clean up is the most compelling reason to do so, since such huge vol-
umes of material can cause abandoned mines to continue paying nega-
tive dividends—in such forms as sediment-choked streams, acid
drainage, and metal contamination—for centuries.®

Aside from technical challenges, however, the chief problem in cleaning
up old mines is that the mine operators are gone—and with them, the
money for cleanup. Hence, governments often end up with the bill,
which can be huge. The price tag for the Clark Fork cleanup, for exam-
ple, is estimated to be $1 billion. Furthermore, the number of sites to be
evaluated for cleanup is quite large: EPA estimates that between 800 and
1,500 mining sites need assessment, and that 70-100 will require remedi-
alaction. Nations with similar mining histories are likely to have similar
cleanup needs.

The United States has chosen to fund mine cleanups through its
Superfund program, which covers all types of abandoned industrial
facilities. The program is primarily funded by a tax on chemical feed-
stocks. Progress on mineral sites has been sluggish, however. The spe-
cial scale and characteristics of such sites may merit establishment of a

rate program for former mineral facilities. One possible approach
would be to fund mine cleanups through taxes on virgin mineral con-
sumption. A similar program already exists for abandoned coal mines.“

Such taxes would serve another purpose as well, since they would also
help create incentives for more efficient use of minerals, reducing the
need for new mines. Some of these funds could be directed to Third
World countries for cleanup of their abandoned mines. Without outside
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assistance, it is unlikely that many developing countries will be able to
afford cleanups of their old mineral sites, which in most cases were
developed for export to richer nations.

New technologies may help reduce the costs of cleanup. The high metal
content of some tailings—which can pose the threat of
contamination—can be turned to advantage in mine cleanups if meth-
ods are available for extracting the remaining metals. Thus, reprocessing
old tailings can sometimes not only help reduce environmental hazards
atasite, but also yield a salable product to help pay for cleanup.

Such methods are not only useful at abandoned sites, but also may help
in reducing pollution at operating mines. Biological leaching—in which
bacteria are used to extract metal from ore—is a promising new method.
At the Los Bronces copper mine in Chile, a biological extraction project
now being put into gace is designed to avoid pollution in the Mantaro
River, the source of Santiago’s drinking water, by extracting copper from
water repeatedly circulated through waste, overburden, and marginal
ore dumps. The project’s designers believe it will eventually recover
more than a half-million tons of pure copper. An even more ambitious
project at La Escondida, another giant Chilean copper mine, will recover
pure metal from ore without smelting. Instead, copper will be extracted
from concentrates by an ammonia solution, and then precipitated by
electrolysis. In addition to avoiding the pollution and expense of a
smelter, the project will have the advantage of producing pure copper
rather than less-valuable concentrates.¢

A variety of other practices can help reduce environmental impacts at
every stage of the mineral extraction process. While destruction of sur-
face features—be they forests or villages—is usually inevitable with sur-
face mining, a variety of techniques can help cut down air, water, and
soil pollution, and sometimes can return mined land to stable (if not its
original) condition. In the initial excavation and mining process, careful
storage of topsoil can ensure its availability for reclamation after mining
is finished. If soil and rock are stored in well-designed impoundments,
runoff and sedimentation problems can be kept to a minimum.
Similarly, more careful storage and disposal of tailings can minimize the
opportunity for them to contaminate their surroundings. Air pollution
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controls can substantially reduce emissions from smelters. Advanced
methods—especially biological techniques—for extracting metals from
ore could also offer substantial energy savings if they replace thermal
(smelting) or mechanical methods.

Such careful attention by mine operators to minimizing environmental
damage is unlikely, however, unless governments have the
resources—and political will—to require it. While the mineral sector is
currently subject to a broad range of environmental rules in most indus-
trial and some developing countries, legal loopholes, lack of government
funds, and weak enforcement are still allowing the creation of new envi- -
ronmental disaster areas.

