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Introduction 

The Earth's wild rivers are disappearing. Most rivers have had their natural attributes 
compromised by damming, diversion, or channelization atone or many points along their length. 
Like old-growth forests, free-flowing rivers are a complex and finite biological resource that 
humans cannot artificially replicate. From their remote headwaters to their culmination in 
estuaries and oceans, wild rivers are crucial to maíntain the diversity and genetic integrity of wild 
fish specíes, as well as the ínsects, waterfowl, and other animais with whom they coexist in 
complex, interconnected food webs. As providers of drinking water, food, agricultural irrigation, 
navigational access, and scenic and recreational values, healthy rivers are also indispensable to 
human societies. 

The purpose of this book is to determine the extent to which the primary aluminum 
industry is a significant contributor to the damming of world rivers, to compile a summary of the 
most egregious environmental and social damages from dams linked to smelters, and to 
investigate the prevalence of subsidízation in the primary aluminum industry. 

* * * 
ln a process that has changed little since its invention a century ago, aluminum is smelted 

using electric currents, rather than coai or oil-fired fumaces like many other primary metais. Toe 
energy demands are so prodigious that electricity is the second largest cost component of primary 
aluminum production, only exceeded by material inputs such as alumina and coke. During the 
1970s, rising fossil fuel costs made the acquisition of much cheaper hydroelectric resources 
paramount for primary aluminum producers. Toe transnational corporations who comprise the 
multí-billion dollar aluminum industry intensified their search for the cheapest hydroelectricity 
and cheap raw materiais, and for governments who were the most cooperative in permittíng and 
subsidizing new dams and aluminum smelters. 

With the exception of those who work in or study the aluminum or hy-droelectric 
industries, almost no one is aware of the connection between aluminum production and the 
damming of free-flowing rivers. Regardless of the industry or energy source in question, the 
relationship between energy production and heavy manufacturing is not often advertised by 
producers and it is certainly not taught in school. Toe environmental and social damages that are 
created by extractive and refining industries are kept well out of the public eye, usually because 
they occur f ar from major population centers. If anything, both hydroelectric energy and 
aluminum enjoy positive public images. 

From kindergarten through high school, most people are simply taught that oil and coai 
are non-renewable, polluting resources, and that hydro is a clean, renewable resource. Dams 
have been lauded for "turning deserts into gardens," providing clean drinking water for peasants 
in Third World countries, and generating clean electrícíty -all at a supposed low cost. The public 
is not told about the massive subsidies afforded to dam builders by various govemment agencies, 
or about the cut-rate water prices that large farmers enjoy relative to the prices charged to the 
bulk of the population paying for the dams through taxes and utility bills. Finally, most people 
not directly affected by dams never hear of their hazards and negative effects, including 
catastrophic dam failures that endanger=and have obliterated--many towns; premature dam 
closures due to siltation, resulting in major economic lasses; the forced relocation of entire 
communities; and the irreversible loss of criticai wildlife habitat and other historie resources due 
to flooding. 
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The public is bombarded almost daily by propaganda from the aluminum industry. Slick 
full-page ads in major newspapers and magazines imply that because aluminum is 100% 
recyclable, consumers should use it as often as possible while feeling they are doing the 
environment a favor. Environmental advocates have also contributed to this image, if 
unwittingly. Because used aluminum cans are worth much more per kilo than glass, plastic, 
steel, or newspapers, they often "carry" municipal recycling programs. Financially-strapped 
recycling managers would be hard-pressed to malign aluminum--the one material that provides 
enough revenue to partially offset lhe collection costs of the other less lucrative materials. 

Most people have no idea how primary aluminum is made, how rivers figure into the 
process, and who suffers as a result of damming. They do not connect their daily can of Pepsí 
with the mercury contamination of fish in James Bay rivers or the threatened extinction of wild 
salmon in tributaries of the Fraser Ri ver in British Columbia. They have not considered whether 
the aluminum siding on their houses might be responsible for the wholesale relocation of 
indigenous peoples from Egyptian Nubia to the Amazonian rainforest, or for the spread of 
diseases such as schistosomiasis and ríver-blindness along the Egyptian Nile and the Volta River 
basin in Ghana. 

While many envíronmental engineers, grassroots dam opponents, and those directly 
affected by dams have been aware of the link between dams and aluminum for some time, there 
has been Iittle previous research which has methodically examined this link. Tois research gap 
may be due in part to the relatively new opposition hydroelectric dams are encountering 
worldwide. Opposition has skyrocketed only in the last decade in part because of the lag time it 
has taken to discover the range and severity of impacts caused by large dams, and in part because 
those most affected by dams have been politically, economically, and educationally 
disenfranchised. Those adversely affected by dams have only recently begun to gain the ear of a 
world that is growing more sensitive to environmental concerns, and to the right of small 
communities to self-determination and local control of natural resources. 

- * * * 

r 
i 

The book is divided ínto three sections. By surveying the social and environmental 
damages caused by damming, and by explaining the production process and industry structure of 
aluminum and hydroelectricity in Iayperson's terms, Part I establishes a context for the case 
studies that follow, and attempts to debunk popular myths that the aluminum and hydroelectric 
industries are benign. 

ln Part II, nine case studíes provide a detailed picture of the social and environmental 
effects of dams built for smelters, and a glimpse into the politics and economics of lhe project, 
including the different forms of subsidization lhe aluminum industry is afforded by governments 
and public electric utilities. These particular cases were chosen because the environmental and 
social damages from the dams in question were significant in an absolute sense, and because the 
smelters linked to these dams represent almost 4.2 million tonnes of annual primary alurninum 
production capacíty, or over 20% of the world's total capacity. Toe cases are both historical and 
current, and span a wide geographic range: the Americas, Southeast Asia, Africa, the Middle 
East, and Scandinavia. ln each case study, an attempt is made to evaluate whether promised 
spin-off benefits of the hydroelectric and aluminum industries-vsuch as irrigation or broad 
economic development-- have been realized. Where applicable, local support of or opposition to 
the dams and smelters is also explored. 

Finally, Part III suggests preliminary measures to reduce primary aluminum dernand, and 
presents research topics whose results may further define these actions, thereby reducing the 
threat to the world's remaining wild rivers. 
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Chapter 1 

Boon or Bane? The Impact ofLarge Dams on Wild Rivers 

Rivers are like the blood vessels of the planet They carry the combíned water, sediment, 
and nutrients of thousands of mountain streams and tributaries to create fertile alluvial plains in 
low-lying areas. This nutrient deposition has enabled humans to cultivate the land and to 
establish permanent villages. Much of the planet' s marine life inhabits coastal and estuarine 
areas which are replenished by an annual influx of nutrients deposited by rivers. There are many 
species of anadromous fish, such as salmon, who live in the open ocean for much of the year, and 
then swim up the river of their birth in order to spawn. The shallow edges of rivers provide 
habitat for algae and other small plants upon which insects, small fish, and waterfowl feed. 
Waterfowl and raptors feed on the many físh, mollusks, rodents, amphibians and reptiles living 
in the river or along its banks, as do carnivorous mammals including wolf, bear, and coyote. 
Alder and willow along riverbanks provide food and shelter-building material for beavers, while 
grasses nourish many birds, provide seeds for rodents, and supply browse for deer and other 
herbivorous mammals. These plants and animais also provide sustenance for indigenous 
communities around the world, whose lives frequently center around rivers. 

lndeed, civilizations from ancient to modem times have grown up around rivers and 
estuaries, relying on them for food and drink, bathing, agricultura! irrigation, commerce and 
navigation, mechanical energy, hydroelectricity, and other industrial purposes. Much of the 
world's population still lives in close proximity to rivers. Free-flowing rivers also provide 
opportunities for recreational activities such as canoeing, rafting, kayaking, fishing, swimming 
and sightseeing. 

World Rivers Under Siege: Pollution, Dams, Diversíons, Mismanagement 

Human society is in danger of bleeding our planet's beloved rivers to death as well, in a 
variety of unintentional ways. Rivers around the world have been used as mobile dumpsites- 
open sewers for livestock and human waste, industrial effluent, and toxic agricultura! runoff. 
Since the industrial revolution, they have been diverted into artificial channels or across 
mountains into other watersheds, in many cases drained dry by a network of irrigation canals. 
They have also unwittingly spread diseases carried by human beings and parasites. Rivers have 
been mismanaged in severa! other ways as well. The introduction of exotic fish and vegetation 
has crowded native species in many areas, and has rendered others extinct. Thousands of 
kilometers of rivers flowing through cities or agricultura! areas have been channeled using 
concrete or stone blocks called "riprap" to line their banks. The artificial riprap deprives frogs, 
salamanders, nesting birds, spawning fish, and other animais of the productive habitat the natural 
banks once afforded. By removing the vegetative cover, channeled rivers also leave small 
animais increasingly vulnerable to predators. 

Impoundment, or damming, is one of the primary ways a free-flowing river can be 
transformed. Toe phenomenon has no predominant location: rivers have been dammed from the 
Siberian taiga to the boreal forests of northern Canada, from the Alaskan tundra to the tropical 
rainforests of Indonesia and Brazil, from the from lhe fjords of Norway to those in Chile, and 
from the arid regions of north Africa to the Southwestem deserts of the Uníted States. 

While small dams have been built for thousands of years throughout lhe Middle East and 
Asia to provide agricultura! irrigation and drinking water, large hydroelectric dams have their 
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origins in the late-19th century United States, The first hydroelectric dam began production in 
1882 in Appleton, Wisconsin, with an installed capacity of only 200kW. When lhe 1,950 MW 
Hoover Darn on lhe Colorado River was completed in 1936, it promised to usher in a new era of 
large concrete dams lhat would enrich the nation. From the 1940's through the late 1960's, large 
dam projects from the southeastern Tennessee Valley to the Columbia and Snake rivers in the 
Pacific Northwest provided ernployment, irrigation and drinking water, and electrification for 
hundreds of lhousands of people in rural communities, and more importantly for heavy industries 
and growing metropolises throughout the United States. By January 1980, 1,399 hydro dams had 
been constructed in the United States alone (168 of which were federally owned), with a 
combined generating capacity of 63,300 MW. l 

Private corporations began spearheading hydroelectric dam projects to power their 
factories as well. The 1940's and 50's were pivotal decades for industry; primary aluminum 
producers Kaiser and Alcan built dams to power smelters in British Columbia, southem Quebec, 
upstate New York, Ghana, and elsewhere. 

During lhe post-war years, developing countries throughout the world sought to mimíc 
the agricultura! and industrial achievements of the United States by building hydroelectric dams 
and dams designed for irrigation. Without capital of their own, these countries tumed to the 
World Bank and other multilateral development banks for financial support, and to the 
engineering conglomerates for technical support and construction. 

By 1992, 18% of lhe world's demand for electricity was being met by hydro, or 2,270 
TWh.2 As of 1982, 34,798 dams over 15 meters high, and approximately 115 darns exceeding 
150 meters had been counted worldwide.3 These dams have floodedrnany thousands of square 
kilometers of land, lakes, streams and bogs worldwide. Researchers have estimated that as early 
as 1970. the world had "at least 260 man-made reservoirs with a surface area of 100-1,000 square 
kilometers, and 40 with a surface area of more than 1,000 square kilometers." Their combined 
reservoirs contained an estimated 4,000 cubic kilometers of water+ The flooding has grown 
substantially in the subsequent two decades, allhough there are no firm estimates of the annual 
rate. Planned darns still threaten many thousands of square kilometers of land and rivers. The 
humans, plants, fish and animais living in the areas to be flooded may be faced with drowning or 
forcible relocation. If lhey are more fortunate, they may move on their own accord to adjacent 
areas, where they must compete with existing populations for survival. 

Despite all these lhreats, rivers have remained fairly ínvisíble as a global environmental 
priority. At the 1992 United Nations Conference on Environment and Development (UNCED) 
Earth Summit in Rio di Janeiro, for example, biodiversity was a dominant topic, but lhe 
diminishing number of intact river ecosystems was not singled out as an impediment to species 
preservation. The battle to save rivers is largely being foughs-by a coalition of interests on a 
case-by-case basis, where lhe construction of highly destructive dams is imminent. Examples of 
major dam struggles which are currently receiving global attention are the Three Gorges Dam on 
China's Yangtze River, lhe Sardar Sarovar Darn on the Narmada River in India, and lhe series of 
dams that f orm the James Bay hydroelectric project in northern Quebec. Coordinated 
intemational efforts to preserve rivers in general have been relatively limited as compared to 
efforts to halt global warming, preserve rainforests, and curtail nuclear power, for example. 

The Multiple Purposes of Dams 

Because rainfall and streamflows vary seasonally and from year to year, wild rivers often 
cannot serve as reliable sources for agricultural irrigation, municipal drinking water, industrial 
coolant, and other large-scale uses which can not be interrupted. Toe reservoirs created by dams 
enable the controlled release of stored water, thus permitting more intensive agriculture which 

4 

- 
- 
- 
- 
- 

- 
-- 
- 

- 
- 
-· 
- 
- 
- 
- 
- 



can support densely populated urban centers. Controlled water release also permits river 
transportation during dry seasons, and enables lhe generation of hydroelectricity on a continuous 
ora variable basis, depending on dam design and on local needs. ln addition to these uses, some 
dams are built to control floods, although there is much dispute over their long-term efficacy for 
this purpose. · 

Some of the world's most massive dams exist solely to generate electricity. These dams 
are often located in remote wilderness areas where flood control, agriculture and municipal uses 
are unneeded; electricity from these dams may be transmitted hundreds of kilometers to the point 
of use. 

,...... Toe Types of Dams 

The primary function of all dams is to interrupt lhe natural flow of a ri ver and store it in a 
reservoir for controlled use. The construction materiais used to build dams have more to do with 
site geology and topography, local availability of materiais, and project budget than they do with 
a dam's function. Some large dams are built of concrete, 'sorne are earthen, and still others are 
made of sand, gravei, and rocks blasted from "borrow pits" near the damsite. 

Dams sometimes impound huge bodies of water using millions of cubic meters of 
concrete, earth, rock, gravei, sand, and steel. Allhough there are many variations of dams, lhe 
two main types are "concrete arch" and "gravity" dams. Concrete arch dams are built with lhe 
trough of the arch facing away from the reservoir, so that the force exerted by stored water is 
distributed through the dam's abutments to the mountains or hills on either side. Earth and 
rockfill gravity dams are constructed of multiple vertical layers of earth, rock and gravei, and 
usually contain an impermeable clay core. They are triangular in shape: very thick at their base 
and narrower at the crest. Toe sheer bulk of these dams keeps the river in check. 

, ••....• 

ldeally, dams are built where the topography is favorable: in gorges or valleys. ln some 
cases, the powerhouses (where electricity is generated) are located within the dams themselves, 
in other cases they are built just to the side of the dams, and sometimes they are located many 
kilometers away from the main dam, supplied by long tunnels. The Chixoy Dam in Guatemala 
has a 26 kilometer tunnel leading to the powerhouse, while the tunnel from the Nechako 
Reservoir to lhe Kemano powerhouse in British Columbia runs 16 kilometers through lhe solid 
rock of Mount Du Bose. · 

Although most dams are usually spoken of as single structures, this is an 
oversimplification. ln fairly flat areas, many smaller dams and díkes may be placed along a 
reservoir's perimeter to contain the water. For example, thefíve-reservoirs that form Phase 1 of 
the La Grande Complex in northern Quebec (part of the James Bay hydroelectric project) 
required 11 major dams and 208 accompanying dikes--stretching a total length of 134 
kilometers--to keep the reservoir water from spilling unbridled over the land. 

While many small reservoirs are less than one square kilometer in area, the world's 
largest reservoirs are bigger than some states and countries. With an area of 8,300 square 
kilometers, the Akosombo Reservoir in Ghana is almost as bigas Lebanon, while the reservoirs 
in Phase I of lhe James Bay hydroelectric project have already flooded 11,400 square kilometers. 
If Phase II proceeds as planned, the area covered by Quebec's reservoirs will be larger than lhe 
state of New Hampshire. 

All reservoirs are designed to operate at or below a maximum water level. When a 
river's flow exceeds power generation needs and storage requirements or capacity, excess 
reservoir water is released through a "spillway" into the river below the dam without generating 
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electricity or being used for other purposes. Some spillways are built into the main dam; others 
are located ata point farther away in the reservoir, and employ an artificial channel leading to the 
river downstream. 

Hydroelectric dams can be classified according to how they make use of a river's flow. 
"Run-of-river" dams=which are usually built of concrete--have no usable storage capacity 
(called "live" storage); power generation depends on how much water is flowing in the river ata 
given moment. During a dry season, run-of-river dams may not generate at all. Very large 
hydroelectric dams can be built of either concrete or earth and rockfill, and they may be designed 
as arch or gravity dams, or as buttress dams and other less common types. Dams with large 
reservoirs have two advantages over run-of-river dams: they can provide a constant flow of water 
to the dam during the dry season and even during short periods of drought, and they can provide 
the powerhouse with large or small flows depending on daily and seasonal electric demand. At 
night, for example, when electric demand is low, little water is let throu&h the turbines; most is 
stored in the reservoir. During daytime peak demand periods, a flow which greatly exceeds the 
river's mean annual flow can be used to generate electricity. 

Hydroelectric Generation 

Water at an elevation above sea levei possesses potential energy. As it flows downhill, 
the potential energy is transformed into kinetic energy. Electricity is generated by converting the 
kinetíc energy of flowing water into the. mechanical energy of a spinning turbine, and then into 
electrical energy. The amount of hydroelectric power that can be harnessed from a given stream 
or river is a function of two factors: the rate of streamflow, which is usually expressed in cubic 
meters per second (crns), and the "head," which is the vertical distance over which water falls 
from the intake in the reservoir to the turbine where electricity is generated. A large flow with a 
small head can generate as much electricity as a small stream which drops a great distance. Toe 
equation for the amount of power available at a given location is as follows: 

P= g p QH, 

where P = available hydraulic power in the water (expressed in watts); G = the gravitatíonal 
constant (9.8 meters/secondê); p = the density of water (1,000 kilograms per cubic meter); Q = 
rate of streamflow (in cms); and H = available head (in meters). 

ln locations where a river drops many meters over a short distance and has a fairly 
consistent flow throughout the year, reservoirs which are created primarily for hydroelectricity 
need not be Iarge. On rivers with shallow inclines but large fJ;>ws, reservoirs can be used to 
increase the head. Power generation can also be maximízed by using diversion channels to 
combine the waters of severa! different rivers into one or more reservoirs on the sarne ri ver. 

Hydroelectric power is generated using large turbines inside the "powerhouse," a facility 
which also houses large electrical transformers and other equipment. Like spillways, 
powerhouses can be located within dams or far from them. Water from the reservoir flows 
through large intake tubes called "penstocks" into the turbines. As the penstock approaches the 
turbíne, its diameter is gradually reduced in order to increase the water pressure to the turbine. 
The steel turbines may be up to six meters in diameter, and may be mounted either horizontally 
or vertically. The flowing water causes the turbine to spin rapidly. Toe turbine is mounted on a 
drive shaft which is connected to a large circular rotor. Toe outer circurnference of the rotor is 
covered with magnets that are altemately negatively and positively charged, and is surrounded by 
a round stator containíng copper coils. The spinning of the magnets only inches away from the 
copper coils induces a direct electric current (DC) in the copper wire. The current flows to 
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busbars which resemble large steel rails, and in tum to the transformers which step the voltage up 
for transmission. Transmission lines carry current at intensities of about 200 to 750 kilovolts. 
Current can be carried a very short distance if the dam is built specifically for a factory such as 
an aluminum smelter, or it can be transmitted many hundreds of kilometers to lhe point of use, 
whether it be an aluminum smelter, another industrial user, a municipal electríc grid, or a 
combination of these. · Once its energy has been harnessed, the water is released to the river 
through a "tailrace" tunnel. 

The Organization of Dam-Buíldíng 

Ata cost of approximately $1,000 per kilowatt of installed capacity, the capital costs of 
large dams can range from 50 million to severa! billion dollars. It is difficult to acquire financial 
backing as well as regulatory permits for large dams, so they are usually not operational until 
five to twenty years after the engineering plans have been completed and presented to the 
appropriate agencies. As many as ten lhousand workers are needed during lhe two to fifteen year 
construction phase, so entire towns must be built to support them and their families, including 
roads, medical facilities, water supply and sewage treatment systems, food commissaries, hotels 
for site visitors, and other amenities. Most developing countries do not have ready access to 
private capital on the scale necessary to construct large dams. 

Because of these constraints, a complex institutional network is required to work large 
dams lhrough lhe regulatory, financing, and construction process. They are designed, funded, 
and built by a complex of multinational engineering corporations; state govemments; large 
publíc utilities; domestic and commercial banks; and intemational lending agencies such as the 
World Bank (lhe world's largest lender of development loans), the Asian, African, and Inter 
American Development Banks; and bilateral aid agencies. Some dams are financed and 
constructed entirely by private corporations, such as Alcan, who use the hydroelectricity in their 
own manufacturing operations. 

The lntemational Commission on Large Dams (ICOLD) is the primary intemational trade 
organization whose purpose is to promote lhe advancement of the science of building large dams. 
Its membership is comprised of consultants, contractors, equipment rnanufacturers, and other 
groups with an interest in lhe construction of large dams. ICOLD also exists to stem lhe decline 
in new dam construction in industrialized nations, and to counter growing international 
opposition to large dams. 

The Opposltíon Movement 

ln recent years, lhe construction of new large dams in lhe United States=the birthplace of 
hydroelectricity--has come to a virtual standstill due to lhe public outcry over the subsidized 
power prices and environmental impacts of existing dams.ã Major dams which have been 
stopped from proceeding due to citizen opposition include lhe Two Forks Dam in Colorado and 
lhe Auburn Dam on the American River in Califomia. Most major equipment manufacturers in 
the U nited States have stopped producing turbines, while transnational firms with headquarters in 
Europe and Scandinavia have taken over much of lhe market for new equipment, as well as lhe 
design and construction of large dams in the Third World, and in the undeveloped regions of 
countries such as Brazil and Canada. U.S. firms have become restricted to the manufacture of 
small replacement parts, and to maintenance and repair services for domestic dams. New dam 
construction in the United States and in olher industrialized natíons has also declined because lhe 
most favorable dam sites have already been developed, and due to increasing regulation to 
protect wild and scenic rivers. Potential dam builders have been dissuaded by a range of 
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engineering problems, by constraints in.securing enough capital to complete large dams, and by 
observed cost overruns in many projects. 

Many utilities in the United States and Europe have been finding that the alternatives to 
large dams are much less expensive in the long run. These include demand-side-management 
(DSM), and the development of other renewable energy sources. DSM involves increasing 
energy conservation by replacing inefficient lighting and appliances with newer, more efficient 
models; insulating water heaters, doors, windows, walls, and roofs in residential and commercial 
buildings; and retrofitting industrial processes to use less energy wherever possible. Altemative 
energy sources which are less capital-intensive, Iess environmentally harmful, and more 
renewable than dams include solar and wind power--which if designed properly--can generate 
electrícity, and heat water and interior spaces. 

The opposition movement is not lirnited to the United States and other industrialized 
nations. All over the world, grassroots organizations are fighting dams. A large dam on 
Australia's Franklin River has been halted dueto opposition, as have the Chico Dam ín.the 
Philippines and the Silent Valley Dam in India. Groups that have waged these battles--and 
others that are ongoing in Canada, the United States, South and Latin Ameríca, China, India, 
Europe, Oceania, Southeast Asia, and elsewhere--have been opposed to the large-scale relocation 
of people in the areas to be flooded, to the loss of habitat for threatened or endangered specíes, 
the loss of recreational opportunities afforded by free-flowing rivers, and to having taxpayers and 
ratepayers absorb the costs of daras which may benefit only a few large private interests. They 
are also opposed to the lack of democracy in decisionmaking which leads to the construction of 
large dams. For years, a top-down model of intemational development has resulted in the 
construction of many large dams without the consent of those who would be dísplaced, and often 
without regard to the historical, economic, or biological importance of the areas to be flooded. 

Environmental Problems 

Darns have been touted as miracles of engineering for their role in providing electricity 
and drinking water, irrigating arid la:nds, and allowing humans to build houses in floodplains. 
But the host of envíronmental, social, technical, and economic problems plaguing the industry 
are not so well-known. These damages include the massive relocation of human communities in 
the path of the dam or reservoir; the loss of riparian and terrestrial wildlife habitat due to 
flooding and erosion; the contamination of fish and humans by toxic metais such as mercury; and 
the disruption of ecosystems due to equalized water temperatures, reversai of seasonal flow 
patterns, changes in salinity levels in estuaries, the inundation of lakes and strearns, and the 
creation of periodic mud banks due to draw-downs. Economic problems have included the 
premàture loss of reservoir capacity due to silt accumulation-at unexpectedly high rates; the 
degradation of downstream riverbanks and beds which requires expensive mitigation measures: 
and the costs of resettling and maintaining large human populations. Many of these problems 
have either been unforeseen during the planning phase, or ignored by those in decisionmaking 
positions because they only affected poor people or the environment. 

Habitat loss from flooding is perhaps the rnost obvious consequence of damming. Every 
year, reservoirs inundate thousands of square kilometers of wildlife habitat in different biornes, 
including temperate and tropical forests, northem taiga and tundra, and semi-arid deserts and 
savannas. Many threatened, endangered and undiscovered species can be irreparably damaged 
when their critical nesting or feeding areas are flooded. Their reproduction is also hampered 
when they are isolated from others in their community by islands or by large, unnavigable 
reservoirs. Although severa! attempts have been made to relocate animais in tropical forests, 
these programs usually fail because relocated animals face severe competition with existing 
populations for food, nesting sites, etc. 
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The movement, feeding habits, and protection of young of many mammals are 
impeded on the shorelines of reservoirs lhat were former lakes during power "drawdowns". A 
draw-down occurs when electricity is produced during peak demand periods. As large quantities 
of water pass through the turbines, draw-downs can expose many meters of mud along the banks 
of the reservoir. The problem affects shallow reservoirs more than deep ones. Toe mud may 
remain for weeks, acting as a death trap for animals trying to drink out of the reservoir. 

Free flowing rivers deposit sediment on riverbanks at roughly the sarne rate they collect 
particles through erosion. When a river is dammed, the particles it carried collect behind the 
concrete or earthen barrier, and are prevented from traveling downstream. Because the water 
that then passes through electric turbines or spillways is clear, it picks up particles on its way 
downstream, gouging the riverbed and its banks, and causing riparian erosion to occur at 
unnaturally high rates. The roots of plants and trees along the river become exposed and 
weakened, and slump into the tiver, thereby causing further erosion and degrading the bank. 
Riparian areas are important because lhey host a variety of plants that can tolerate fluctuating 
water leveis. A varíety of plants and shrubs that live on riverbanks--including algae=are the 
basis of complex food webs that include ínsects, fish, mollusks, amphibians, reptiles, waterfowl 
and terrestrial and aquatic mammals. 

Coastal erosion also occurs at the mouths of rivers that have been dammed. ln their 
natural state, coastlines are in dynamic equilibrium: rivers deposit sediment along the coast at 
roughly the sarne rate that waves remove it. When the rate of coastal sediment deposition is 
reduced as a result of damming, waves gradually erode the coast by dragging sand and soil out to 
sea. Damaged coastlines are more lhan a cosmetic problem for tourists and bathers, they provide 
inferior habitat for animais and plants that inhabit coastal and intertidal zones. The ·collapse of 
roads and beachfront houses due to slumping coastlines is an expensive, worldwide 
phenomenon. Coastal erosion also leads to increased flooding and salinization of land, as the 
destruction of dunes and olher protective natural features permits seawater to intrude inland, 
especially during storms. 

- 

Nutrient reduction in estuaries is caused for similar reasons. Sediments traveling 
downstream include decomposed organic matter as well as minerals necessary for plant growth, 
including phosphorus, sulfur and nitrogen. When they are trapped behind dams, the estuaries 
that they normally supply become impoverished. Estuaries host many species of grasses, algae, 
mollusks and crustaceans which are the basis of the food · chain for many species of fish and 
marine mammals. The rich variety of plants, mollusks, and fish also makes estuaries prime 
breeding grounds and staging areas for migratory fowl, who often double their body weight 
before embarking on seasonal joumeys of thousands of kilometers. 

Salinity changes occur in estuaries when the seasonal flow pattems of rivers are altered. 
Estuaries and the life they support have evolved over thousands of years with fairly consistent 
seasonal fluctuations in salinity: when lhe rains are heavy or when the winter snowpack melts, 
the ratio of fresh to salt water in estuaries increases. ln comparison, fresh water flow can be very 
low during a dry season, or when lhe tiver is frozen in winter. Depending on the needs of the 
power generator, these flow patterns can be changed, and sometimes reversed. For example, 
prior to the construction of a series of hydroelectric darns east of James Bay in Quebec, lhe La 
Grande River remained frozen for many winter months. ln the late spring, the river raged as 
summer rains fell and lhe massive snowpack melted. The pattem is now reversed: during spring 
and summer ali precipitation is captured in reservoirs, and it is released in major draw-downs 
during the winter, causing an unseasonal flux of fresh water into the La Grande estuary. 

The cornbination of nutrient reduction and changes in salinity and water temperature 
poses a threat to estuarine crustaceans, fish, marine mammals, migratory waterfowl, and even 
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phyto- and zooplankton. The Iong-terrn consequences of these curnulative effects are not 
known.v 

Soil salinization and waterlogging frequently occurs for several kilometers around the 
perimeter of reservoirs when the _soil is pervious. Water from the reservoír itself or from 
irrigation channels seeps out into surrounding soíls, raising the water table and killing vegetation 
whose roots are not adapted to wet soils. As the groundwater rises, it also dissolves salts in the 
lower strata of soil and carries them upward through capillary action. As water in the topsoil 
evaporates, the salts are left behind until the soil becomes so salinized it is unsuitable for 
agriculture. Although thousands of hectares of land becorne newly-irrigated every year thanks to 
dams and other water projects, many thousands of hectares are also rernoved from production 
due to salinization and waterlogging. 

The water quality in a reservoir and in lhe river downstream is often inferior to that of 
natural Iakes, streams and rivers. Reservoirs and damrned rivers can have low leveis of dissolved 
oxygen for several reasons: water used for power generation is drawn from below the surface of 
a reservoir where the oxygen leveis are lowest, and is still low in oxygen when it is released to 
the river downstrearn; inundated vegetation consumes oxygen as it decays anaerobically; anda 
reservoír's stagnant waters do not provide lhe agitation of a free-flowing river. The ternperature 
of downstream river water is also altered by dam operations. ln nature, the temperature of river 
water varies seasonally, while the temperature of water released from deep reservoirs tends to be 
lhe sarne year-round. These conditions are deleterious to fish who require dissolved oxygen to 
live, and whose life cycles are adapted to seasonal changes in water temperature. Toe stagnant 
waters and shallow shores of reservoirs can also provide ideal habitat for aquatic weeds, whose 
proliferation blocks sunlight from the lower reaches of the reservoir, and often leads to 
eutrophication. · 

The contamination of fish by mercury and other toxíc heavy metais has resulted from 
damming in several reservoirs and downstream rivers in Canada, including the La Grande and 
the Nelson-Churchill. When trees and shrubs are not cleared prior to filling a new reservoir, 
vegetation decays anaerobically underwater, The absence of oxygen favors the repr-oduction of 
bacteria which convert mercury and other heavy metais from their naturally occurring, fixed 
form in soil and rock, into volatile forms that are taken up by organisms in the water and passed 
up the food chain. Some experts estimate that the elevated mercury leveis in Canadian reservoírs, 
for example, rnay last 50 years or more, but as there is no recorded precedent for this condition, it 
is impossible to tel1 what will actually happen. With enough exposure, mercury can cause 
tumors ín fish, learning disabilities in humans, and even permanent brain damage. 

The movement of anadromous and non-anadromous fish has been disrupted and often 
completely prevented by dams. Anadromous fish hatch far upstream, and after growing for a 
short time, swim downstream to the ocean. When they are mature, they retum to the place of 
their birth to spawn. Their upstream voyage may take them hundreds of kilorneters over rapids 
and small waterfalls to· deposit their eggs in shallow gravei nests on the ri ver' s edge, often within 
a hundred meters of their own birth. While some species may repeat this cycle several times, 
other species die after laying their eggs, their energy spent. Worldwide, dams have presented a 
physical barrier to rnigrating anadromous fish. lt is common in the Pacific Northwest to see 
salmon throwing themselves repeatedly against a dam's concrete wall as they strive to carry out 
their biological urge to swim upstream. Non-anadromous fish are also prevented from moving 
freely up and downstream, and may suffer as a result of reduced available habitat. 

Concrete "fish ladders" designed to carry fish from lhe lower part of the river up to the 
top of lhe reservoir have had limited success in mitigating fish death in temperate areas, but have 
also been met with failure. ln Brazil's Yacyreta reservoir, for example, engineers followed a 
rnodel for fish ladders common in the northern hemisphere. They forgot that unlike North 
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Arnerican fish species, Amazonian anadromous fish do not díe after spawning; they return to the 
ocean and complete the cycle several times during their lives. By the time engineers realized 
their mistake, millions of dollars had been spent and they decided not to alter the original design. 
Even in North America, where fish ladders function as planned and some fish are allowed to 
spawn, rnany young fish are killed on their way downstream--shredded or knocked out by a 
dam' s rapidly spinning turbines. - 
Social Consequences 

Dams affect more than a region's flora and fauna; they also affect human populations that 
rely on the intact tiver system for drinking, irrigation, and subsistence and commercial fishing. 
Many villagers and indigenous people around the world depend on the forests in tiver basins for 
their entire livelihood, including hunting, gathering, subsistence agriculture, and the gathering or 
growing of medicinal and commercially valuable plants. 

Worldwide, hundreds of thousands of people have been uprooted to make way for the 
rising waters of large reservoirs. Some affected communities are indigenous; other villages are 
populated with migrants from urban areas; and others live in small cities. When done properly, 
relocation can cost the dam-building agency hundreds of millions of dollars. Although 
compensation packages consisting of cash, food, new housing and other services have often been 
provided to resettled comrnuníties, thousands of people have also been left homeless and 
penniless after the responsible agencies have exhausted funds allotted for relocation. While 
some of them migrate to the cities in search of work, others live on handouts in crowded refugee 
camps for years following their eviction. Even when compensation is available, most people are 
very reluctant to leave their homes and their Iand: indeed, many have swom to face death by 
military force or drowning before abandoning their homes. 

The social consequences of forced relocations exceed the loss of hunting and agricultura! 
lands. ln the majority of cases, the relocation zones have poorer quality lands than the 
comrnunity's original lands, for example in ltaparica, Brazil; Fort Peck, United States; and 
Kedung Ombo, lndonesia. Relocated people frequently suffer from ill health and depression, and 
feel disempowered over the direction of their own lives. Spiritual losses include witnessing the 
inundation of sacred shrines and ancestral burial grounds. Competition for employment due to 
population pressures is also common, as a result of increased migration of construction workers' 
families and others attempting to escape urban poverty. Changes in diet are also common, either 
due to poor water quality which reduces fish catches, to the remova! of physical access to 
traditional food sources, or to the influence of a western model of consumption. 

The effects of damming on indigenous people are especially severe. lndigenous groups 
living in areas scheduled to be flooded are generally more isolated from the global economy than 
their rural and urban counterparts. Because these communities' food sources, clothíng, spiritual 
beliefs and rituais, and cultural practices are usually closely intertwined with their land, they may 
never fully recover from the shock of resettlement in an unfamiliar area, especially when forced 
to practice new agricultura! methods, and to coexíst with other relocated tribes or groups with 
whom they may be incompatible. And because many indigenous groups have little experience 
with a cash economy, they stand to benefit the least from any economic opportunities made 
available by the project. 

Technical Problems 

Geological problems affecting reservoirs include earthquakes and landslides, which can 
sometimes be induced by the sheer mass of a reservoir' s water, jolting the foundations of a dam 
and causing it to crack, and or spurring landslides which can overtop the dam. ln 1963. a 
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massive landslide caused a 50 meter wave to overtop the Vaiont Dam in Italy, killing 2,600 
people downstream. Toe geology of an area must be meticulously surveyed before constructing 
a dam or reservoir. lf a dam is built on a pervious rock substrate, it can be collapse without 
warning. ln 1928, the St. Francis dam in southem Califomia collapsed catastrophically when the 
reservoir water literally dissolved the soil and rock base and abutments. 

Reservoir sedimentation is a significant engineering problem, in addition to the nutrient 
deprivation silt build-up creates for riparian life and soils downstream. Unexpectedly rapid 
siltation has dramatically shortened the useful lives of many reservoirs, and rendered others 
useless, including the Tarbela Dam in Pakistan, the Sanmenxia ín China, and the Tana River 
dams in Kenya. Premature siltation not only means lost revenues for the generating authority 
and an inability to pay off the capital and interest expenses incurred in building the dam, but it 
poses a public hazard. Dams are built to withstand the pressure of water, not silt, which is much 
denser. Should a dam break due to overpressure, catastrophic flooding could wipe out 
downstream dwellers in a wall of mud and debris. 

· Competing Uses. While many dams are intended to combine hyd.roelectric generation 
with flood control, irrigation, municipal uses and recreation, these uses are often in conflict. For 
example, to guard against floods most effectively, a reservoir's water levei should be kept low to 
accommodate heavy rains. A consistently low water level is undesirable for hydroelectric 
generation, however, because it reduces both the available head and the live storage needed to 
maximize power output. Power generation can also conflict with recreational and commercial 
fishing goals because a consistently high reservoir levei reduces the in-stream flow needed for 
healthy fish populations. 

Corrosion of hydraulic equipment is common in tropical areas where dams are built. 
As uncleared vegetation in the reservoir decays, it can produce acids which pit turbine blades and 
slowly eat away at other pieces of equipment. 

Reservoir drawdowns can be harmful not only to animais who cannot feed at the edges 
of the reservoír, but can make recreational access impossíble. Toe revenues from recreational 
uses such as fishing, boating and swimming are often touted as additional economic benefits to 
be derived from a reservoir' s operation. 

Economic Problems - 

The cost of mitigating all of the above problems--where mitigation is possible at all--is 
tremendous, often contributing to final construction cost overruns of 100-400%. Because extra 
costs of this magnitude are not factored into the original projecj.loans, countries building large 
dams frequently find themselves shouldering massive debt burdens. Debt is not incurred solely 
by those directly affected by the dams, but rather by the nation as a whole, and so by its 
taxpayers and ratepayers. 
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The Political-Industrial Complex Driving Big Dams 

Despite these problems, large dams are still being built at breakneck pace. ln 1992, there -' 
were 103GW of capacity under construction (16.5% of the world's existing installed capacity), 
and an additional 322GW of capacity planned. If a typical large dam has a capacity of about 
500MW, then roughly 200 dams are under construction, while about 600 are in the planning _; 
stages. Of course, many planned dams have capacities exceeding 500MW, while others are 
smaller. 
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These dams are beíng driven by an entrenched political-industrial complex that includes 
dam builders, equipment manufacturers, and international lending agencies with decades-old 
development policies favoring megaprojects. Of course, certain corrupt govemment officials and 
members of the economic elite ín many less developed countries are also in favor of large dams, 
because they stand to benefit from them personally. Fínally, large dams are prompted by heavy 
manufacturing industries that have long counted on subsidized hydro as a cheap energy source. 
Because the primary aluminum industry has operated as a major force in this dam-building 
complex; it is imperative to understand its role in damming the world's free-flowing rivers. 

1 Unpublished writing by Civil Engineering Professor Marshall Merriam, U.C. Berkeley. 1991. citin__g data from 
"Hydroelectric Power Resources of lhe Umted States." Federal Energy Regulatory Commission, 1983. 
2 "Handbook 1993." Intemational Water Power and Dam Construction. Reed Business Publishing Group, United 
Kingdom, 1993, p. 57. 
3 "World Register of Dams." International Commission on Large Dams, Paris, 1984. 
4 Goldsmíth, Edward and Nicholas Hildyard. "Toe Social and Environmental Effects ofLarge Dams." Sierra Cíub 
Books, San Francisco, 1984, pp. 2-3. 
5 Williams, Philip B. "Toe Debate Over Large Dams: Toe Case Against," Civil Engineering , August 1991. 
6 For a further discussíon of this subject, see "Long-term Threats to Canada's James Bay from Hurnan Development, 
Environmental Policy Analysis Depàrtrnent Report #29." Rosenthal, Joyce and Jan Beyea National Audubon 
Society, New York, NY, July 198~ 
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Chapter 2 

The Aluminum lndustry: History, Technology, Market Trends and Recycling 

Introduction 

Aluminum and its precursors, alumina and bauxite, are intemational commodities. A 
given tonne of aluminum can be mined, refined, smelted, fabricated, sold, recycled and then 
refabricated in severa! different parts of the world. Because electricity expenditures comprise 20 
to 30% of the total production cost of aluminum, while transportation costs from the mine to the 
smelter comprise less than 1 % of the total cost, it is standard practice to ship either bauxíte or 
alumina halfway around the world to take advantage of cheap electricity contracts, which are 
often based on hydro. A Toyota Corolla, for example, may contain aluminum atoms that 
originated in bauxite mines on the west coast of Australia, were processed into aluminum ingot 
using hydroelectricity generated in the mountains of British Columbia, and were manufactured 
into auto parts in Japan before being shipped to the United States or Europe for sale. · 

ln the first step of primary aluminum production, bauxite--an ore containing aluminum 
oxide--is mined and washed, The bauxite is then processed into alumina, a fine white powder 
which is almost pure aluminum oxide. The alumina is dissolved in a cryolite bath and subjected 
to a strong electric current to yield molten aluminum, which is poured into ingots. The ingots are 
further processed into the consumer products we all use. Products with relatively short lifetimes 
are discarded, and depending on several factors, are either recycled or landfilled. The primary 
production process is capital-intensive, requiring rnulti-million dollar equipment and mining 
operations that annually process millions of tonnes of ore. The technology is also highly 
proprietary, leaving production to entrenched transnational corporations; what little room exists 
for new entrants is almost solely in the financing realm. 

ln order to better understand why the aluminum industry threatens the world's rivers, it is 
useful to gain a basic physical and economic understanding of aluminum production in general. 
This chapter briefly examines the properties that have made aluminum so valuable today, and 
discusses its major end uses. It then provides a historical, technical, and economic overview of 
primary aluminum production, and a summary of the world's major aluminum producers and 
consumers. Finally, it introduces the place of secondary, or recycled, aluminum in the world 
market. 

The Properties of Aluminum: A Wonder Metal 

Aluminum is a true wonder-metal. It is very lightweight, and when alloyed with small 
quantities of other metals, is extremely strong. It is non-magnetic, odorless and tasteless, and can 
be embossed, painted and printed on with ease. Because it resists corrosion by weather and by 
strong acids, it is ideal for use in the transportation and storage of many chemicals. It can be 
shaped into a wide variety of forms using heat and mechanical means. These properties combine 
to make it desirable in many applications, including food and drink packaging, household 
fumiture and appliances, and cars, planes and trains. Its flexibility and resistance to corrosion 
give it a further advantage over steel in these sarne applications. A good electrical conductor, 
aluminum is replacing heavier steel and more expensive copper in wires and cables throughout 
the world. 

Aluminum can be fabricated in many ways. Much like steel, molten aluminum can be 
cast into parts, and solid ingots can be rolled into sheets of various thicknesses, including 
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extrernely thin foil. It can be extruded through shaped holes into various rods and bars, drawn 
(or punched) ínto desired shapes (including beverage cans), or blown in powder form into 
complex molds and then heated, or sintered, to get íts final form. 

Common End Uses and Products 

Figure 1 shows the end use breakdown of net aluminum shipments in the United States in 
1990. This includes aluminum that is imported by and fabricated in the United States. 
Containers and packaging is the síngíe largest major end use of aluminum, constituting more 
than a quarter of U.S. net aluminum shipments. This category, which includes food and 
beverage cans, foil trays, aluminum foil, and other closures and packaging, has grown 
dramatically in market share during the last two decades. Production in 1990 was 2.16 million 
tonnes, 42% more than the 1980 levei. Containers and packaging is the only sector of the 
aluminum market that is closely tracked from production through consumption through 
recycling, because its largest component is used beverage cans (UBCs), which are recycled in a 
"closed-loop," or into cans agaín. ln 1991, 91 billion aluminum beverage cans were sold in the 
United States--the equivalent of one can a day for every single American resident.! 

This sector of the market is also important because it is the only one that is specifically 
designed to have a short product lifetime, in many cases a few minutes between consumer 
purchase and disposal, as in the case of beer or pop cans, or the aluminum linings of aseptic 
containers (drink boxes). Aluminum foil is usually only used once, as are TV-dinner trays and 
pie-shell trays, and closures for glass bottles. It is up to the consumer to recycle these items, and 
in areas where curbside recycling does not yet exist, the non-can items will almost inevitably end 
up in the garbage. Environmentally conscious consumers, and economically disadvantaged 
consumers, are the primary voluntary recyclers in areas where drop-off or buy-back recycling 
centers are the only options. 

Unlike packaging products, aluminum products in the following categories have lifetimes 
of severa! years, as in the case of cars, to over fifty years, in the case of buildings and bridges. 

The transportation sector is the next largest market after containers, with a consumption 
rate of 1.3 million tonnes in 1990. This includes parts and bodies for passenger automobiles, 
commercial and military planes and rockets, railroad cars, trucks, trailers, busses, etc., and may 
be the biggest growth market in the coming decade. 

Building and construction materiais account for about 16% of lhe market. They 
include window and door frames, screens, awnings, aluminum siding, girders and supports for 
bridges and buildings, mobile homes, and highway signs and gu~drails. 

The electrical market, which accounted for 7.8% of the market in 1990, or over half a 
million tonnes, primarily consists of wires and cables. Consumer durables accounted for 
another half million tonnes, and included aluminum furniture, appliances, cooking utensils, etc. 
Machinery and equipment accounted for 444 million tonnes in 1990. Exports accounted for 
14.9% of net U.S. shipments, or 1.13 million tonnes. Unlike the other categories, exports include 
both primary and secondary aluminum: including pre-fabricated ingot, fabricated aluminum 
sheet, rolls, wire, etc., and scrap aluminum. 

The proportion of end uses in the worldwide aluminum market roughly parallels that of 
the United States. The major difference is that all-aluminum beverage containers have a smaller 
(yet rapidly-expanding) market share in other parts of the world. 
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Industry sources agree that a very large growth market over the next 10-15 years will be 

in the transportation sector, particularly in automobiles. To improve gas mileage, car 
manufacturers in Japan, Europe, and the United States are •• lightweíghting" cars by substituting 
aluminum for steel in many applícatíons.? - 
Figure!. Net Shiprrients of Primary Aluminum inJhe United States, 1990 (torines) - 

Exports: 
(1,131,271) 

Consumer durables: 
(500,318) - 

Machinery and 
equipment: 
(444,071) 

Transportation: 
(1,320,420) - 

- 
Building and 
construction: 
(1,208,382) 

Other domestic: 
3.4% (259,004) 

- 
- 

Containers and 
packaging: (2,156,854) 

- Electrical: (593,759) 

- 
Source: "Aluminum Statistical Review for 1990," TheAlumim1m Assoc_iation. Washington, D.C., 1991. 

The Bayer-Hall-Hêroult Process for Producing Primary Aluminum 

Aluminum was first produced economically in 1886 by Charles Martin Hall, an American 
amateur metallurgist, and Paul-Louis Héroult, a French scientist, Working independently in the 
United States and France, they discovered how to pass an electric current through molten cryolite 
to separate (or reduce) elemental aluminum metal from the oxygen to which it is chemically 
bound. Each man received a patent for the discovery in his home country. ln 1888, Austrian 
chemist Karl Joseph Bayer received a German patent for his innovation in refining bauxite ore 
into alumina, the white powdery precursor to primary aluminum. ln brief, he devised a method 
to produce alumina by first dissolving bauxite ore in sodium hydroxide to produce sodium 
aluminate solution and red mud, which is separated from the solution by settling; subsequently 
by "seedíng" the sodium aluminate solution with alumina crystals. Alumina precipitares out of 
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solution onto the crystals, which are then filtered and dried (Appendix A provides a more 
detailed description of the Bayer Process). 

The first commercial aluminum reduction plants were established in 1888 by Hall in 
Pittsburgh, Pennsylvania, and by Héroult in Neuhausen, Switzerland. During the sarne period, 
inexpensive hydroelectricity was being developed for the first time. These three events laid the 
groundwork for an aluminum industry which was to burgeon from producing ten tonnes a year in 
the mid-1880's, to an annual rate of one million tonnes just prior to World War II, to the 18 
million tonnes that are now produced each year.3 ln 1895, Hall's company was the first large 
customer for the Niagara Falls hydroelectric power project in New York State. ln 1907, the 
company' s name was changed to the Aluminum Company of America, or Alcoa, now the 
world's largest non-public primary aluminum producer--surpassed only by the former Soviet 
government. After World War II, the company spawned Alcan, or the Aluminum Company of 
Canada. During the ensuing decades, other corporations such as Kaiser, Pechiney, Norsk-Hydro 
and Reynolds were established, creating the multinationally-dominated industry still in place 
today. With great improvements in efficiency but relatively minor technical varíations, the 
Bayer-Hall-Héroult process is still used in producing almost 100% of the world's primary 
aluminum.4 

The Technology 

Primary aluminum is not produced in massive fiery furnaces like those used to smelt iron; 
it is made electrolytically in rectangular vats (called "cells" or "pots") measuring several meters 
across. The smelting operation is a continuous (rather than a batch) process. Between 50 and 
250 cells are connected in "potlines" in long buíldíngs, or "potrooms." A 200,000 tonne 
capacity smelter might have about 700 pots in 5 separate potlines, for example. The individual 
cells are constructed out of rectangular steel shells lined with a refractory (non-burnable) 
material such as insulating brick. The refractory material on the floor of each cell is lined with 
carbon which is known as as a cathode. Toe carbon ín tum is overlain with a layer of molten 
aluminum. The molten aluminum lies beneath a "bath" of molten synthetic cryolite, or Na3AlF6, 
at a temperature of 960-970ºC. The cryolite serves as a medium to dissolye alumina powder 
(Al203) and minor additives, and to conduct electric current from the anode to the aluminum. 
Alumina powder is lowered from overhead hoppers onto a "crust" of cooler cryolite which forros 
on top of the cell. The crust serves to thermally insulate the contents of the pot, and to drive off 
any remaining moisture in the alumina. Periodically, the crust is mechanically broken and the 
alumina is stirred into the bath. 

Large carbon anodes are suspended by steel bars into each cell. When a strong electric 
current (ranging from 50-225 kilo-Amperes) is passed through t9e anode into the bath, it causes 
the alumina to split into oxygen and molten aluminum. The oxygen combines with carbon on the 
anode to produce C02, which is vented to the atmosphere. The molten aluminum joins the pool 
at the bottom of the cell. The voltage atone terminal of an individual cell is 4-4.5V, while the 
cumulative voltage of a potline can exceed 1,000 volts. The average amount of electricity 
required to smelt aluminum in the 1980's was about 7.5 kWh per pound, or 16,535 kWh per 
tonne. This figure includes smelters with modem cells using about 6.1 kWh/lb, or 13,500/tonne, 
as well as older cells that are more energy-intensive. As smelters replace aging potlines with 
newer technology, the industry as a whole is slowly evolving to a higher average efficiency.5 

There are two different methods of anode production used in srnelters worldwide. The 
older and more inefficient method is called the •. Sõderberg" process: each cell has only one large 
anode which begins as a moist carbon paste and is continually baked as it descends into the cell, 
while fresh paste is added from above. This method is gradually being replaced by the "pre 
bake" method, wherein anodes are baked with petroleum coke and pitch into blocks in separate 
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facilities. Each "pre-bake" cell has 10 to 20 anodes. As the bottoms of the anodes are slowly 
consumed, they are lowered further into the bath to maintain a constant distance between the 
anode and the cathode (about 1.5 inches). Each anode must be replaced every few weeks, but 
this can be done in a staggered f ashion without disruptíng production. · The potliníngs need only 
be replaced once every five years, which is fortunate because replacement entails suspending 
production. Over the years, spent potlinings have created huge piles of waste at aluminum 
smelters worldwide. The piles are contaminated by cyanide which is leached by rainwater and 
poses a serious cleanup problem. 6 

. The molten aluminum is periodically siphoned off through the tops of the cells into a 
holding furnace, and is then poured into "ingots," large blocks or bars of solid aluminum. The 
ingots are either fabricated further on site using the methods enumerated above, or they are 
shipped elsewhere for fabrícatíon. 

Table-1. Material and Energy Requirements to Produce 1 Tonne Primary Aluminum 

Inputs Outputs 
Alumina production: 3.5 • 5 tonnes 

250 - 300 kg 
170 - 260 kg 
60 - 80 kg 

6.5 - 7 .5 tonnes 

Bauxite 
Fuel oil 
Soda 
Lime 
Steam 
Alumina 
Mud residues 

1.89 - 2.0 tonnes 
1.3 - 1.5 tonnes 

Primary aluminum production: Alumina 1.89- 2.0 tonnes 
Anthracite coal · 25 - 30 kg 
Petroleum coke 400 - 700 kg 
Pitch 100 - 150 kg 
Fuel oil 70 - 90 kg 
Steam 400 kg 
Cryolite 1 O - 30 kg 
Aluminum fluoride 15 - 40 kg 
Calcium fluoride 3 - 5 kg 
Electricity 15 - 16 kWh/kg 
Primary aluminum 
Spent cathodes (potlinings) 

1 tonne 
40 - 70 kg 

o# 

Sources: Shen, S.Y. "Energy and Materiais Flows in the Production of Primary Aluminum." Argonne National Laboratory, 
Department of Energy. October, 1981. (ANL-CNSV-21); Polmear, I.J., Ed. "Light Alloys: Metallurgy of the Light Metais, 2nd 
Edition." Edward Arnold, London, 1989: "The Storv of Aluminum." Toe Aluminum Association. Washington, D.C .. 1990. 

Fluorine gases are a by-product of the electrolytic process, but in modem plants, hoods 
over the pots capture most of the fumes so they can be recycled and reused in the cryolite bath. 
Although older plants without hooded pots produce significant air emissions which have been 
blamed for widespread environmental damage, this paper will not address these damages. The 
energy use in and pollution generated by the production and disposal of carbon anodes and 
cathodes is also significant ín its own right, but it too will not be discussed here. Table 1 shows 
the energy and materials requirements for primary aluminum production. 

Under normal operating conditions, potlines run 24 hours a day, 365 days a year. If the 
electricity supply to the cells is cut off for more than three hours at a time, the molten aluminurn 
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will "freeze," or solidify in the pots--a mess that can tak:e months and millions of dollars to clean 
up. This production restriction sets aluminum apart from some other large energy-intensive 
industries: aluminum smelters cannot purchase "ínterruptible power" from utilities. Their 
contracts usually have clauses which specify that they must take first priority in the event of 
power shortages. 

The Cost Components of Primary Aluminum Production 

Electricity is the second most expensive factor in primary aluminum production, and the 
factor over which producers have the most control. A 1988 study by the U.S. Bureau of Mines 
fóund that material inputs--such as alumina, coal, petroleum coke, soda, and lime--are the most 
expensive components in producing primary aluminum, accounting for about 33% of worldwide 
average total costs. The price of these commodities does not fluctuate dramatically by region or 
over short periods of time. Overhead, recovery of capital, transportation, profits, and taxes 
together accounted for 31.6% of total costs. Labor only accounted for 14% of production costs; 
the degree of training required limits how low wages can go, regardless of location. 

As the last line in Table 2 shows, energy is the second most expensive element in 
aluminum production, accounting for about 21 % of total costs, although other studies have 
estimated this fraction to be as high as 30%.7 Toe lion's share of energy costs are spend on the 
electricity used in smelting; a much smaller portion is fossil fuel expenditures used in mining and 
processing raw materiais. 

By choosing where to butld new smelters, aluminum corporations can exert some control 
over their electricity costs. ln choosing where to locate, corporations prefer regions where 
electricity sources are abundant and relatively cheap to produce, and where host govemments 
have favorable industrial policies. Toe availability of local bauxite is a secondary concem. 

Since the global oil shocks of the mid-1970's, the fossil-fuel fired smelters in the United 
States, Westem Europe and Japan have suffered from price increases. Many of these smelters 
have been shut down entirely; others have become "swing capacity," mothballed until aluminum 
market prices are high. Even hydro-based smelters in these countries have suffered. As fossil 
fuel prices rise, the demand for cheaper hydroelectricity also rises. Because the hydroelectric 
resources in these countries have been largely exhausted, hydro prices have been driven up. 

Corporations whose smelters had become uneconomical in lhe United States, Europe and 
Japan began to look abroad for greener pastures. They have collaborated with state-owned and 
private investor groups to build many new smelters in Australia, Brazil, and Canada--and to a 
lesser extent in the Middle East where natural gas abounds. Coai reserves are almost limitless in 
Australia, while Brazil and Canada have vast hydroelectric resources. All three countries have 
govemmental policies (at the national and state levels) which strongly support the development 
of the aluminum industry. 

Subsidization of the aluminum industry is common, and varied in the fonns it takes. ln 
many cases, smelters' electricity tariffs are substantially lower than rates charged to other 
industrial users, and are sometimes even below the cost of production. Contract periods often 
extend for several decades without provisions to raise rates in accordance with changing 
econornic conditions. Other fonns of govemment assistance include tax credits to encourage 
industrial production; free or low-cost rights to land and watercourses; and the provision of 
supporting infrastructure such as roads, railways, deep-water ports, and even hydroelectric dams. 
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Table 2. Aluminum Production Potential and Costs for Selected Countries 
(Average 1988 U.S. cents per kilogram of alumínum) 

Q~tatilli !.:Q~~ Q~ DCfB.QRC l~~ lli:ERQRC 
Annual Transport N,:1.b Recovery 

productionª Supplies/ to operating of Total Return on Total 
C:111.111!0'. í!l!l!l 1!21111!:li} Lat!Q( al!.llllÍDil ED!:!:i~ Qvs:i:b!:!!!l ~Wl:ll!:J: ~Q~t ~.uii!l!I Illm ~Q~t IílX!:lid iDV!:lilWl:11! ~te 
Australia 2,318 18.5 51.6 27.3 9.3 1.8 108.5 7.1 0.7 116.2 11.5 13.0 140.0 
Brazíl 2,407 11.0 62.4 39.7 10.8 0.9 124.8 9.7 0.9 135.4 4.4 19.6 158.5 
Canada 3,057 24.7 56.9 11.9 8.6 1.3 103.4 7.3 1.1 111.8 19.2 13.0 142.9 
France 639 29.5 75.4 45.2 15.4 0.9 166.4 9.9 0.7 177.0 11.0 13.4 200.8 
F.R. Germany 1,518 39.5 73.0 56.0 18.5 2.4 189.4 8.2 0.9 198.4 15.7 12.8 226.0 
lndia 610 32.2 64.6 73.0 18.5 n/a 188.3 5.3 0.2 193.8 7.9' 8.8 210.3 
Italy 499 41.2 75.0 46.7 17.6 0.7 181.2 9.5 0.9 191.6 10.4 12.1 213.2 
Norway 1,624 38.6 67.0 24.9 14.1 2.6 147.3 6.8 0.4 154.5 12.3 11.7 178.1 
Spain 681 22.7 83.8 56.7 16.8 0.2 180.1 7.9 0.2 188.3 4.9 11.5 204.4 
Switzerland 126 41.0 56.9 33.1 16.3 4.9 152.1 13.7 0.7 166.4 6.4 16.3 188.5 
United Kingdom 571 29.5 82.0 47.8 16.5 2.0 177.9 7.1 0.4 185.4 6.4 11.7 203.0 
United States 579 28.2 47.4 45.6 14.3 1.5 137.1 3.7 1.5 142.4 5.5 8.2 154.5 
Total or ave," 26,840 24.7 56.0 36.4 12.3 1.5 131.0 6.6 1.3 138.9 11.5 12.3 161.4 
Non-producing operations 
Total or ave. f 2,410 21.8 63.1 22.9 10.4 0.9 119.0 0.4 7.1 126.5 67.9 58.9 246.3 

AH operatíons+ 
i.s 15.7 18.7 170.6 Total or ave. 29,250 24.5 56.4 35.3 12.3 1.5 130.1 6.2 138.0 

Breakdown of costs by % 14.3 33.1 20.7 7.2 0.9 76.2 3.6 1.0 80,9 9.2 11.0 100.0 

ª Based on total recovered aluminum divided by life of srnelter. 
b Costs may not total because of individual roundíng. • e Discounted Cash F1ow Rate Of Retnrn. 
d Taxes at 15% reflect higber revenues needed to obtain 15% return ou investment. 
e Total cost (15%) = Total cost (0%) + taxes (15%)- taxes (0%) + retum on investment. 
f Reporteei figures are totals or weígbted averages of ali operations considered in a U.S. Bureau of Mines study. Other countries 
included Argentina. Austria, Bahrain, Greece, Iceland, Indonésia, Iran, México, tbe Netherlands, New Zealand, Qatar, Surinam, 
Turkey, tbe Uníted Arab Emírates, and Venezuela. 

Source: "Bauxite, Alumina, and Aluminum Minerais Yearbook 1989." by Erro! Sehnke and Patrícia Plunkert, U.S. Department of 
the Interior. Bureau of Mines, Washington. D.e., November 1990. Reprinted with permissíon. 

The following section provides an overview of the major countries and transnational 
corporations controlling lhe various stages of aluminum production and consumption. 

Production and Trade of Bauxíte, Alumina, and Aluminum 

For decades, transnational aluminum corporations have traveled the globe to selectively 
exploit the cheapest resources. Certain regions of the world have been favored to mine bauxite 
and refine alumina inexpensively; other regions have been chosen to smelt aluminum using 
cheap local energy resources. A few countries have been picked to do both. "Cheap" is a 
relative term, however. The cost of mining or energy production is low in certain locations not 
only because greater reserves exist, but because environmental regulation is often lax or non 
existent, and cash-poor governments have rnade numerous concessions on taxes and tariffs in 
order to attract investment. Toe following sections summarize the major bauxite, alumina, and 
alurninum-producing countries, and briefly outline lhe trade among lhem. 

ln 1989, 105 million tonnes of bauxite were produced by twenty-eight countries. As 
Table 2 in Appendix A shows, the top five producers were Australia, Guinea, Jamaica, Brazil, 
and India, together producing three quarters of the total, or almost 78 million tonnes. Just behind 
India, the U.S.S.R. was the sixth Iargest producer. Alumina production is similarly dominated by 
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a few countries. Toe top five producers in 1989 were Australia, the United States, the U.S.S.R., 
Jamaica, and Brazil, together producing 22.8 million tonnes, or 59% of world production. There 
were slightly fewer players in the alumina market than there were in the bauxite market: 25 
producing countries in 1989.8 As the Table 3 on the following page shows, there are forty 
aluminum-producing countries, and this number will grow should several smelter proposals 
come to fruition in countries with no existing capacity. The top five primary aluminum 
producers are the United States, the former U.S.S.R, Canada, Australia and Brazil, together 
producing 9.98 million tons, or 56% of the world total. ln 1990, the United States alone 
accounted for almost one quarter of world production. 

These numbers indicate two characteristics of the world aluminum industry: countries 
with vast reserves of bauxite and cheap energy (such as Australia, Brazil and the former 
U.S.S.R.) tend to dominate in the production of bauxite, alumina and aluminum. And because 
these countries do not have huge domestic markets, they tend to be the worlds greatest 
aluminum exporters. Second, those countries without substantial bauxite but with cheap energy 
and/or access to the major consuming markets tend to be in the top echelon of aluminum 
producers, clearly relying on imported bauxite or alumina. Canada and the United States are 
examples of the latter category. Because the major producers of bauxite are not necessarily the 
major aluminum producers, it is evident that the nations with the highest per capita consumption 
rates, such as Japan, the U.S, and severa! European nations, reap the economic benefits of adding 
value by processing domestic and imported ingot into semi-fabricated and finished products. ln 
effect, the transnationals whose ownership and management are based in the U.S., Europe and 
Japan are importing low-cost energy ín the forro of aluminum ingot, and exporting the 
environmental costs of primary aluminum smelting to the newly producing countries. 

Operating within the top ten producing countries and across their boundaries are ten 
major transnational and state-run corporations; together they account for· almost 60% of world 
capacity. The top five alone account for 43% of world capacity: the (former) Soviet 
Government, Alcoa, Alcan, the Chinese Government, and Reynolds. During the last decade, a 
number of minor producers have made significant inroads into the rnarket, eroding the virtual 
supremacy of what used to be called "the Big Six," or Alcan, Alcoa, Kaíser, Reynolds, Pechiney 
and Alusuisse. ln Table 5, the ten major producers are rank:ed according to their 1991 capacity. 

Although most of these corporations have their roots in one country (for example Alcoa 
in the United States, Pechiney ín France, Norsk-Hydro in Norway, and Alcan in Canada), they all 
operate well beyond their countries of origin, as do smaller corporations. With the exception of 
the Soviet and Chinese governments, the top ten producers share access to capital. ln 
conjunction with many smaller companies, the Big Six convene complex webs of investment to 
finance smelters. It is not uncommon for competitors to cooperate to secure new projects by 
dividing up the equity shares in a smelter, or by divvying up <Üiferent tasks, such as providing 
financing, technology, or the management of operations. For example, Alumax, Pechiney and 
Reynolds each have a 25% share in the new ABl smelter in Quebec; Alcoa and Shell jointly own 
smelters in Brazil; Kaiser (owned by MAXXAM) and Reynolds are partners in the Valco smelter 
in Ghana, and Alcan and Pechiney own shares in the sarne Netherlands smelter. Alcan has a 
51 % stake in three small smelters in India, with private investment groups owning the remaining 
49%. It is also common for a major producer to tearn up with a host government in financing 
and operating smelters. Reynolds has a partnership with the Venezuelan government (CVG); 
Pechiney owns smelters with the French, Spanish and Greek governments. ln other cases, state 
governments are the majority owners, but clearly they depend on a major corporation for 
technology transfer, and will give the corporation a few shares as part of the consulting fee. For 
example, Reynolds owns 4% in the Arak smelter in Iran. Kaiser is providing technology for the 
proposed Orinoco smelter in Venezuela, and will become a rninority shareholder should the 
project be built. 
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Table 3. World Primary Aluminum Statístlcs, 1990-1992 
1 

Smelters ln 1991 Production Caoadtv % orWorld Ranklnllbv Countrv ( H - number ot these ustng hydrol 1990 (1) 1991-92 (2) J>t"oductlon 1990 Prod. Existlne H Proeosed H (tonncs) (tonnes) ln 1990 
Alzerta o 1 o Arzentína 1 l o 162,000 160,000 U.91% 2.5 Austrália 6 1 1 o Ln4,000 1,240,000 6.92% 4 Áustria 1 1 o 89,000 92.000 0..50% 29 Bahrain 1 o l o l88,11u, 225,000 1.05% 18 Brazil 7 7 o 931,000 l,156,1u 5.22% 5 Cameroon 1 1 o 91.000 80.000 0.51% 28 Canada 11 11 2 2 1,570,wu 2.283,wu IS.81% 3 Chile o 3 3 Oúna 21 :, 3 1 ISS0,000 1,31.5,: ••• 4.TI% 6 Czechn.<lovakia 1 l o . 32,000 60,000 0.18% 38 Bavnt l l o 179,uuu 170,U!XJ 1.00% 21 IFrance 5 3 1 o 326,000 472,uu, 1.83% 12 uermanv 6 2 o 770,000 713,UVI. 4.32% 8 Ghana l l o 174.000 200,000 0.98% 22 Greece 1 150,, •••• 150,000 0.84% 26 Hunearv 2 o o 7:,,()()() 83,000 0.42% 32 lcelana 1 1 1 1 ss.oo 86,U!X 0.4'1% 30 Iiiwa 6 4 o 433.000 611.000 2.43% lU lndonesia 1 1 o 186,000 225.000 1.04% 19 Iran 1 l l 1 (?) 49.000 50.000 0.27% 35 Irao o 1 1 {?) o 11ta1v 3 1 o 2S.l,UUU 276,000 1.30% 17 Jaoan l 1 o 34.uuu 64,uuu 0.19% 37 Mafavsia o l o o Mexíco 1 l o 83.000 66,000 0.47% 31 Netherlands 2 o o 258,000 266,000 1.45% 16 NewZealand 1 l o 260,uuu 259,, ••• 1.46% 15 INi11.eria o l o o Norwav 7 7 1 1 845,000 851.000 4.74% 7 North Korea o o IP.R. Korea l '! o nla 18., •••• 40 Poland l o o 48,000 48,\J\JU 0.27% 36 fWar o 2 o o Romania 1 1 o 180.IKK 250,IXX 1.01% 20 ISaudi Arabia o 1 l {'!) o South Afríca l o o 166.000 172,UUI. 0.93% 24 Spain 3 l o sss.ooo 344,000 1.99% 11 Suriname 1 1 o 20,000 30,000 0.11% 39 Sweâen l o o Yô,000 91,uuu 0.54% 27 Switzerland 3 3 o 72,IAA 72,!Juu 0.'IU"I\? 33 Tulicev l l o 60.tJtJI eo.ox 0.34% 34 U.A.E. (Dubai) l o 1 o 168.000 240.000 0.94% 23 U.S.S.R. (former) 15 12 1 1 2,200,UJU 2,740,uuu 12.34% 2 .Uníted Kínadom 4 2 o 290,000 287.000 1.63% 13 Uruted States 23 lJ o 4,04-•• 4,008,000 22.71% 1 Venezuela 2 2 5 5 546,000 610,000 3.06% 9 Yueoslavia 4 4 o 290,UUI. 347,UU\J 1.63% 14 
Numoer of smelters 152 93 28 17 17,828,uU<; 20,4'111,UIKI 100% % of smelters that use bydro 61.2 60.7 

Total Number % usina 
Exlstlru? and number uslne hvdro byd.-o 

proposed smelterse 180 110 61.l 

1. · Aluminum Staiistícal Revíew for 1990." Toe Alumínum Associatíon, Washineton. D.C. o. 45. 
2. "Primarv Aluminium Smelters and Producers of the Wocld." Aluminium- V erlaa GmbH Düsseldorr: "Primarv Aluminum Plants w orldwide: 
lt'art I." U.S. Bureau of Mines. Washineton. D.e.. 1990. 1 1 1 1 
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Table 4. TopTen Alurninum Producing Countries, 1990 

Amount produced Percent of 
Country (thousands of tonnes) world production 

1. United States 4,048 22.7 
2. Soviet Union 2,200 12.3 
3. Canada 1,570 8.8 
4. Australia 1,234 6.9 
5. Brazil 931 5.2 
6. China 850 4.8 
7. Norway 845 4.7 
8. Gennany 770 4.3 
9. Venezuela 546 3.1 
10. India 433 2.4 

Total 13,427 75.3 

World Production, 1990 17,828,000 
Source: "Aluminum. Statistical Review for 1990,"_The Aluminum Association, Washington. D.C., 1991. 

- ' ' 1 
! íTable 5. Top Ten Aluminum Transnationals and Government-Owned Corporations 

• Corporation Ingot capacity, 1991 % of 1991 world capacity 

1. Soviet Govemment 2,740,000 13.7 ,-, '2. Alcoa 1,867,560 9.3 
3. Alcan 1,702,000 8.5 
4. Chinese Govemrnent 1,315,000 6.6 

r 15. Reynolds Metals 1,023,500 5.1 
1 6. Pechiney (French Govt.) 851,000 4.2 ! 

7. Norsk-Hydro 623,000 3.1 
•...... ts, Amax 541,630 2.7 

9. Maxxam (includes Kaiser) 528,710 2.6 
10. Venezuela 498,500 2.5 

- •Total 11,690,900 ., 58.3 

World ingot capacity, 1991 20,042,000 
r Note: World capacity figures do not correlate with production figures; while 1991 world capacity was 20 million tonnes, 1990 

production was under 18 million tonnes (see Table 3). Because many smelters rely on expensive fuels, tbey are used as swing 
capacity when the market is soft 

Source: "Primary Aluminum Plants Worldwide, Part l-Detail." Branch of Metals, U.S. Bureau of Mines, December 1990. ,..... 
í 
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Worldwide Patterns of Consurnption 

With an apparent consumption rate of 6.7 million tonnes of aluminum in 1990, the United 
States is the largest primary aluminum producer and consumer in the Western Hemisphere, 
producing about 4 million tonnes and importing about 3.7 million tonnes (the difference is made 
up by recovered aluminum scrap). This corresponds to an annual per capita consumption rate of 
26.9 kilograms. Toe U.S. was surpassed only by Japan and West Germany, with respective per 
capita consumption rates of 30.9 kg and 29.0 kg. Canada, Switzerland, Sweden and Austria are 
neck and neck at 21-23 kg per person. These nations enjoy some of the highest standards of 
living in the world, which accounts for their high per capita consumption rates. Their 
transportation, urban and manufacturing infrastructures are well-developed, and they enjoy 
greater rates of personal car ownership than do less-developed nations Cor nations with good 
mass transit systemsl). These nations also tend to have the highest consumption rates for 
packaging and beverage cans. According to Alcan Presídent Timothy Huff, the average 
American consumes 270 cans annually, while the average is 50 in Asia and 36 in Europe.9 On 
the lower end.icountries such as El Salvador, Turkey, Argentina and Cameroon have per capita 
aluminum consumption rates of 0.3 to 2.5 kg. ln between are countries such as Spain, New 
Zealand and Belgium, with rates of 7-12 kg/person/year. 

The Fate of Used Aluminum: New Life Through Recycling ... or Death by Landfill? 

After aluminum consumer products have become obsolete, they are díscarded, then either 
landfilled, burned, or recycled as "scrap" into new products. Because about 95% of the total 
energy used to make primary aluminum is not needed to produce secondary aluminum, including 
all the electrical energy, recycling saves the producer a tremendous amount of money. Scrap 
also provides a guaranteed supply of domestic aluminum which can serve as a partial buffer 
against periodically uncertain international market conditions. These two benefits have made 
scrap aluminum play an important role in total aluminum production. For example, in 1990 
30.4% of the total U.S. aluminum supply was comprised of scrap--an amount equivalent to 59% 
of the primary aluminum produced. ln Europe, about 35% of the supply is comprised of scrap.l? 
A 39-country survey conducted by the Aluminum Association, a U.S. trade organízation, showed 
that 5,750,100 tonnes of scrap were recovered for recycling that year, or 43.2% of the amount of 
primary aluminum produced in those countries (see Appendix B "Aluminum Recovery Rates in 
Selected Countries"). lf the ratio of scrap recovery to primary aluminum production is similar in 
the rest of the world, then approximately 7.7 million tonnes of scrap may have been recovered 
worldwide in 1990.11 

There are two sources of secondary aluminum: old scrap and new scrap. There are also 
two types of new scrap: "home scrap" is generated by the plant lhat produced the aluminum; it is 
remelted in-house without ever having entered the market. "Prompt industrial scrap" consists of 
cuttings, end pieces, mistalces and product overruns. It is generated in the plant of a fabricator or 
manufacturer of aluminum products, and is uncontaminated by debris or unwanted metais. New 
scrap has always been recycled. "Old scrap" or "post-consurner scrap," on the other hand, 
consists of products that have been purchased by consumers, and have later become old or 
obsolete, then discarded.P ln the United States, the ratio of old scrap to new was 1:1.3 in 1990, 
and is rising by about 6% each year. The 39-country survey mentioned earlier did not break the 
scrap down into the categories of old and new scrap, which is unfortunate because only the old 
scrap number tells us how much aluminum is being kept out of landfills worldwide. 

The growth in annual primary aluminum production from 197 4 to 1989 is roughly 
equivalem to the amount of aluminum landfilled every year.P There is reason to believe that 
more than five million tonnes of aluminum are being landfilled annually, due to inadequate 
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recycling opportunities, insufficient public education, and low market prices that discourage 
more aggressive recycling. 

Precise data on the amount of aluminum landfilled worldwide do not exist, but one can 
try to extrapolate based on United States data. The U.S. Environmental Protection Agency has 
estimated that 1.54 million tonnes of aluminum were landfilled in 1988 in the United States 
alone--a quantity that surely would have astounded Karl Bayer a century earlier.l+ This is 
equivalent to 72.6% of all the scrap recovered that year, and 39% of the primary aluminum 
produced. lf one assumes similar percentages apply to the rest of the world, then between 5.5 
and 7 million tonnes of aluminum may be doomed to landfill burial every year--an amount 
equivalent to the production of about twenty-nine 250,000-tonne primary smelters ! is Even if 
this estimate tums out to be five times too large, the waste of five smelters' worth of aluminum is 
no less than appalling. 

These numbers are backed up in part by data on used beverage container (UBC) recycling 
rates in selected countries. In 1989, beverage cans accounted for 11 % of Westem Europe' s total 
aluminum consumption of about 4 million tonnes. ln some industrialized nations with high per 
capita consumption rates--such as the United Kingdom--recycling programs have been widely 
developed only in the last five years, leaving much aluminum in the garbage. ln 1989, the rate of 
UBC recycling was only 5% in the United Kingdom, 20% in Greece, and 22% in Switzerland. 
Where recycling programs have been in place longer, the 1990 UBC recovery rates are higher: 
61 % in the United States, 63% in Canada, and 87% in Sweden--where recycling is mandatory. 
ln 1990 Japan kicked off a ~100 million campaign to boost its UBC recycling rate from a dismal 
40%. European aluminum producers kicked off similar campaigns in 1989. The "green" moves 
are calculated to capitalize on the public's environmental sentiments, in an attempt to win market 
share from steel cans.16 Such a shift took place in the 1970's and early 1980's in the United 
States. 

The used beverage cóntainer is the only aluminum product that is tracked from 
production through recycling, due to the distinct "closed-loop" nature of the recycling process: 
UBC is collected separately from other aluminum scrap, and is remelted, rolled into can sheet, 
and made into brand new cans which may be back on the shelves within six weeks of being 
deposited at a recycling center. It is difficult to track the recycling rates of other aluminum 
products because they are mixed together at the point of collection, and because they have a wide 
range of useful lifetimes. Unlike beverage cans and aluminum foil, which usually have a useful 
life of severa! minutes to a few days after the point of purchase, other aluminúm products--such 
as construction, electrical, and transportation equipment--have useful lifetimes which often 
exceed 30 years. Aluminum appliances and light building materials, such as toasters and screen 
doors, have moderate lifetimes of a few years. 

., 
It is difficult to be more precise about the amount of aluminum landfilled. Because 

aluminum comprises 2.3 % of all the municipal waste generated by volume and only 1.1 % by 
weight, there is little incentive for the governmental agencies who commission waste 
composition studies to be more accurate in examining the contributíon of aluminum. 

With AII Due Respect to the Alumínum Companies 

It must be noted that without the efforts of the aluminum industry, recycling of all sorts 
would not have progressed as far as it has today. After World li, the intense recycling efforts 
that had been sustained in the national interest were abandoned. Disposal became equated with 
peacetime and prosperity. It was not until the growíng environmental consciousness of the 
1960's, coupled with a slow rise in energy prices, that aluminum recycling experienced a 
renaissance, at least in the United States. 
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Because the energy savings from recycling aluminum are so great, the aluminurn industry 
encouraged recycling before it was environmentally popular, and long before lhe current landfill 
crisis was felt. The industry was motivated not only by energy savings, but by a scarcity in 
supply. As the all-aluminum beverage can gained in popularity during the 1960's and 70's, it 
took over market share from glass bottles and steel or bi-metal cans. Allhough the shift was 
promoted by primary aluminum producers to keep the capacity developed during the war in 
production, the growth was so rapid lhat they could not keep pace with the demand. Recycling 
was a way of ensuring adequate supply for continued can production. It became an insurance 
policy agaínst an interruption in primary supplies due to geopolitical conflicts, uncertain smelter · 
contracts, and rising energy prices. 

ln the United States, Reynolds, Coors and Alcoa were especially instrumental in 
establishing buyback centers for cans in the late 1960's and early 1970's, when no other 
recycling options were available. They distributed pamphlets touting lhe benefits of recycling, 
and developed programs that encouraged lhe participation of schools and community groups. 
These early recycling programs helped to re-establish recycling in the publíc consciousness, and 
paved the way for the collection of other materiais, such as newspapers, steel cans and glass 
bottles. At first the collection éfforts were spurred by volunteers with minimal cooperation from 
producers, but as the shortage of landfill space has intensified, city and state governments have 
taken on the operation of many large-scale recycling programs. This trend is also evident in 
Europe and Japan. 