For example, in the United States, which is widely regarded as a leader
in such regulation, smelter emissions are regulated under the Clean Air
Act and mining-caused water pollution under the Clean Water Act.
Unfortunately, federal regulation of mining itself remains quite weak.
EPA has done little to regulate disposal of mining wastes, despite their
status as the single largest category of waste produced. In the 1980 Bevill
Amendment to the Resource Conservation and Recovery Act of 1976,
Congress exempted most mining wastes from regulation as hazardous
waste, pending an EPA determination of their status. EPA has since
decided to retain the exemption for most types of mineral industry
waste, though final rules are still in process. In general, however, the
states play a more important role in mining regulation, and the level of
attention and enforcement varies dramatically.®

Nonetheless, industrial nations have available to them the funding and
government personnel to put in place and more effectively enforce envi-
ronmental laws for mineral producers—if the political will exists to do
s0. In the United States—by far the largest mineral producer among the
industrial market nations—lawmakers now have a chance to strengthen
environmental provisions in several laws affecting the impacts of min-
ing, including the Resource Conservation and Recovery Act, the Clean
Water Act, and the General Mining Act. Amendments to the Emergency
Planning and Community Right-to-Know Act now pending would
require the mining industry to report its toxic emissions to state and fed-
eral regulators.®



For developing countries, the challenge is much greater. While many of
them have broad environmental protection laws, specific regulation of
the minerals industries is rare. Where environmental laws do exist,
funding and staff for enforcement are usually scarce. Chile, for example,
has comprehensive and stringent environmental rules for mining, but
they are virtually unenforced. The Chilean government has been partic-
ularly loath to force state-owned mineral operations to comply with the
laws. Other countries with large state mining companies face similar
conflicts of national interest between state mining companies and regu-
lators, with local people and the environment most often the losers.™

At times, the prospect of major revenue from projects leads government
officials to simply ignore environmental rules or studies. At the Ok Tedi
copper and gold mine in Papua New Guinea, the government allowed
the project’s operators—an international consortium of private
firms—to dump up to 150,000 tons of tailings a day into the nearby Fly
River rather than contain them at the mine site, despite studies showing
the potential for major damage to the river system.”.

The pressure to neglect environmental concerns in favor of continued
mineral output will continue to be strong unless broad changes occur in
development policies and international debt service requirements. A
legislative foundation already exists in some developing countries, how-
ever, for improved regulation of mineral industries. Several major min-
eral producers, including Chile, Brazil, and Peru, have recently started
looking at mineral production’s impacts on the environment and are
attempting to improve the regulation of such activities.”

Additional pressure for environmental improvements could be created
through substantial international assistance for environmental regula-
tion and enforcement, as well as through the attachment of environmen-
tal conditions to mineral development funding. A portion of virgin
mineral taxes levied in industrial countries could be allocated to improv-
ing the capacity of mineral-exporting developing countries to regulate
their industries. Loans from development banks and their affiliates
could include substantial components earmarked specifically for envi-
ronmental protection, as non-governmental organizations in both indus-
trialized and developing countries have urged in recent years. Some
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progress is already being made in this direction. The International
Finance Corporation (the World Bank affiliate that lends to private-sec-
tor projects) has begun insisting on environmental impact assessments
for mineral projects it funds. Not until environmental concerns play a
major role in the decisions on whether and how to fund projects, howev-
er, will the situation improve dramatically.

In the short run, better regulation of the environmental impacts of min-
ing is the most obvious way to reduce the damage done in supplying the
world with minerals. There is considerable room for improvement of
current mining practices—in increased attention to environmental safe-
guards, more sensitivity to local people and their concerns, and better
planning for the indirect impacts of mineral development. More atten-
tion and new approaches to reducing the environmental impacts of cur-
rently operating mineral facilities could help to prevent the creation of
more abandoned sites in the future. Operations can be made even more
benign if they are designed with environmental concerns in mind from
the outset. Additional research, such as that of the Mining and
Environment Research Network—a far-flung group of independent
reseachers investigating the impacts of mineral extraction in developing
countries—should ease the task of cleaning up the mineral industries.”