Artificially Low Prices and Inadequate Public Education: Obstacles to Recycling 

It is clear from the foregoing discussion that aggressive recycling efforts are still needed 
to keep this valuable metal out of the trash. 

A 1991 survey of secondary smelter operators in the United States revealed that the single 
most important obstacle to increased secondary recovery is the low price of aluminum, especially 
that of non-UBC scrap. There is a price margin between prímary and secondary aluminum 
which gets smaller as the price of primary aluminum decreases. As the primary price rises, 
secondary aluminum is in a better competitive position. As one respondent bluntly said, "If the 
price of primary goes too low, then more secondary ends up in landfills." 

75% of respondents thought that the U.S. EPA estimate of 1.5 million tonnes of 
aluminurn landfilled annually was fairly accurate. Some respondents said that market volatility 
discourages a number of would-be scrap collectors, and that the absence of consistent operating 
margins discourages scrap processing. Toe lack of mandatory .i;ecycling legislation--as well as 
recycling opportunities that are too far away, too inconvenient, or under-publicized=were cited 
as lesser obstacles to hígher aluminum recovery rates.!? 

There may be yet another obstacle to increased secondary recovery: inadequate public 
awareness of the environmental effects of primary aluminum production. ln recent years, the 
aluminum industry has aggressively used images of recycling to present itself as a "green" 
industry, without telling the public the full range of environmental costs of producing primary 
aluminum. Advertisements in USA Today, Londori's Financial Times, and numerous 
environmentally-oriented joumals use abstract and oversimplified "energy savings" arguments to 
encourage aluminum can recycling. Using full-color pictures of butterflies and smiling little 
girls, they also wax poetic on how lhe revenues from aluminum can recycling programs have 
contributed to civic organizations ín small towns, school tree-planting projects, and the costs of 
medical care for sick sea lions. While it is commendable (if self-serving) for the aluminum 
industry to encourage the public to recycle beverage cans for all of these reasons, it may not be 
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enough. For one, information about recycling non-UBC scrap is nor widespread. These "feel 
good" ads also convey lhe overall ímpression that aluminum consumption does not have serious 
environmental impacts. Even if beverage cans were recycled at rates approaching 90%, there 
would still be a need for primary aluminum production to replace the amount landfilled, and to 
contribute to many other non-beverage can end uses. If the public was as aware of the 
environmental effecrs of primary aluminum production as it is about the hazards of 
chlorofluorocarbons, for example, tlren perhaps more recycling would occur, less primary 
aluminum would be consumed, and fewer wild rivers would be at stake. 

Chapter 3 and the nine case studies that follow will discuss why the price of primary 
aluminum may be artificially low. Through graphíc descriptions of the environmental and social 
impacts of hydroelectric dams related to aluminum srnelters, lhe chapters will also attempt to 
dispel any remaining myths that the aluminum industry is a "green" one. 

1 McCutcheon, Andrew H. "Aluminum Can Recycling Overcomes a Rocky Start" Resource Recycling, Portland, 
O.R., October 1992. 91 billion cans sold/year + 250 million people in Uníted States == 364 cans/persoõ/year. 
2 Personal communication with Scott Meyers, Reynolds Metals Co., 1991. 
3 Haupin, Warren. "Aluminum." Encyclopedia of Physical Science and Technology, Vol, 1, 2nd edition. Harcourt 
Brace "Iovanovicb, New York, 1992. 
4 Píants in the U.S.S.R. derived some alumina from non-bauxitic minerais such as nepheline syenite and alunite. 
5 Shen, S.Y. "Energy and Materiais Flows in lhe Production of Primary Aluminum." Argonne National Laboratory, 
Department ofEnergy, October, 1981. (ANL-CNSV-21). p. 19. 
6 Personal communication with John Payne, Kaiser Alum.inum and Cbemical Corp., Oakland, CA, Dec. 18, 1992. 
7 Wilbum, D.R. and D.A. Buckingham. "Assessíng lhe Availability of Bauxite, Alumina and Aluminum through tbe 
1990s." JOM, November 1989. 
8 Sehnke, Errol and Patricia Plunkert, "Bauxite, Alumina, and Alumínum." Minerals Yearbook, U.S. Department of 
the Interior Bureau of Mines, 1989. p. 26. · 
9 "Aluminum Optimism." The Mining Journal. Vol. 312, No. 8020, May 19, 1989, London. p. 393. 
10 "Aluminum Statistical Review for 1990." Toe Aluminum Association, Washington, D.C., 1991; Gooding, 
Kenneth. "Aluminum Producers Woo the Green Vote." Financial Times, London , June 16, 1989. 
11 43.2% * 17,832,000 tonnes (world primary al. production , 1990) = 7.7034 million tonnes. 
12 Plunkert, Patrícia "Aluminum Recycling in the United States--A Historical Perspective." Presented at TMS 2nd 
Intemational Symposium--Recycling of Metais and Engineered Materiais, Williamsburg, VA, Oct. 28-31, 1990. p 2. 
13 1989 prímary production: 18,020,000 tonnes, from "Aluminum Statístical Review for 1990," supra. 1974 
prímary production: 13,168,829 tonnes, from "Aluminum Statistical Review: Historical Supplement" Toe 
Aluminum Association, Washington, D.C., 1982. 
14 "Characterization of Municipal Solid Waste in the United States, 1990 Update." (EPA/530-SW-90-042) U.S. 
Environmental Protection Agency, Office of Solid Waste and Emergency Response. Washington, DC, June 1990. 
15 U.S.: 1.54 Mtlandfilled (LF) +2.122Mtscrap =72.6%. l.54MtLF +3.945 Mt prímary ai. prod. (1988) = 39%. 
World: 72.6% * 7.7 Mt scrap = 5.59 Mt LF. Or, 39% * 18.020 Mt primary aluminum prod. (1989) == 7.03 MtLF. 
Average of 5.59 Mt and 7.7Mt = 7.29 Mt 7.29 Mt + 250,000 tonnes/smelter = 29.18' smelters. · - 
16 "Aluminum Producers Woo lhe Green Vote," supra; "Japanese aluminum battle for can market." Mining 
Journal, Vol. 314, No. 8074, June 8, 1990, London, p. 460. 
17 Unpublished survey conducted by lhe author, 1991. 
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Chapter3 

Rívers of Energy: The Partnership of Hydroelectricity and Aluminum 

Introduction 

Unlike the smelting of some primary metals, which simply requires a great deal of heat, 
primary aluminum smelting is strictly an electrochemical process. The electricity required to 
produce aluminum from bauxite ore is prodigious: a six-pack of beer cans (minus the beer) 
consumes as much electricity as it takes to run a 21-inch color television for over 11 hours.! 

Because some energy is lost each time it is converted from one fonn into another, a 
kilowatt-hour of electricity is almost always more expensive to produce than an equivalent 
amount of energy as heat or mechanical power produced directly by fossil fuels, such as coal or 
natural gas. For this reason, the energy costs associated with smelting aluminum far exceed the 
energy costs of other stages of production involving mechanical and heat-based processes: 
mining and washing bauxite ore, refining the ore into alumina, and producing finished products 
from aluminum ingot. As Chapter 2 showed, electricity is the second largest cost component of 
aluminum production, typically accounting for 20-30% of total cost. lt is because energy costs 
play such a central role in production that aluminum companies have aggressively sought the 
rnost inexpensive sources of electricity. Since hydro is often the cheapest way of generating 
electrícity, aluminum smelters have frequently been established in conjunction with new dams. 

The association between dams and smelters varies from project to project. Many 
aluminum companies have built and operated some or all of the hydroelectric dams supplying 
their smelters, thereby becoming less beholden to regulations that govem public electric utilities. 
For instance, nine out of Alcan's 14 primary smelters worldwide operate using company-owned 
hydro.ê ln other cases, aluminum companies or consortia team up with a public electric utility 
or a government agency to build adam, a smelter, ora linked complex. An example of the latter 
is Indonesia's Asahan complex. ln these cases, the joint entity established is also often 
responsible for operating the dams and srnelters, and may function as a utility in selling any 
surplus electricity generated. Finally, many smelters simply purchase electricity from public 
utilities. The relationship is symbiotic; utilities in sparsely populated areas need energy-intensive 
customers to provide blocks of steady, long-term demand to generate the revenues needed to 
amortize a large dam. ln order to attract smelters to a region, utilities and governments 
worldwide compete with each other to offer favorable electricity contracts. The electríc rates 
secured by smelters are often the lowest of any custorner, anywhere. Indeed, the per kilowatt 
hour rates are sometimes below the utilities' cost of production. Commercial and residential 
ratepayers must then subsidíze the smelters' low rates by payingfar above the cost of production 
for their electricity. 

This chapter will first examine the relative importance of hydroelectricity in primary 
aluminum production worldwide. It will then briefly discuss whether the srnelters actually drove 
construction of the dams in the nine cases treated in this report, or whether they simply provided 
large blocks of assured demand for dams that may have been built anyway. The chapter will 
touch on the social and environmental effects of damming in these nine cases, and will then 
díscuss the types of subsidies that have facilitated the damages from these projects. It will point 
out how infrequently the subsidies and the damages have been mitigated by spin-off econorníc 
development. Finally, this section will briefly explore the relationship between dams and 
smelters in countries not treated in the remainder of the report, with emphasis on the United 
States, the former Soviet Union, Oceania, and China. 

28 

- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 

- 



The Prevalence of Hydroelectricity in Aluminum Production 

There are many ways to look at the relationship between aluminum and dams. One 
method is to point to the prevalence of hydro compared to other sources of electricity used in 
producing aluminum. Hydro is the largest source of electricity for the aluminum industry. As 
Table 1 shows. 55% of all the electricity used in producing the world's aluminum in 1990 was 
from hydro, or 126.8 terawatt-hours (TWh). This was 63% more than the next largest sector, 
coal, which accounted for almost 34% of the total. Nuclear energy accounted for 5% of the 
electricity produced for aluminum, natural gas 4%, and oil only 1 %. 

r 

Table 1. Worldwide Electricity Generation, and Aluminum as a Consumer 

World Electricity Electricity Consumption in Primary 
Production, 1987 ª Aluminum Production, 1990 b 

- 
1Wh TWh % of aluminum % ofworld 

Source 0Pner>1tPA % of total consumed tot •• 1 total hv fuel 

Coal 77.9 34.14 
Oil 2.5 1.10 
Natural Gas 9.5 4.16 
Subtotal. Fossil Fuels 6,699.5 64.0 89.9 39.40 1.34 

Nuclear 1,694.6 16.2 11.5 5.04 0.68 
Geothermal 35.5 0.3 o.o 0.00 0.00 
Hydroelectric 2,037.6 19.5 126.8 55.56 6.22 

- 
Total 10,467.2 100.0 228.2 100.00 2.18 

ª Source: "World Resources 1990-1991," World Resources Institute, Oxford University Press, 1990. 
b Source: "Electrical Power Utilization Annual Reoort for 1990," International Primarv Aluminum Institute, London, 1991. 

r 

Another method is to consider the fraction of worldwide annual hydroelectric generation 
consumed by primary aluminum smelters. As Table 1 illustrates, in the late 1990' s, the 
aluminum industry consumed approximately 2% of the electricity generated worldwide by all 
sources. Over 6% of the world's total hydroelectric generation, however, was used in aluminum 
production: a significant draw by a single industry. 

The absolute meaning of these numbers is more compelling than the seemingly small 
percentages 2 and 6. ln a world where electricity costs in industrialized nations are rising 
rapidly, and where millions of homes in Iess-developed countries remain unelectrified, it is worth 
noting the alternative uses of the electricity now devoted to aluminum production. The 
hydroelectricity alone used to produce aluminum every year is nearly equivalent to ali the 
electricity consumed on the Australian continent. This amount could also satisfy the residential 
needs of about 35 million United States residents in 13 million households. All forms of 
electricity used to produce aluminum could power about one quarter of the 94 million homes in 
the United States, or the entire country of Indía.ê 

Still another way of viewing the relationship is to look at the reliance on hydroelectricity 
by the world's major aluminum producers. As Table 2 illustrates, at least 66 out of 105 smelters 
in the top ten aluminum-producing countries use hydro. When China is excluded (because 
adequate data are lacking), 61 out of 84 smelters use hydro, representing 66% of the total 
aluminum capacity in these countries, and 46% of the world's total aluminum capacity (67% x 
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70.5%). Four of the top ten countries=Brazil, Canada, Norway and Venezuela--rely exclusively - 
on hydro, and together represent 25% of the world's primary aluminum capacity. Other nations 
in the top ten rely on hydro for 10-87% of their production. - 
Table 2. 

World 
ranking 

Hydroele-ctric Capacify in Top Ten Alumiífü.m Producing Couritíies; 1990 

Primary aluminum % of worldê # of existing # of these Capacíty using hydrob 
capacity (000 tonnes) capacity smelters using hydro (000 tonnes) (%) - 

1. United States 4,028 19.7 23 14 1,843 45.7 
2. Soviet Union 2,740 13.4 16 13 2,185 79.7 
3. Canada e 2,283 11.1 11 11 2,283 100.0 
4. Australia 1,240 6.1 6 1 120 9.7 
5. Brazil 1,156 5.6 7 7 1,156 100.0 
6. China zl,315 6.4 21 5 n/a n/a 
7. Norway 851 4.2 7 7 851 100.0 
8. Germany 713 3.5 6 2 77 10.8 
9. Venezuela 681 3.3 2 2 681 100.0 
10. India 586 2.9 6 4 200 34.0 

Total: 15,593 76.1 105 66 n/a n/a 
Total excluding China: 14,278 69.7 84 61 9,196 64.4 
Countries using hydro only: 4,971 24.3 27 

- 
- 

- 
- 

a World capacity in 1990-1992 was approximately 20 million tonnes. 1 """ 
b Data for China is sketchy. Five smelters reported using hydro, but sínce most Chinese smelters do not report their electric 
energy sources, the true number usíng hydro may be higher. 
e 1992 capacity used rather than 1990 capacity, because several large smelters were under construction in 1990. 

Sources: "Aluminum Statistical Review for 1990." The Aluminum Association, Washington, D.C.; "Primary Aluminum Plants 
Worldwide: Parts I and II." U.S. Bureau of Mines, Washington, D.C .• 1990., and "Primary Aluminum Smelters and Producers of 
lhe World." Aluminum-Verlag_ GmbH Düsseldorf. 1991. 

The numbers are still convincing when nations outside the top ten are considered. As 
Table 3 in Chapter 2 shows, almost two-thirds of the world' s existing smelters use 
hydroelectricity, or 93 out of 152 smelters in 31 out of 40 aluminum-producing countries. Of 
the ten countries that intend to expand their existing capacities, at least five will rely on some 
hydro: Canada, China, Iceland, Norway and Venezuela. Of 1he eight countries that have no 
smelters now but intend to build one or more at some point, Chile will definitely use hydro, and 
according to one industry source, Saudi Arabia and Iraq have announced their intent to use hydro 
for two proposed smelters, although this has not been confirmed elsewhere.4 Proposed smelters 
that will definitely not rely on hydro are located in regions with abundant (and often nationally 
subsidized) existing energy sources: nuclear power in France; coal in Australia; and natural gas 
in the United Arab Emirates (Dubai), Bahrain, Qatar, Algeria, Nigéria, Malaysia, and possibly 
Iran. 

' - 
Toe Nexus Between Hydro and Aluminum in Selected Cases 

All nine cases examined in this paper (seven countries and two provinces) use hydro as 
the sole electricity source for their primary aluminum smelters. ln five of these cases: Chile, 

- 
30 



lndonesia, Ghana, British Columbia and Brazil, the connection between smelters and specific 
dams is clear; without the smelters the dams would probably not have been (orbe) built. ln lhe 
other four cases: James Bay, Brazil, Venezuela, and Norway, the aluminum industry is at the 
very least an important contributing factor in the development of dams. By providing a large 
block of steady, long-term demand, one or more aluminum smelters can help assure an electric 
utility of the revenues needed to pay for dam construction. Because there are other industries-vás 
well as politícal decisions--involved in the decision to build a dam, it is difficult to determine 
exactly how responsible the aluminum industry is for the dams in these other four cases. 

Of the cases treated here, Ghana, lndonesia and British Columbia each have one 
aluminum smelter that had a large dam built for it exclusively. ln Egypt and Venezuela, smelters 
have been primary customers for electricity generated by the Aswan and Guri dams, respectively 
consuming about 15% and 22% of these dams' current output. All seven of Brazil's aluminum 
smelters use hydro. ln the northem Amazon, two smelters alone were basically responsible for 
the construction of the Tucuruí Dam, whose effects on indigenous peoples and the environment 
are infamous around the world. Norway's seven primary aluminum smelters account for 15% of 
the country's total electric demand, all of which is met by sub-alpine dams. Chile and Venezuela 
are treated primarily because future aluminum smelters may be located there. ln Chile, two 
proposed smelters would dam rivers which are now free-flowing, and one would use tidal power, 
with potentially severe ecological consequences. ln Venezuela, future smelters would use power 
from the existing Guri and Macagua Dams, and from two additional dams now in the planning 
and construction stages. 

.- 
The Effects of Damming on People and the Environment 

Most of the dam and smelter projects examined in this paper have had deleterious effects 
on indigenous or local people. ln every case examined here except Norway and Venezuela, the 
local people were not consulted adequately--if at all--prior to construction of the dam. ln every 
case except Norway, significant numbers of people were relocated to new villages and towns; 
often against their wills and without more than a few weeks of waming. The number of people 
relocated varies between 75 in.British Columbia to over 100,000 in Egypt. As Table 3 shows, 
about 209,000 people have been directly displaced throughout these eight countries. Many more 
that live in proximity to the dams or smelters have had their tives disrupted by the loss of access 
to and degradation of hunting or farming lands, and by the spread of disease. There are also 
severe secondary effects on the communities where displaced peoples are relocated, including 
overcrowding, competition for land and employment, incompatible cultural practices of different 
groups in the new community, anda variety of other urban problems caused by the large influx 
of construction workers and their families. - ln the nine cases treated here, a total of 31,250 square kilometers have already been 
flooded. This area encampasses diverse and unique wildlife habitats, including a large chunk of 
Amazonian rainforest which almost definitely contained undiscovered species of plants and 
insects; huge swaths of temperate forest and wetland in James Bay--the largest remaining tract of 
wildemess in North America; and fertile riparian zones along the Nile--a river which cuts 
through thousands of miles of desert, and which has sustained the Nubian people for millennia. 

It bears repetition that the number of displaced people and impounded area presented in 
Table 3 do not include the 23 countries with dams and smelters that are not examined in this 
paper. Because so many of these smelters and dams are in the former Soviet Union and China, 
where accurate information has not been publicly available for decades, it is impossible to guess 
what the true extent of the environmental damage has been wíthout extensive investigation. Toe 
figures also do not include flooding and relocation from future dam and smelter projects, 
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including Quebec's Great Whale complex, Chile's Aysén Project, new dams on Venezuela's ...i 
Caroní River, and any future projects in Brazil, the CIS, China, and elsewhere. 

Table 3. Flooded Area, People Relocated, Smelter ElectrfcUsé 

Country 
or province 

Smelters' consumption 
App. # people of ínstalled power 
relocated capacíty (%) 

Smelter(s) 
capacity ín 
1991 (TPY)C 

Major 
dam 

Major 
river affected 

Area flooded a 
(square km) 

Brazil Tucuruí Tocantins 2,430 24,000 32 648,000 
British Colúmbia Kenney Nechako soo· 75 67 275,000+ 
Chile n/a Cuervo --------- unknown, project pending ----------- 230,000+ 
Egypt Aswan Níle 4,000 100,000 15 184,000 
Ghana Akosombo Volta 8,270 80,000 40 200,000 
Indcnesia Tanga, Siguragura Asahan neg. -100 88 225,000+ 
Norway multiple dams multiple rivers n/a neg. 15 5 851,000+ 
Quebec (James Bay) LGl-4 La Grande 11,250 1,000 15 6 880,000+ 
Venezuela Guri, Macagua Caroní 4,250 3,600 22 680,000+ 

Total 31,000 208,775 18 b 4,173,000+ 

- 
- 

- 
ª lncludes both land and water inundated (lakes, streams, ponds, etc.). 
b Sum of all smelters' hydroelectric demands + sum of the ínstalled hydroelectric capacity linked to dams, except for Norway's] - 

contribution, which uses final domestic deliveries rather than ínstalled capacity: and Indonesia's, wbicb uses firm output. 
e Except ín Chile, where ali capacity is proposed. 
+ Smelter mav expand cap--ª-gty, or there may be additional smelters built ín the area. 

Subsidies 

Most of the projects covered in this report have been heavily subsidized, so that the true 
cost of producing electricity--including economic, social and environmental costs=has not been 
borne by the aluminum producer. Subsidization can take different forms. ln many cases, 
aluminum producers benefit from long-term contracts signed in the 1950's and 60's for 
electricity at rates far below those charged to other industrial users, so that these other industries 
-as well as high-paying residential and commercial customers--essentially subsidize the 
aluminum producers. With few modifications, many of these contracts are still in effect today, 
despite rate increases in other sectors of the economy. Electricity costs can also be kept very low 
at the expense of ratepayers through risk- and profit-sharing schemes between the utility and the 
smelter. ln theory, these rate schedules are designed to protect the public utility as well as the 
smelter from losses during economic recessions, but they do not guarantee the utility that 
revenues will offset the cost of generation if the aluminum market is soft for a protracted period. 
It is especially difficult to gauge the extent of the subsidies inl:!&rent in these arrangements when 
the contracts are kept secret, as in Quebec. 

Other subsidies are manifested by low-cost or free access to natural resources. ln some 
countries, aluminum companies have been given outright grants of land and water rights, 
ostensibly in order to develop the countries' industrial base. Even years after the original 
concessions have been made, when economic and population pressures ma.ke them appear unjust, 
they remain unchanged, as in British Columbia. 

Tax exemption is another forro of subsidization commonly used to attract smelters. To 
make doing business seem attractive, a host country will often allow an aluminum company to 
import raw materiais duty-free, even if this means that bauxite deposits in the host country will 
remain unexploited. Income taxes for foreign-born workers are also frequently waived. 
Countries that have adopted these measures include Indonesia and Ghana. 
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Where cost information is unavailable, the issue of subsidization is conjectural, This is 
especially true where aluminum smelters are operated by the state. For example, no one has been 
able to accurately assess the pastor present cost of power, raw materials, or labor in smelters in 
China or the former Soviet Union, dueto the centralized and secretive nature of their economies. 
Because these countries also tend to have very lax environmental controls--if any--the ecological 
and social extemalities of aluminum production may be more severe than they are elsewhere. 

Development Goals Often Not Met 

Subsidization is often "justified" when a project has far-reaching benefits to the society at 
large in a given country. These benefits include employment opportunities created by supporting 
and spin-off industries, such as alumina refining and miscellaneous manufacturing using surplus 
electricity made available by a new dam. But too often, countries that bear the social and 
environmental effects of new dams do not benefit economically from an integrated aluminum 
industry or from spin-offs. Alurnina, carbon, and other inputs have been imported in both Ghana 
and Indonesia despite the existence of local bauxite sources. There are no bauxite deposits in 
Canada and Norway, so alumina must be imported. ln Brazil and Venezuela, the development of 
bauxite mines and alumina refineries was an integral part of the development of the industry, but 
because the mining operations are capital-intensive rather than labor-intensive, local people have 
benefited minimally. 

While the construction phase of the dam and smelter projects often brings jobs to the 
region, many of the jobs are unskilled and short in duration. High-level management and 
operations positions at the technically complex dams and smelters are often held by foreigners, 
while lower-paying jobs are reserved for local people. Most of the aluminum produced at these 
smelters is then exported as. ingot or billet to the major consumers: Japan, the United States, and 
Westem Europe. A small percentage remains in the host country for fabrication into finished 
goods for domestic markets. Because the production of semi-fabricated goods (e.g. sheet, rod, 
and wire) and manufactured goods (e.g. auto parts) tends to produce more added value than the 
processing of raw materials (bauxite ore) into refined raw materiais or feedstocks (alumina or 
aluminum ingot), the export of ingot is a significant drain of potential revenue for the host 
country. 

When dam/smelter projects are first conceptualized by aluminum transnationals and host 
governments, the parties usually state that the surplus electricity from the dams will enhance the 
quality of life of local residents, or will draw new industries to the region, hence creating jobs. 
This may be true in Quebec, despite the fact that the smelters alone did not drive the James Bay 
dams operated by Hydro-Quebec. But in some instances, notably Ghana and Indonesia, the 
smelters have gobbled up so much of the dams' output that there-is little power left over for other 
users of any size. ln British Columbia, the remoteness of the site, harshness of the climate, and 
the paucity of mineral resources have discouraged spin-off industries from locating in the 
Kemano-K.itimat area, even though there is some surplus electricity available. The sarne is true 
for aluminum smelters in Norway's remate fjords, where the smelters are often the only game in 
.town . 

.r . 

Rivers Throughout the World 

There are many other parts of the world not treated in this paper that use hydro for 
aluminum production. Argentina, Austria, Czechoslovakia, Cameroon, Iceland, Iran, Japan, 
Mexico, New Zealand, Romania, Surinam and Turkey each have one smelter which relies on 
hydropower. All four smelters in the former Yugoslavia have relied on hydro, as have four out 
of lndia's six smelters, three out of France's five smelters, and two out of Germany's six, All of 
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the world's major aluminum producers also rely on hydro to some extent: Australia, the United 
States, the former Soviet Union (now the Commonwealth of Independent States), and China. 
Some of these will be treated in brief here. 

The aluminum industry uses about 2% of all the electricity sold in the United States. 
The economic superpower has more primary aluminum capacity than any other country in the 
world: about four million tonnes. About 45% of U.S. smelting capacity uses hydroelectricity, or 
13 out of 23 smelters with a combined capacíty of almost 1.8 million tonnes. Several smelters 
are customers of the Tennessee Valley Authority in the southeast; these smelters get some of 
their power from local hydro dams, and some from large coal-fired power plants. ln Massena, 
New York, there are two smelters that use hydro from the New York State Power Authority's 
Niagara Falis dams. These aging smelters have received much publicity not for their power 
consumption, but for the airbome emissions they have spewed over the years, contaminating the 
Mohawk Indian Reservation, and possibly the St. Lawrence River. 

The largest concentration of U.S. smelters is in the Pacific Northwest. Over one third of 
the power used by the entire U.S. aluminum industry today is supplied by hydroelectricity from 
one federal utility: the Bonneville Power Administration (BPA). BPA operares nine major dams 
on the Columbia River in Oregon, Montana and Washington: the Bonneville, Chief Joseph, 
Grand Coulee, John Day, McNary, Priest Rapids, Revelstoke, Rocky Beach, and Wanapum. 
Together they have an installed capacity of over 15,000 megawatts, of which approximately 
2,300 MW--or 15% of maximum peak power=is supplied to seven aluminum smelters in 
Washington, and one each in Oregon and Montana. Overall, 30% of BPA's total electricity sales 
(in dollar value and power output) is to smelters.? With a combined capacity of 1.5 million 
tonnes (38% of total U.S. capacity and 9% of total world capacity), the smelters are operated by 
Alcoa, Reynolds, MAXXAM, and four smaller companíes.ê 

lts origins in the New Deal, BPA's large electricity surpluses of the 1940's enticed 
smelters to take advantage of rates as low as 3 mills/kWh (0.3i/kWh). These rates lasted until 
1976, when due to extreme power shortages they increased nine-fold, to approximately 27 
mills/k:Wh--among the world's most expensive. ln 1985, BPA adopted two measures to enhance 
the position of the local smelters in the face of these high rates. One was to tie electric rates to 
the intemational price of aluminum, as a means of risk-sharing with the aluminum companies. 
BP A was the first utility to adopt this practice, and it has been copied in Canada and elsewhere. 
The other was to partially finance the modemizati.on of plants to improve their energy efficiency. 
BPA had an incentive to reduce overall power consumption because if the electricity costs were 
too costly for the smelters, they might close entirely and the BPA would lose crucial revenues. 
ln public debates which have surrounded this issue, regional employment has often been cited as 
an important objective of maintaining smelter viability.? 

~ 
Another problem which now faces the aluminum industry in the Pacific Northwest is the 

threatened extinction of salmon native to the Columbia River. Toe string of dams has long been 
recognized as a physical impediment to the migration of wild salmon runs; in recent years the 
quantity and temperature of the regulated river water has also been noted as a factor in their 
decline. To protect the salmon fisheries, environmental advocates have successfully argued for 
an overhaul of the dams' operating practices to increase the Columbia River's in-stream flow. 
Power availability will be diminished as a result.l? This problem will combine with other forces 
to continue to drive power rates up, and will probably cause regional smelters to become "swing 
capacity" in the future, operated only when aluminum prices are high. 

ln the former Soviet Union (now the Commonwealth of Independent States, or CIS), 13 
out of 16 smelters use hydroelectricity, including the Bratsk smelter in Siberia, which at 580,000 
tonnes of capacity is the largest smelter in the world, and is eventually planned to expand to over 
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one million tonnes.U Other rivers which currently provide power for aluminum production 
throughout the CIS include the Dnieper, Niva, Razdan, Yenisei, Kura, Nurek, and Volga.12 

The Bratsk smelter and the Irkutsk smelter (280,000 tonnes) both use power from large 
dams on Siberia's Angara River. The Angara is the only outlet for the Earth's largest lake, Lake 
Baikal, which contains 23,000 cubic kilometers of fresh water--more than in all five of North 
America's Great Lakes. According to Gary Cooke, Program Director of the Earth Island 
Institute's Baikal Watch, the dams downstream from Lake Baikal have flooded and destroyed 
wetlands by raising water leveis almost a full meter, depending on the season and on other 
factors such as drought. The dams have also created new wetlands, and have caused the 
inundation of several fragile sand islands, and other islands which are habitat for the only 
freshwater seals in the world, the Nerpa. "The reason for [all the Angara's] dams was 
specifically for industry, and most specifically for aluminum smelters during the great industrial 
age of the 1950's, in Stalinist and post-Stalinist times." Along with other industries in the Lake 
Baikal region, the aluminum smelters have also been blamed for severe air and water pollution 
which has harmed the lake.P 

The Bratsk smelter began production in 1966, two years after the completion of the 4,500 
MW Bratsk Dam, which rises 125 meters and has a maximum storage capacity of 169- cubic 
kilometers, making it the fourth largest capacity reservoir in the world, and eighth in terms of 
installed generating capacity. Start-up of the Irkutsk smelter took place in 1962, three years after 
the 660 MW Irkutsk Dam was completed. While nota large power generator, the Irkutsk Dam 
created the world's 21st largest reservoir.P Hydro from the Angara will also be used to power a 
new 130,000-tonne smelter in Baikal, Irkutsk. The $200 million Baikal smelter will be a joint 
venture between Russian and western interests. Sovaluminy will build and operate the plant, 
while the U.K.-based firm Intemational Engineering and the U.S.-based finns Kaiser and Bechtel 
will provide technical support. They are also negotiating to modernize the existing 240,000 
tonne Irkutsk smelter, which is extremely inefficient and has no environmental controls. The 
aluminum will be sold ín Europe to generate much-needed hard currency for the CIS.15 Since 
1991-1992, this need to generate cash has spurred the CIS to put over one million tonnes of 
aluminum annually into an already-saturated, depressed global market, thus helping to drive 
prices down further. Toe three-year slump experienced by the aluminum industry is the worst it 
has seen in decades, and many industry observers blame the downtum on ClS "dumping". 

Although five out of Australia's six existíng smelters use coal-fired power, Comalco's 
120,000 tonne Bell Bay smelter on the island state of Tasmania uses hydro, at a low cost of 
A$0.010/k:Wh, compared to the A$0.014-0.025 for the coal-fired smelters.Is When the Bell Bay 
smelter started up in 1955, it was powered by diverting water from the Great Lake on Tasmanía's 
Central Plateau through the South Esk River. Critics maintain that the diversion destroyed the 
lake's shoreline, but that this devastation paled in comparison 1'> the effects of a 1969 capacity 
expansion which relied on additional hydro through the dammíng of Lake Pedder and the 
Gordon River Gorge.l? UNESCO has called the Lake Pedder damming "the greatest ecological 
tragedy since the European settlement of Tasmania." ln the 1980's, Comalco failed in its efforts 
to provide additional hydroelectricity to the smelter when a nationwide environmental movement 
of unprecedented proportions halted the proposed damming of the Franklin, Australia's last 
major free-flowing river.lf ln 1990, with their hydroelectric options gone, Comalco officials 
announced plans to expand the Bell Bay smelter by 200,000 tonnes contingent on the securing of 
natural gas-fired power by the Tasmanian electricity grid. If the power is not supplied, Comalco 
may close the Bell Bay smelter, and will instead focus its investment efforts in the Aysén region 
of southem Chile, where hydropower is available and the government has shown willingness to 
cooperate.I? 

The hydroelectric scheme to power New Zealand's only smelter at Tiwai Point involves 
taking water from Lake Te Anau and Lake Manapouri in Fiordland National Park. Toe 260,000 
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smelter was first constructed by Kaiser and RTZ (the precursor to Comalco) in 1971, when 
electricity was sold to the smelter at approximately NZ$0.002/k.Wh, a rate that was one-twentieth 
the rate to New Zealand farmers and other industries. Renegotiations in 1977 led to a four-fold 
price increase, but even then it was still among the lowest rates in the world. By 1987, the rate 
had risen to a par with the more expensive countries, tied to the London Metal Exchange price at 
around $0.0265.20 

Since their inception, the Tiwai Point smelter and the associated hydroelectric power 
station have been met with public outcry. ln 1967, the proposal to raise the level of Lake 
Manapouri by 84 feet was loudly opposed by environmentalists, who collected over 250,000 
signatures on a petition to stop the project. During the 1970's and 1980's, dairy farmers arnong 
others protested because they saw themselves as subsidizing Comalco through the uneven rate 
structure. A proposed takeover of the Manapouri power station by Comalco has also been 
opposed on the grounds that the company does not act in the best interests of the local 
environment or the economy.ê! 

China is the world's sixth largest aluminum producer. Toe republic relies on hydro for a 
minimum of five smelters out of a total of 21.22 Since most of these smelters do not have power 
sources listed in the available literature, the true number using hydro may be much higher. Many 
of these smelters are extremely old and inefficient, producing only 10-25,000 tonnes a year, 
whereas modem smelters typically have capacities of 100,000-250,000 tonnes. China has plans 
to darn several major rivers, including the 13,000 MW, $10 billion Three Gorges project on the 
Yangtze River. The controversial project would create a 600 square kilometer reservoir, 
flooding three gorges which have been celebrated in Chinese culture since ancient times, and 
displacing an estimated one million people. If completed, it is possible that some of the power 
from Three Gorges will go toward new smelters that will replace old ones as they become 
obsolete. 

Conclusion 

This section has demonstrated a worldwide pattem of darnming rivers for hydroelectricity 
to be used in whole or in part for primary aluminum production, and has introduced some of the 
mechanisms by which aluminum corporations receive special benefits to enable them to produce 
more inexpensively. 

The next section of this paper provides an in-depth exarnination of nine cases around the 
world where aluminum production and damming are linked. The environmental and social 
consequences of the darnming will be explored, as will the history of decision-making that led to 
the construction of the dams and smelters. Where applicablg, the forms of subsidization or 
govemmental aid to the aluminum producers will also be discussed. 

1 13500kWb/tonne * tonne/2204.4 lb. * lb/29 caos* 6 cans/six-pack * 1 hr of color TV/1 lOW-hr = 11.5 hr of 1V 
2 Powell, Jerry. Resource Recycling, October, 1990, p. 50. 
3 From "Statistical Yearbook of the United States: 1992." (112th ed.) U.S. Bureau of the Census. Washinfton. D.C.. 
1992. Tables 62. 937: ave. consumption rate: 922 TWh us resid eJec sa.Jes /year 0990) * ~ = 1. 27 kW 

93.347 million housebolds in U.S. 8760 h household (bh) 
Hydroelectric. for alum.: 126.STWb *:a* h!L= 12.84e6hh. Ali elec. for alum.: 228.21Wh * ll * hh =23.lle6 hh 

year 8760h 1.1 kW year 8760h 1.1 kW 
Australia: 132,172 GWh in 1987, from "World Resources 1990-1991," World Resources Instítute, Oxford 
University Press, 1990, p. 318-319. India: 217,500 GWh, sarne source. 
4 "Primary Aluminum Smelters and Producers of the World," supra. 
5 Amount ofhydro aluminum industry consumes = 14,443 GWh = 0.152 
Amount of final domestic deliveries (all hydro) 95, l 95 GWh 

6 Amount to be purchased from Hydro-Ouebec by sme!ters by 1996 = 2.300 MW = 0.146 
Amount produced by La Grande Phases 1 and 2 15,743 MW 
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7 Personal communication with Stanley Kusaka, Bonneville Power Administration, September, 1992. 
8 "International Water Power & Dam Construction Handbook 1992." Reed Business Publishmg Group, U.K., 1992; 
"Primary Aluminum Plants Worldwide: Parts I and II." U.S. Bureau of Mines, Washington, D.C., 1990. 
9 Peck, Merton J., Ed. "Toe World Aluminum Industry in a Changing Energy Era." Resources for the Future, 
Washington, D.C., 1988. , 
10 Personal communication with Stanley Kusaka, supra. 
11 580,000 tonne capacity of Bratsk smelter from "Primary Alumínum Plants Worldwide: Parts I and II," supra.; 
other sources put íts capacity at 800,000 tonnes. 
12 "Primary Aluminum Plants Worldwide: Parts I and II," supra. 
13 Personal communícatíon, Gary Cooke, Baikal Watch Program Dírector, Earth Island Institute, San Francisco, 
Californía, June 1992; and Pelline, Jeff. "Kaiser Seeks Sibenan Plant." San Francisco Chronicle, July 18, 1991, CI. 
14 "Intemational Water Power & Dam Construction Handbook 1992," supra. 
15 "Soviet Aluminum Venture." The Mining Joumal, Vol. 313 No. 8051. December 22, 1989. p. 502; and Pelline, 
Jeff, supra. 
16 "Prímary Aluminum Smelters and Producers of the World." Aluminium-Verlag GmbH Düsseldorf, 1991. 
17 Moody, Roger. "Plunder!" PARTiZ4NS1CAFCA (People Against R1Z and its Subsidiaries/Campaign Against 
Foreign Control of Aotearoa), London, England, 1991. 
18 Steffen, William. "Furor Over the Franklin." Sierra, San Francisco, CA, September/October, 1984. 
19 "$1.2 million Study ínto Tasmanian Smelter." CRA Gazette, Austrália, October 1990. 
20 "Primary Aluminum Smelters and Producers of lhe ·world," supra. 
21 "Plunder!" supra, pp. 12, 49-53. 
22 "Primary Aluminum Smelters and Producers of lhe World," supra. 
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Chapter 4 

Ghana: The Akosombo Dam and the Volta River Project 

"The Volta scheme began as=and has since remained=a scheme oriented toward the cheap 
manufacture of aluminum. Ali the other functions which have been attributed to this massive 
infrastructural developmem by various proponents=power production, irrigation, further inâustrialtzation. 
lake transport,fishing and tourism=must be seen [as] elaborate rationalizations designed to divert popular 
and even academic opinion away from an objeaive perception of the original functions of the dam. "1 

ln 1990, Ghana's sole aluminum smelter, Valco, produced only 174,000 tonnes: less than 
1 % of world output. The Akosombo Dam on the Volta River, which supplies power to the 
smelter, has an installed capacity of only 912 MW--less than half the output of the world's 25th 
largest dam. Despite these low rankings, the Akosombo is a world leader in terms of the harm 
caused by a large dam. It is also one of the most clear-cut cases of aluminum driving the 
damming of a ríver, rather than vice-versa. The worst impacts of the dam and smelter project 
have been the relocation of 80,000 people whose homes were inundated by the reservoir, and the 
escalation of waterbome diseases, including schistosomiasis, onchocerciasis (river-blindness), 
and malaria. Toe new reservoir also impeded rather than enhanced the mobility of average 
Ghanaians. As in Egypt, many local industries and agricultura! practices were adversely affected 
or eliminated by the dam, and local benefits were few. Early promises of rural electrification and 
spin-off industries, including bauxite mining, remained long unfulfilled. 

Finally, the Ghanaian state gained little economically from the project, which was 
spearheaded by foreign interests. Rather than bolster the nation' s economy by levying electric 
tariffs that would tum a profit or by reaping significant tax revenues from V alco, the government 
gave Valco extremely cheap electric rates, and offered the company tax breaks of ali sorts . 
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. AKOSOMBO DAl'vfSIATISTICS 
I. 
2. 
3. 
4. 
s. 
6. 
7. 
8. 
9. 
10. n. 
12. 
13. 
14. 

River or basin: Volta River Basin, fed by the Black and White Volta Rivers, the Oti, and the Afram. 
Dams located in Akosombo Gorge, Volta River. Rockfill, 141 meters high2, 6,270 meters long. 3 
Rated capacity: 912 MW existing, 1,824 MW planned.f 
Dam operating agency, completion date: Volta Ríver Authority, 1965. 
Maximum reservoir storage, Volta Lake: 148 cubic kílomerers.ê 
Area flooded: Approximately 8,300 square kílometers. 
Agricultural Iands cleared; inundated: 6,100 hectares cleared; 51,800 hectares flooded 
N umber of people relocated: 80,000 total inhabitants of 740 separate villages. 
Effects: waterbome disease, property loss, loss of local control of resources, foreign debt. 
Aluminum capacity, smelter location: 200,000 tonnes per year, Tema. 
Smelter power consumption, price: 370 MW, US$0.0f8/kWh. 
Fraction of dams' capacity used by smelter (at full output): : Over.AO%. 
Alumina and ingot: 100% of alumina imported, most ingot exported. 
Ratio ofkW installed to hectares tlooded: 1.092. 6 

The Dam and Smelter Project 

The dam utilizes runoff from a catchment basin of 394,000 square kilorneters, an area 
larger than Ghana itself.7 This basin contains the Volta River's four main tributaries: the Black 
Volta, the White Volta, the Oti, and the Afram rivers.f Approximately 8,300 square kilometers 
were flooded by the dam in 1963, making the new Volta Lake the fifth largest lake in Africa (in 
area), and the largest man-made lak:e in the world at that time. With a 148 cubic kilometer 
storage capacity that rivals Lak:e Nasser, Volta Lake is now the sixth largest artificial lake in the 
world in terms of volume. Its area covers 4% of Ghana' s land surface. 

38 



Toe smelter is located in Tema, near Accra. It is operated by the Volta Aluminum Co. 
Ltd. (Valco), which is 100% owned by multinational foreign interests: 78% by the giant Maxxam 
Group (including Kaíser), 10% by Reynolds, and 12% by private interests. At full capacity, the 
200,000-tonne smelter uses 40% of the dam's electric output.? The $128 million smelter was 
financed by Kaiser, Reynolds, the World Bank, and the U.S. and British governrnents.t? 

The Eff ects of Relocatíon 

Akosombo is infamous for the scale of social damage it caused; about 80,000 people 
from 740 small villages were displaced by the flooding. They carne from seven ethnically 
distinct groups: Akwamu, Dagomba, Ewe, Gonja, Krachi, Krobo, and Tongu.!' Most were 
subsistence farmers; about 1,200 were fisherman, and some had developed successful small-scale 
industries.P Toe people posed little initial resistance to the project because the government 
promised them it would industrialize the newly-independent nation on a Westem scale. The 
govemment also promised the flooding would make no one worse off. Despite these promises, 
the resettlement took a large toll on lhe Volta population. Crowding in the new towns, diseases, 
and the loss of agricultural lands and traditional farming practices were the dam' s worst effects. 

The displaced residents were given a choice of new homes or a cash compensation. 
15,000 people opted for the cash, the rest moved.P While authorities attempted to relocate entire 
villages together, an unprecedented concentration took place as the 740 abandoned villages were 
re-established as only 52 new ones. Toe floodwaters rose faster than authorities had predicted, 
and lhe relocation of many villages occurred in great haste, forcing residents to leave behind their 
belongings. for which they were never compensated. 

Because the Ghanaian govemment lacked funds, it was unable to adequately compensate 
fanners for flooded agricultural lands, and was forced to renege on promises to clear replacement 
lands. Housing in lhe new villages was also inadequate, both in size and quality of construction. 
A strict policy of "one room per core household" increased the average number of occupants per 
room from 1.5 in the original villages to 2.2 in the new villages. This caused trernendous 
dissatisfaction in this polygamous society, and over half of the resettled villagers eventually 
moved away from the new towns.14 Further, the Westem-style construction was inferior to the 
native mud and thatch houses, roasting residents in the heat of the day and chilling them at night. 
Roofs reportedly blew off in storms, and the walls failed to protect residents from dust, wind and 
rain. 

Due to the unexpectedly low amount ·of cleared replacement land, the govemment could 
not allow the relocated settlers to continue practicing traditional methods of shifting cultivation. 
Instead, they insisted on intensifying production, again using-a Westem model. Relocated 
farmers were assigned specific crops to grow, while the Volta River Authority (VRA) controlled 
the seed, pesticides, fertilizers, and equipment required for the new fanning practices. As the 
Principal VRA Agriculture Officer N.S.O. Nicholas waxed in 1965, "The Department realized 
that the enforced movement of 82,000 people who were predominantly fanners offered a unique 
opportunity to wean an appreciable portion of Ghana' s fanners from the wasteful, fragmented, 
and shifting system of agriculture to a settled and improved pattem of fanning."15 

Toe scholar Graham, however, has described the new farming program as authoritarian, 
and ultimately a dismal failure. Soon after the relocation, starvation threatened to wipe out many 
villages dueto the combined problems of insufficient cleared land, heavy equípment failure, and 
the inability of resettled farmers to adapt to the mechanized, chemical agriculture espoused by 
Ghanaian govemment agencies. ln 1966, the World Bank Food Programme and U.S. AID 
stepped in with over 6,000 tonnes of emergency food aid to relocated villagers. Thus began 
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many years of dependency by a formerly self-sufficient people on bureaucratic programs and 
govemment hand-outs, According to one survey, a full 100% of the resettled people considered 
the Volta Project a "personal disaster," with little national economíc benefi.t.16 

Health Eff ects of the Reservoir 

-- 

The stagnant waters of the new reservoir drarnatically increased breeding conditions for 
vectors, and hence the incidence of three endemic diseases: schistosomiasis (transmitted by 
snails), onchocerciasis (or ríver-blindness, transmitted by black flies), and malaria (carried by 
mosquitoes). Mild schistosomiasis causes diarrhea and anemia; in its more severe stages it can 
cause dysentery, emaciation, and death. Before the filling of the reservoir, schistosomiasis 
afflicted 1-5% of the population. By 1979 it had become the most prevalent disease in the area, 
with over two rnillion people infected. The average infection rate in lak:eside villages grew to 
75%, while in some fishing communities 100% of children under age 14 were infected.l? 

Over 100,000 people in the Volta basin have been affected by onchocerciasis, 70% of 
whom are totally blind.lê "ln northeastem Ghana, 40% of the total land area has been abandoned 
as a result of tiver blindness."19 Early attempts by the World Health Organization to control the 
disease were met with failure. A multi-million dollar insecticide spraying program to eradicate 
black flies was unsuccessful due to the flies' large rnigratory range; they are easily able tore 
infect sprayed areas. Ironically, the spraying program actually improved conditions for the black 
fly by killing its predators. 

Akosombo's Origins: Development for Whom? 

From the outset, the Ak:osombo Dam and Terna Smelter were driven by Westem 
investment, and aluminum--their main output--was targeted for export. Surveys of the Volta 
region taken by the British in the 1920's revealed four large bauxite deposits and nine potential 
hydropower sites, but plans were not finalized to exploit thern at that time because the 
industrialized nations' supply of these resources was still arnple. It was not until after World 
War Il=when world aluminurn consurnption skyrocketed and energy prices in the United States 
began to rise--that the aluminum conglornerates looked abroad in earnest to ensure future 
supplies. "[Although] a 1957 World Bank report had described the VRP as 'notjustified' at that 
stage of Ghana's development, the alurninum companies, with a high reputation for long-terrn 
planning, obviously felt that it was justified at that stage in their development. It was not so 
much the bauxite that attracted them as the prospect of cheap power."20 A 1952 British white 
paper on the VRP clearly stated that the purpose of the project was to supply aluminum to the 
United Kingdom, and secondarily to other markets.?! ., 

The complicated negotiations leading up to the finalization of the Ak:osombo Dam and 
the srnelter at Tema took place frorn the early 1950's to the mid-60's--the height of the Cold 
War. The scholar Pardy writes that U.S. President John F. Kennedy was eager to assist Ghana's 
development of the VRP if it meant swaying the country away from Soviet aid and influence, 
and he was glad to let Edgar Kaiser, a skilled and megalithic businessman, wrap up project 
negotíatíons.Iê 

,-. 
ln early negotiations among Ghanaian President Nkrumah, the United States govemrnent, 

and the major aluminurn cornpaníes and their private investors, the Ghanaian objective was to 
secure political and economic independence from the departing British colonial government. (ln 
1957, Ghana had become the first black African nation to gain independence.) Nkrumah 
believed this autonorny could only be achieved with a fully integrated alurninum industry: one 
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which included bauxite mining, alumina production, primary aluminum smelting, and the 
fabrication of end-products. Nkrumah also wanted the project to include rural electrification, 
lake transport, and the development of a local fishing índustry. When the project was finalize d, 
however, everything but the dam and the smelter had been scrapped. According to Kaiser, 
financing could be obtained more easily with lower overall costs. 

When the venture was finally financed, the Ghanaian government only contributed ±:35 
míllion ( or 40%) of the capital for lhe dam and smelter project. The rest carne from lhe World 
Bank (±:16.8 million), the British govemment (f5.0 million), and two U.S. government agencies: 
U.S. AID (í9.6 million) and the U.S. Export-Import Bank (±:3.6 míllion). Toe Kaiser and 
Reynolds corporations contributed El 7.5 of their own, or 20% of the total cost of the project. 

The Many Forros of Subsidization 

Valco enjoyed many favorable operating terms under the 1962 Master Agreement with 
Ghana. These included tax-free imports of alumina for 30 years, tax-free shareholder dividends 
and tax-free income for all foreign laborers, the right to expand the smelter without prior 
government permission, unrestricted rights to mine bauxite without mineral duties in areas up to 
a total of 100 square kilometers, and general income tax relief as a "pioneer company" for five to 
ten years. Through these tax exemptions Valco was able to recover all of the share capital it 
invested in the smelter. ln addition, Valco secured an agreement with the U.S. govemment 
"which allowed Valco tax exemption on the import of aluminum into the U.S. on the grounds 
that tax on the ingots had already been paid in Ghana."23 

Toe power costs were among the most important subsidies. When Valco signed the 
Master Agreement, they were to be charged the extremely low initial rate of 2.625 mills/kWh for 
firm power, while customers of the Ghanaian Electricity Commission were charge d three to four 
times that.24 By 1976, the rate had risen to half as much as local customers paid. And contrary 
to Nkrumah's expectations, only 1.5% of Ghana's population had been electrified by 1974.25 

Power rates had also been the most difficult aspect of the original negotiations in the 
early sixties. Fui Tsikata, a member of the Ghana-Valco renegotiating team in 1985, writes that 
Edgar Kaiser succeeded in securing the 2.625 mill rate only after threatening to withdraw from 
lhe project entirely. He argued that price was rational because it was comparable to the long 
standing rate charged by the Bonneville Power Administration (BPA) to the eight smelters in the 
Pacific Northwestem United States. At that time, the Valco rate was comparable with smelters' 
power rates in other parts of the world.26 By 1983, however, a tremendous rate gap had grown 
between Valco and BPA. Valco's rate had barely doubled to 5 mills/k:Wh, while smelters in the 
Pacific Northwest saw their rates increase tenfold, to 22.5 millsAtWh. That year, the Electricity 
Commission of Ghana was paying the VRA 5.4 times the electric rate charged to Valco. Mines 
in soulhem Ghana paid 5.6 times as much, Akosombo Textiles paid 16.3 times as much, and the 
neighboring countries of Togo and Benin were paying 12.7 times as much as Valco for power 
they imported from the VRA.27 By 1990, the rate had been elevated to 18 mills/kWh.28 

- 

- 

- 
- 

ln 1982. the VRA was still not eaming sufficient return on íts capital as required by 
conditions in its 1969 World Bank loans. Although faced with a growing domestic power 
shortage, the VRA was unable to secure financing to build more dams. "The V alco power tariff ..i 
was so low that several intemational lending agencies felt that the provision of concessionary 
funds to the Volta River Authority could be considered, indirectly, as a subsidy to Valco."29 
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Other Resource Industries Stymied 

Ghana has not benefited from any of the potential spin-offs from an aluminum smelter. 
Despite early promises to the contrary, the aluminum industry has remained un-integrated. ln 
addition, other aluminum companies as well as non-alurninum related industries have been 
unable to gaín entry into Ghana due to a lack of available electricity; Valco has effectively 
monopolized the market.ê? "Rather than Ghana controlling Valco's destiny, the position is 
largely the reverse. When Valco wished to expand its smelter in 1972, the VRA was obliged to 
install units 5 and 6 at the Akosombo power plants. Again in 1976, the installation of the fifth 
potline at Valco caused a generating expansion at Kpong [Dam]. Bluntly, if Valco wants more 
power Ghana has to find it-regardless of more socially or economically desirable options."31 

Although bauxite mining has taken place in Ghana since the early 1940's, the country 
still has no domestic alumina refineries; all bauxite is exported. Valco continues to import 
alumina from Kaíser's alumina refineries in Australia and the United States, as well as most of 
the other chemical and mineral inputs required for primary aluminum production.ê- According 
to Pardy, it does so because it fears a potential nationalization of the company were it to become 
solely dependent on Ghanaian resources.êê Domestic fabrication of end-products is also limited 
to products consumed locally. The vast majority of ingot produced by Valco is still exported: to 
the United States, South America, Europe and the Far East.34 

To thís day, the Akosombo Dam and Valco smelter project remains a glaring example of 
the widespread destruction sustained by a developing country for the almost exclusive benefit of 
foreign aluminum interests. 

2 Goldsmíth, Edward. and Nicholas Hildyard, "The Social and Environmental Effects ofLarge Daras." Sierra Club 
Books, San Francisco, 1984. p. 334. 
3 "Handbook I 992." Intemational Water Power and Dam Construction . Reed Business Publishing Group, United 
Kingdom, 1992, p. 58. 
4 "Water Power and Dam Constructíon Handbook 1992. "p. 59. 
5 Goldsmith and Hildyard.i.1984, supra., p. 334. 
6 ·912 MW * 0.3861 miL. = 1.092 kW 

3,225 mi2 100 hectares hectare 
7 "Toe Volta Ríver Project Vol. III: Appendices of tbe Report of tbe Preparatory Commission." Published for tbe 
Govemment's Office of the United Kingdom and of the Gold Coast by Her Majesty's Stationery Office, 1956. p. 9. 
8 "Toe Volta River Project Vol. III." supra. p. 9. 
9 "Primary Aluminum Smelters and Producers of lhe World." Aluminíum-Verlag GmbH, Düsseldorf, 1991. 
10 Rosenfeld, Patricia L. "Toe Management of Schistosomiasis." Research paper R-16, Resources for the Future, 
Washington, D.C.. 1979. p. 101. 
11 Graham, Ronald W. "Ghana's Volta Resettlement Scheme," Chapter 12 in "Toe Social and Environmental 
Effects of Large Dams, Vol. 2: Case Studies." Eds. E. Goldsmith andN, Hil~ard, Wadebridge Ecological Centre, 
Worthyvale Manor, Camelford, Comwall, United Kingdom, 1986. 
12 Graham notes tbat while a small number of local fishennan saw greatly improved catches due to favorable 
conditions in tbe large reservoir, an equal number below tbe damsite saw tbe decímatíon of local clam catches 
because of reduced water flow. 
13 Rosenfeld, Patricia L., supra. p. 101. 
14 Granam, supra. p 136; Pardy, Rob. et ai., "Purari Overpowering Papua New Guinea?" Toe lnternational 
Development Action for Purari Group, IDA, Fítzroy, Victoria 3065, Australia, 1978. p. 149. 
15 "Resettlement Agriculture." Nicholas, N.S.O., Principal Agriculture Officer, Volta River Authority, in "Volta 
Resettlement Symposium Papers" (Volta Resettlement Symposium, Kumasi, 23-27 Marcb 1965). Publisbed by 
Volta River Authority, Accra, and lhe Faculty of Architecture, Kwame Nkrumah University of Scíence and 
Technology, Kumasi, Ghana, June 1965. p. 86. 
l6 Grabam, supra. 
17 Rosenfeld, Patricia L., supra. p. 105. 
18 Granam, supra, p.137. 
19 Goldsmíth, Edward and Nicholas Hildyard, supra. p. 85. 
20 Pardy, supra, p. 138. 
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31 Pardy, supra, pp. 158-9. 
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Chapter S 

Upsetting the Nile: Egypt's Aswan High Dam 

"[The Aswan Dam's] total volume has been calculated to be seventeen times that of the Great Pyramid. 
To build it about 30,000 men worked round the clockfor five years often under extremely harâ condiiions .• 
especialiy during the summer when the normal daily temperature is around 40ºC in the shade. The immense 
pu dug for the water inlets to the powerhouse looked in the heat and choking dust, despite the installations of 
modem vemilation; like an opening to hell .." J 

Flood control and irrigation for domestic and export crops has been the primary goal of 
Egyptian dam-builders since the tum of the century, and also motivated construction of the Aswan 
High Dam in the late 1960's. Nonetheless, Egypt's single large aluminum smelter at Nag 
Hammady uses a full 15% of the dam's electricity, and must bear some responsibility for the wide 
range of environmental and social effects the dam caused. The Egyptian population has benefited 
from very few spin-offs from the aluminum industry or the dam. Ali alumina for the smelter is 
ímported, and 30% of the ingot produced is exported. ln addition, a variety of local industries 
have declined dueto the dam's operation, anda net loss in arable agricultura! land has ensued. 

t. z. 
3. 
4. 
s. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 

Dame Toe Aswan High Dam, Nile River. Earth/rockfill, 111 meters high, 3830 meters long. 
Rated capacity, start-up date: 1,815 MW existing; 2,100 MW planned. Start-up: 1967. 
Operating agency: Egyptian government 
Maximum reservoir storage, Lake Nasser: 169 cubic kilometers. 
Area ffooded: Approximately 400,000 hectares 2 
Number of pe~~e relocated: Over 100,000 inbabitants of 553 small villages. 
Effects: Land s · izatíon, major relocation, archeological/historical sites floóded, dísease, etc. 
Aluminum capacity, smelter location: 184,000 TPY (240,000 TPY planned), Nag Hammady. 
Smelter's electric demand, price: 280 MW at full capacity.3 US$0.008/kWh.4 
Fraction of dam's capacity used by smelter (at fuD outputjr Approximately 15% 
Alumina: 100% imported (from Australia). Share of ingot: Egypt 70%, Soviet Union 30%. 
Ratio of kW installed to hectares flooded5: 4.5 

A Brief History 

ln 1902, a low dam was built at Aswan to supply water for agriculture and to prevent what 
was perceived by some as a violent cycle of floods and famines. Although the reservoir was 140 
kilometers long, it could store only 1 cubic kilometer of water. The dam was heightened in 1912, 
and again in 1933. By the 1940's even the new storage capacitg had become inadequate for an 
increasing populatíon, and for the cotton export crops promoted by the British colonial 
govemment. British hydrologist H.E. Hurst was the first to conceive of a "huge reservoir that 
would store enough water for an entire century, thus saving the people from famine and the land 
from inundation, which had resulted from low and high floods, respectívely.:" His plans and 
those of later engineers were not put into effect until 1958, when Egypt's President Nasser signed 
an agreement with the Soviet Union to finance the Aswan High Dam (AHD). The dam was 
operational ín 1967, and final construction was completed in 1970. Toe AHD now has an installed 
capacity of 1,815 MW, and with a greatly increased storage capacity of 170 cubic kilometers, is 
able to provide irrigation for severa! hundred thousand acres of land. 

Environmental and Cultural Damages 

The wide range of negative effects spurred by lhe Aswan High Dam might lead one to 
believe the Egyptians were experiencing another Ten Plagues. Damages include the net loss of 
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fertile agricultura! land, the introduction or acceleration of pest damage to crops, the forcible - 
relocation of the indigenous Nubian people, widespread disease, the inundation of temples and 
artifacts of great archaeological and religious importance, and the decline of local businesses. 
These effects are described below. 

Net land loss. Although the major purpose of the AHD was to increase agricultural 
lands available in Egypt, there has been a net loss of arable land associated with the project Water 
from Lake Nasser has been used to "reclaim" two categories of desert lands. Toe first type of land 
was formerly cultivated once a year, taking advantage of the moist soils left behind after the annual 
flooding of the Nile. The second category consisted of dry desert soils of marginal quality that had 
never been cultivated by lhe Nubians. Both are now subjected to intensive perennial irrigation, 
permitting three crops per year. Because project engineers did not want to invest in a tile drainage 
systern during the construction of the High Dam, the result has been a significant loss of arable 
land due to salinization. 

The quality of Nile Valley soils is rapidly deteriorating because the dam is depriving 
downstream banks of an estimated 100 million tonnes of silt annually. To compensate for this 
loss, farmers have increased their use of chemical fertilizers by $100 million per year. The clear, 
fast-moving waters of the dammed Nile have encouraged riverbed scouríng, and has accelerated 
coastal erosion to the point where inland freshwater lakes are threatened.7 

The electricity made available by the dam has enabled rapid urban development on 
approximately 400,000 hectares of formerly agricultura! land, while only 372,000 hectares have 
been "reclaímed." It is not just an hectare-for-hectare substitution; the lands lost to urban sprawl 
have been in the fertile Nile Valley, while the newly-irrigated lands are poor desert soils.8 

Pests, The dramatically increased soil moisture resulting from perennial irrigation has 
created ideal conditions for pests which are harmful to agriculture. These include the great moth 
(Polychrosis Botrana) and the cotton-leaf worm (Spodoptera littoralis), neither of whom were 
known in Upper Egypt prior to the AHD. and the comstalk borer tChilo agamemnons.i 

Many local industries have been damaged due to silt buildup behind the darn, and 
as a result of the intensive agricultura! practices ushered in by the dam. "Before the building of the 
Aswan High Dam, the sardine fisheries along the eastem Mediterranean coast yielded some 18,000 
tons of fish a year. Deprived of the nutrients in the Nile's sílt, however, the sardine population fell 
dramatically, and by 1969, catches were down to 500 tons a year."10 One third of the 7,000 brick 
kilns which had dipped into the Niles prodigious annual silt deposits for centuries were also 
forced togo out of business. Shrimp fisheries have also been reduced as a result of insecticide 
and fertilizer-laden runoff.11 

Nubian Relocation. Over 100,000 Nubians were refocated to make way for Lake 
Nassers waters. Although they carne from three distinct language groups (Arabic, Kenuz and 
Mahas) from both sides of the Egypt-Sudan border, they viewed themselves as a distinct people: 
undivided by artificial political boundaries, and united by the mighty Nile which provided 
sustenance in an otherwise harsh desert environment. They have continuously inhabited Nubia for 
over 6000 years, and in their modem lives have remained conscious of and connected to their 
history. Writes scholar Tom Little, 

"The High Dam has doomed forever this land of Nubia, its monuments and the homes 
and farms of 100,000 people living in it. The whole Sudanese town of Wadi Halfa, the 
villages with their clean, whitewashed houses, the palm trees and the thin, struggling 
crops, the traditions and the penurious living of a hardy and proud people who have clung 
to the banks of the river from generation to generation, will all vanish in the reservoir."12 
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Toe relocation of the Nubians to the Kom Ombo region called "New Nubia"--an area below 
the Aswan Dam northeast of Old Nubia--did not proceed smoothly. Many of the relocated villages 
arrived at the new towns to find unfinished houses and inadequate facilities. The Egyptian 
govemment then delayed the relocation of some towns until construction could be completed, but 
in the interim starvation threatened villagers who had not cultivated their lands, and had already 
eaten or sold their livestock in anticipation of the move. 

"The tragedy of the exodus from the Nubian homeland was the greater because of the 
social role played by two assets which could not be moved--the waterwheel (saqia) and the 
[date] palro trees. They were jointly owned and because of this served as a social bond. 
Ali the women who had tended and watered the trees from the day of planting owned a 
share of the harvest of dates corresponding to the labor they had contributed. This social 
structure explains why the Nubians, for example in the Halfa district...insisted on taking 
with them as many as possible of the young palm trees on the long joumey to Khashm el 
Girba in the Kassala province--a burdensome thing to do and which from a purely 
economic point of view seemed to make little sense."13 

As in Ghana's Volta Project, the relocation entailed concentrating people from over 553 
widely dispersed hamlets, none containing more than 100 people, into only 43 densely populated 
villages, each containing over 2000 residents. Toe cultural degradation associated with the 
relocation has been severe. The proximity of cities in northem Egypt has increased male labor 
migration, leaving a disproportionate number of women, children and the elderly alone in the 
villages. The smaller new houses have diminished both privacy and social interaction within 
cornmunities, and the prohibition against making alterations has reduced the individual artistic 
expression associated with richly-decorated homes in Old Nubia. Likewise, community rituals of 
birth, death and marriage have been shortened, altered, and in some cases torgotten.i+ 

Disease. The presence of year-round irrigation has eliminated the fallow, dry periods 
during which the complicated life-cycle of the schistosome parasite was norrnally broken. All 
along the Nile between Cairo and Aswan, the incidence of schistosomiasis has increased from an 
average of 5% in 1930 to 35% in 1972. Some towns have infection rates of 100%. ln addition, 
the prevalence of Schistosomiasis mansoni, the most deadly variety of the disease, has increased in 
the Nile Delta from 3.2% in 1935 to 73% in 1979.15 

Archeological sites and antiquities in the path of the rising Lake Nasser were also 
relocated. The pending flood spurred a massive intemational effort to excavate and research 
ancient tombs, temples, fortresses, frescoes and other artifacts of both Pharoanic and Greco 
Roman design. These included the f amous temples of the island of Philae, the temples of Ramses 
II at Ashka and Mandulis at Kalabsha, the rock temples of Abu Simel and countless other 
structures dating from the first century AD through the Middle Ages. Those deemed most 
important by historians and archaeologists were painstakingly disassembled--with the help of the 
Nubians--and moved to higher ground, or reconstructed in museums in Cairo and other major 
world cities.16 Some old cities of historie importance were excavated, hastily recorded, and soon 
covered forever by the waters of Lake Nasser. 

These are not the only hístorical sites impacted by the dam; perennial irrigation has caused 
an unprecedented rise in the water table throughout the Nile delta, threatening the stability of 
world-famous monuments .•• The Sphinx has shown defects in its solid structure, as [has] the 
Karnak Temple in Louxor, where underground water has come quite close to the ternple's 
foundations. The columns now suffer from apparent decay due to humidity and could easily 
collapse in the long run ... "17 Modem structures are also threatened by the higher water tables. 
Basements in many Cairo buildings have been infiltrated by salty groundwater which can corrode 
foundations.t'' 
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- Dam safety. ln 1981, a magnitude 5.6 earthquake occurred beneath Lake Nasser, 
accompanied by numerous foreshocks and aftershocks. Some seismologists think the quakes were 
induced by the massive weight of the reservoir.l? Although these quakes did not cause serious 
harm, the millions of people living along the Nile risk catastrophe should a strong future 
earthquake (or bombing) cause the Aswan Dam to collapse. 

- 
- The Aluminum Connection 

Located at Nag Hammady, Egypt's sole aluminum smelter is operated by government 
owned Egyptal, and gets 100% of its electricity from the Aswan High Dam. Toe smelter' s existíng 
capacity is 184,000 tonnes per year, and it plans to expand to 240,000 tonnes by 1994. As of 
December 1987, the energy price was only US$0.008/k:Wh, well below the world average.20 

Toe damages the Egyptian people have sustaíned due to the AHD might have been partially 
mitigated if the economy had benefited from smelter-related industries, but few such industries 
have been developed. A full 100% of the alumina required for the smelting process is imported 
from Australia, and is trucked across the desert to the plant. Not all the finished ingot remains in 
the country for value-added manufacturing, either, As recently as 1991, the [fonner] Soviet 
government had a 30% share in the ingot produced.U 

Aswan is a classic case of the blunders large dams can create, economically and 
ecologically. Although the AHD was built for political reasons, the aluminum smelter was and is a 
significant consumer of the electricity generated by the dam. 

- 
- 
- 
- 
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Chapter 6 

lndonesia's Asahan: Japan's Aluminum lndustry Leaves Home 

ln 1982, the Siguragura Dam on the Asahan River in northern Sumatra was completed, 
the turbines in its associated powerhouse began turning, and the P.T. Inalum primary aluminum 
smelter--for which the dams were built--produced its first ingot. Two years later, the Tangga 
Dam and powerhouse slightly downstream were completed, and the capacity of the smelter 
increased from 75,000 to 225,000 tonnes per year (TPY).1 Begun in the mid-1970's, the smelter 
and powerhouses were the linchpins of the Asahan Development Project (ADP), an attempt by 
the new Suharto regime to prop up Indonesia's sagging economy by exploiting its abundant 
natural resources. 

The desire of a developing country to industrialize does not distinguish lndonesia from 
other cases in this report; similar development objectives drove smelter projects in Ghana, British 
Columbia, Quebec, Ghana, Brazil and Venezuela. The social and environmental damages caused 
by the Asahan Development Project are in themselves not outstanding; in fact the impacts appear 
almost minar relative to other projects. And as in many other cases, the local population was 
ultimately disappointed by the broken promises of residential electrification and spin-off 
industries that were to be created by the Project. 

What does set Asahan apart is the deliberate export of environmental damages from 
Japan--a rich nation, to Indonesia=a poor country. The ADP is representative of the planned 
shift of aluminum production from fossil fuel-dependent countries to cash-poor nations endowed 
with lower cost hydro. It is also interesting because some have suggested that the Japanese had 
geopolitical motives in soliciting Indonesia' s cooperation in the dam and aluminum venture. 
Other project critics have noted that Japanese taxpayers footed the bill to capitalize the project 
while private corporations in Japan benefited from the investment. 

The Smelter and Powerhouses 

- 

The Asahan River is the major outflow stream of the enormous Lake Taba in northern 
Sumatra, where average rainfall exceeds two meters a year.ê Ata mean annual surface elevation 
of 905 meters above sea leve! (a.s.l.), the oblong lake rests in a volcanic crater surrounded by 
steep mountains. The Asahan River is ideal for hydropower generation. Its mean annual flow is 
a powerful 108.4 cubic meters per second (cms) as it plunges to the sea through several narrow 
gorges in a 900 meter drop in elevation. No huge reservoirs were created to capture this power. 
Instead, a regulating dam was built near Lake Toba at Siruar, a1id the riverbed near the lake was 
dredged to ensure a smooth, steady flow. Downstream, two spectacular sets of waterfalls were 
bypassed to build the Siguragura and Tangga Dams, which have a combined installed capacity of 
513 MW, including 426 MW of firm capacity. The dams reduce the river's flow to 106 cms and 
allow the lake to fluctuate between 899 and 905 meters a.s.l., '' ... thus utilizing the storage 
capacity of the lake, which is about 1,100 million cms per meter [of] drawdown.t" 

From the Tangga Dam, transmission lines carry power 125 kilometers to the P.T. Inalum 
primary aluminum smelter in Kuala Tanjung at the mouth of the Asahan Ri ver. At its maximum 
annual output of 225,000 tonnes, the smelter consumes power ata rate of about 415 MW, or 98% 
of the dams' firm capacity. There are plans to increase the smelter's production to 300,000 or 
375,000 TPY, and to construct another 180 MW dam on the Asahan River to meet the additional 
electric demand the expansion would create. 

48 



ASAHA~l'fDEVELOPMENT PROJECT STA TISTICS 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 

River: Toe Asahan River, fed by Lake Toba, northem Sumatra. lndonesia. 
Dams, River: Siruar Regulating Dam (no power), Síguragura Dam, Tangga Dam. Asaban River, 
Rated capacity (MW): 603 installed (513 peak output; 426 firm power). 180 MW expansion planned.f 
Agency, dam completion date: Asahan Authority, 1982 (Siguragura), 1984 (Tangga). 
Max. active storage (million m3): Lake Toba: 2.86, Siguragura: 0.75, Tangga: 0.713. (total= 4.323) 
Area flooded: minimal (1,576,000 square meters'. 
Agricultura( lands inundated: rice paddies, coconut graves, etc. 
Number of people relocated: Undocumented number of inhabitants of several hamlets, 
Effects: Habitat loss, escalating land values, loss of domestic and local contrai of resources, foreign debt, 
Smelter owner; capacity: P.T. lnalum; 225,000 TPY (expansion to 300-375,000 planned).5 
Smelter locatiom Kuala Tanjung, at mouth of Asahan River, on Sumatran coast near Straits of Malacca. 
Smelter's electrlc demand; price: 416 MW6; US$0.001/kWh (in 1975), US$0.016 (as of Dec. 1987).7 
Fraction o( dams' capacity used by smelter (at full output): 81 % of peak outfut.; 98% of firm cap. 
Alumina and in2:ot: [00% imoorted alumina (Australia and lndia)~ two thirds o the ingot exported. 

The Effects of the Asahan Project on the Local Environment and People 

Sumatra is a rural island whose inhabitants grow rice, coconuts, spices and other crops for 
local consumption. The effects of the ADP have included the relocation of 200 to 1,000 
residents living in or near the Project area, a large influx of foreign and domestic workers which 
has changed land values and the local social structure, the destruction of agricultura! lands and 
wildlands, and damage to riverine and marine life which has yet to be thoroughly investigated. 

Generations-old rice paddies along the Asahan River have been inundated by the dams, 
and others were destroyed when dredging spoils were dumped on them. Construction of the 
smelter required clearing about two hundred hectares of land along the coast that had been 
covered with tropical grasses, swamp forest, and small groves of coconut. Another 50-meter 
wide, 125-kilometer long swath was cut through forests and some agricultura! lands to make way 
for the transmission line. s ln addition, a sizeable amount of wildlife habitat, residential and 
agricultura! lands were lost to access roads, construction workers' camps, and the permanent 
town of Kuala Tanjung, built to house thousands of smelter workers' families. The dams have 
impeded upstream fish migration and have reduced oxygen levels in the Asahan, but the damage 
to fisheries at the mouth of the tiver has been largely undocumented, as has anl damage to 
marine life caused by the construction of an industrial port in the Straits of Malacca. 

Because the ADP was promoted as a tool for the island's economic development, local 
objections were small to begin with, and have received little domestic or intemational media 
attention. 

ln 1981, the Asahan Development Authority commisiorted consultants W.D. Scott and 
Company to write a two-volume report assessing the potential impacts of the ADP. According to 
the report, there were "unconfirmed reports" that about 200 people were relocated to a village 46 
kilometers away when their riverside land near Porsea was flooded.t? Other sources report that 
thousands of villagers were resettled on inferior lands.I! "Minimal" compensation was only 
awarded to those who lived on the lands where the smelter and dams were constructed. A greater 
number of people who lived on land appropriated for access roads, transmission line corridors, 
and other infrastructure were not compensated at a11.12 

Toe influx of Japanese labor and management has altered the social structure of local 
towns, and has even led to allegations of overt racism. The Scott report states that DDT was 
sprayed to kill insects in areas inhabited by the "general population" while Sumithion (a different 
pesticide) was sprayed within the company's work areas because the Japanese objected to DDT 
use. "The use of DDT ... represents discrimination which the Indonesian govemment should not 
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tolerate. Continued use of DDT will poison Indonesian peasant farmers and their fish, birds and 
livestock, just as surely as it will Japanese or Westemers.t't? Project critic Rob Pardy also 
charges racism, alleging that separate bathrooms were constructed for Japanese and Indonesian 
workers during the pre-project surveys. The Scott report went into great detail in predicting sour 
relations between Indonesian and Japanese workers due to the latter's higher pay, better living 
and working conditions, and greater responsibilities in the smelter's operation. 

Land values have risen dramatically along transmission line and road corridors, pushing 
local people out and enabling outsiders to speculate.I+ The resettlement villages have been 
branded failures due to their high density, poor agricultural lands, and inadequate irrigation.P 

Investment in the Asahan 

- 

Because the combination of environmental damage and rising oil prices had spelled near 
death for their historically strong domestic aluminum industry, the Japanese were more than 
eager to invest in a project which would help Indonesia achieve its goal of industrialization. ln 
1973, a proposed aluminum smelter in Okinawa had been rejected by the Japanese people, who 
were angry over the many sources of industrial pollution in Japan, including the Kanbara 
aluminum smelter where fluoride emissions had killed all vegetation within a 10-kilometer 
radius around the factory.Is ln addition, the 1973 and 1979 oil crises had bode ill for Japan, who 
with little hydro and no oil or gas, depended on fossil fuel imports for most of its energy needs. · 
When Japanese smelters saw their energy prices rise from 3 to 8 yen/k:Wh during the late 1970's, 
domestic production became prohibitively expensive, so they shut down their uneconomical 
smelters and began to invest in new ones abroad.!? To Japanese investors, resource-rich, capital 
and technology-poor countries such as Indonesia and Brazil were ideal places to locate their 
exiled industries. Indonesia was particularly attractive to the Japanese because they saw it as 
strategically important. With the United States refusing to provide economic aid to the Suharto 
dictatorship, the Japanese feared Indonesia would fall under the Soviet sphere of influence. By 
investing in a joint venture, they hoped to sway Indonesia to the "free world" carnp.P 

The V411 billion Asahan Project is unique not only because it was the largest Japanese 
· overseas investment of its time (and is its largest in Indonesia to date) but because so much 
Japanese government money was funneled through private corporations en route to lndonesia, 
under the guise of foreign economic aid.l? As Table 1 shows, the Indonesian government 
contributed about 15% of the total project money, while the bulk of the operation was financed 
by the Japanese Organization for Economic Cooperation and Financing (OECF), the Japanese 
Export-Import Bank (EXIM), and the private consortium Nippon Asahan Aluminum Co., Ltd. 
(NAAC), which is comprised of 12 Japanese aluminum and trading companíes.ê? But some 
critics point out that governmental loans were actually funneleáthrough the NAAC, effectively 
requiring the companies that made up the NAAC to contribute very little of their own money. 
According to Pardy, the govemmental OECF loans were divided between the Indonesian Central 
Bank and the NAAC, while the govemmental Ex-Im/CB and TICA loans were awarded directly 
to the NAAC companies. "ln other words," he writes, "the 12 parent companies have invested 
nothing. ln spite of this, the control of [Nippon] Asahan Aluminum is entirely in their hands. 
The President of Sumitomo Chemical was also made head of [Nippon] Asahan Alurninum.l'ê! 

Initially, the investment was unprofitable for both Japan and lndonesia. Between 1982 
and 1986, P.T. Inalum lost about $150 million; the company was in the black for the first time in 
1987-88 with net earnings of $50 million. This profit was a combined result of higher world 
aluminum prices, and of Japan's lowering interest rates on its loans from 7% to 5% and 
stretching out maturities to the smelters.ê- 
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Table 1. Funding Sources for the Ãsahan-Deveíópment Project 

Loan aliency million yen 

Capital loans (for debt financing): 
' 

- 
OECF, loan A (Organization for Economic Cooperation and Financing) 
OECF, loan B 
EXIM/CB, loan A (Japanese Export-Import Bank, and 23 city banks) 
EXIM/CB, loan B 
JICA/CB (Japan Interna! Cooperation Agency, and 23 city banks) 
EXIM/CB 
Indonesian governrnent, loan A 
Indonesian government, loan B 

26,250 
35,300 
122,450 
29,543 
15,257 
59,110 
17,500 
14,490 

- 
- 
- 

Equity loans: 

NAAC (Nippon Asahan Aluminum Co., Ltd.) 
Indonesian govemment 

68,325 
22,775 - 

Total: 411,000 

Source: Table 11.2, "Report of lhe Social and Economic Impact of the Asahan Development Project. Yol. 1: National Impact," 
W.D. Scott and Companv Management Consultants. Toe Asahan Development Authority, Jakarta, February, 1981. - 

Have The Development Objectives Succeeded? 