In the long run, however, the benefits to be gained through mining regu-
lation, while critically important, are not enough. Even well-managed
mines are often enormously destructive. Careful reclamation may
reduce erosion and pollution problems at mine sites, but ecological com-
plexity and high costs usually preclude restoring the land to its previous
condition. High energy use in mining and smelting makes reuse and
recycling of metal-containing products almost always preferable to vir-
gin production. To dramatically reduce the impacts of the minerals
industry, attention must be paid not only to the extraction process, but to
how mineral products are used.

Digging Out

The ultimate solution to the problem of mining’s environmental destruc-
tion will require profound changes in both minerals use and in the global
economy. No country has yet developed and put into place comprehen-
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“It is the extraction and processing of minerals,
not their use, that poses the greatest threat.”

sive policies on the use of minerals and other raw materials. The
assumption that prosperity is synonymous with the quantities of miner-
als taken from the earth has shaped the industrial development strate-
gies of both capitalist and socialist nations. But that assumption is open
to question. The environmental damage from nonstop growth in miner-
al production will eventually outweigh the benefits of increased materi-
als supplies—if it does not already.

The way out of the trap lies in a simple distinction: it is the extraction and
processing of minerals, not their use, that poses the greatest threat. The
de facto materials policies of industrial nations have always been to
champion the production of virgin minerals. Although such an
approach has effectively promoted mining, it has also helped make min-
erals artificially cheap. This has led to widespread waste of mineral
products, and has diverted funds that might have been used more pro-
ductively to serve other needs.

A far less destructive policy would be to maximize conservation of min-
eral stocks already circulating in the global economy, thereby reducing
both the demand for new materials and the environmental damage done
to produce them. The world’s industrial nations, the leading users of
minerals, offer the most obvious opportunities for cutting demand.
Minerals use in those nations is still rising, but increases have been slower
in the last two decades than before. A growing body of evidence suggests
that per capita needs for virgin minerals have already peaked there, and
that major shifts are underway in the mix of minerals needed.”

National governments could accelerate the transition to more materials-
efficient economies through basic changes in policies that govern the
exploitation and use of raw materials. Tax policy offers the most obvious
tool with which to start. Taxing, rather than subsidizing, production of
virgin minerals would create stronger incentives to use them more effi-
ciently. It could also provide governments with a way of paying for mine
cleanups, as well as augmenting general revenues.

Many technical possibilities exist for using minerals more efficiently.
The most obvious is recycling, as there is ample room to increase recy-
cling rates for many metals. A 1992 U.S. Bureau of Mines study found
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that 10.6 million tons of iron and steel, 800,000 tons of zinc, and 250,000
tons of copper are discarded in U.S. solid waste each year. Though they
recycle 45 percent of the aluminum they use, U.S. residents still throw
away so much of the metal each year—2.3 million tons—that the energy
saved by recycling it could meet the annual electricity needs of a city the
size of Chicago.”

Beyond recycling, however, even more opportunity lies in making min-
eral-containing products more durable and repairable. More than a
decade ago, a study by the U.S. Office of Technology Assessment con-
cluded that reuse, repair, and remanufacturing of metal-containing
products were the most promising methods of conserving metals.
Governments could promote such practices by requiring manufacturers
to offer longer warranties or to take products back at the end of their use-
ful lives. Deposit/refund systems, for items as diverse as beverage con-
tainers and automobiles, can encourage consumers to return products
for reuse instead of throwing them away.*

A particularly promising initiative has been undertaken by several
European auto manufacturers, including BMW, Mercedes-Benz,
Peugeot, Renault, Volkswagen/Audi, and Volvo, to make their vehicles
entirely and easily recyclable. Engineers at the firms are designing cars
with an eye toward easy disassembly, reuse, and recycling of various
parts, and are attempting to minimize the use of nonrecyclable or haz-
ardm"xs materjals. The approach could easily be adopted for other prod-
ucts.