Much as the Kitimat smelter was to be a magnet to draw other industries to rural British 
Columbia, one of the ADP's original purposes was to promete development in northern Sumatra. 
The Indonesian government hoped that the new electric supply, port and roads would entice 
industries to locate there, and so improve the people's overall economic welfare. And as in 
Kitimat, that development did not happen to the degree hoped in Sumatra. Permanent 
employment opportunities have not increased appreciably--either from the smelter or from other 
industries, and residents have not benefited from electrification. This is at least in part because 
the smelter consumes so much electricity from the dams that there is little left for other uses. 
Indonesians have also been been unsatsified by the ADP's inability to meet domestic aluminum 
demand. - 

While about 10,000 Sumatran and Javanese men were employed during the construction 
phase of the dams and smelter, only 1,850 were able to securê' pennanent jobs at the smelter, 
most of which were unskílled.P The smelter's administrative and managerial staff is primarily 
made up of Japanese expatriates (whose Indonesian income is tax-free), 

Because the smelter consumes 98% of the dams' firm output, few additional industries 
have been able to locate in the region due to the lack of available electricity. One industry that 
has managed to establish itself near Lake Toba is P.T. Inti Indorayon Utama (IIU), a 219,000 
TPY pulp and rayon factory. Ironically, IIU's untreated effluents have contaminated the Asahan 
River, and now threaten to corrode the dams' turbines. The company is now bein~ sued for 
failure to complete an Envirorunental Study Evaluation as required by Indonesian law. 4 

As in Ghana, the promise of residential electrification for ordinary Sumatrans has not 
been kept either. Only 50 MW--or 12% of the dams' firm output--have been used to electrify 
parts of northern Sumatra.õi But because 50 MW exceeds the difference between the smelter's 

- 
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needs (416 MW) and the dams' firm output (426 MW), when Lake Toba's water level falls 
unexpectedly, as it did during a dry period in 1987-88, lhe electricity supply to villages and local 
industries has been temporarily cut off.26 ln 1987, an insufficient water suppI1 only enabled the 
smelter to produce 191,000 tonnes of ingot, or 85% of its rnaximum capacity.ê 

Terms for lhe smelter' s operation, including distribution of finished ingot, were set out in 
a "Master Agreement" between Indonesia and the Japanese. The Agreernent's faimess has been 
questioned by certain Indonesians involved in the Project, by the intemational media, and by 
critics. One provision of the Agreement requires NAAC to pay the Indonesian government 
annual fees, determined by lhe world price of aluminum, for the use of Lake Toba and the 
Asahan River. These fees, which amounted to $11.5 million in 1987, are not disputed.êê The 
provision that determines who owns the plant's ingot, however, has been a significant bone of 
contention. Under the original terms of the Master Agreement, NAAC owned 75% of the 
smelter (based on its 75% equity investment), and the Indonesian Ministry of Finance owned the 
remaining 25%. (Indonesia is to nationalize lhe smelter in the year 2012, thirty years after start 
up, or thirty years after the completion of pending expansions.ê'') The original Master 
Agreement also specified that one lhird or 75,000 tonnes of the srnelter's annual ingot production 
(whichever is less) would be the property of Indonesia for domestic use or export, and lhe rest of 
the ingot would belong to NAAC.3° Indonesia did not want so much of the smelter under foreign 
contrai, however, so it increased its ownership to 41 % in a capital restructuring in June 1987, 
leaving NAAC with 59% of the ownership. Despite this restructuring, the two countries' 
respective shares of ingot remained unchanged. 

The lndonesian government orginally thought that its share of aluminum under the initial 
Agreement would suffice, but as domestic aluminum demand grew in double-digit rates 
throughout the 1980's, lndonesian officials grew unhappy with the original Agreement as well as 
the 1987 restructuring. ln July 1988, Asahan Aulhority Chairman Abdul Rauf Suhud cut off all 
ingot exports to Japan, claiming that the Agreement did not allow lndonesia enough aluminum to 
meet domestic needs. Although the international press subsequently learned that Suhud had a 
personal financial stake in proposed aluminum fabricating operations which would require more 
domestic ingot, the media in the U.S. and in Europe used the temporary crisis to comment on the 
possibly exploitive nature of the Agreement.ê! The conservative London Economist was critica! 

.-, of the strong hand lhe Japanese had used in cutting lhe Asahan deal: "As bíg buyers in many a 
poor market of the early 1980' s, [the Japanese] forced renegotiations of many long-term supply 
contracts from plants and smelters in third-world countries." 

The W.D. Scott report warned of pending lndonesian discontent with lhe Asahan 
Development Project even before the first ingot had been cast: 

"As things stand at present, relatively few people will benefit So,!P.e will obtain temporary or perroanent 
jobs, some have received compensation for land., trees and buildings (though it is debatable whether the loss of Iand 
can be called a 'benefit'), some farmers have increased production and sales of produce and some entrepreneurs 
(often from more distant places) will take up new business opportunities. Toe fundamental need in both areas, 
however, is to increase the social and economic well-being of the poorest sections of tbe community, namely the 
villagers who are dependent on farming, fishing or laboring for their subsistence. . .. As presently constituted, the 
Asahan Project will create enclaves of capital intensive urbàn-industrial development and there is a risk tbat it will 
bring relatively Iittle direct benefit to lhe people in whose areas the enclaves are, and whose societies must bear the 
social costs, This kind of 'development' m which 'islands · of high technology and hígh living standards are visibly 
set in dose juxtaposition to lhe mass of the population at low levels of íncome, is increasingly conducive to social 
and política! discóntent, as feelings of envy and injustice become paramount"32 

It remains to be seen whether the proposed 180 MW, 75,000 to 150,000 tonne expansion 
will come to fruition. The world's current oversupply of aluminum may discourage such an 
investment. Perhaps, too, social and political discontent in Sumatra will be more effectively 
manifested this time, if residents refuse to be "sold down the river" once again. 
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Chapter 7 

Norway: Land of Rivers and Smelters 

- 

As Europe's largest primary aluminum producer and exporter, the world's seventh largest 
producer, and the country that uses more hydroelectricity for aluminum production than any 
other nation, Norway deserves special attention. The country has so much hydroelectric capacity 
that the govemment has developed policies to promote energy-intensive industries, especially in 
rural areas where other industries are scarce. Aluminum producers have benefited from these 
policies for many years, through long-term contracts for very low-priced electricity. 

The Norwegian electric grid is highly interconnected, so it is difficult to assert that the 
construction of certain dams was directly precipitated by one or more new aluminum smelters. 
Rather, the contribution of the entire primary aluminum industry to the national electric demand 
is important. Aluminum production in Norway consumes approximately 14.6 TWh annually, or 
15% of the nation's total electricity consumption--all of which is hydroelectric. In contrast, 
aluminum production in the United States consumes approximately 56 TWh per year, only 2% of 
the total U.S. electric consumption--including ali generating sources. 

Because the aluminum industry accounts for such a large percentage of Norway' s total 
electric demand, it must be regarded as proportionately responsible for any social, environmental 
and economic damages brought about by hydroelectric development in general. While the 
environmental effects of Norwegian dams are notas severe as those of dams in the tropics, they 
are not inconsequential. They include impeded river access for migratory fish, lhe loss of 
important habitat for small mammals and lhe valuable northem reindeer, and the loss of scenic 
waterfalls. The social effects of the Norwegian aluminum industry are concentrated in rural 
areas that become dependent on aluminum smelters or hydropower dams as their sole means of 
economic subsistence. While some critics contend that this employment monopoly deprives 
rural areas of their autonomy, others laud lhe industries as economic necessities. Other impacts, 
which are controversial, are bome by society at large. Some Norwegian economists and activists 
contend that the national policy of providing very low-priced electricity to smelters shortchanges 
the nation of more lucrative revenues that could be gained by exporting electricity to neighboring 
countries. Others defend the current policies on the grounds ·that they are a good tradeoff, 
enabling thousands of people in many isolated rural communities to keep jobs they could not find 
elsewhere. 

This chapter will first examine Norway' s place in lhe world aluminum market as a result 
of its vast hydroelectric potential. It will then discuss the predorginance of energy-intensive 
manufacturing industries in contributing to the nation' s overall e1ectric demand, and the 
controversial pricing policies that have encouraged this industrial growth. Finally, it will 
summarize the environmental and social effects that have been attributed to hydro dams and 
aluminum smelters. 

Abundant Hydrologic Resources: The Key to Aluminum Production in Norway 

Worldwide aluminum production consumes about 228 TWh of electricity a year, 126.8 
TWh of which comes from hydro.! While there are 31 countries which use some hydro to 
produce aluminum, Norway alone accounts for over 11 % of all the hydroelectricity consumed in 
producing aluminum worldwide.ê With over 850,000 tonnes of annual capacity, Norway is 
Europes largest exporter of primary aluminum, and the world's seventh biggest aluminum 
producing nation, accounting for 4.7% of world primary production in 1990.3 
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Norway attained this position because the northern mountainous country abounds wíth 
snow and flowing rivers. Norway has already exploited, or is in the process of developing, 
alrnost three quarters of its total hydropower potential, as indicated in Table 1 below. As Table 
2 shows, in 1989 almost 100% of Norway's electric supply was met by domestic hydropower 
from over 600 dams and power stations. About 15% of all the hydroelectricity consumed in 
Norway annually is used in producing primary aluminum, or 14.5 out of 95 TWh. Most 
Norwegian aluminum smelters are nestled in the mouths of fjords in rural parts of the country, 
where they are often the only large employer. As Table 2 and Table 4 illustrate, the smelters 
have enjoyed long-term contracts for cheap electricity since the late 1940' s. 

Table 1. Status of Hydropower Potential in Norway 

Category of hydropower Mean annual energy Percent of 
production (GWh/year) total potential 

Operational power (as ofDec. 31, 1990) 108,083 63.07 
Under construction 3,494 2.04 
Under licensing 6,609 3.86 
Under planning 4,890 2.85 

Subtotal to be definitely developed 123,076 71.82 
Permanently conserved 20,947 12.22 
Remaining (still undeveloped) 27,343 15.96 

Subtotal to be possibly conserved 48,290 28.18 

Total hydropower potential 171,366 100.00 
Source: "Table 3: Potential, Operational and Not Operational Water Power," Statistical Yearbook of Norway, 1991. 

The Promotion of Energy-Intensive Industries 

Norway has historically built hydropower statíons in anticipation of demand, and has 
priced hydroelectricity cheaply for ali consumers. These actions have created little incentive for 
conservation and have encouraged electric use in ali sectors of the economy, so that today, 
Norway's per capita electricity consumption is among the world's highest+ Not only does 
hydroelectricity meet close to 100% of all Norway's electric needs, it meets 40% of ali 
Norwegian energy needs.! ln comparison, hydroelectricity meets only 12% of U.S. electric 
demand, and only 3.5% of ali U.S. energy needs. According to Tore Brrend of Friends of the 
Earth (FOE)-Norway, the influence of industrialists, labor unipns and local administrators has 
caused hydropower to be developed :in excess of actual needs, leading to a 5-10% surplus.6 

For decades the Norwegian govemment has adopted policies to develop the country's 
hydroelectric potential, while aggressively promoting industrial development using electricity, 
especially in rural areas where agriculture, forestry and fishing are often the only occupations 
available. As Table 2 indicates, these policies have been so successful that energy-intensive 
manufacturing industries--including aluminum, steel and paper producers-now consume 36% of 
the country's total delivered energy. Between 1950 and 1973, total energy demand in the 
manufacturing sector grew at 4.3% per year, from 89 petajoules (PJ) to 260 PJ, and has remained 
relatively constant since.? During the sarne period, electric demand in the manufacturing sector 
rose at an even higher rate of 6.5%--from 34 to 150 PJ. According to researchers at the national 
Lawrence Berkeley Laboratory (LBL) in the United States, "The non-ferrous metais, chemicals 
and iron and steel manufacturing industries are 12 times more electricity intensive (measured in 
terms of electricity per value added) than all other manufacturing industries combined .... Within 
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raw materiais manufacturinf, electricity use has increased from 44% to 65% of the total fuel mix 
between 1950 and 1987." Aluminum alone accounts for almost 40% of the total electric 
demand from power-intensive industries, as indicated by Table 3. 

Table 2. Norwe~an Electricity Supply and Consumption 

GWhª % of Subtotal, Total Valueª Value in 
d 

Domestic Production: 
~droPÇ>wer 118,698 99.58 

ermal 1>9wer 499 0.42 
Subtotal domestic productíon ...................... 119,197 100.00 

lmports 314 33 0.1051 
subtotal supply ................................................ 119,511 

Exports (15,166) 779 0.0514 
Final domestic supply ................................. 104,345 

Consumption in power plants, pumping stations (1,492) 
Los ses (7,857) 
Statistical difference 199 
Final domestic deliveries 95,195 

GWhª % ofFinal A verage Pricesb 

Energy-intenswe industries: 
Domestjc deliveries <NKr/kWhl <-US$1kWhl 

P~r and paper products 4,637 4.87 0.142 0.0219 
ln ustrial chemicals 4,577 4.81 0.113 0.0174 
Iron and steel 1,244 1.31 0.121 0.0186 
Ferro-alloys 7,248 7.61 0.112 0.0172 
Aluminum 14,443 15.17 0.108 0.0166 
Other non-ferrous metals 2,123 2.23 0.102 0.0157 
Subtotal: energy-intensive industries ........... 34,272 36.00 0.108 0.0166 

Other sectors: 
Mining, and other manufacturing 7,807 8.20 0.156c 0.0240 
Transport 625 0.66 0.305 0.0469 
Construction site power 566 0.60 0.463 0.0712 
Private services 8,676 9.11 0.411 0.0632 
Public services 7,283 7.65 0.408 0.0627 
Households and agriculture 30,398 31.93 0.389 0.0598 

~~~:~~tre;:~c~o~~~~-~-~~.1~~~ ................. 
5,566 5.85 0.089 0.0137 

60,921 64.00 n/a n/a 

Sources: (a) Table 319: "Supply and Use of Electric Energy," and Table 317: "Electricity Supply, "Statistical Yearbook of 
Norway, 1991 (data for 1989). (b) Table 26: "Consumption of finn power and average prices of energy within mining, 

,._ [quarrying and manufacturing, by consumer group. 1990 (data for 1990). From private correspondence with Tore Amt Johnsen, 
Research Department, Norwegian Central Bureau of Statistics, Septernber 1992. Exchange rate is 6.5NKr/$US, the approximate 
rate in Jan. 1993. (e) Mining, quarrying and other II1ag_ufacturillg, including alumínum, iron and steel, paper, etc. 

.- 
Norwegian Smelters: Location, Ownership, Output and Power Sources 

Ali Norwegian smelters rely on hydro. Elkem, a private corporation 50% owned by the 
Norwegian division of Alcoa, operates smelters in Lista and Mosjeen for a combined capacity of 
195,000 TPY (see Table 4). Hydro Aluminium, or Norsk-Hydro, is the most significant 
aluminum corporation in Norway. With the completion of the Moi I Rana smelter, and the 
planned expansions at Ârdal, Sunndalsera, and Husnes, Norsk-Hydro will fully or partially own 
about 1.2 million tonnes of annual capacity, or 6.5% of the world's total capacity. The 
Norwegian govemment has a 51 % ownership in Norsk-Hydro; the remainder is privately-owned. 
Norsk-Hydro (which also produces hydroelectricity and chemicals) fully owns and operates 
plants in Àrdal, Heyanger, Karmey, Moi i Rana, and Sunndalsera. They have a 50% stak:e in a 
smelter in Husnes operated by the joint venture Ser Norge Aluminium (SOERAL).9 
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Table 3. Electricity consumption in selected energy-intensive industries, 1990 

Firm Power Interruptible Total Firm and A verage Power Prlce Weighted average 
Power Interrruptible self-produced aod 

Self-produced Purchased Total Value (*) (purchased) Power Self-prod. Purchased Purchased purchased finn power 

Commodity (GWh) (GWb) (GWh) (IOOONkr) (GWh) (GWh) (% of total) (NKr/kWh) (NKr/kWh) (""US$/kWh) (NKr/kWh) (;:;,US$1k.Wh) 

Paper and paper products 412 4,373 4,785 678,263 1,909 6,694 18.1 0.132 0.143 0.022 0.142 0.022 

Industrial chemicals 52 4,912 4,964 561,523 305 5,269 14.3 0.082 0.113 0.017 0.113 0.017 

Iron and steel 28 557 585 70,508 70 655 1.8 0.196 0.117 0.018 0.121 0.019 

Ferro-alloys 1,958 5.430 7,388 8291193 155 7,543 20.4 0.093 0.119 0.018 0.112 0.017 

Aluminum 2,808 11,737 14,545 1,565,724 14 14,559 39.4 0.095 0.111 0.017 0.108 0.017 

Other non-fenrous metais o 2,101 2,101 215,037 114 2,215 6.0 n/a 0.102 0.016 0.102 0.016 

Subtotal, energy- 
intenslve industries 5,258 29,110 34,368 3,920,248 2,567 36,935 100.0 0.098 0.110 0.017 0.108 0.017 

• Average prices include electricity tax, exclude val\e-added tax. 

Note: "Interruptíble power" is available at extremely low rates when precipitation is very high and the utility has excess electricity available. Unlike firm power, lhe duration of its sale is 
not guaranteed; it can be cut off at short notice. 

Sources: Below tables f rom private correspondance with Tor Arnt Johnsen, Research Departmenl, Norwegian Central Bureau of Statistics, Aug, 27, 1992. 
Table 24: "Net consumption of electric energy, by consumer group and distribution area 1) county/owner group of supply plant; 9uantity, value and average prices, 19CJO." 
Table 26: "Consumption of fírm power and average prices of energy within mining, quarrying and manufacturing, by consumer group, 1990." 
Table 27: "Consumption of electríc energy, by type and consumer group, 1990." 
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ln 1990, Norway produced about 845,000 tonnes of primary aluminum. About 90% of 
this was exported to western Europe, where the automotive industry accounted for 27% of 
Europe's primary aluminum consumption. Building and construction consumed 19%; the rest 
was divided between electrical uses and packagíng.!? 

Although some aluminum smelters own and operate several private dams to produce 2.8 
TWh annually, they purchase the majority of their power, or about 11.8 TWh, from a variety of 
electric utilities. The government-owned utility Statkraft has the largest share of aluminum 
contracts--about 10 TWh per year.U Individual srnelters' prices from Statkraft are shown in 
Table 4. As Table 3 indicates, the average price aluminum smelters pay for purchased power is 
about 0.11 lNkr/kWh. The prices of self-produced power are not easily obtained on a per-plant 
basis, but according to the Norwegian Central Bureau of Statistics, they average about 
0.095Nkr/k.Wh--much lower than the purchased rates.P Toe following sections discuss prices in 
more detail, from the perspectives of proponents who view the low prices as beneficial to 
society, and from the perspective of critics who view them as inefficient at best, and unjustly 
subsidized at worst. 

Power Prices and Terms 

Since the late 1940's, Norwegian smelters have enjoyed very long-terrn. low-priced 
power contracts with government-owned electric utilities such as Statkraft. Aluminum 
companies enjoy rates for purchased power ranging from $0.0055 for contracts dating from the 
1950's to $0.025/kWh for more recent contracts, andas Tables 3 and 4 show, the average price 
for purchased power in 1991 was about US$0.017/k:Wh. 

As Table 4 shows, Elkem' s Mosjeen smelter first signed a contract with Statkraft in 
1950. ln the mid-seventies, the contract was updated and now runs until 2007 with an extremely 
low rate of about $0.0064/kWh. The smelter also has two other contracts with durations of forty 
seven years and twenty years, with rates of $0.0094/kWh and $0.0253 respectively, the weighted 
average of the three contracts only being $0.010/kWh. Elkeru's forty-year contracts in Lista 
expire in 2011; their current rates still average $O.O 16/k.Wh. ln Ârdal, the company pays 
$0.025/k.Wh under a 20-year contract that expires in 1996. The SOERAL plant in Husnes has 
two contracts of approximately $0.0095/k.Wh dating from 1960 and not expiring until 2006. 
,With full or partia! ownership of four existing smelters, Norsk-Hydro controlled 77% of 
Norwegian aluminum capacity in 1991. Norsk-Hydro's Sunndalsera plant has four separate 
contracts that were signed between 1950 and 1976. The 1950 contract bas a current rate of 
$0.0055/kWh and does not expire until the year 2006. Their average cost is one cent per kWh. 
Their plants at Karmey and Heyanger pay slightly more--$0.013'2 and 0.0108/kWh respectively. 
Their smelter in Moi I Rana-which is not yet operational--may get power at rates as low as 
$0.0055/k.Wh under agreements that date to 1955. These rates are very competitive with those in 
Venezuela and Brazil, and far better than those in the United States. If these long-term contracts 
are not renewed early in the next century, Norsk-Hydro may halt smelter modernization in the 
short-term, and will ultimately consider transferring its aluminum production overseas.P 

Subsidization of the Norwegian Aluminum lndustry 

ln Norway, resistance has been growing to what many see as a policy of subsidization 
that should be curtailed. Many experts believe that the low electricity prices enjoyed by 
Norwegian smelters do not ret1ect the opportunity costs of domestic consumption or energy 
exports. They also argue that because the aluminum industry's rates are lower than the marginal 
cost of electricity from new hydro plants, smelters are subsidized by the Norwegian people.14 

58 



Table 4. Smelters and Power Rates in Norway 
- Smeller Hnergy l!.1ec1ncily Cost - 

Smelter Name, Parem Company Smclt.er Capaclty consurnplion (**) Base Price Transforming cosi Total cosl Total cost Long-term contracts 
and major sharehelders Location (fPY) {TWh/yr) (Nkr/kWh) (Nkr/kWh) (NktlkWh) (US$/kWh) signed: expire: 

1 Elkem Ahuninium ANS (E)• Lista, Farsund 80,000 contracl 1 0.900 0.0746 13.5% 0.0847 0.0130 1960 1-Aug-11 

50% Elkem AI. ANS, .50% Norsk Alcoa. (Could expand to 120,000TPY.) contract â 0.600 0.0512 18.5% 0.0607 0.0093 1960 1-Aug-11 
Two seperate contraets wilh Statkraft are running concurrently. Total 1.500 Welghted Ave. 0.0751 0.0116 (renewed in 1971) 

2 Elkem Aluminium ANS (E) Mosj0en 115,000 con1rac1 1 0.200 0.1496 10% 0.1646 0.0253 1976 1-Jan-96 
50% Elkem AI. ANS, 50% Norsk Alcoa. conuect 2 0.750 0.0357 17% 0.0417 0.0064 1950 31-Dec-07 
Three separai e contracts with Statk.rafl are running coacurrently, conuacr 3 0.750 0.0521 17% 0.0610 0.0094 1960 31-Dec-07 

Total 1.700 Welahted Ave. 0.0647 O.OIOO 

3 Hydro Aluminium A.S. (E) Árdal 187,000 contract 1 0.625 0.1496 9% 0.1631 0.0251 1976 l-Jan-96 
Norsk J lydro (51 % Norwegian govt., 49% private) (265,000TPY planned.) contract 2 0.275 0.1496 8% 0.1616 0.0249 1976 I-Jan-96 
Two separate contracts wilh Stalktaft are running concurrently. Total 0.900 Wetahted Ave. 0.1626 0.0250 

4 Hydro Aluminium A.S. (E) Hsyanger 67,000 0.81 n/a n/a 0.0700 O.OI08 1947 2007 
Norsk Hydro (S 1 % Norwegian govt., 49% privsre), Ineludes: Statktaft 64 GWh, Sogoekraft 150 GWh. 

5 llydro Aluminium A.S. (E) Karm!<ty 216,000 3.518 ola n/a 0.086 0.0132 n/a ola 
N orsk Hydro ( 51 % Norwegian govt., 49% private) 
Private hydro: 5 plants 77 km away from smelter. 
(RõldaVSuldal Kraft) Together lhey generate appx. 275 MW. 

6 Hydro Aluminium A.S. {P) • MoiRana 200,000 J.76 n/a n/a 0.036 0.0055 1955 2005 
Norsk Hydro (51% Norwegian govt., 49% private) Statkraft power contract, 

7 Hydro Aluminium A.S. (E) Sunndalsera 120,000 contraet 1 0.180 0.1496 17% o. 1750 0.0269 1976 l-fan-96 
Norsk Hydro. May expand to 310,000 TPY. CODlrACI 2 0.170 0.1496 12% 0.1676 0.0258 1976 l-Jan-96 
Four separate contracts with Statktaft are running concurrently. (OOtrACI 3 0.600 0.0521 17% 0.0610 0.0094 1960 29-Feb-04 

contracl4 1.250 0.0357 0% 0.0357 0.0055 1950 I-Jul-06 
\ Total 2.200 WeJghted A te. 0.0642 0.0099 

8 S!c:lr Norge Alunúnium AIS (SOERAL)(E) Hwnes 66,000 l.OSO 0.0521 17% 0.0610 0.0094 1960 I-Oct-06 
50% Alusuísse, 49.86% Norsk Hydro. 0.14% olher. May expand to 100,000 by 1994. 0.150 0.0521 17% 0.0610 0.0094 1960 l-Oct-06 

Two separate contracts with Staüraft are running concurrently. Total 1.200 Welghted Ave. 0.0610 0.0094 (renewed in 1988) 

12 other Norwegian metal producers with Statkraft contracts 2.890 ola n/a 0.105 0.0162 n/a 1998- 2001 

Total alumlnum capadty and energy consurnptlon ( •• ): 
Norsk-Hydro, as of 1991 656,000 8.628 

Norsk-Hydro, with Moi I Rana 856,000 10.388 
Norway, as of 1991 851,000 11.828 

Norway, with Moi I Rana 1,051,000 . 13.588 
Total eneriY consumptlon, alumlnum snd ll olher metais producen (º): 

Norway. as of 1991 14.718 
Norway, with Moi I Rana 16.478 

Notes: • E = exisung taciluy; P = planned, •• Ali Norwegian smellers rely prtmarily, if not exclusrvely, on hydroelectricity, 'Ihese numbers may be low, smce uiey may nol include ali electrícny generated by f.(1Vate dams. 
Sources: l'nvate commumcanon, Ior Arnt Johnsen, Reseercn Department, Central Bureau 01 Stansncs, Norway, 'dlU/'J"l and 911:>rJ:!; "Notes on pnces and tanlts lor electncal power 10 Norway: a .survey ot main contract torms 
láritt types and prices paid tor power trom industrial sectors,' Carl <Jjer!)em, Center tor Research in Econonucs and Business Adminislratlon Norway, Augus! IWI; "Primary Alunumum Srnelters and Producers ot lhe World. • 
Aíumrmum-venag UmbH, Düsseldcr], IWI; "l'r1mary Alurnrnum l'lants WorltJw1de. l'art li - Summaty. • U.S. Bureau or Mmes, Decernber IWO; Melai Uulletm, June IH, 191JU. 
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Subsidies to Norway' s aluminum industry can be seen ín several ways. One criterion is 
how the smelters' electric rates compare to rates in other sectors of the Norwegian economy. As 
Table 2 shows, they are far below rates charged to the average Norwegian for household 
(residential) electricity ($0.069/kWh), and for the public and private commercial sector (about 
$0.063/kWh).15 But because large-scale users worldwide typically pay less per kWh than the 
residential and commercial sectors, a more useful criterion is how the aluminum smelters' rates 
compare with those of other heavy manufacturing industries in Norway. As Table 2 indicates, 
the mining and manufacturing sectors have an average rate of $0.024/k.Wh. Tables 2 and 3 also 
show that the average rate for purchased power to aluminum smelters is only $0.017/k.Wh- 
comparable to the chemical índustry's rate -but well below the rates to the energy-intensive 
paper industry ($0.022), and below the rates to iron and steel manufacturers and producers of 
ferro-alloys ($0.018). On a per unit basis this does not seem líke a large difference, but it adds 
up. If aluminum smelters paid rates comparable to steel and ferro-alloy producers for their 
purchased electricity, utilities would eam almost $15 million more in annual revenues.16 Surely 
one could argue that this drain on the revenues of Norwegian public utilities constitutes a 
subsidy. 

Some economists stipulate that an electric rate must be below the cost of production for 
existing dams to deemed a subsidy, but critics of the aluminum industries' rates maintain that 
this standard is not relevant in Norway, where many dams have been in operation since the 
1940's. Rather, they contend that Norwegian smelters are subsidized because their rates are 
much lower than the cost of developing new hydroelectric resources. According to LBL 
researchers, "The average electricity price is below the long-run marginal cost of electricity 
generation in Norway. Long-term electricity contracts written in the 1950's when hydropower 
was cheap and abundant no longer apply to the situation today. This Rolicy is economically 
inefficient and results in the misallocation of scarce energy resources." 1 They also point out 
that the smelters' rates are below the price that could be obtained by exporting electricity. 

Because aluminum is so electricity-intensive, it is often referred to as "congealed 
electricity ." Many Norwegians would rather gain revenues through directly exported electricity 
than through indirect exports of electricity as embodied in exported aluminum. While Norway 
directly exported 15.2 TWh of electricity to neighboring countries in 1989, it exported almost as 
much electricity "locked up" in aluminum ingot: about 14.4 TWh were consumed in producing 
the 760,000 tonnes of aluminum the country exported. Toe previous year, exported aluminum 
consumed 14.3 TWh, almost twice the amount of directly exported electricity (7.4 TWh). 

Industrial electricity prices in Norway are the lowest in Europe. As LBL scientist Lee 
Schipper points out, "Norway is surrounded by energy-poor nations that are willing to pay much 
more for electricity than Norwegians pay ... .Industries in Swedsn, Germany, and the U.S. paid 
2-4 times more than Norway for industrial electricity in the mid- to late-1980's." He argues that 
the cheap long-term energy contracts smelters enjoy explain why electricity accounts for 60% of 
Norwegian manufacturing energy use, while it accounts for only 17-35% in other OECD 
countries.18 

According to a 1988 paper by Tor Jakob Klette, an economist in the Norwegian Central 
Bureau of Statistics, if Norwegian aluminum producers were subjected to rates comparable to 
those in the rest of the economy, the alumínum industry would decline by 50-100%. This would 
spell the loss of many jobs in rural areas where smelters are located, but it would also free up a 
large quantity of electricity for export to neighboring countries such as Sweden. It could also 
postpone the need for new hydroelectric power stations to meet other needs in Norway. If the 
rates rose to 0.26 NKr/k.Wh ( =$0.04/kWh, the long-terrn production cost of electricity in 
Norway, and the price Klette claims that Sweden would pay), then the aluminum industry's 
" ... operating surplus would decline by more than 1 billion NKr [=$154 million]. On the other 
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hand the electricity which now becomes available has a value of almost 2 billion NKr. This 
implies that even if there is no alternative use for labor (which is not an unrealistic possibility in 
the short run) this value exceeds the reduction in operating surplus and the decline in wage 
payments by 242 million NKr. That is to say, the workers and the firm owners could be fully 
compensated for their reduced incarnes, and there would still be an annual surplus of 242 million 
NK.r [""US$37.2 millionl, If there are alternative employment opportunities for the workers, the 
surplus is 925 million NKr [""US$142 million] on an annual basis." In another model which 
considers excess capacity in the industry, Klette surmises that if smelters' electricity rates only 
rose to 0.126 NKr/kWh [,==$0.019/kWh], then the value of the diverted electricity would not be 
sufficient to compensate for lost operating surplus and wages, but when sold to other Norwegian 
industries and consumers, it would generate new consumer surpluses to offset the losses to the 
aluminum industry.19 Klette adds that the true social costs of electricity production are greater 
than the long-run marginal cost, "dueto the damage hydroelectric power stations impose on their 
environment," and dueto the pollution from aluminum smelters which consume the electricity. 
"Both these arguments would strengthen the case for escalation of the electricity príces.t'-? 

The Social and Environmental Consequences of Norway's Dams 

ln other countries examined thus far, it is clear that aluminum smelters drove the 
damming of certain rivers--the Akosombo in Ghana, the Nechako in British Columbia, and the 
Tocantins in Brazil=and without the smelters those rivers might still be flowing. But because 
Norway relies so heavily on hydroelectricity and because the nationwide grid is so 
interconnected, it is difficult to say a smelter is responsible for the construction of any specific 
dam. lt is clear, however, that without such a large aluminum industry.fewer dams would be 
needed. Since aluminum smelters collectively consume 15% of Norway's hydroelectricity 
annually, they have a significant bearing on the overall development of Norway's rivers, and 
should bear a proportionate amount of responsibility for any social and environmental 
consequences attributable to dams. 

Both dams and smelters have profited from Norwegian governmental policies which 
place a high priority on the creation and preservation of jobs in rural areas.ê! According to Dag 
Tresselt, a Norwegian research economist, "ln Norwegian economic history the major theme is 
power. After the Social Democrats got into government, we developed a term which we call 
'power socialism', which is a very forceful use of investment in developing all available water 
power resources. The purpose is to industrialize the country in places in where it' s very difficult 
to use the ordinary commercial solutions. "22 But no national consensus has emerged on the 
merits of this job-creation mechanism. Some social activists have been criticai of the role dams 
(and smelters) have played in isolated rural areas where agriculture has been the traditional 
means of employment, while environmentalists worry about th.e, consequences of damming for 
Norwegian wildemess areas. 

The perceived social downside of developing dams and smelters in isolated areas is a 
shift from traditional, locally-based means of subsistence (such as forestry and fishing) to 
economic dependency on very large companies that process energy and raw materiais for a 
global market. During dam construction, many local people are persuaded to take high-paying 
construction jobs, while they must abandon their farms or other businesses due to the rigorous 
time dernands of new construction endeavors. By the time a dam is completed and most local 
construction jobs have evaporated, many people find it difficult if not impossible to rekindle their 
idled farms and businesses. ln order to maintain the high salaries they enjoyed during dam 
construction, workers often leave their homes in search of new construction jobs. The large 
influx of predominantly male workers from out of town during the construction phase can also 
disrupt local community life. 23 
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The effects do not end with a dams completion. ln the small communities where 
smelters are located, entire towns grow dependent on the smelters as the community's main 
economic engine. ln the early 1970's, this dependency spurred many local people to question the 
benefit of having their livelihoods in the hands of foreign multinational executives. Until the late 
1970's, Alcan had enjoyed a stronghold in Norway, as a partner with the government. But in 
1974 Alcan was bought out by the government, and by 1979 the company had left Norway 
altogether; its legacy is Norsk-Hydro. The dramatic exit was spurred by a national sentiment 
against foreign ownership and control of national resources. "People have been skeptícal or even 
opposed to too much multinational power over decision-making in Norway. Some of these 
places where the plants are being based are in what we call 'the periphery of Norway, where it is 
hard for people to find alternative employment. This has made these places dependent on the 
multinationals. Andina quite unfortunate way, 1 would say, because it's becoming a question: 
either you side with the multinational and it's going to be there, or you have no employment.võ 

The environmental damages from Norwegian dams, especially in terms of human 
cornmunities, have not been as extensive as they are in other countries examined in this paper, 
because Norwegian reservoirs tend to be smaller than their counterparts in Canada and in the 
tropics. Although a small number of mountain summer homes have been flooded, no significant 
relocation has taken place. 

Many N orwegians are disturbe d, however, by the loss of natural waterfalls use d as sites 
for dams and hydropower stations. A growing number of citizens are calling for a halt or 
slowing of hydro development in order to preserve irreplaceable scenic values. According to 
Ture Thonstad, an Economist at the University of Oslo, they are especially upset that these 
natural treasures are being ruined or compromised by an industry that enjoys extremely cheap 
power. ''There is a strong public concern that very little unspoiled nature will be left. There is 
an intense debate going on between those that want more electricity and those that want to 
preserve some of our waterfalls and rivers in their original nature."25 

There are conservationists who are concerned about the impact of dams on Norway's 
wildlife. According to Friends of the Earth-Norway (FOE), 1,300 square kilometers of land and 
la:kes have already been flooded in Norway, or about one tenth the area of the country's national 
parks. When the "biologically-dead" drawdown region of reservoirs is accounted for, they 
estimate the area to be 2,160 square kilometers. The reservoirs are located in Arctic and sub 
Arctic plateaus, where the ecosystem is extrernely fragile. A relatively small increase in the 
height of water in existing lakes may lead to extensive flooding of land adjacent to the lakes. 
This flooding has threatened the only herds of wild reindeer remaining in Europe (ali others have 
been domesticated). Although the reindeer range over an extensive area, " ... the low-lying areas 
around lakes and rivers are of utmost importance for newborn calves. This is where they and 
their mothers most easily get fresh, easily digestible grass. WJiten these areas are dammed, the 
reindeers are denied this possibility, and an already threatened species gets another negative 
impact on its survival chances."26 The migration of moose and reindeer is also impeded when 
rivers and lakes that are typically frozen in winter are subjected to repeated thawing and freezing 
due to winter drawdowns.27 (This situation is reminiscent of the threat to caribou herds in 
Quebec's James Bay.) 

Environmentalists also worry about the dams' effects on fish. FOE notes that in general, 
the upstream migration of anadromous Atlantic salmon has been threatened by Norwegian dams. 
They also point to a decrease in biological productivity of flooded riparian zones, those shallow 
waters close to lake and river shores which provide the basis of the food chain for a variety of 
fish species. They fear that these productivity decreases may lead to an increase in "trash" fish 
species at the expense of commercially valuable sport fish such as trout.28 Trout and salmon 
reproduction is also threatened by the alternate erosion and exposure of gravei spawning areas 
when rivers are regulated. 
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Future Aluminum Industry Growth? 

According to Tor Arnt Johnsen of Norway's Central Bureau of Statistics, no new 
smelters are now on the drawíng boards. ln the future, older smelters will be retrofitted and 
eventually replaced by newer smelters, as long as the electricity rates remain attractively low. 
This replacement may entail a small amount of dam building, but an overall aluminum industry 
expansion necessitating further significant hydro development appears unlikely. Johnsen claims 
that only one recent planto modernize the production of aluminum on two different sites calls for 
a new hydro project.ê? _ 

But the possible entry of Norway into the European Economic Community (EEC) or the 
European Economic Area (EEA) may soon force Norway to give up its historical practice of 
allocating cheap long-term power contracts to aluminum producers.ê? Under either of these 
agreements, European industries could take Norway to the EEC or EEA court, charging that 
Norway' s aluminum producers are unfairly sheltered from competition. Because the outcome of 
current negotiations regarding Norway's admission to the EEC or EEA is subject to so many 
political factors--within Norway and throughout Europe-vthe jury is still out on the long-term 
future of the Norwegian aluminum industry. 
1 "Electrical power utilization: Annual Report for 1990." International Prímary Aluminium Institute, London, 1991. 
2 14.5 TWh/126.8 1Wh = 0.114. 
3 "Primary Aluminum Plants Worldwide." Bureau ofMines, U.S. Dept. oflhe Interior, Washington, D.C., 1990. 
4 Schipper, L., R. Howarth, and E. Carlassare. "Energy Intensity, Sectoral Activity, and.Structural Change in lhe 
Norwegian Economy." Energy, Vol. 17, No. 3, m,. 215-233, 1992, Great Britain.; Bramd, Tore. "Norwegian 
Hydropower Development: Past Experience as a Guide to Principies for Sustainable Development." Centre for 
Environment and Development, Oslo, 1992. 
5 Schipper et ai .. , supra. 
6 Breend, Tore, supra, p. 2. 
7 Schipper et al .. , supra. A petajoule is 1015 joules. 
8 Schipper et al .. , supra. 
9 "Primary Aluminium Smelters and Producers of lhe World." Aluminium-Verlag GmbH, Düsseldorf, 1991. 
10 Kíette, Tor Jakob. "Toe Norwegian aluminum industry, electricity prices and welfare." Central Bureau of 
Statistics, Oslo, Norway, 1988. p. 6. 
11 "Table 1: Long-term contracts between Statkraft and metal producing firms." Provided by Tor Amt Johnsen, 
Norwegian Central Bureau of Statistícs, September, 1992. 
12 Personal communication with Tor Arnt Johnsen, Norwegian Central Bureau of Statistics, September 1992. 
13 "Hydro in Talks on Power Supplies." Metal Bulletin. Monday, June 18, 1990. p. 9. 
14 Schipper et al .. , supra., and Personal communication with Dag Tresselt, Norwegian research economist, 
September 23, 1992. 
15 Personal communication with Tore Bnend, Friends of the Earth-Norway, September 1992. 
16 Toe difference between ave9 aluminum industry rates ($0.017/kWh) and ferro-alloy rates ($0.018) is about 
$0.001/kWh. So, m..oo.l. • 14, 5GWh consumed by smelt.ers = $14,545.000 

kWh · year year., 
17 Schipper et al .. supra, , p. 231. 
18 Schipper et al., supra, p. 223. 
19 K.lette, Tor Jakob, supra. pp. 21-22. 
20 K.Iette, Tor Jakob, supra. p. 26. 
21 Klette, Tor Jakob, supra, p. 16. 
22 Dag Tresselt, Researcb Economist, interviewed in "Super-Companies," a documentary film by Boyce 
Richardson, National Film Board of Canada, 1990. 
23 Breend, Tore, supra. 
24 Helge Hveem, Political Scientíst, University of Oslo, interviewed in "Super-Companies," supra. 
25 Ture Thonstad, Economist, University of Oslo, interviewed in "Super-Companíes," supra. 
26 Personal communication with Tore Brand, supra. 
27 Breend, Tore, supra, p. 5. 
28 Personal communication with Tore Bnend, supra. 
29 Personal communication with Tore Bnend, supra. 
30 Personal communication with Tore Bnend, supra. 
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Chapter 8 

British Columbia: From Kenney to Kemano to Kitimat 

1'- 
' "At the time the modem city of Kitimat was developed, perhaps no one thought u necessary to think 

about protecting the region's apparently unbounded natural riches. Although it is sad that my parents 
never lived to see the development of their dream valley, perhaps they, like the Haisla people, would have 
been more saddened than overjoyed to see the beautiful rtver witb its teeming supply offish of many kinds, 
its life-givisig water from a source of eternal snow, poisoned by wastes, and the green beauty of the 
mountatns ldid waste by indiscriminate siashing o/ its oxygen-giving evergreens, turnéd to brown dedtn by 
gases, the clear sharp air poisoned by chemicals.' 

-- Elizabeth Anderson Yarley. in "Kitimat: My Valley" 1 

The story of the Kenney Dam, the Kemano powerhouse, and the Kitimat smelter is 
interesting for a variety of reasons. It is one of the earliest examples of an aluminum smelter 
driving the damming of a wild river, predating both Ghana and Indonesia (where the aluminum 
hydro link is equally pronounced) as well as larger and more complex projects in South America, 
Quebec, and Norway. As in many other projects reviewed in this report, there are signíficant 
environmental effects associated with the dam and smelter, including the loss of important fish 
and bird habitat, accelerated soil erosion, and estuary degradation. But more than these damages, 
the social effects have caught the attention of project critics. The relocation of 75 Cheslatta 
Indians to make way for the Nechako reservoir in 1950 is distressing in itself, but the deceptive 
manner of their displacment is worse. Although details of the project were known in the white 
world for years before the dam was built, the isolated and mostly non-English speaking Cheslatta 
were not warned of the flooding till a few weeks before it began. Toe Cheslatta allege that they 
received inadequate compensation for their losses, that Alcan and B.C. officials forged signatures 
to speed the process, and that they showed blatant disrespect for the Cheslatta culture in general. 

The Kitimat case is also the only one that involves the allocation of water rights by a state 
govemment to an aluminum corporation, for what was a pittance even in 1950 when the 
agreement was made. Perhaps more interesting is the fact that British Columbia continues to 
play the "sugar daddy" to Alcan, despite the inflated nature of the governmental subsidy in 
modem times: a handout approxirnating $26 million a year. And finally, the project is not a 
historical relic. Toe pending Kemano Completion Project now threatens what remains of the 
Nechako-Cheslatta ecosystem, and has garnered opposition from a coalition of native 
communities, environmental activists, and fishermen' s groups. 

THE KEMANO PROJECT: PHASE 1 

r: 

1. River/watershed: Nechako River, a major tributary of the Fraser Ri ver, British Columbia. 
2. Dam: Kenney Dam: rockftll, 104 meters high, 457 meters long. Lowered river level severa! feet. 
3. Maximum capacity of Kenney Reservoir : 32.7 cubic kilométers. 
4. Power generation, transmission: 16-km penstock carries water tbrougb Mount DuBose to Kemano 

generatmg station. 82 km of transmission lines take power over the Coast Range to the Kítímat smelter. 
5. Kemano powerhouse's rated capacity: 896 MW existing. 1,436 MW planned. 
6. Owner oí dam and powerhouse: Alcan Smelter and Chemical. Completion date: 1952. 
7. Area flooded: Approximately 800 square kílometersé 
8. Numher of peoplé relocated: 75 Cfieslatta lndians. 70 white families of Ootsa Lake. 
9. Other elTects: Decreased cbinook, sockeye, and pink salmon runs; loss ofmoose, deer and bear habitat, etc. 
10. Aluminum smelter capacity, location: 275,000 tonnes per year (TPY), Kitimat. 
11. Smelter's electric demand; price: Approximately 600 MW; CS0.007/kWh (as ofDec. 1987). 
12. Fraction of dam's capacity used by smelter (at full output): 67% 
13. Alumina from Australia and Quebec. Ingot exported to Japan, Korea, China, Taiwan, etc. 
14. Ratio ofkW installed to hectares flooded3: 11 . 
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Surrender of the Cheslatta 

On April 3, 1952, a helicopter carne down from the sky and alighted on the frozen 
wildemess ground that was home to the Cheslatta Indians, a hunting and fishing people who had 
lived in the region for centuries before it was called British Columbia. Officials from Alcan and 
Canada· s Department of Indian Aff airs stepped out of the strange craft, and informe d the people 
that within a few days, the rising waters from the temporary Murray Darn on the Cheslatta River 
would inundate their lands around Cheslatta Lake; they had to move immediately.4 Canada's 
Department of Fisheries had deemed the Murray Dam necessary to protect salmon runs in the 
lower Nechako while the entire upper river was impounded to fill the permanent Nechako 
Reservoir behind the Kenney Dam. The Cheslatta later learned that the Kenney Dam would also 
flood an expanse of 80,000 hectares of their traditional hunting territory. 

Unlike most relocation programs that take place today, there were no alternative housín~ 
arrangements made for the Cheslatta. ''The DIA left it up to the people to finda place togo." 
Former Cheslatta Band Chief Simon Peters remembers the event: •• We were using ateam of 
horses and a sleigh, and the ice was getting bad. It was almost impossible to move the 40, 50, 60 
miles from the place to the Grassy Plains area. We had a hell of a time getting out of there, but 
we managed it somehow."" 

Weeks later, the Cheslatta retumed to the site to find that their church, smokehouse, 
homes, and ali the belongings they had left behind had been bumed by Alcan contractors to 
discourage them from trying to reestablish their homes. Even buried farm implements had been 
unearthed with the aid of metal detectors and destroyed. And although the DIA and Alcan had 
promised to relocate Cheslatta graveyards in the path of the rising floodwaters, only a four out of 
about 180 graves were moved in 1952.7 Those thatremained have been flooded at least 80 times 
in the intervening years due to torrential springtime releases from the Nechako Reservoir into the 
Skins Lake spillway which now feeds Cheslatta Lake. The Cheslatta have experienced severe 

· trauma from seeing bones and wooden crosses adrift in the water as the fluctuating Cheslatta 
Lake repeatedly exhumes the graves of their ancestors.f 

Now seventy years old, Abel Peters was a young man at the time of the surrender and 
relocation. As one of the few Cheslatta natives who could speak English, he served as interpreter 
at the surrender meetings that took place on April 20-21 between Alcan, the Department of 
Indian Affairs (DIA) and the Cheslatta. Although many Cheslatta adamantly disagreed with the 
terms of the so-called surrender, Peters was told that the 75 Cheslatta had no choice but to accept 
the terms of compensation offered by the DIA and Alcan, which amounted to $129,000 for the 
loss of all the building and goods in 1 O separate locations inhabited by the Cheslatta. (Records 
indicate they were actually compensated half that amount.) Toe negotiations took place over two 
days, with the Cheslatta forbidden to even take notes during the meetings. DIA officials 
manipulated the •• election" of a government chief and two councilors to take part in lhe 
proceedings (the Cheslatta's hereditary chief had died the previous year), and allegedly 
convinced a dozen Cheslatta men to sign documents ceding their land to Alcan and accepting the 
terrns of compensation.? The cession agreement was concluded on April 21, 1952, less than 
three weeks after the Cheslatta were first informed they would lose their lands. Records reveal 
that white residents of nearby Oosta Lake, whose property was also inundated, were first notified 
of Alcan's project as far back as 1949. Families there each received between $25,000 and 
$30,000 in compensation, which they regarded as adequate.'? 

ln recent years, the Cheslatta have hired a team of lawyers, historians and scientists to 
uncover the truth of what happened at the meeting forty years ago. A forensics expert from the 
Royal Canadian Mounted Police .who examined the º'X" marks on 56 surrender-related 
documents found that 92 of them were forgeries, written in the hand of one man, not the dozen or 
so men to whom they were attributed.U The men still alive today claim they never agreed in 
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writing to the terms of the surrender, and the Band has filed a Specific Claim with the federal 
govemment to redress the wrongs done to lhe Cheslatta Carrier nation four decades ago.12 

Since the forced relocation, Abel Peters explained, "We were fenced in here [the 
reservation]. We can't go out to hunt or anything. . .. About half of us died on account of the 
liquors, and sickness, and all that."13 Toe legacy of loss has continued. The once self-sufficient 
people is now widely-dispersed and suffers from unemployment, alcohol and youth suicide.l+ 

Playing God in British Columbia 

The life the Cheslatta enjoyed ended abruptly because the world demanded aluminum. 
By giving Alcan water rights to the entire Nechako River, a major tributary of the Fraser, the 
British Columbia govemment aimed to bring the province industrial development and jobs. 
Thus the Kernano Project, the most bizarre feat of hydraulic engineering of its time, was bom. 

The project entailed damming the eastward-flowing Nechako River--300 kilometers 
inland from the Pacific Coast--to create a 450-kilometer long reservoir which inundated the 
finger lakes of northem Tweedsrnuir Park.P 70 kilometers north of the Kenney Darn, the Skins 
Lake Spillway was built to release water not used for power generation into the tiny Cheslatta 
River, which then flows into the Nechako. A 16-kilometer penstock was blasted through the 
solid rock of the Cascade Mountains to carry water from the Nechako Reservoir into Kemano 
V alley (part of the Kitimat watershed) over a vertical drop of 860 meters. The 896 MW Kemano 
powerhouse was constructed deep inside Mount DuBose, and today remains the sole basis of an 
Alcan company town. The electricity generated there is transmitted over 82 kilometers of 
avalanche-prone, rugged mountains to lhe aluminum smelter at Kitimat, which was the largest 
smelter in the world when it opened. Once it has passed through the turbines, lhe water is 
discharged into lhe Kitimat Ri ver, finally reaching the ocean about 800 hundred kilometers north 
of the Fraser River's outlet, near Vancouver, British Columbía.t" 

Native Life ln Kitimat Valley: The Early Days 

The town of Kitimat on the Kitimat River is located at the head of the Douglas Channel, 
an estuary 110 kilometers inland from Hecate Strait. Kitimat was home to the Haisla ("people 
who live at lhe mouth of the river") long before the mid-Dth century arrival of European 
missionaries and traders, notably the Hudson's Bay Company, who in 1867 literally put the 
Haisla village on the map.17 For centuries lhe Haisla had lived by fishing salmon and eulachon, 
gathering berries, and hunting in the abundant river valleys and cedar forests. They traveled by 
dugout canoe, and were adept at making wood storage boxesahouses and even clothing using 
cedar wood and bark. Missionaries brought Christianity to Kitirnat Valley in the 1870's. By the 
1890's many Haisla were working as seasonal laborers in canneries in Rivers Inlet, using lhe 
cash to buy staple goods. ln 1909, the Canadian Pacific Pulp company built a sawrnill in 
Swanson Bay at the mouth of the Douglas Channel, employing some Haisla as log cutters. 
Small-time prospecting, ranching and farming occurred around Kitimat Valley throughout the 
early 1900's, and speculators bought land in hopes that a railway terminus would be built at 
Kitimat. But it never was, and by the 1930's the settlers had largely left. The Haisla continued 
to divide their time between seasonal cash labor and a traditional life of hunting and fishing.18 

Toe Kitimat Agreement: Government-Assisted Plunder 

It was not until the World War II boom ín aluminum production that Kitimat was 
transformed into an industrial center. ln lhe 1940's, Alcan executive Albert Whitaker wrote of 
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British Colurnbia's hydropower potentíal, "ln B.C. the political risk was less than in other 
countries. Also, it fitted our partas the dependable Canadian ingot supplier to the world. B.C. 
seemed preferable to Labrador in regard to climate and other factors, and was well-placed ín 
regard to the Japanese market.:"? The western United States was another bíg nearby market. 

ln 1950, Aluminum Limited (later Alcan) signed an unprecedented hydropower 
agreement with the British Columbian government. It consisted of a 50-year lease to the Kitimat 
region's land and water, for a scant C$1.60 per acre. The land nas recently been assessed at 
C$633/acre.20 According to Kitimat historian Janice Beck, the Kitimat site for the smelter was 
chosen because the Kitimat Valley was one of the only places in northern British Columbia with 
large tracts of relatively flat, developable land, and the Kitímat estuary could easily be dredged to 
create the deep sea port necessary for importing raw materiais and exporting ingot.21 The lease 
also included permission to build a huge powerhouse in the Kemano valley, and to flood up to 
77 5 square kilometers of land in the Nechacko watershed on the other side of the Coast Range. 

As soon as lhe agreement was signed, Alcan commenced construction on the Kenney 
Darn, the Kemano powerhouse, and the Kitimat smelter and company town at the mouth of the 
Kitimat River. The 275,000 tonne smelter began production in 1954 with a labor force that had 
been recruited from all over lhe world. Enticements to prospective workers included favorable 
mortgage terms for company housing, and promises of a rosy economic future for families 
fleeing war-ravaged nations. 

Canadian filmmaker Boyce Richardson narrates in Supercompanies, "It was great day 
for the company and the province, if not for the lndians, when the smelter was opened by the 
Duke of Edinburgh in 1954. And it was great day too, for lhe for the federal cabinet minister, 
C.D. Howell, who contributed between C$50-100 million of the Canadian taxpayers' money to 
Alcan's costs. When Howe's political career ended three years later, he became a director of 
Alcan. "22 It was not the first time the federal government had intervened on behalf of the 
budding multinational corporation. During the Second World War, the Saguenay Valley of 
Quebec had become the greatest aluminum producing center in the world, when aluminum was 
needed for tens of thousands of new fighter planes. Like the United States, Canada had used a 
variety of means to encourage aluminum industry growth. ..C.D. Howe, then Federal Minister of 
Munitions and Supply, worked out generous tax deferrals for Alcan. He defended Alcan when it 
was accused in Parliament of profiteering from the war, and he intervened when a wíldcat strike 
of Alcan workers erupted in 1941, threaten[ing] to resign from cabinet unless given the power to 
call out troops to crush the strike. Of course he was given the power, and the troops occupied the 
plant." During the war years, Alcan received almost $300 million from lhe Allied and Canadian 
governments for new hydro plants and smelters.P 

Provincial authorities did their part, too, to ensure Alcan's place in British Columbia's 
history. ln 1949, the provincial legislature passed the Industrial Development Act (IDA). 
According to local researcher Richard Overstall, the IDA gave the government the right to 
negotiate the 1950 Alcan agreement by suspending other pieces of legislation, including the 
Mineral Act, the Water Act, and the Municipal Act. "What that meant was that for 30 years 
Alcan has pretty well had a free hand within this watershed."24 

Under the Industrial Development Act, Alcan gained the rights to own and construct the 
Nechako reservoir, lhe Kenney Dam, the Skinslake Spillway and olher minar cofferdams, the 
penstock tunnels through the Coast Range, the Kemano generator and the associated town, and 
the transmission lines to Kitimat. All these facilities are on land that is termed an "industrial 
township," and is exernpt from provincial and municipal property taxes. ln Kemano (population 
1000) there is no elected govemment at all; it is the only town of its kind in British Colurnbia, 
and perhaps Canada. 
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Under the 1950 agreement, all developable land in Kitimat on which the smelter was 
located--most of which was aboriginal Haisla territory--was also expropriated for Alcan.ê> Like 
lhe Cheslatta, lhe Haisla had no influence over the fate of the lands on which they lived for 
generations; they are now a minority in a predominantly white industrial town. 

Electricity Pricing Under the 1950 Agreement 

As late as 1987, Alcan reported paying only C$0.007/k.Wh for electricity, compared to 
lhe US$0.029/k.Wh the Bonneville Power Administration charged smelters for hydropower in 
nearby Washington State.26 Some industry observers have pegged the current rate at one-third of 
a cent per kílowatt-hour.ê? These rates are only educated approximations or speculations, 
however, for unlike many aluminum companies worldwide, Alcan in Kitimat does not actually 
purchase electricity from a private or a public utility; it is a self-generator. The power rates 
Alcan reported to lhe aluminum trade association Aluminium-Verlag GmbH in 1987 encompass 
severa! factors, including •• water rental" fees paid to British Columbia, and their internai cost of 
operation and amortization of the Kenney Dam and Kemano powerhouse, which were completed 
in 1952. Since 40 years have passed since then, we must assume the dam and powerhouse are 
largely paid off. We can also assume that the cost of operation does not vary widely among 
public and private hydro generators. Hence the "water rental" rate is the only relevant factor that 
distinguishes Alcan from its competitors, be they other aluminum smelters or other power 
generators, such as the crown corporation British Columbia-Hydro, which is similar to Hydro 
Quebec. 

To understand the magnitude of the subsidies to Alcan, one must understand the system 
of water rentals, which are a component of electricity prices, throughout British Columbia. As 
specified in British Columbia' s provincial Water Act, a standard "water rental'' is levied on all 
hydroelectric generators, including B.C.-Hydro, for lhe use of public water resources. The 
amount of energy generated in a given year determines the rental rate for the following year. 
According to Les MacLaren of the Electricity Policy Branch of the Ministry of Energy, Mines 
and Petroleum Resources, the provincial water rental rate of 1992 has two components: a 
"capacity charge" of C$3.281/kW of name plate capacity, which is a fee to preserve lhe right to 
use the water; and an "output charge" which is a royalty to the province for the actual use of 
water resources, of C$2.296/MWh for lhe first 250,000 MWh, and C$4.594/MWh thereafter.êf 

Because Alcan operates under the Industrial Development Act, not the Water Act, it is 
not subject to these rates. ln fact, Alcan is lhe only water user ín British Columbia that has its 
own special agreement with the province. Accordingly, it pays British Columbia a different type 
of fee for the right to use provincial water resources. Complex formulas in the Industrial 
Development Act and the subsequent 1950 Alcan-B.C. agreemene tie Alcan's water rentals to lhe 
price of aluminum leaving Kitimat.29 These formulas are not public information. 

According to a specialist in British Columbia's Ministry of Energy, •• We don't normally 
volunteer Alcan's [water rental] rates. They have a special agreement which dates from 1950, 
and it varies from year to year. A ballpark figure is that Alcan pays 5% of the going rate." ln 
1992, he said, Alcan's rental rate amounted to about 22~/MWh, while B.C.-Hydro and other 
major corporations paid $4.59/MWh. ln 1991, he said, Alcan produced 5,428,000 MWh for use 
in the smelter.ê? If these figures are accurate, and if the 1991 rate is close to the 1992 rate, then 
Alcan paid only $1.19 million to the province for its smelter-associated water use in 1991.31 At 
the sarne time, according to Cheslatta historian Mike Robertson, Alcan has collected an average 
of $24 million in annual revenues by selling about 1.4 TWh of surplus electricity to B.C.-Hydro 
each year over the past decade. This 1.4 TWh is only one quarter of the amount of electricity 
Alcan uses in the Kitimat smelter. 32 
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As the above discussion suggests, Alcan's exemption from the Water Act has resulted in 
a tremendous governmental subsidy. If Alcan had been subjected to the sarne rates levied on 
B.C.-Hydro and other users, they would have paid British Columbia approximately $27 .3 million 
in water rentals in 1991, as Table 1 below illustrates. 

Taõle 1. Alcan's Subsidized Electricity in British Columbia 

1991 Electricity consumption in Kitimat smelter = 5,428,000 MWh 

Nameplate capacity charge: 896 MW * $3.281/kW = 
+ Output charges: 

Tier one: $2.296/MWh * 250,000 MWh = 
Tier two: $4.594/MWh * 5,178,000 MWhª = 

C$2,939,776 

574,000 
23,787,732 

27,301,508 
1,194,160 

= Total capacity + output charges= 
- Approximate amount actually paid by Alcan = 

= Approximate annual "subsidy" by British Columbia to Alcan ........•........ 26,107,348 

ª (5.428,000 - 250.000 = 5.178.000) 

An Engine for Development: Was the 1950 Deal Justified? 

This C$26 million subsidy might have been justified in some people's eyes if it meant 
increased Canadian jobs. But according to Overstall, some 3,000 aluminum jobs have been lost 
in Canada in recent years while 7,000 jobs have been created at new smelters overseas. "This 
subsidy of Alcan's water rentals does not produce investment in Canada, jobs have in fact been 
lost here," he said, "so the real question is, why are we giving them the subsidy anyway?"33 

The answer lies in the original expectations of the 1950 deal between Alcan and British 
Columbia, and the province's reluctance to change the status quo. The British Columbian 
govemment gave such latitude to Alcan in the original agreement because it was optimistic that 
the smelter would become a magnet for industrial development in the Kitimat region. Alcan and 
British Columbia released promotional newsreels about K.itimat worldwide in hopes of attracting 
businesses and settlers. Despite these early efforts to prevent Kitimat from remaining an Alcan 
company town--which included drawing up blueprints for neighborhoods and commercial 
districts for a town of 50.000--Kitimat has remained small, w~ a current population of about 
12,000. The only factories to settle there have been a pulp mill in the late 1960's anda methanol 
plant in 1982. Like the Alcan smelter, these mills are capital- and energy-intensive, and have 
created relatively few jobs. Toe production of the most important material input to the smelter, 
alumina, does not contribute to the local economy either. When the Kitimat smelter opened, 
Alcan imported alumina from its Jamaican refinery; today it imports Australian alumina. 

Environmental Effects of the Kemano Project 

"The Nechako River for thousands of years drained the lakes o/ the Tweedsmuir Park eastwards. The 
waterfl_ow had to be reversed anda reservoir created to maximize the power potential. The great distance 
ofthe lacation from any city or railroad meant that a natural rock-_filled dam would be the most economical 
method of construction. When the dam was completed ít was the third largest rock-filled dam in the world. 
The result at Kemano is one o/ the most awesome revisions o/ geography éver." 

-- Janice Beck in "Three towns: a History o/ Kitimat. " 34 
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The environmental effects of the hydro and smelter project have been varied, On the 
eastern side of the Coast Range, they include tremendous soil erosion, and the loss of important 
habitat for mammals, birds and fish--most notably wild strains of salmon and char. The Kitimat 
Ri ver estuary on the Pacific coast has undoubtedly suffered from forty years of dredging for ship 
access, although the extent of the damage has yet to be studied and published, as does the extent 
of harm from the smelter' s emissions. 

The Nechako Reservoir wiped out about 800 square kilometers of wildlífe habitat, 
including important breeding grounds and migration routes for moose and grizzly bear. The 
reservoir itself was never cleared of trees prior to filling. According to local environmental 