Arnother option is to substitute more benign materials for those whose
production is judged to be the most environmentally damaging. Such
judgments are inherently difficult, since comparison of the environmen-
tal impacts of different materials is an inexact science. But some miner-
als stand out from the crowd. Production of copper, for example, is
exceptionally destructive. The use of optical fibers made of glass, in
place of wires used in communications, is an encouraging exam-
ple of a shift to a less-damaging substitute. Fiber optics also offer a much
greater information-carrying capacity than copper wire. Similarly, the
large amounts of energy required for aluminum production make it a
logical candidate for replacement with other materials in applications
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where its light weight does not compensate by saving even greater
amounts of energy than its production requires. The energy taxes now
proposed as measures to reduce carbon emissions would speed shifts to
less energy-intensive materials.

More difficult than shifting industrial nations to a minerals-efficient
economy will be the search for a path to a sustainable future for develop-
ing countries. For those now heavily dependent on mineral exports, a
rapid decline in demand could have dire consequences. Development
planners need to recognize that mineral projects have generally failed to
deliver long-term national economic success, and that current trends in
minerals markets and use make mining an unpromising sector for future
investment. More attention—and funding—needs to be devoted to
diversifying the economies of mineral-producing nations and regions.
Industrial nations will need to consider devoting a substantial share of
any taxes levied on virgin minerals to develoglment assistance to pro-
ducing nations. One prerequisite for successfully rehabilitating those
economies is relief from the crushing burden of international debt.

The greatest challenge, however, lies in the search for a Third World
development strategy that allows poor countries to improve human
welfare dramatically without using and discarding hundreds of kilo-
grams of metals and other minerals per person each year. Roughly three
fourths of the world’s people now live in countries that generally have
yet to build the railways, roads, bridges, buildings, and other basic
infrastructure so essential to rich nations’ economies. These countries
will inevitably need more minerals as their development proceeds.

But basic choices in development plans—in the location, scale, density,
and character of urban development, for example, or in the types of
transportation systems emphasized—could have dramatic impacts on
the amount and mix of materials needed, and on the environmental
costs of producing them. It is critical that development planners take
minerals use into account in the same way that they consider energy use,
water use, and the production of food. The urgency of this issue cannot
be overestimated: if more countries follow the development path of the
rich industrial nations, world demand for minerals will continue to rise
for many years. Given current geographical trends in production, it is
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the Third World itself that will suffer most of the environmental damage
from meeting the demand.

In the past decade, concerns about the declining quality of the environ-
ment have brought anguished reexaminations of virtually all the major
economic activities on which civilization depends. Nearly all—from
energy production to transportation, from forestry to agriculture—have .
been called upon to reduce their toll on the natural systems that under-
pin the global economy. Despite this, mineral production—perhaps
because of its remoteness or because of its growing concentration in
countries that depend on it so heavily—has been relatively free of scruti-
ny. Yet this sector, on which so many others depend, is one of the largest
users of energy, despoilers of air, water, and land, and producers of
:'en:loustrial waste, and therefore one of the most desperately in need of
m.

With analysis of the environmental impacts of other industries has come
a growing realization that prevention is better than cure—that the great-
est environmental benefits are usually yielded by basic alterations in
production processes and consumption patterns, rather than through
“pollution control.” Mining’s devastating environmental effects make
the ultimate case for a strategy emphasizing pollution prevention, and
not just control. As an inherently destructive industry that supplies raw
materials throughout the economy, its impacts are best reduced by basic
changes in other industries, and in the societies that eventually use min-
eral products.

While mining companies and the governments of nations heavily
dependent on mining exports may feel the costs of such a strategy are
unacceptable, we have now passed the point where we can continue to
live with anything less than a full accounting for today’s policies.
Reducing the global appetite for minerals, and the environmental toll of
the huge industries that satisfy it, will not be easy. But allowing the dev-
astation to grow unchecked could prove to be an even more
difficult—and costly—course for humanity.
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