activist Paul George, the forest in the reservoir area was a "nuisance" because there was so much 
of it. Because lumber was abundant and cheap in British Columbia in the 1950's, and because 
there was no road access to the area, Alcan had no economic incentive to clear the trees. As 
Hydro-Quebec officials assumed in James Bay, Alcan assumed the 80,000 hectares of trees 
would decay rapidly, posing no environmental problems. And as in James Bay, they were 
wrong. Forty years later, debris from dead and rotting trees still clutters the edge of the reservoir, 
and has made it unsuitable even for recreational púrposes.ê- There have also been reports of 
mercury contamination ín the Nechako River and Reservoir. 

A long stretch of the Cheslatta riverbed has been scoured by seasonal water releases 
through the Skins Lake Spillway. "As much as 28,000 cubic feet of water per second (cfs) is 
released through the spillway during these peak flows, compared to the Cheslatta Ri ver' s average 
flow of 100 cfs prior to the construction of the spillway. The sudden flushes of water have tom 
out a canyon hundreds of meters wide and 25 to 30 meters deep. All the soil, rocks and trees 
from this 40-kilometer-long canyon have been deposited in the [Cheslatta] lake."36 The 
Cheslatta estimate that the volume of material eroded exceeds 40 million cubic meters, and claim 
that it has completely filled in two kilometers of the lake's west end.37 Waterfowl nesting areas 
have also been seriously damaged due to Cheslatta Lake' s fluctuating water leveis. 

The Kitimat smelter is located on former "mudflats/' presumably rich in estuarine 
life, which were filled in with sand and gravel before the plant was built. Toe gravei was taken 
from a huge sandhill four miles upriver; it is now carved up beyond recognition. During 
construction of the port, about 9,200 cubic meters of muck were dredged out of the bay at 
Kitimat daily to provide access for deep-water ships which would arrive bearing imported 
alumina, and depart with ingot bound for Japanese markets.38 

Fish. Perhaps the most significant environmental impact of the Kenney Dam has been its 
effect on fish runs: notably the pink, chinook, and sockeye salmon that make an incredible 
joumey of over 1,600 kilometers from the Pacific Coast up thr,Fraser River into the Nechako 
and its tributaries to spawn. Toe Nechako is the migratory route for about one-fifth of the Fraser 
River's sockeye run.ê? Salmon are extremely sensitive to temperature and other water 
conditions. As 4-year old adults, they leave the ocean to unerringly find their way up major 
rivers and tributaries to the place of their birth. During the journey, they live on energy reserves 
that are specifically calculated by nature to enable them to reach their ancestral spawning 
grounds. There, the salmon burrow up to 18 inches in gravei to lay some 8,000 eggs, and then 
die. If their home stream is physically blocked, has a reduced flow, or has had its temperature 
raísed due to damming, they may not be able to spawn successfully. Because they will not 
spawn in foreign streams, their unique population may be severely reduced or rendered extinct. 

The Kenney Dam was not the first shock to Fraser River salmon. ln the early 1900's, 
numerous small blockages from mining and logging operations had chiseled away at the 
multitude of genetically distinct salmon runs in the Fraser. These included the infamous 1913 

70 



Hell's Gate disaster, where an explosion to make way for a rail line choked the narrow gorge 
with rock, leaving millions of sockeye to die before reaching their spawning groundsr'? Years 
later, a concrete fish ladder was built at Hell's Gate to aid the salmon in navigating the blockage, 
and the fish recovered to some extent. But once decimated in such a fashion, wild salmon runs 
rarely reach their original numbers. Fishermens organizations estimate that even before the 
Kenney Dam, Fraser Ri ver fish were at half their natural numbers. With such physical obstacles 
in their path, and with the introduction of effluents from riverside factories and towns, the 
integrity of the rest of the Fraser and its tributaries became crucial. 

Further down the Nechako, salmon have been afflicted by fungus and other diseases. 
Local environmentalists attribute these infections to the river's unnaturally-high water 
ternperatures, caused by releasing warm water from the top of the reservoir during the summer 
months. (Under natural conditions, the river would be fed by spring and summer snow-rnelt.) 

According to the Cheslatta Band, freshwater fish such as char, whitefish and trout have 
also been severely affected by the dam · s operation. "Absolutely no productive spawning areas 
now exist in the Cheslatta River. Spawning and hatch coincide with spillway releases. If eggs 
are spawned they are either washed away or covered up by silt from the tremendous spring 
releases. If eggs are hatched they are severely impaired by huge late summer releases." I ln 
additíon, a 5-mile section of the former Nechako River between the reservoir and the Skins Lake 
Spillway outlet is now bone-dry+ê 

The biggest threat to all fish, however, is the Nechako's reduced mean annual flow. 
When lhe Kenney Dam diverted almost 40% of the Nechak:o's original flow in 1952, there were 
dire consequences for fish who spawned in the Nechako. ln addition to salmon, native rainbow 
trout, dolly varden char, and possibly sturgeon have all been negatively affected by the reduced 
downstream flows. "There's been a loss of spawning habitat and rearing capacity. Even under 
maximum flow conditíons, the Nechako is a far cry from what it used to be. It used to be a very 
large river and now it's quite small."43 The exact tolls taken on the fish by the Kenney Dam and 
by previous obstacles will never be fully known because biological surveys were not undertak:en 
until the development was well on its way.+' 

According to Paul George of the Western Canada Wilderness Cornmittee, the 
environmental effects of the dam are unacceptable. "Under today's standards," he said, "this 
dam never would've been allowed. It wasn't worth it, what was traded in order to get the cheap 
power. The company basically got perrnanent rights to the water to provide a few jobs."45 

Unfinished Business: The Kemano Completion Project 

Until now, Alcan has harnessed about 40% of the Nechakos flow for the Kemano 
powerhouse, which has an installed maximum capacity of 896 MW. Of this, about 600 MW go 
to the existing potlines at the Kitimat smelter. Toe rest, when seasonally available, is sold to the 
Kitimat pulp mill and to B.C.-Hydro.46 

ln 1979, Alcan announced a $1 billion planto divert the remainder of the Nechako, to 
which it still has rights, in order to expand its alumínum production capacity in British Columbia. 
The proposal, which has undergone many changes since its inception, is called the Kemano 
Completion Project (KCP). It does not involve more dams or increased flooding; it would 
simply divert more water from the Nechako Reservoir to the Kemano powerhouse to increase íts 
installed capacity by 540 MW. This would mean a decrease in water releases from the Nechacko 
Reservoir downstream. Alcan has already begun to drill a second diversion tunnel through the 
mountains to lhe Kemano station, but constructíon has been halted pending the outcome of on 
going legal battles.é? 
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The original KCP proposal called for three new aluminum smelters. ln the face of 
environmental and legal opposition, Alcan soon 'reduced the proposal to two smelters, and then 
one, to be located in Vanderhoof, British Columbia. According to Alcan spokesman Les 
Holroyd, •• No smelters are on the drawing board right now, but it is our intention to use the 
power for future aluminum smelting at a separate location in northwest British Columbia. Our 
intent initially is to sell power to B.C.-Hydro."48 That power might in tum be sold to the United 
States, as British Columbia has a power surplus. Holroyd explained that Alcan is eager to divert 
the waters of the Nechako because the rights awarded to them in 1950 have a sunset clause of 
December 31, 1999. Any water that is not developed by then reverts to the province. 

ln 1980, the federal Department of Fisheries and Oceans (DFO) took Alcan and British 
Columbia to court, challenging them on the toll the Kenney Dam had already taken on Fraser 
River salmon. The DFO won an injunction ordering Alcan to allow a minimum flow deemed 
necessary to protect the Nechako River salmon runs. If this "injunction flow" had been 
maintained, Alcan would not have been able to ex,Psand its production capacity at Kitimat above 
275,000 TPY, as it still wishes to do in the future. 9 But Alcan did not adhere to the injunction. 
ln September 1987, after two years of closed-door negotiations, the Canadian and British 
Columbian govemments made a deal (called the "Settlement Agreement") with Alcan in which 
the federal government agreed to new minimum flowrates of 30% of the Nechako's original 
flow, ora lower 13% if Alcan would build a cold-water flow release mechanism in the reservoír, 
which it plans to do. These flow rates were lower than the 1980 injunction flow rates the 
govemment' s own federal fisheries biologists had earlier said were necessary to maintain salmon 
runs. Toe Settlement Agreement also set up the Nechako Ri ver Management Committee, which 
is made up of Alcan representatives, and federal and provincial officials--a move which local 
environmentalists see as the fox guarding the henhouse.X' 

Potential Environmental Effects of the Kemano Completion Project 

"The Nechako River for thousands of years drained the lakes of the Tweedsmuir Park eastwards. The 
watetflow had to be reversed anda reseivoir createâ to maximize ihe power potential. The great distance 
of the location from any city or railroad meant that a natural rock-tilleâ dam would be the most economical 
method of construction. When the dam was completed it was the third largest rock-filled dam in the world. 
The result at Kemano is one o/ the most awesome revisions of geography ever." 

-- Janice Beck .in "Three towns: a History of Kitimat." 51 

The Alcan-government agreement allows Alcan to diminish much of the fishery ín the 
Nechako as long as the loss is "mitigated" by an equal number of fish produced in hatcheries 
elsewhere. But according to the Western Canada Wildemess Committee, " ... no one really 
knows the full impact of the reduced flow of the Nechako on ~e Fraser River and its salmon 
runs. A hatchery operation can never adequately replace a wild salmon ruo." They also worry 
that " ... the waters at Hell' s Gate, currently one of the most difficult obstacles to migration, rnight 
be lowered by severa! feet at critical times of the year. The lowered flow of water will also 
increase the concentration of toxins discharged from pulp and paper mills into the Fraser, posing 
additional threats to the river's fish."52 This would make the migration upriver more exhausting 
for the salmon, and might even prevent them from reaching their spawning destination. 

lf the Vanderhoof smelter is eventually built, the town's population of 4,000 would 
almost double within ten years. Although some local residents welcome the amenities associated 
with such growth, others are convinced the reduced river flows would threaten the nearby federal 
Nechako River Bird Sanctuary, which is rich in Canada Geese and other wildfowl. Vanderhoof 
resident Louise Kineen spoke with trepidation about the effects of future diversions: "We have 
suffered the impacts of the flow reductions. Every time they get more water for power, we have 
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less flow for all other downstream resources. . .. [Alcan] ran a huge public relations campaign 
through our town in 1980, and lhe public reaction to that was immense. We had over 600 people 
at that meeting, and for the size of our town, that was monumental."53 

Public Oppositíon 

The water rights Alcan has enjoyed over the years are not without public opposition. Toe 
Rivers Defense Coalition (RDC) and lhe Westem Canada Wildemess Committee are among the 
environmental and native tribal groups who point out that to date, there has been no full 
environmental review of the KCP.34 The RDC took lhe Canadian govemment to Federal Court 
in 1990 to challenge the legality of the 1987 Settlement Agreement. They argued that by 
allowing Alcan such broad access to the province's hydrological resources, lhe federal Fisheries 
Minister had "fettered the [regulatory] powers given to him" by the Canadian parlíarnent.v' Part 
of lhe case centered around forcing the federal govemment to mandate an environmental review 
for lhe KCP under Canada' s Environmental Assessment and Review Process (EARP) legislation. 
ln May 1991 lhe Federal Court's Justice Walsh ruled in favor of the plaintiffs, stating that an 
EARP review should be dane on lhe project. Both Alcan and the Federal government appealed, 
and in the interim Alcan suspended building the second diversion tunnel. Toe Federal Court of 
Appeals trial began in December 1991, and on May 8, 1992 the Court reversed lhe earlier 
decision, ruling that the Federal govemment and Alcan had been correct: EARP did not apply to 
the KCP.56 The ruling stated that the KCP was "not a federar project under lhe EARP's 
definition of a federal project."57 

ln late 1992, lhe RDC and the Carrier-Sekani Tribal Council filed with the Canadian 
Supreme Court seeking leave to appeal this case. On February 4, 1993, the Court denied lhe 
appeal without a written explanation. According to Mike Robertson, a provincial environmental 
review of the KCP is lhe "last chance •• for a reprieve for the Nechako. The review, which will 
include input from the Cheslatta Band, is underway and is scheduled for completion in 
September, 1993. 

ln May 1993, the Canadian joint "Commons-Senate Committee for the Scrutiny of 
Regulations" issued a report stating that the federal court' s 1990 exemption of the Kemano 
project from environmental review was "both illegal and subversive of constitutional 
govemment." Apparently, lhe report is not likely to make a difference in the Kemano project's 
progress, despite the embarrassing legal criticism the federal ruling engendered. Said the 
committee's Chairman Derek Lee, "We're not condemning the project or the absence of an 
environmental review. We are condemning lhe use by cabinet of a purported power to dispense 
with the general application of the law."58 

1 Varley, Elizabeth Anderson, supra. p. 225. 
2 Moss, Pat. "Figbt for Kemano Hearings Continues." Rivers Defense Coalition, Smithers, British Columbia, 
December, 1990. 
3 880 MW + 80,000 hectares = 11 kW /hectare. 
4 Robertson, Mike. "The Story of the Surrender of the Cheslatta Reserves on April 21, 1952." Cbeslatta Band, 
Bums Lake, British Columbia, 1992. 
5 Personal communicatíon with Mike Robertson, Cheslatta Band Historian, August 29, 1992. 
6 Richardson, Boyce. "Super-Companies" (documentary film). National Film Board of Canada, 1990. 
1 Personal communication with Mike Robertson, supra. 
8 "Cheslatta Band's Position Regarding lhe Kemano Completion Project." Cbeslatta Band, Bums Lake, B.C., 1992; 
and "Cheslatta Graveyards Being Desecrated." Lake District News, August 5, 1992. 
9 Robertson, Míke, supra. 
10 "After the Flood." The Journal (TV news report), Canadian Broadcasting Corporation, narrated by Ian Gíll, 
~roduced by David Paperny, 1991. . 
1 Gill, Ian. "Surrender." The Georgia Strait, July 19-26, 1991, and "After the Flood." supra. 
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Chapter9 

The James Bay Hydroelectric Project in Northern Quebec 

. 
Initiated in 1971 and still incomplete twenty-two years later, the James Bay project looms 

as North America's largest hydroelectric project Toe scope of its dams and tiver diversions defy 
easy explanation. The range of environmental and social problems created by Phase I of the 
project and the likelihood of further damming have thrust the project into the international 
spotlight. ln the United States and Canada, controversy is raging over whether construction of 
James Bay II, including the Great Whale and the Nottaway-Broadback-Rupert (NBR) 
complexes, should proceed. 

The James Bay story is rich in detail. It is relevant for activists and scholars of varied 
interests, including those concemed about the rights of indigenous peoples, conservationists who 
care about the integrity of one of the Earth's largest remaining intact ecosystems, energy analysts 
interested in whether large-scale hydro is truly a benign renewable resource, economists who 
question the comparative prices of electricity upon various sectors of the economy, and policy 
analysts who study the openness of decision-making that concerns public resources. 

This chapter will first describe the enormous physical scope and complexity of the James 
Bay hydroelectric project, It will summarize the history of development, focusing on the lack of 
consideration given to native peoples by the Quebec and Canadian governments. It examines the 
extensive social and little-understood environmental impacts of the project, including possible 
cumulative effects if the Great Whale and NBR complexes are completed in the future. It then 
investigates the end uses for the.electricity generated by James Bay dams, in particular the export 
of power to the United States, and the subsidized power sales to Quebec's smelting and refining 
industries. Quebec's massive aluminum industry has been one ofthe biggest beneficiaries of the 
James Bay hydroelectric project, receiving extremely low-cost power at the expense of Quebec's 
taxpayers, native peoples, and the northern wilderness ecosystem. Finally, the chapter examines 
public opposition to the project, focusing on direct legal challenges in Quebec, and on legislative 
measures initiated in the United States to challenge electricity imports from Canada. 

Dams and Diversions: Manipulation ofan Enormous Watershed 

The James Bay project impacts a land area including six separate drainage basins: the La 
Grande, Eastmain, Great Whale, Caniapiscau, Nottaway and Rupert rivers. All but the 
Caniapiscau flow west into James Bay, which is the southem portion of Hudson Bay. Already, 
the La Grande complex has captured 16% of all the water flowing into Hudson Bay (see Table l 
below). If the Great Whale and Nottaway-Broadback-Rupert (NBR) projects are completed, the 
James Bay project as a whole will impound 25% of the water flowing into Hudson Bay. 

- ' 

JamesBay I 

James Bay I consists of Phases 1 and 2 of the La Grande complex.! Completed in 1985 
at a cost of $13.7 billion (all dollars figures are Canadian), La Grande Phase 1 flooded 11,500 
square kilometers of wilderness land that has been home to native Cree Indians and Inuit 
(Eskimos) for five millennia (see Table 2 belowj.? Although the weather is extremely cold in 
winter and the soil is unsuitable for agriculture, the land, rivers and bay of what is now northern 
Quebec have provided ample sustenance for the people, and for a wide variety of fish, bírds, and 
terrestrial and marine mammals. 
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Table 1. James Bay Hydroelectric Project: Major Rivers and Drainages Affected 
Compared to Tota1 Hudson Bay and Canadian Drainage 

Drainage Area Water Flowª (thousands of 
Cthousands of sguare kilometers} cubic meters/second Ccms) 

Total Canadian 10,727 105 
Total Hudson Bay 4,010 (38% oftotal 31 (30% of total 

Canadian draina~e} Canadian flow) 

James Bay rivers already exploited: 
La Grande 98 1.7 
Caniapiscau 133 2.4 
Eastmain ...M. _.Q..2 
subtotal 277 5.0 

Percentage of Hudson Bay area, flow 6.9% 16.0% 

James Bay rivers yet to be exploited: 
Great Whale 32 0.6 
Nottaway 66 1.1- 
Rupert _A3. M 
subtotal 141 2.6 

Percentage of Hudson Bay area, flow 3._5% 8.4% 

Total James Bay rívers affected 418 7.7 

Fraction of Hudson Bay area, flow 10.4% 24.8% 

* Row leveis prior to damming. 

Source: "Hydrological Atlas of Canada," complied by lhe Canadian National Committee for the Intemational 
Hy__drological Decade, edited by G. Kerr and DJ. Wbyte, Fisheries and Environment Canada, Ottawa, 1978. 

La Grande Phase 1 consists of five major dams and reservoirs, the diversion of two 
major and two minor rivers into the La Grande River, and five power generating stations on the 
La Grande. Because the 870-kilometer La Grande lacks a very large vertical drop (548 meters), 
a continuous chain of reservoirs was created to maximize power output: each reservoir backs up 
all the way to the next dam upstream. ln essence, the La Grande River flows no more. The LG4 
dam and powerhouse (2,651 MW) is lhe furthest upríver, and has a reservoir area of 765 square 
kilometers. Toe much larger LG3 and LG2 reservoirs are downstrearn, with powerhouses that 
generate 2,304, and 5,328 MW respectively. The total power capacity of La Grande Phase 1 is 
10,283 MW. All of the power being generated by La Grande Phase 1 is being consumed; there is 
no surplus power.ê 

The La Grande complex involved much more than simply turning lhe river into one giant 
stepped reservoir; it encompasses colossal feats of river diversion, as described in an 
informational brochure published by Hydro-Quebec: "For thousand of years, until October 1981, 
the Caniapiscau flowed from south to norlh into the Koksoak River, which flows into Ungava 
Bay. An enormous challenge had to be met in this frozen landscape to divert the Caniapiscau 
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90° to the west, raise its leve! by 38 meters and channel its waters to the La Grande 4 
Reservo ir. "4 

,..... 

Held back by a 54-meter dam, the 4,275 square kilometer Caniapiscau storage reservoir is 
now the largest manmade lake in Quebec. Twenty-seven percent of the Caniapiscau's mean 
annual flow of 2.4 thousand cubic meters per second (cms) has been diverted to LG4 Reservoir. 
Hundreds of kilometers to the south of the La Grande, the •• EOL" diversion captured the 
Eastmain, Opinaca and Little Opinaca rivers, flooding another 1,040 square kilometers of land 
before flowing into the LG2 Reservoir. These diversions nearly doubled the flow of the La 
Grande, increasing it from 1,719 cms to 3,305 cms. During construction of La Grande Phase 1, 
650 kilometers of roads were built in just over a year, without prior initiation of an 
environmental impact statement. 

La Grande Phase 2 entails the completion of two more powerhouses on the La Grande 
River (LG 1 and LG2A), and the construction of the following dams and powerhouses: La Forge 
1 and La Forge 2 (820 and 270 MW respectively, in the Fontages Basin along the La Grande 
River), Eastmain 1 (470 MW, in the Eastmain watershed) and Brisay (380 MW, at the existing 
Caniapiscau Reservoir). LG2A (1,998 MW) is one kilometer downstream from LG2 and does 
notrequire any more flooding; it was completed in late 1992. LGl (1,310 MW) is a run-of-river 
dam about 30 kilometers upstream from the mouth of the river, and the nearest to the Cree 
community of Chisasibi. It is scheduled for completion in 1995, and requires only about 70 
square kilometers of additional flooding. Brisay is scheduled to begin producing power in late 
1993. La Forge 1 is under construction and is dueto be completed in 1994. Hydro-Quebec has 
acquired some of the necessary permits for both La Forge 2 and Eastmain 1, but has not begun 
construction. According to a Hydro-Quebec document published in early 1993, construction on 
La Forge 2 should begin in the spring of 1993; the utility awaits final govemment approval 
before beginning Eastmain 1, which it hopes to have on-line by 1998.5 Toe Eastmain 1 dam and 
powerhouse would require creating another large reservoir in an area that has already suffered 
from the diversion of the Eastmain and Opinaca rivers. Another potential dam and 260 MW 
powerhouse, Eastmain 2, was described interrnittently in Hydro-Quebec documents in the late 
1980's and early 1990's, but appears to be on the back buiner as of 1993.6 

James Bay II 

- 1 

If permitted to go ahead, James Bay II will result in the construction of roads, bridges and 
airports in roadless areas, and hundreds of kilometers of transmission lines running through 
undeveloped wildemess lands to southem cities. Toe combined projects would replicate the 
amount of land and water flooded in the La Grande complex: an estimated 11,000 square 
kilometers. The initiation of JBII is of immediate concem because the construction of roads into 
the region was scheduled to begin in 1991, but was delayed pending the outcome of court actions 
and the completion of an official environmental impact assessment. JBII will entail the 
channeling of at least seven rivers into two immense watersheds, called the Great Whale (La 
Grande Baleine) complex, north of La Grande, and the Nottaway-Broadback-Rupert (NBR) 
cornplex, south of La Grande (the Great Whale and NBR complexes are described further later). 
Table 2 on the following page provides an overview of the scope, construction schedules, and 
costs of the various dams, diversions, and powerhouses that comprise the James Bay 
hydroelectric project. 

A Brief History: Quebec's Government Paid Little Heed to Native Concerns 

Power was first generated by giant turbines in the La Grande 2 powerhouse in October 
1979. The event was the culmination of a dream, the long-awaited brainchild of Robert 
Bourassa, Quebec's premier. Bourassa set his agenda for exploiting the vast hydrological 
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resources of the Northem Quebec wílderness in the early 1960's, while still a member of the 
Quebec Assembly. ln bis 1985 book "Power from the North," Bourassa reflects back on how 
impressed he was with the hydrographic analyses being conducted by Hydro-Quebec on the 
James Bay region at the time: 

- 
"La Grande itself is not a very large river, in spite of the name. At 535 miles in length, it cannot claim to 

be in. the same league as the 4000-mile Amazon. the 2500-mile Mississippt, or Canada 's own St. Lawrence. lts 
real importance liés in. its potential for hydroelectric power generation: . .. Because of its particular climate and 
topographv, Ouebec is a vast hvdroelectricp.lant in-ihe-bud, and every day millions o/ potential kilowatt-hours 
flaw aownhi.lf and out to sea. What a waste. " - 

Bourassa has always been enamored with Hydro-Quebec, the electric utility which is a 
wholly owned Crown corporation of the Province of Quebec. (Premier Bourassa has his office in 
the penthouse of the Hydro-Quebec building in Montreal.) With the Liberal Party's victory in 
1970, Bourassa was swept into Quebec's highest office, where he saw the implementation of the 
James Bay project as a mandate from the electorate. He immediately ordered detailed feasibility 
studies on the project, and began intensively lobbying fellow politicians and financiers on its 
behalf. 0n April 30, 1971, Bourassa announced his intent to go ahead with the James Bay 
project.? That fall, construction on the Matagami-La Grande 2 road began; in January 1973, 
construction on the LG2 darn and powerhouse commenced. The La Grande 4 powerhouse 
began operating in 1984, signaling the completion of the first phase of what has been termed "the 
project of the century." 

- 

Table 2. Overview of the James Bay Hydroelectric Project 

Power stadoos, Nwnberor Rlvers diverted Area.Ooóded Cose 
Projed MW Coos&rucdoo status dams& dikes [lakes and rivers ) (Approximate) 

(square km.) (1993 $Can.) • 

James Bay Phase I 15,743 

La Grande Compl~ Phase 1 10,282 LG2, LG 3, LG4 complete. 11 major dams, Caniapiscau, 11.250 $22b11lion 
(on the La Grande River} 208dikcs. E.astmain, Opinaca, 

Little Opinaca. 
Included above, 

La Grande Complex Phase 2** S.461 LG 2A complete. LG l lncluded above. Same as above, $12billion 
comes on-line betwecn 
1~919S; LAl 12193· 
11194; Brisay 12193. 
LA2 caistrua.ia, bcgan 
fa!l 1992. EM 1 not 
yet under consnuction. 
EM 2 on indefmile hold. 

James Bay Phase Il 11,560 
Over 4,000 Projeaed: 

Great Whale Complex 3.210 GB 1, 2. 3 not yct begun. 5 maja- dams Linle Whaic, Coares, $9billion 
(on the Great Whale River) 78 díkes Boutin. 

NottaWay-Broadback·RUP=t 8,350 11 power stations. 7 major reservoírs, Over 90% ofthe Nott Approx. 6,500 $26 billion 
(NBR) (On rhe Noaaway, Consauction not Exact # oC dams way .t Rupert rivers' 
Broadback; and Rupen rivers} yclbegun. and diices Wlknown Oows diverted to lhe 

Broadback River. 

A1caodams 2.687 3 power siauons. 3 major dams. Saguenay, Penbonka 1,823 n/a 
( Not pan of the James Bay Lac SL-Jean. Lac 
Projecr) Manouane, Passes 

Dangm:uses. 

- 

- 

"' ln-service cost, including inflation and interest during construction. converted to 1993 $. Cost includes associated 
tran.smission lines, 
** LG = La Grande, LA= La Forge. EM= Eastmaín, GB = Grande Baleine (Great Whale) - 
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An estimated 16,000 indigenous Cree and Inuit people live on the eastern side of 
James Bay and Hudson Bay. The Cree traditionally cluster on inland riverbanks in and south of 
the Great Whale River; the lnuit live in the more northem regions of the James and Hudson Bay 
coast, and on islands such as the Belchers in Hudson Bay. For generations the Cree have hunted 
and trapped beaver, caribou, bear and geese, and fished for their subsistence. The Inuit rely on 
caribou and bay fish, and are expert seal hunters. Both cultures are still intact; many Cree speak 
no English or French, and still spend up to eleven months of the year living in the bush. 
Because the dams were built on James Bay rivers, the Cree have been most affected. 

Toe Cree have tradítionally Iived as semi-nomads, gathering during the summers at the 
mouths of large rivers to fish, and during the winters, traveling up frozen rivers on sleds to hunt 
and trap from their winter camps. There, they build comfortable (and biodegradable) lodges out 
of pine logs and sphagnum moss, and settle in for a season of trapping beaver and hunting moose 
and small mammals. ln spring and f all, they cull the huge flocks of Canada geese passing by on 
their northem and southern migrations. To some extent these traditions continue today, although 
the many impacts of civilization have westernized the Cree to a great extent. There are now nine 
pennanently inhabited villages with many modem amenities, including small shopping centers, 
medical clinics, schools and sports facilities. Permanent roads connect most--but not all=Cree 
communities with southem Quebec. 

Semi-permanent villages have existed in the region since the arrival of missionaries and 
traders in the late 19th century. Most of the modem amenities, however, are much newer--results 
of an unprecedented compensation agreement between the Crees and the Province of Quebec in 
1975. 

./ 
Toe Cree were given inadequate notice of the project, and no input into the planning 

process during the first phase of the James Bay hydroelectric project. Philip Awashish, a young 
Cree from Mistassini who had studied at McGill University, was the first to leam of the project 
when he read about it in a Montreal newspaper, two days after Bourassa made his historie 
announcement.f The article detailed.the number of rivers that were to be impounded, the lakes 
whose leveis would be heíghtened, and impressive figures on the number of jobs the project 
would create. Alarmed, Awashish alerted the Cree community, and quickly inítiated what was to 
become a long and ultimately unsuccessful struggle to protect their homeland from the forces of 
southem production and consumption. 

Under Quebec law at that time, environmental assessments were not required before dam 
construction could begin, and none were conducted. The Cree battle to stop the project depended 
on the way they could use the courts. The nine Cree villages formed a Grand Council to 
.coordinate the expensive and complicated fight. Toe Council hired lawyers to represent the Cree 
in court, and found scientists willing to testify on their behalf, They also flew elders and hunters 
down from James Bay to tel1 the judges what the land meant to them, and how it could not be 
purchased for a price. Most of the elders did not speak English or French, and they had never 
before been outside the James Bay wilderness. As Boyce Richardson documents in his book 
"Strangers Devour the Land," the clash of cultures during the year-long trial was overwhelming. 
When questioned repeatedly by a lawyer as to how much money he would stand to lose if the 
James Bay project went through, Abraham Bearskin, a Cree hunter from the Fort George area 
replied, "The game will go away and what I have survived on will be gone. . .. When you talk 
about the money, it means nothing. There will never be enough money to pay for the damage that 
has been done. I' d rather think about the land and when I think about the land, I think about the 
children: what will they have when the land is destroyed? The money means nothing."? 

ln late 1973, after reams of testimony had been gíven, the Cree finally won an injunction 
to halt construction of Phase I. When the order was summarily overtumed a week later by a 
higher court, the Cree and some Inuit felt they had exhausted their legal, mental and financial 
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resources. ln 1975, after much debate and negotiation, they signed the James Bay and Northern 
Quebec Agreement (JBNQA) with the Quebec government, Hydro-Quebec, and the development 
corporations . ln the long history of land settlements between North American governments and 
indigenous peoples, the Agreement was unprecedented in terms of the broad rights it awarded the 
Cree. ln essence, the Agreement stated that in exchange for Quebec's right to develop the water 
resources of the area, the Cree and Inuit would be compensated with $225 million in cash and 
social services. 

It also contained provisions for the control of the lands of northern Quebec. Under the 
Agreement, the Cree and Inuit were entitled to the "exclusive use and benefit" of 14,025 square 
kilometers of land in and around their villages, called "Category I" lands. On "Category II" 
lands, they gained year-round exclusive fishing, hunting, and trapping rights on another 162,324 
square kilometers of territory, which they are also entitled to manage, however under certain 
circumstances these lands may be used for the development of water resources. This includes 
land and bodies of water in the La Grande, Great Whale, and NBR watersheds. The Cree and 
Inuit also won year-round harvesting rights on 889,650 square kilometers of "Category III'' lands. 
While some non-native hunting is permitted on Category III lands, certain species including 
beaver, lynx, rnink, otter, sturgeon and whitefish are reserved for harvesting by natives.l? 

The Agreement also allowed for native participation in the development process. The 
extent of this promised involvement has been unclear; the Cree maintain that they have not been 
allowed to participate in the process to their satisfaction. After the ecological effects of Phase I 
and the sheer magnitude of Phase II became apparent, they vowed to oppose all future hydro 
developments in the region. Former Grand Council Chief Billy Diamond writes, "If I had known 
in 1975 what I know now about the way solem_n commitments become twisted and interpreted, I 
would have refused to sign the Agreement. I would have gone to the Supreme Court and we 
would have found other ways to block the project--in the courts and on the ground. . .. Protection 
of the environment in N orthern Quebec has been a tarce,"!' 

Social and Envirorunental lmpacts of James Bay I Dams 

Archaeologists have documented continuous Cree inhabitation of the James Bay region 
for at least 5,000 years; the Inuit are more recent arrivals. The two ethnically distinct cultores are 
so intertwined with their lands that it is impossible to distinguish between the environmental and 
social impacts of development; when the James Bay environment is disturbed even slightly, the 
changes deeply influence native tives. 

An array of environmental effects have resulted from the development of the James Bay 
project. These impacts are not limited to the flooding of vast expanses of boreal forests and 
muskeg--critical habitat for moose, bear, and other mammals. They include dramatically 
reduced flows in some rivers dueto diversions, and the flooding of many small lakes, streams 
and wetlands whose riparian habitats host plants and mollusks upon which many birds and 
mammals feed. The spawning of anadromous fish has been prevented by the drying up of rivers 
and lakes dueto diversions, and by the damming of the La Grande. ln the La Grande reservoirs 
and remaining stretches of ri ver below LG2, mercury has contaminated fish and animais, and the 
Cree who eat them. 

The effects also include the disruption of complex salinity gradients in the La Grande and 
Eastmain estuaries. The Eastmain River is now reduced to 13% of its pre-dam flow, so there is 
obviously less fresh water feeding its estuary. It is well established that diminished fresh water 
inflows can harm the delicate balance of life in estuaries, which with their rich populations of 
plants, mollusks and fish, are crucial feeding and breeding grounds for migratory waterfowl. ln 
the La Grande River, the opposite has occurred: the mean annual freshwater flow is double pre- 
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dam leveis. ln addition, the maximum freshwater flows into James Bay now occur during 
winter--when demand for electricity in Quebec (for heating) is highest. ln nature, the river is 
frozen ali winter, and it flows during the spring and summer snowmelt. The effect this flow 
increase/reversal has had on fish and mollusks is unknown; it has not been studied adequately. 
Ice formation and breakup, and sand and mineral deposits in estuary mouths have also been 
understudíed. 

The access road to the La Grande damsites-dn a previously roadless area=has opened up 
opportunities for lignite mining and logging. The vast infrastructure required by the project may 
also have harmed caribou calving grounds. Because Hydro-Quebec found it unprofitable to clear 
trees before allowing reservoirs to fill, snags and silt have disrupted existing lake habitat as well. 
Toe anaerobic decomposition of organic material in James Bay reservoirs releases greenhouse 

,- gases including carbon dioxide and methane. This subject is currently being investigated in a 
long-term research project. Preliminary results suggest that these greenhouse impacts may be 
significant; in the worst case, such emissions may be equivalent to coal-fired electric generation 
on a per-kilowatt basis.12 

In the following sections, various environmental effects are discussed in more detail. 
Then the effects of the project on the Cree communities of Chisasibi and Eastmain are examined. 

Fish 

,- 

The dams on the La Grande have prevented anadromous fish such as lake whitefish, cisco 
and brook trout (found in large numbers in James Bay) from reaching their spawning grounds 
upriver. According to the National Audubon Society, adequate data is lacking on the pre-dam 
population leveis and life cycles of James Bay fish.13 

Mercury contamination has been the most serious known effect on fish in the La 
Grande River. Metallic inorganic mercury occurs naturally in soils, rocks and water of the James 
Bay region. Two different classes of microbes control the conversion of inorganic metallic 
mercury into the more toxic organic methyl mercury and back (demethylation and methylation}, 
thus detennining the balance of the two types of mercury in local waters. Toe decay of uncleared 
vegetation in the La Grande Phase I reservoirs has created favorable conditions for the 
methylating microbes, so methyl mercury leveis have increased in the rivers and reservoirs. Toe 
methyl mercury is first absorbed by protozoa and rotífers, then by minnows and other small fry. 
Large fish such as northern whitefish, pike, and cisco prey upon these fish, and are in tum 
consumed by marine mammals, birds and humans. ln this way, methyl mercury has 
bioaccumulated, or become concentrated, at the top of the food chain. 

From 1979-1989, Hydro-Quebec tested for mercury in severa! species of fish in natural 
rivers and lakes, as well as in the environments altered by the project: the LG2 Reservoir, the La 
Grande Ríver between LG2 and LG l , the La Grande estuary from below LG 1 to the mouth of the 
ri ver, and the coastal environment where anadromous fish feed during the ice-free periods of the 
year. ln the altered environments, Hydro-Quebec found that the average mercury level in 
northem pike was between 3.0-4.0 part per million (ppm), and the average for lake whitefish was 
between 0.5-1.2 ppm. These leveis far exceed the Canadian "total-rnercury marketing standard" 
of 0.5 ppm. ln 1986, mercury leveis in the LG 2, LG 3 and Opinaca reservoirs were found to be 
3-6 times higher than prior to impoundment.l+ 

The Cree ín severa! communities have been tested and found to contain mercury leveis 
well above safe limits in their hair and breast milk. A 1977 sampling of individuais in Chisasibi 
revealed that "30% of those tested showed mercury levels above the intemational standard, 
whereas in 1984 this was true of 64%." As a result, they have been advised to restrict 
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consumption of certain types of fish. After severa! years of restriction, mercury leveis have 
declined, but long-term risks are unknown.P 

While mercury has not yet caused known physical harm to the Cree people (because of 
early detection and monitoring), the testing, dietary restriction, and publicity surrounding the 
issue have caused significant disruption of the social structure and emotional well-being of the 
Cree in Chisasibi and Waskaganish. Many Cree have resisted Hydro-Quebec's advice to modify 
their traditional diet. Many now buy expensive processed foods, which they regard as 
nutritionally inferior. And because fishing and cooking fish have always been central to Cree 
culture, mercury contamination has deeply disturbed the people on a psychological levei. 

Despite the $20 million Hydro-Quebec has spent in monitoring and public relations 
dealing with mercury in the La Grande, the utility acknowledges that the NBR complex will 
exacerbate the mercury problem. Hydro-Quebec proposes to mitigate the problem by 
encouraging the Cree to find an alternative food supply.l" Some scientists believe that high leveis 
of mercury may persist in James Bay reservoirs for 50 years or more. 

Bireis 

A host of migratory shorebird species feed voraciously in James Bay waters to increase 
their body weight in preparation for the 10,000 kilometer migratory route to the tip of South 
America. The National Audubon Society writes, 

"Between the spring break-up of ice and freeze-over the following fali, severa/ million shorebirds 
cpngregate andforage, or breed; at James Bay. The coastal salt marshes anâ intertidaljlats ot western 
James Bay are fertile habitats for migratory bird species ... A listo[ some of the species thai use fli.e area as 
a staging_ or breeding ground demonstrares the richness of the Bay habitat: Common Loon, Snow and 
Canada Geese, Brant, Hlack Scoter, Rough-legged Hawk; Peregrine Falcon, Sandhill Crane, Black-Bellied 
Plover, Lesse, Golden-Plover, Semipalmated Plover, Ruddv Tumstone, Greater and Lesser Yellowtegs, 
Whimbrel, Marbled and Hudsonian Godwits, Red Knot, Sanderling, Semipatmated Sandpiper, Least 
Sandpiper, White-rumJ!ed Sandpip_er, Pectoral Sandpiper, Dunlin; Short-billed Dowatcher, Common Snipe, 
Lap/and Longspur anil the Snow Bunting. Many species of ducks breed in inland areas and occur in large 
numbers on the coast in. migration, such as the Green-winged Teal, American Black Ducks, Mallard, 
Pintails, American Widgeon, .anâ Scaup. A number of endangered species use the area as well, inctuding 
the critically endangered Eskimo Curlew, last sighted in 1976 on the James Bay shore. 

"The cumulative environmental changes brought by Quebec's hydroelectric development plans on this 
habitat could severely impact the snorebird popiâations .... Many seecies would be severely threatened, 
possibly evento exiinaion, if a criticai stopover area were damaged: '17 

Audubon especially notes the importance of the Rupert Bay estuary to migrating waterfowl, and 
fears additional catastrophic results for many species if the NBR complex is built. 

Marine Mammals 

According to this sarne report, 60,000 ringed seals live in James Bay. Harbor seals live in 
James and Hudson River estuaries; harp seals, bearded seals, and Atlantic walrus are found in 
Hudson Bay and may also be present in James Bay. Audubon speculates that changes in bay 
salinity levels may affect sea ice formation and break-up, thereby affecting seal productivity. 
Seals and migratory birds are the food source of polar bears present in James Bay from July 
December; changes in their population could affect polar bears. Beluga whales spend the winter 
in ice-free island areas in James Bay; the effects of changes in ice formation on their populations 
are unknown. 

Land Mamrnals 

Caribou. The impacts of James Bay I and II on North America's largest woodland 
caribou herds have been controversial. There are two major migratory herds and two small 
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sedentary herds that use land affected by the La Grande and Great Whale complexes. Named 
after the areas where the females give birth in the spring, the migratory Leaf Ri ver herd numbers 
about 100,000. The much larger migratory George River herd numbered about 600,000 in the 
mid-1980's, but their numbers are now declining, possibly due to natural, decades-long 
fluctuatíons in their population cycle. They migrate over 1,000 kilometers each year to calve in 
the south, and return to feed in the northern forest tundra and lichen woodlands. ln Septernber 
or October 1984, 9,800 caribou from the George River herd drowned as they attempted to cross 
the Caniapiscau River. Toe Montreal Gazette reported that the drownings resulted from a badly 
timed water .release from the Brisay spillway in the Caniapiscau Reservoir. While Hydro 
Quebec blamed the releases on an unexpectedly high rainfall, the Gazette and other sources 
pointed out that SEBJ had purposely allowed the Caniapiscau Reservoir to fill to maximum 
capacity while they investigated a large water leak in the LG3 Reservoír.w When heavy rains 
carne, SEBJ released above-average amounts of water into the Caniapiscau River to protect the 
dam. It allowed the river to remain high despite warnings from the Inuit of Makivik and 
Kuujjuaq that it would threaten migrating caribou attempting to cross the river. Toe govemment 
spent $760,000 to bury or remove the cercasses.'? \,~ 

The other effects on migrating caribou are more difficult to specify because populations 
fluctuate so dramatically ín nature, with peaks in the population cycle occurring approximately 
once per century. It is known that the flooding of the La Grande project, including the 
Caniapiscau Reservoir, has diminished the habitat available to the herds. It is also known that 
the changed ice formation regime has impeded caribou movement on reservoirs and rivers during 
winter months. 

The sedentary herds number between 500 and 1,500 animais each, and live around Lac 
Bienville and Lac Caniapiscau (now flooded and renamed the Caniapiscau Reservoir). Lac 
Bienville will be flooded completely by the Great Whale complex, including about 1.000 square 
kilometers of shoreline and near-shore habitat that is now heavily used by females during calving 
season. Sedentary herds are much more susceptible to population decline if their feeding and 
calving areas are degraded by flooding or unnatural fluctuations in lake and tiver leveis, roads, 
and an influx of humans into their habitat. One expert on caribou fears that increased hunting 
and poaching as a result of the project, in addition to the degradation of shoreline habitat 
necessary for protecting calves and for feeding, may cause the species to decline to the point 
where criticai genetic diversity will be lost.20 

,-- 

Beaver habitat has also been severely impacted by the flooded rívers and streams in the 
La Grande basin. Cree hunters around the La Grande area have seen beavers build tremendously 
large lodges in futile attempts to remain above the rising waters of filling reservoirs. More 
habitat would be lost if and when the large La Forge 2, Eastmain 1, and Great Whale dams are 
completed. Trapped from the Crees' winter camps, the beaver is of criticai economic 
importance; meat is eaten and pelts are sold. The Cree have trapped beavers for thousands of 
years without depleting the population; there have always been strict traditional rules about when 
and how many beavers may be trapped; these traditional rules have now been formalized. As the 
La Grande Reservoir nearest to Chisasibi was filling, Cree hunters found dead adult beavers 
flushed far out in James Bay. They deduced death from drowning because there were no marks 
of violence on lhe pelts.ê! 

Other impacts. Reservoirs are not the only threats to the habitat of large mammals, such 
as moose and bear. They will suffer from forest clearcutting, and from the extensive road 
building that will occur if the Great Whale complex is built. According to Billy Diamond, the 
Quebec government has denied the Cree the right to log sustainably on their own lands and to 
process the wood products, but has instead illegally granted logging concessions to multinational 
corporations. Forests are disappearing at an annual rate of one family territory (600 square 
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kilometers) per year.22 He also states that the presence of 40,000 non-native hunters and 
fishermen has impacted regional wildlife to the detriment of Cree subsistence needs. 

Toe Cree of Eastmain arid Chisasibi have noted that the infrastructure associated with the 
dams has affected bears. "The bear was once one of the most respected animals for an inland 
trapper to tive on. Today there are construction camps ... there is trash and waste oil, machinery 
lubricants. Toe bear feeds on this garbage, and when you kill a bear now, that' s what you can 
taste .... Since Hydro has been able to generate electricity from the Eastmain River they have 
never come to see what has been done to our community. They've only sent us electric bills."23 

- 

- 
The Relocation of Fort George to the New Village of Chisasibi 

Ballad o/ a River 

The River Chisasibi 
ln grey and blue 
A fiappy river 
Once, long ago. 

Times changed, 
Struggles carne. 
The courts agreed= 
Dam the tiver 
for kilowatt power. 

The happy river was tost. 
lt weeps now. - 
lt seeks 
golden sands. 

The Chisasibi River= 
lts soul calling 
Hears the old'people 
no more. 

- 

•• Margaret Sam-Cromarty, bom on Fort George, 1936 24 - 
The island of Fort George, or Chisasibi in Cree, lies at the mouth of the La Grande River 

where it empties into James Bay. For many generatíons, Cree families gathered there during the 
summer months to fish the bay, hold community festivities, rest, and repair equipment before 
setting out in small groups for their winter camps hundreds of kilometers away. There, they 
would fish, trap beaver, and hunt bear and caribou, moose, and rabbit. Since the arrival of 
French traders and missionaries in the late 1800's, a permanent settlement has existed on Fort 
George, with two churches, a residential school, a cernetery, a general store and trading post, and 
about one hundred small houses.25 When the LG2, 3 and 4 reservoirs were filled between 1979 
1984, the La Grande River's mean annual flow doubled due to the EOL and Caniapiscau 
diversions. Fearing that the increased flow would erode the island, Hydro-Quebec spent $40 
million to raze half of the homes on Fort George, and to move about one thousand people to a 
new village they were building 12 kilometers upstream on the La Grande, and about one 
kilometer inland from the ri ver' s bank. Some of the newer homes on Fort George were moved 
by barge and truck to the new village called Chisasibi. Many Fort George Cree, especially the 
elders, objected to the relocation, but with its teams of scientists and govemment officials, 
Hydro-Quebec prevailed. Although there has been some erosion of the island's banks in the 
intervening 17 years, the ghost village remains: an abandoned settlement of tarpaper and wood 
shacks, the two dilapidated churches, and a graveyard which is still used. (The Cree do not use 
the graveyard in Chisasibi because the high water table there dislocated interred bodies.26) 

- 
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While community life on Fort George Island centered around the river, life in the new 
town of Chisasibi is dominated by a modem shopping mall where children and teens drink pop 
and eat french fries, and old men wile away the days playing checkers. For many Cree, village 
life now centers around TV programs and bingo games. Toe town has a fully equipped radio 
station, stores with almost everything found in a larger city, medical facilities, a school, two 
churches, and offices where the village govemment is located and the compensation moneys are 
administered. The over-crowded houses resemble suburban tract housing, except for the sandy 
roads and yards, and the tipis which are found in almost every backyard. With fragrant spruce 
boughs lining the floor and plastic tarps reinforcing the canvas overhead, the tipis still serve as 
summer gathering places for traditional celebrations, and for cooking game and smoking fish.21 

Most residents of Chisasibi agree that they have suffered a serious loss of connection 
with the river, because of its greater distance from the village, the mercury problem which 
discourages frequent fishing, and the unpredictable winter ice conditions, as described in a 
brochure Hydro-Quebec has published in English, French, Cree and Inuktituk: 

"Operqtion ofthe La Grande 2 kydroetectric powerhouse has radicalty altere d the behavior o[ the ice 
on the La Grande Riviêre .... The cota; choppy waters of the La Grande Riviêre have become justa liitle bit 
warmer, and the river has turned into a rushing torrent with ever-changing jl.ow. lt would take afortune 
teller to be able to correctly predict the condition ofthe ice cover on thé river between James Bay and the 
La Grande 2 dam from one day to the next .... You must never trust the ice. One moming, at dawn, a 
trapper in a snowmobile crosses the smooth, white ice on the river. On his way home, at sundown, an 
enormous !laping hole bars his passage home ... a hole right in the middle of the route he took that very 
moming!"~ 

At the LG 1 site, Hydro-Quebec has built a road to Long Point, the winter access to coastal and 
inland hunting territories north of the river. Chisasibi Cree must drive for one hour in good 
weather to the access point. Each trip involves crossing over the top of the LG 1 dam, a constant 
reminder of what they have lost to development. 

Chisasibi has also suffered from the proximity of thousands of French-speaking 
construction workers living in the LG2 work camps or in Radisson, the Hydro-Quebec company 
town. Reports of crimes against Chisasibi residents include rape, and the incidence of violence 
stemming from drinking became so severe that the Chisasibi town council voted to ban alcohol 
entirely from the village. A checkpoint has been set up along the road outside of town to control 
bootleggers, but the Cree have been unable to completely shut off alcohol coming into the 
village. 

Eastmain Village: Where the River Runs Dry 

While the increased flow of the La Grande disrupted the community of Fort 
George/Chisasibi, the village of Eastmain saw its river virtually dry up. Through the use of 
dikes, 87% of the Eastmain's mean annual flow of 900 cms was diverted 150 kilometers north to 
the LG2 Reservoir and powerhouse. By comparison, the northem Great Whale River, which is a 
wide, roiling torrent with Class 5 rapids, has a flow of only 600 cms. What remains of the 
Eastmain today is a riverbed clogged with sandbars, mud, and snags=a once vibrant river now a 
mere shadow of its former self. 

At high tide, when saltwater from the bay intrudes into the riverbed, navigation is 
possible only by skilled boaters familiar with the myriad of hidden obstacles in the shallow river. 
At low tide, navigation by a canoe with an outboard motor is impossible. The diversion has 
raised sediment leveis in lhe river, and has decreased oxygenation leveis and river volume 
substantially. It has also enabled saltwater to intrude much farther up the river during high tide, 
which has altered riparian vegetation. All of these conditions have reduced a river that used to 
teem with fish to a stagnant canal whose few fish look deathly ili, according to the Cree of 
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Eastmain. Navigation and productive fishing areas are not the only losses the people of 
Eastmain have sustained. Toe EOL diversion is nota neat aqueduct or channel: it spills messily 
northwards toward LG2 across 1,040 square kilometers of wildemess, including many hunting 
territories used by the people of Eastmain. To combat problems including reduced river flow, 
flooding, and a growing population that must hunt on ever-shrinking areas, the Cree have fonned 
a Hunters and Trappers Association that works to facilitate access to traplines by all who wish to 
hunt. ln order to teach the youth of Eastmain the hunting and trapping skills of their parents and 
ancestors, the association must use bush planes to fly groups far from the village to hunt and fish. 
ln these remote camps, the ancient ways are passed on, and the teams return with meat and fish 
to share with the villagers. 29 

- 
- 

- 
What Next? Great Whale and NBR - The Great Whale complex would have a dramatic impact on the approximately 500 
Cree and 400 Inuit of Whapmagoostui/Kuujjuaraapik (the Cree and Inuit names for Great 
Whale), just north of James Bay. As currently structured, the complex is planned to divert the 
Little Whale, Coates and Boutin rivers into the Great Whale River. There are three dams and 
reservoirs planned for the Great Whale River, to generate a maximum of 3,210 MW. Toe 
combined reservoirs will have an area of approximately 3,100 square kilometers, of whích about 
850 square kilometers is flooded land. This includes a reservoir that would flood the huge and 
biologically important Lake Bienville, are would require 53 dikes to contain it. Two airports 
would be built in remote areas along the Great Whale River, and the present airport in 
Whapmagoostui/Kuujjuaraapik would be expanded. 

The area is currently roadless: it is accessible only by plane, snowmobile and canoe, and 
by barge in the summer months. Unlike the other Cree villages, the lack of roads to Great 
Whale has isolated it to some extent from the influences of westem society. Toe village is also 
protected from unwelcome visitors. The Great Whale project would bring an end to this 
isolation, through the construction of 575 kilometers of roads to link points between the La 
Grande and the Great Whale generating stations and airports. These roads would traverse at least 
83 identified archaeological sites, extensive caribou winter ranges, and would cross 10 major 
rivers requiring large concrete/steel bridges, and 600 culverts for smaller watercourses. Toe cost 
of the transportation infrastructure alone is an estimated $784 millíon.ê? 

ln addition to the general loss of terrestrial, riparian and lacustrine habitat due to 3,100 
square kilometers of flooding, there are serious environmental irnpacts specific to the Great 
Whale complex. Feeding and calving grounds of beluga whales may be severely compromised 
due to the changed influx of fresh water into Manitounic Sound, off the coast of Whapmagoostui. 
And as previously mentioned, the caribou dependent on Lac Bienville for calving will probably 
be adversely affected by the inundation of island and shoreline habitats. A public outcry over the 
potential extinction of a suspected rare freshwater seal forced Hydro-Quebec in 1991 to drop the 
Nastapoka Ri ver diversion from its development scheme. 

- 
- 

- 

- 

- 
The Nottaway-Broadback-Rupert (NBR) complex would divert the lower Nottaway 

and Rupert rivers into the Broadback River. There would be 16 dams and 11 powerhouses on 
the Broadback and the Rupert, generating a total of 8,400 MW. The combined reservoirs would 
flood almost 3,600 square kilometers, leaving the lower 150 kilometers of the Nottaway and 
Rupert rivers "virtually dry bedrock" by reducing the flows by 93% and 95%, respectively.31 
These diversions would leave Rupert Bay essentially dry, thereby reducing wetland, riparian, and 
estuarine habitats. 
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Because the Great Whale complex is undergoing an environmental review, the NBR 
project is on the back burner for the moment. 1f eventually constructed, however, the 

, environmental consequences may be catastrophic. According to the National Audubon Society 
report previously cited, mercury contamination of fish and clams upon which birds feed, or from 
changes in salinity that affect animal populations and sea grasses could have wide-ranging 
effects. Audubon estimates that the impacts of the NBR complex would be far worse than those 
already experienced in the La Grande complex. "Waterfowl use of Rupert Bay is approximately 
1,000 times that of the La Grande estuary. Modifications in the present sedimentation re~ime, 
ice conditions, currents or water quality could have serious effects on migrating waterfowl." 2 

Hydro-Quebec's recognizes that critical moose and wildfowl habitat would be affected by 
the project, and that further opening up the area to access by road would threaten the Cree way of 
life. Logging and mining activity could increase with easier access to the region. Cree leaders 
also say that water leveis in the reservoirs would fluctuate 6-18 meters depending on seasonal 
power demand. Because the terrain is fairly flat, a maximum drawdown would leave hundreds 
of square kilometers of mud surrounding lhe reservoirs, trapping caribou and other wildlife. 33 

Hydro-Quebec's Demand Projections: 1989-2006 

t: 

Hydro-Quebec currently has an installed capacity (including long-term contractual 
purchases) of approximately 28,000 MW, with additional access to approximately 5,000 MW 
from the Churchill Falls hydro project in Labrador. Over 12,000 MW is generated by the dams 
on lhe La Grande River. An additional 15,000 MW are projected to come from completion of La 
Grande Phase II (3,409 MW), the Great Whale complex (3,210 MW), and the Nottaway 
Broadback-Rupert complex (8,350 MW) (for more detail on NBR see Appendix on James 
Bay).34 La Grande Phase II, which involves 6-7 new powerhouses and several additional 
reservoírs, is under construction (with LG2A already operational) and probably cannot be 
stopped entirely, although there is a possibility it míght be scaled down or delayed, The Great 
Whale complex--which would involve 3 powerhouses, 83 dams and díkes, and five major 
reservoirs flooding 1,035 square kilometers of land--was originally schedüled to be fully 
operational in the year 2000, but has been delayed by legal challenges from the Cree, and by lhe 
cancellation of lucrative energy export contracts to the northeastem United States. As of May 
1993, the construction schedule has been modified to include three stages: the first dam and 
powerhouse (GBl) is slated for completion in the year 2003-2004, the second (GB2) in 2004, 
and the last (GB3) in 2005.35 U.S. and Canadian energy analysts say that the need for Great 
Whale can be avoided through programs to increase energy efficiency. NBR construction is 
planned farther in the future, from 2007 onwards, but there are political and technological 
constraints that could prevent NBR from ever being constructed. 

The impoundments at James Bay are not "multi-purpose" dams; they provide no 
irrigation or municipal water supplies, play no role in flood control, and are not used for 
recreational activities, fishing, or transportation. Their sole purpose is electric generation; 
therefore, what was the primary impetus for their development? Was it to meet growing demand 
from an increasing population ín Quebec, to reduce dependence on imported fossil fuels, or to 
encourage industrial economic development? Hydro-Quebec claims all three reasons legitimated 
the James Bay project. But critics contend that Hydro-Quebecs population estimates are 
overblown, and that electricity cannot readily and economically replace a wide variety of fossil 
fuel applications, for example in the transportation sector. When Hydro-Quebec's demand 
projections are broken down by sector, however, heavy industry emerges as the largest provincial 
consumer of James Bay power. Hydro-Quebec has also taken steps to sell large blocks of power 
to electric utilities in the United States, a economic strategy which has met with only limited 
success and one which remains highly controversial. 
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Hydro-Quebec has bargained on exporting power to the United States to generate 
revenues which would help finance construction of the James Bay project, but the reliability of 
this strategy has fallen into question. For years, New York and Vermont have been negotiating 
with Hydro-Quebec on export power contracts totaling about 2,250 MW (firm and seasonal 
power), but in March 1992, the New York Power Authority (NYPA) canceled a $12.6 billion, 
1,000 MW firm power·contract due to unfavorable economics and public opposition. Another 
NYPA 800 MW "take or pay" contract can be canceled without penalty through 1994. Vermont 
is not expected to pull out of its $4 billion, 306 MW contract with Hydro-Quebec (reduced from 
an earlier target of 450 MW); on October 8, 1992, the Vermont State Supreme Court rejected an 
appeal to stay the contract.ês As early as 1989, the Maine Energy Board rejected a $4 billion, 
300 MW, 29-year contract with Hydro-Quebec, apparently dueto grassroots opposition focusing 
on the local environmental effects of transmission lines, the absence of environmental 
assessments for the imported power, and the cost-effectiveness of and need for the contract.t? 
The cancellation of New York's large contract will have serious financial implications for 
Hydro-Quebec: together, the Vermont and New York contracts were projected to account for 
26% of Hydro-Quebec's revenues while only consuming about 7% of its power generation in the 
year 2006. Toe loss of future U .S. revenues, in combination with a rapidly escalating taxpayer 
supported debt (now estimated at $55 billion), has also placed Hydro-Quebec in a less favorable 
position for securing intemational financing. ln June 1993, both the Province of Quebec's and 
Hydro-Quebec's credit ratings were downgraded by Moody's Investor's Service from double-A- 
3 to single-A-1, a change which is likely to preclude many domestic and foreign institutions from 
investing in Hydro-Quebec.P The utility's current strategy is to borrow $1 billion each quarter 
over the next decade.ê? 

Industrial customers within Quebec will be the largest customers for the approximately 
4,300 MW that Hydro-Quebec plans to add to its grid from 1993-1998. To revitalize Quebec's 
lagging economy, Hydro-Quebec has an explicit policy of encouraging heavy industries. 
especially large users of electricity, to locate in Quebec to take advantage of low electric rates. 
As a consequence, the industrial sector accounts for a disproportionate amount of the demand 
growth projected by Hydro-Quebec. As Table 3 illustrates, while the industrial sector accounted 
for only 37% of total demand in 1989, it is projected to account for 68% of the total growth in 
demand between 1989-2005, or 31.7 TWh. As Table 4 indicates, Quebec's smelting and 
refining industries will account for 50% of the total growth in industrial demand in the sarne 
period, or 15.1 TWh. Annual demand by aluminum and magnesium smelters is projected to 
grow from 5.9 TWh in 1989 to 20.5 TWh in 1999, a 247% increase in just one decade. 

Table 3. Actual and Ariticipated Sales of Electricity by Hydro-Quebec in Quebec 

1989 2005 Growth: 1989-2005 

TWh TWh o/( TWh % 

Residential and farm sector 47.6 37.3 55.1 31.6 7.5 16.0 
General and institutional sector 28.7 22.5 35.2 20:2 6.5 13.9 
Industrial sector- 46.5 36.5 78.2 44.8 31.7 67.6 
Other uses 4,6 _1Q ---5....8. _1.l 1.2 --2.& 

Total 127.4 100.0 174.4 100.0 46.9 100.0 
a Includes aluminum and magnesium 5.9 4.6 21.1 11.6 14.4 30.7 

Source: "Hydro-Quebec Development Plan 1993 Proposal, Annex 6: Forecast Electricity Demand in Quebec." 
Hvdro-Quebec, Montreal, 1992. p. 105; Tecbnical Exchange Committee Document 3.24, Hydro Quebec, 1993. 
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Alurninum and Magnesium as Components of Quebec's Electric Demand 

Unlike Brazil's Tucuruí Dam, the Asahan complex in Indonesia, and the Akosombo Dam 
in Ghana, the aluminum industry was not the sole impetus for the James Bay dams. Toe original 
contracts were negotiated to provide demand for surplus power generated by the James Bay 
Phase I hydroelectric facilities. The following round of power sales contracts served both to 
create the need for additional hydro facilities and to provide $US revenues to offset the cost of 
Hydro-Quebec debt denominated in $US. 

By the year 1996, aluminum smelters in Quebec are expected to consume more than 
4,000 MW of power. 1,700 MW of this power will be produced by existing dams owned by 
Alcan and Reynolds--dams which are part of the Hydro-Quebec grid. The smelters that do 
purchase some or all of their power from Hydro-Quebec will require about 2,300 MW of 
capacity, or 18.3 TWh per year.40 This is equivalent to 42% of the entire energy output of the 
second phase of the La Grande complex (5,461 MW). Two new and two recently expanded 
primary aluminum smelters account for more than half of this dernand, or 1,470 MW. Existing 
smelters and those that signed contracts between 1986-1988 comprise the remainder of the 2,300 
MW. 

Together, the four smelters will produce approximately 880,000 tonnes of primary 
aluminum a year, as Table 5 índícates,"! The capital investment for the four plants is projected 
to be $3.25 billion.42 They will employ 1,500 permanent workers, and are expected to generate 
more than $1 billion in gross revenues annually, depending on aluminum prices in the world 
market. Toe plants will be operated by Alumax (also called Lauralco) in the town of 
Deschambault; by Canadian Reynolds in Baie-Comeau; by ABI (a consortium of Pechiney 
Reynolds Quebec, Reynolds, Amax, and the Quebec Government's Société Générale de 
Financement, or SGF) in Becancour: and by Alouette (a consortium of V A W, Kobe Steel, 
Austria Metall, SGF, Marubeni and Hoogovens) in Sept-Iles. The new, or greenfield, Alumax 
smelter will employ 500 people, will have 350 MW of installed power, and an annual production 
capacity of 215,000 tonnes. The new Alouette plant will be built in two stages: when it is 
completed in 1995 it will have an annual production capacity of 430,000 tonnes, using 720 MW 
of power and employing some 600 people. Toe 200 MW ABI contract supplies an additional 
120,000 tonne, 400 MW production line in the existing Bécancour location. Reynolds has also 
added a new 200 MW, 120,000 tonne potline to its Baie-Comeau smelter. With the exception of 
Alouette Phase II, the aluminum smelters are all expected to be fully operational by the end of 
1992. 

The power contracts negotiated with these four aluminum smelters were part of a special 
group of contracts between Hydro-Quebec and 13 energy-intensíve industries, which was signed 
between 1984 and 1989. Among the industries is a magnesium smelter operated by Norsk 
Hydro, which will consume 350 MW when expansions are completed. The remaining contracts 
amount to 824 MW. They include other metais producers anda company that converts water 
into hydrogen fuel by electrolysís.f 

The Group of 13: Contracts Shrouded in Secrecy 

While the New York and Vermont export contracts have been the subject of controversy 
in the United States, Hydro-Quebec's contracts with the electricity-íntensive industries, including 
aluminum, have been strongly criticized in the Canadian media. The press has charged that 
through long-term, below-cost power rates, all Quebec ratepayers are providing tremendous 
subsidies to energy-íntensive industries. An accurate comparison between the electrical rates 
paid by the commercial, residential, export, and aluminum industry sectors is complicated 
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because the 13 smelting and refining contracts are not available for public review; they have 
been kept under wraps to "preserve confidentiality" and trade secrets. 

Since January 1991, there has been a vigorous public debate about Hydro-Quebec's 
refusal to divulge lhe contents of these contracts. When a Canadian joumalist received a leaked 
copy of Norsk-Hydro's magnesium contract, he was ordered by a court injunction not to divulge 
the contents of the contract. ln 1991, Robert McCullough, lhe Director of Special Projects for 
Portland General Corporation, was retained by the Grand Council of the Crees (of Quebec) to 
perform work on the subject. McCullough, a long-tírne consultant specializing in the 
relationships between aluminum companies and electric utilities, provided testimony before 
Quebec's Access to Information Commission in an attempt to make the contracts public. He 
rejected the companies' argument that their competitiveness would be jeopardized if information 
about the cost and quantity of their power was made public. Where such contracts have been 
negotiated in the United States (such as in the Pacific Northwest and lhe Ohio Valley), these 
reviews have been developed in an open process with much public input. ln Quebec, there has 
been no such process; the contracts were developed secretly, to the clear detriment of Hydro 
Quebec and the ratepaying public+í 

The leaked contract was widely distributed to scholars and opponents of the James Bay 
project, and lhe injunction became ineffectual. Hydro-Quebec then relented and made the 
contract public. Mr. McCullough analyzed the newly-released contract, and determined that it 
constituted a subsidy to the magnesium smelter. This finding was later confirmed by the U.S. 
Department of Commerce. 

Risk and Profit Sharing: Subsidizing Smelting and Refining Industries? 

As previously described, Hydro-Quebec intends to boost the province' s economy by 
offering low electricity rates to encourage industrial investment. This strategy may backfire, 
however, because an excessive amount of risk has been built into the contracts. For the thirteen 
contracts described above, Hydro-Quebec has provided variable risk-sharing rates which tie the 
cost of electricity to the international market prices of the commodities being produced by the 
various industries. As discussed above, such rates have been implemented in the Ohio River 
Valley and the Pacific Northwest, where they have helped to stabilize utility electric loads and 
keep aluminum smelters from shutting down. However, in these instances, the rates were 
developed with floors and ceilings, in arder to minimize the risk faced by each party.45 ln 
Quebec, no such limits were incorporated into the contracts. As a result, the incarne from such 
contracts has fallen below Hydro-Quebec' s stated production costs, which are as follows:46 

Project: La Grande Phase I La Grande Pbase I Sainte Marguerite Great Wbale NBR Weigbted Ave. 

(ffl{Wh) 2.6 3.0 3.8 4.0 4.1 3.3 

The electric rates paid by large industrial customers are estimated to be in the range of 
1.2-1.6\tlkWh: substantially below Hydro-Quebec's cost of production, ln fact, Hydro-Quebec 
recently admitted that the contracts have resulted in losses of $483 million in the 1990-1992 
period, with additional losses from 1993-1995 projected at $808 million. Documents leaked 
from internai Hydro-Quebec sources which were presented by the opposition party in the Quebec 
National Assembly indicate that lasses from 1987-2010 may reach $2.9 billion. This measures 
the difference between Hydro-Quebec's anticipated revenues from the 13 industries and its cost 
of production. If one measures the difference between HQ' s cost of production and the revenues 
it would get if the 13 industries were charged lhe normal industrial "Rate L," then Hydro-Quebec 
stands to lose $4.9 billion during that períod+? Such losses increase lhe pressure on Hydro 
Quebec to raise rates to other customers. 
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Table 4. Projected Growth in Industrial Electricity Use, 1989-2005 

Quebec's finn industrial Sector as Pírmsales, Sector as% Sector as% Projected firm Projected Projected Projected 
consumption, 1989 (a) fraction of Hydro-Quebec of HQ's firm of HQ's total industrial con- total growth total growth growth 

total (a) in 1989 industrial sales firm sales sumption,2005 · 1989-2005 1989-2005 by sector 

Sector (1Wh) (%) (TWh) (%) (%) (1Wh) (TWh) (%) (%) 

Pulp and paper 18.4 26.4 13.4 28.5 10.5 22.7 4.3 23.4 13.9 
Smelting and refining 27.3 39.2 10.4 b 22.1 8.2 41.8 14.5 53.1 46.8 
Chemicals 5.6 8.0 4.4 9.3 3.5 8.7 3.1 55.4 10.0 
Other industries 18.4 26.4- 18.9 40.1 14.8 27.5 9.1 49.5 29.4 

Total 69.7 100.0 47.1 100.0 36.9 · 100.7 31.0 44.5 100.0 
.. 

Tocai Hydro-Quebec firm sales, 1989; 127.5 'IWh 

~ a Includes generation by Hydro-Quebec and private producers. 

b Aluminum and magnesiurn consumed 5.91Wh out of this 10.4 1Wh, or 57% of Hydro-Quebec's total smelting and refining firm sales, 
12.5% of Hydro-Quebec's total industrial sales, and 4.6% of Hydro-Quebec's total finn sales in all sectors. By 2005, Hydro-Quebec's sales to the aluminum and 
magnesium sector are projected to be 20.3 TWh. more than three times the arnount that' sector consumed in 1989. 

Sources: "Proposed Hydro-Quebec Developrnent Plan 1990-1992, Horizon 1999, Electricity Demand in Quebec," March 1990, pp. A4.4, A6.5, A 1.20; 
"Hydro-Quebec DeveJopmeot Plan 1993 Proposal: Annex 6 Forecast Electricity Demand in Quebec." October 1992, p. 83, Table 6.16; 
Technical Excbaoge Committee Document 3 .24 

Note: lhe above data is prior to future Hydro-Quebec ioterventíons to increase industrial sales tbrough market development of electrotechnologies and electricity-intensive 
industries, and to decrease sales through demand-side management. As identífled in the 1993 Development Plan Proposal, industrial market development will increase 
year 2005 sales by 2.4 TWh. and demand-side management will save 3 .9 TWh. Tbe data in Table 3 includes both market development and demand-side management, 
Table 5. Hydro-Quebec's Projections for Firm Eleclricity Sales in the Industrial Sector (1Wh) 



Table S. Reeent Contracls Between Hydro-Quebec and Energy-Intensíve lndustries 

Annual Eneru Capital Permanenl 
Owner/Natlonal orlaln Capaclly Use Start•Up CO!il Jobs 

AlumJnwn and M11gneslum: Al!iO see below. Locallon (lonnes) (MW) Date (bllllons $C) Created Commenis 

1. Aluminerie Lauralco Inc. Alumax (AMAX, U.S.) Deschambault 215,000 350 1992 1.00 500 
2. Alumlnerie lsl potllne Sepl·lle& 215,000 360 1992 1.35 600 Can double productlon capacíty by 1996. 

Alouette 2nd potline 215,000 360 1995-96 400 
3. Société Canadienne de 1st phase Reynolds, U.S. Baie-Comeau 120,000 200 1991 0.50 250 Addition to existing capaclty 

Metaux Reynolds Ltee 2nd phase 270 o.ss 
4. Alumioium de Becancour lnc, Becancour 120,000 200 1991 1.65 225 Addition to existing cepacity 

(ABI), addilion of 3rd potline 

AluntlnUDI subtola1._ •••••••. --------------- ••• -- •• --·-- 885,000 1,740 u••••••••I 5.05 1,975 

5. Norsk-Hydro Canada lnc. Norway Becancour 40,000 175 1989·90 0.50 350 Magnesium, will expand lo 60,CXX) TPY in short tern 
perhaps up to 240,000 TPY in Jong term. 

Aluntlnum and magneaJwn mbtotal (•)N------------------ 925,000 1,915 S.55 2,325 

Olher producers: Commodity Produced 

6. Cornpagaie Miniere Quebec Car1ier Mitsui (Japan), CAEMI (Brazil) n/a n/a 160 n/a 0.150 350 Tacoaite pellets 
7. Q.I.T. Fer et Titane Inc, RTZ (London) Sorel 1,100,000 450 198S-89 0.420 400 Titanium (títaniferous slag) 
8. SKW Canada Inc.: SKW, Germany (85%), Jla og Lilleby,Norway (15%) Becancoeur n/a 85 1974 n/a 225 Sllicon, ferro-sílicon 
9. Les Industries Cafco Ltee: Isolatek lnt'I, New Jersey n/a n/a 5 1986 0.005 80 Mineral wool insulation 
10. Argonal: 50% Air Liquide (Paris), 50% Hydro-Quebec Contrecoeur 13,300 16 1987 0.045 40 Liquid árgon 
11. Hydrogenal: 50% Air Liquide (Paris), 50% Hydro-Quebec Becancoeur 3S,OOO 33 1987 0.031 40 Hydrogen, some sold to Norsk-Hydro, 
12. P.P.G. Canada Inc. PFG, Pittsburg, PA, USA n/a 20,000 28 1986 0.048 80 Sodium chlorate, chlorine, caustic soda 

\O 13. Timminco Ltee: Timmins Investments, Can (72%), others (28%) Beuahamois n/a 47 n/a n/a 100 Perro-silicon w 
Sublolal other conlracts.. •••••.••••.••..••••..•••.. _ ....•••. f... •..•.•.•••••••.••••• ,.. ••••. , ,. •••••••••••.•..•••...•..•• ._ ..•.•.......•• 824 965 

CONTRACTS SIGNED UNDER "PROGRAMME DE PARTAGE DES RISQ~" SINCE 1984 3,145 3,290 

Ownershlp or alwnlnum smelters: 
Alum.inerie l..auralco Inc.: Alumax Quebec (100%), a subsidiary of lhe U.S. firm AMAX. 
Alouette: Austria Metall, Vereinigle Aluminium-Werke-Aktiengesellscbaft (V AW), Société Generalede Financement (SGF), Hoogovens (20.00% each), Kobe Steel ( 13.33%), Marubeni (6.67%) 
Société Canadienne de Metaux Reynolds Ltee: Reynolds, U.S. (100%) 

, ADI: Alumax (24.95%), Pechiney Reynolds Quebec lnc. (SO. 10%), SGF (24.95%) 
Norsk-Hydro Canada Inc.: Norsk-Hydro AS., Norway (100%) 

• When Alcan and Caaadian Reynolds operations are added (oot supplied by HQ), total aluminum smelting requirements in Quebec exceed 4000 MW. Source: 1990 HQ Devt. Plan, p 42 

Sources: 
Bisson, B. "Ihe Hydro Coutracts: Radio-Canada to Consider Contesling Injunction. • La Presse, 1111/9 t; Personal communlcation with J.L. Ralns, McCullough Research, Portland, Oregon, 1991; 
Personal communication wilh Peter Kelly-Detwiler, Toe Goodman Group, Boston, MA, May 1993; • Access to Informatíon Ccmmlssíon File No. 90-04-07, Expert Report of lan Ooodman 
of lhe Goodman Group for the Grand Council of lhe Crees ( of Quebec ), 1990; Bélanger, Oérard and 1 ean- Thomas Bernard. "Hydroélectricíté et Développement Bconomíque du Quebec, • 
Université Lavai, 4/90, p.14; 'Proposed Hydro-Quebec Development Plan 1990-1992 Horizon 1999, Montreal 1990, • p.151; "Proposed Hydro-Quebec Development Plan 1990-1992 
Horizoo 1999; Blectdclty Demand in Quebec," Montreal 1900, p. Al.20.; "L'llectricité, le bilaa des programmes commerciaux depuis le deebut des années 80 soo importance pour J'avenir /eir 
comme facteur de localisalion. • (RFIN-92F-D05) Hydro-Qnebec, December 1m. 
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Robert McCullough makes the argument that ata cost of $12.7 billion, the Great Whale 
complex would cost about $4 million/MW. The Reynolds aluminum smelter expansion uses 
200 MW, and employs 250 people. ln order to supply Reynolds, he argues, "simple arithmetic, 
therefore, indicates that Hydro-Quebec is planning on spending $800 million, or $3.2. million per 
job. Simply issuing each worker a low-cost loan for $1 million to start up his own business 
would meet the sarne result and save the Province of Quebec $1,800,000 a job."48 

r 

There has been much discussion about whether these industrial risk-sharing rates 
constitute a subsidy, since they are below market value and provide an advantage over foreign 
competitors. ln 1991-1992, a U.S. magnesium producer filed a complaint with the U.S. 
Department of Commerce charging that the Norsk-Hydro contract violated anti-subsidy 
provisions in the U.S.-Canada Free Trade Agreement. Under this agreement, duties may be 
levied on imports which have benefited from subsidization. 

From 1988-1993, Norsk-Hydro received a sliding discount of 60-25% relative to Hydro 
Quebec's standard industrial tariff (Rate L), with provisions for other types of discounts in later 
years. ln December 1991, the Department of Commerce ruled that Norsk-Hydro had received 
subsidies from Quebec, including an estimated net electricity subsidy of 74.81 %. The company 
then had to pay countervailing duties equivalent to the amount of these subsidies. ln order to 
nullify these duties, Norsk-Hydro renegotiated its contract with Hydro-Quebec. Subsequently, in 
November 1992, Commerce determined that the amended contract no longer involved subsidized 
electricity rates. 

ln 1993, none of the 13 metals and chemicals contracts--except the original Norsk-Hydro 
contract--are yet public. According to Christien Van Houtte, spokesperson for the Quebec 
Aluminum Association, the only issue for Quebecers now is the confidentiality of the contracts . 
•• It's more of a legal battle than a practical battle," he said. "It wouldn't change anything if the 
contracts were made public." 

Van Houtte also stressed that since 1981. Hydro-Quebec has offered ali large energy 
users a rísk-sharing program for the purchase of electricity. All industries whose power costs 
comprise 20-30% of overall production costs are eligible, he said. The thirteen 25-year contracts 
mentioned above are divided into four 6-year periods, each with its own rate structure. During 
the first period, the aluminum companies must make large capital payments on their new 
smelters (a 200,000 ton smelter costs about $Cl.2 billion), so they get a "break" from Hydro 
Quebec in the form of very low electricity costs, well below the normal industrial rate. During 
the second period, there is a small rate increase; a higher percentage of total production costs is 
now allocated to the energy price. According to Van Houtte, the rate is dependent on the London 
Metal Exchange price, and on the worldwide availability and cost of industrial electricity, 
especially to smelters. During the third. and fourth periods, Hydro-Quebec assumes that the 
smelters are largely amortized, and will charge the smelters more than the industrial rate in a 
strategy to recoup the money they did not make during the first two periods. 

Hydro-Quebec developed this rate structure under the assumption that the average 
aluminum price over lhe next 25 years would range from 75rt to 80rt per pound, Van Houtte said. 
While world aluminum prices hovered in the 50~tnb range, as they did for much of 1992 for 
example, Hydro-Quebec was "losing" about $200 million a year. ln 1988, however, when the 
price was $1.80/lb, Hydro-Quebec profited substantially. Hydro-Quebec profits as long as the 
aluminum price remains above 75rt/lb.49 

At least two smelters have benefited from other forras of govemment assistance. As part 
of the deal to entice the Alouette aluminum consortium to locate in Sept-lles, the Canadian 
govemment contributed C$90 million to improve the town' s harbor for shipping aluminum ingot 
to Europe, and spent C$14 million for a car ferry between Sept-Iles and other towns on the north 
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shore of the St. Lawrence River.50 The U.S. Department of Commerce also found that the 
Norsk-Hydro magnesium smelter received a 7.61 % subsidy through reduced water bills and 
grants.51 

The Public Initiative to Stop James Bay II 

Premier Bourassa must have felt giddy when he witnessed the moment power was first 
produced at James Bay. ln "Power from the North," he writes, 

"Up in the contrai roam, Hydro-Quebec technicians and engineers looked on as the two 333 megawatt 
generators carne on line. A cheer aros e trom the group in celebration of the frui! of millions upon millions 
of dollars of man-hours of work over the past eight years. A multi-billioit dollar dream hàd become a 
reality .... With the exception of a few observers and some interested investors, however, New Yorkers were 
generally oblivious to the happy event taking place far to the north-even thougb the city's subway, lights 
and industry are powered in part by energy jrom Quebec. It is not surprising that Americans and 
Canaâians àlike are often unaware ojevents m northern Quebec. Indeed, even for many ofthe province's 
residents, the northern reaches of Quebec exist only at the periphery of their consciousness. "52 

Not anymore. For several years, activísts, economists, legislators, environmentalists and 
native rights advocates on both sides of the U.S.-Canada border have been voicing opposition to 
the next phase of the James Bay project. Groups working within Canada include the Grand 
Council of the Crees (of Quebec), Greenpeace Canada. Probe Internatíonal, and the Rawson 
Academy of Sciences. ln the northeast United states, a coalition has staged protests, organized 
conferences to educate college students and the public at large, and mounted legislative 
campaigns aimed at halting the Great Whale complex. Participants in the coalition include 
energy economists; labor organizations; religious organizations such as the Episcopal Diocese of 
Massachusetts; and established local and national environmental organizations such as the 
lntemational Rivers Network, American Rivers, the Natural Resources Defense Councíl, the 
Environmeniiii Defense Fund, the National Audubon Society.ithe Massachusetts Wildlife 
Federation, the Northeast Alliance to Protect James Bay, and New York City 's Solidarity 
Foundation. 

. These groups and others are also advocating conservation and efficiency rneasures, or 
"demand-side managernent" (DSM). to reduce overall power demand in Quebec and the 
northeastem United States. lndependent energy consultants Goodman and Marcus have 
estimated that Hydro-Quebec could save 27 TWh annually through DSM by 2001, reducing peak 
demand in Quebec by 5,830 MW. ln contrast, Hydro-Quebec's own savings projections amount 
to only 20 TWh per year in 2010, ora peak load savings of 4,080 MW. Toe extra savings 
identified by Goodman and Marcus would result in part from the installation of encrgy-efficíent 
refrigerators, motors, new street lighting, and other efficient technologies such as residential 
water and space heating. They estimate that these measures would cost less per kilowatt-hour 
than Hydro-Quebec's estimated cost of production for the Great Whale and NBR complexes (4.0 
and 4.1~/kWh). and less than the associated cost to deliver the power to consumers.S' 

Political lobbying against the James Bay project has been concentrated in New York and 
New England. ln March 1992, after three years of protest by environmental and human rights 
activists, New York Governar Mario Cuomo directed the New York Power Authority (NYPA) to 
cancel its 1,000 MW power contract with Hydro-Quebec. Wrote Cuomo, "Circumstances have 
changed dramatically since this contract originally was signed in 1989. Due in large measure to 
our demand-side management efforts in New York and the promotion of independent power 
production, we do not need the new electricity generating capacity until after the tum of the 
century." He also cited Hydro-Quebec's inability to provide NYPA with competitive prices. 
NYP A Chairman Richard Flynn concurred that economic considerations led to termination of the 
contract: "Key factors were sizable increases in the projected roles of energy conservation and 
independent power production and a sharp decrease in forecasted prices for oil and natural gas." 
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While Cuomo echoed Hydro-Quebec's contention that export contracts are not linked to 
James Bay dams specifically--they draws on Hydro-Quebec's total grid--he acknowledged the de 
facto contribution such contracts would have on hastening the development of the Great Whale 
complex, " ... which could have a substantial impact on the region's environment and its na tive 
people." Cuomo's recommendation, however, was not unequivocal. Although he expressed an 
"understanding of the concerns" of Great Whale opponents, he did not rule out imports from 
Hydro-Quebec after the year 2000, "if the cost is competitive, the need exists, and the proper 
environmental reviews for any new facilities have been conducted." 

Legislators in the New York State Assembly are working in other ways to prevent the 
contract from reappearing. Also in March 1992, a bill sponsored by New York State 
Assemblyman William B. Hoyt (D-Buffalo) (now deceased), passed the Assembly by a landslide 
vote of 122 to 17. Called a "highly unusual foray into foreign policy" by The New York Times, 
the bill (AB 2162-B) required NYPA or any other New York utility considering a contract with 
Hydro-Quebec to "have before it a full environmental review of any large project which will be 
the source of the power."54 The bill requires Environmental Impact Statements (EIS's) on any 
out-of-state electricity purchase of over 50 MW from projects of over 2,000 MW, and requires 
cumulative impacts on the site to be considered. The U.S. National Environrnental Protection 
Act (NEPA) already covers projects originating in the United States, as does the New York State 
Environmental Quality Review Act (SEQRA) for in-state projects, but there are no existing 
regulations concerning New York projects that may have environmental effects in other 
countries. Hoyt stated, ''The bili acknowledges that environmental protection is a responsibility 
of every participant in the global economy, and it requires the sarne environmental review of 
electricity purchased from huge sources located outside the State as we already perforrn on ín 
state sources of electricity." Since the March 1992 cancellation of the 1,000 MW Hydro 
Quebec/NYPA contract, however, passage of the bill may have become moot. 

ln April 1993, a diverse group of plaintiffs including two New York Congressmen, 
,..,,.. several ornithologists and environmental groups, a canoeist and a hunter joined forces to file a 

lawsuit against the New York Power Authority challenging the legality of the existing 800 MW 
contract with Hydro-Quebec. ln its brief to the U.S. District Court (Southem District) in New 
York City, the Center for Constitutional Rights (the New York-based organization representing 
the plaintiffs) alleged that the contract violated both the 1916 Migratory Bird Treaty with 
Canada, and the U.S. Constitution. Article l of the Constitution prohibits anv agreement 
between a U.S. state anda foreign govemment without prior approval by Congress.f · 

ln Massachusetts, four bills have been under consideration for the past two years. 84184, 
sponsored by State Representative Jim Marzilli, is patterned after successful South African 
divestment legislation. It is designed to eliminate investrnent of public pension funds in Hydro 
Quebec bonds, and investrnents in financial institutions which lend money to Hydro-Quebec and 
íts subsidiaries. Should the bili pass, up to $3.5 billion in pension funds could be affected. 
Another bili (H4108) would amend Massachusetts integrated resource management regulations 

:-- by establishing an energy hierarchy under which conservation and small-scale renewables would 
be considered before energy from coai, nuclear or large-scale hydro is developed. "Least cost" 
criteria would incorporate the hidden environmental and social costs of producing energy. No 
immediate action on the bill is foreseen.ês For several years now, Representative James Brett has 
sponsored legislation that instructs the Department of Public Utilities to oppose any importation 
of Canadian electricity in amounts exceeding 10% of Massachusetts' electricity needs. However, 
this bill may violate intemational trade and tariff agreements. 

State Senator Robert Durand is the sponsor of a bill (S385) that mandates any 
hydroelectric facility expecting to supply power to Massachusetts to file an environmental impact 
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report. Unlike the Hoyt bill which specifically mentions Canada. the Durand bill applies to any 
power purchased outside Massachusetts. 

The Innu of Newfoundland and Labrador have regístered their support for Durand's 
legislation because it could have implications for two proposed dams in their territory. The 
Lower Churchill hydroelectric development consists of two new dams: Muskrat Falis (824 MW) 
and Gull Island Rapids (2,264 MW), and of the heightening of the existing Churchill Dam. The 
Innu believe these dams are being built in part to export electricity, The first phase of the 
Churchill development created the Smallwood Reservoir at Churchill Falls, which flooded Innu 
hunting, trappíng, and burlai grounds. The Inuit were never compensated for their losses. They 
also suffered mercury damages similar to those in the La· Grande Ri ver: "ln 1977, a survey of 
mercury leveis in the Sheshatshiu Inuit population discovered elevated mercury leveis in 37% of 
the individuais surveyed.t''" The proposed dams would flood about 172 square kilometers of 
lands that the Inuit have never officially ceded to federal or provincial authorities, and still regard 
as their own. (According to Tom Green, a former environmental researcher for the Innu Nation, 
the Newfoundland govemment tried in the past to entice aluminum smelters to locate in the 
province.58) , 

ln 1991 and again in 1993, New Hampshire State Senator Burton Cohen introduced a 
non-binding resolution requiring that the State neither sign new contracts with Hydro-Quebec 
nor purchase electricity from James Bay II. Intense pressure from Hydro-Quebec and the 
governments of Quebec and Canada killed the resolution. Senators were told that they might 
create "an intemational incident" should the legislature pass the resolution. Other arguments 
used against legislative initiatives have been that the United States has no right to interfere in the 
intemal affairs of Quebec, and that such legislation will affect the trading partnership between 
Quebec and th_e northeastem U.S. states.59 _ _ 

With the aid of a former public utilities commissioner, a former governar, and other 
business interests, Hydro-Quebec has aggressively pressured the Rhode Island Public Utilities 
Commission (PUC) to purchase 250 MW of Hydro-Quebec electricity, even though Rhode 
Island has surplus capacity. ln the spring of 1993, two state legislators introduced a non-binding 
resolution instructing the PUC to enter into negotiations to purchase Hydro-Quebec power to 
supply the State's large industrial customers. Toe resolution was opposed not only by the 
environmental community, but by the State's own utilities. "In letters sent to Public Utilities 
Commission Chairman James Malachowski in February, the utilities concluded that Rhode 
Island did not need the power Hydro [-Quebec] offered, and the price was too high."6º 

· ln conclusion, the intense focus on James Bay, which follows years of opposition to 
Seabrook and other nuclear plants, is consistent with New England's practice of aggressively 
addressing regional energy and environmental issues. With the support of an active 
constituency, legislators throughout New England have continued to press for more energy 
conservation programs, mortgages tied to energy conservation efforts, rate caps, and other 
measures to promote energy programs which are good for the region's economy without 
compromising the environment. 

Will Phase n of the James Bay Project Go Ahead? 

Despite the obstacles in its path, Hydro-Quebec remains firmly committed to carrying out 
its plans for the Great Whale complex. Development of the Nottaway-Broadback-Rupert 
complex is much more uncertain, although it remains described as a "reserve" energy source in 
Hydro-Quebec's 1993 Development Plan. While construction plans for Great Whale have been 
delayed pending a long-awaited envitonmental assessment, it is worth noting that not a single 
dam in Canada has ever been stopped by a Canadian environmental review process. 
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The Cree have claimed that the James Bay and Northem Quebec Agreement (JBNQA) 
stipulations for environmental impact review and Cree input on all phases of the James Bay 
project have been violated. ln a major Canadian federal court decision handed down on 
September 10, 1991, Judge Rouleau agreed. ln Cree vs. Raymond Robinson (Robinson is the 
former head of the Federal Environmental Assessment Review Office, FEARO), Rouleau found 
that for two years, FEARO and the Quebec govemment had conspired to evade the provisions of 
the JBNQA to which they were parties, by negotiating their own version of an assessment for the 
Great Whale project."! These illegal negotiations had substantive as well as procedural 
implications for the assessment process. One matter which the Cree have vigorously disputed 
was the proposed structure of the environmental impact assessment for the Great Whale complex; 
Hydro-Quebec and Quebec's Energy Ministry had intended that the hydrological impacts of the 
project be assessed separately from the transportation infrastructure. Quebec Energy Minister 
Lise Bacon contended that if they waited to begin construction of roads and airports until an 
integrated impact assessment could be carried out, unnecessary delays would result, and important 
deadlines would be missed. The Cree and other project opponents argued that an integrated 
assessment was necessary, because without the dams, the transportation infrastructure would be 
meaningless. To start construction of roads prior to the outcome of a hydrological assessment 
would be to declare the projectfait accompli, removíng the possibility that the entire development 
could be rejected if the project's potential damages were deemed too great. 

Rouleau' s decision led to the present structure of the environmental assessment, which is 
in accordance with the JBNQA. ln January 1992, a memorandum of understanding was signed 
between Cree and Inuit representatives and the federal and provincial govemments to establish 
five joint committees to define the parameters of Hydro-Quebec's integrated assessment of the 
Great Whale project, and to provide intervenor funding. Native people have minority 
representation on the committees. The joint committees will review and make non-binding 
recommendations as to whether the project should proceed. Ultimately, Hydro-Quebec lacks the 
unilateral authority to proceed with the project; it must obtain authorization from the Quebec 
government.s- However, this decision is made at the cabinet levei in secret. 

ln late summer 1993, Hydro-Quebec is expected to table as many as 4,000 documents. A 
conformity review period follows to assess whether these documents conform to the established 
environmental review guidelines. Intervenors must also examine the information, and finally, 
there is a period for public comments. Potentially, no committee decisions will be made until 
1994. Meanwhile, criticai intervenor funding--which is provided by the govemment--is being 
exhausted. The environmental review has become so time-consuming that construction 
schedules are now seriously delayed. Project opponents welcome any delays, because the 
province's and Hydro-Quebec's financial position is weakening. Quebec's debt leveis are 
already a major factor in the upcoming Canadian federal elections to be held in fall 1993. 

While the assessment is underway, Hydro-Quebec is projecting the image that it is a good 
corporate citizen, complying with all necessary environmental regulations. ln 1992, the utility 
spent C$2.2 million on promotion in the United States to avert the risk of having a "bad name" 
which could jeopardize US$15 billion in Hydro-Quebec bonds.63 At the sarne time, however, 
Hydro-Quebec is engaged in a little-publicized fight against the very review process by which it 
must abide. The Quebec and Canadian governments have both appealed to Canada' s Supreme 
Court to overtum the lower court' s decision. lf they win, the Crees and lnuit will lose the 
intervenor funding which has enabled them to present their complaints scientifically and 
professionally. 64 
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Dams Owned by Alcan 
"The history of Alcan may be summarized as the growth, over a period o/ more than 80 years, o/ an integrated 

aluminum enterpnse, based initially on hydroelectric power ln. Canada and extending to other countries on other 
coniinents. ln the process, Alcan has become one of the largest aluminum companies in the wortd and one ofthe 
largest muttinational companies based in Canada. "6 

Until now, this chapter has focused on Hydro-Quebec's James Bay project because it is a 
vast, integrated project. But the James Bay dams are not the only ones that have been linked to 
aluminum production in Quebec. Alcan Smelter and Chemicals, Ltd. has constructed and 
operated dams in Quebec since 1901, when the smelter in Shawinigan Falis began production at 
a rate of 130 tonnes per year. 

Alcan now operates síx smelters in Quebec whose total production capacity exceeds 
817,000 tonnes per year. lf world aluminum prices improve, Alcan will proceed with f1ans to 
build a 200.000-tonne smelter in Isle Maligne to replace a smaller, aging smelter there." All of 
Alcan's Canadian aluminum productionís based on hydroelectricity which is produced by dams 
owned and operated by Alcan, known as "self-produced". 

Alcan's six powerhouses on the Saguenay and Péribonka rivers in Quebec (lsle-Maligne, 
Chute-à-Caron, Shipshaw, Chute du Diable, Chute à la Savane and Chute-des-Passes) have a 
combíned installed capacity of 2,687 MW. Accdrding to an Alcan pamphlet, "the combined 
output [from these dams] is enough to meet the energy needs of one million homes for a year."67 
Some surplus power from these dams is sold to Hydro-Quebec and to other customers in the 
province, making Alcan a quasi-utility, 

The dams are supplied with water from Lac St. Jean, a natural lake whose water levei was 
raised by damming in 1926, and by two artificial reservoirs: Lac Péribonka (also called Passes 
Dangereuses) and Lac Manouane, which were filled ín 1959 and 1960. The three reservoirs 
flooded an area of 1,823 square kilometers.sê One can only assume that there were some social 
and environmental damages that resulted from the impoundment of these reservoirs. The entire 
area flooded was public Iand, much of it inhabited by native peoples. 

1 Hydro-Quebec ~ints out that the "James Bay project" consists only of Pbase I and II of the La Grande complex, 
and that the Great Whale and NBR projects are separate erojects, not classified as parts of the James Bay project. 
Since most of the public ignores these distinctions and thinks of the Great Whale and NBR complexes as parts of 
"James Bay II," I have chosen to use this popular termínology. 
2 Unless olherwise specified, ali subsequent dollar amounts are ín Canadian currency. As of May, 1993, the 
excbange rate was CSl.00 = US$0.79. 
3 "Hydro-Quebec Financial Profile for 1989," Hydro-Quebec, Montreal, 1990. p. 13. 
4 "Tamíng lhe La Grande Ríver," Hydro-Quebec, Montreal, 1985. 
5 "Méthodologie dÊlaboration des Programmes d'Équipement, Présentation au Comité Technique Grande-Baleine." 
Service Plan Des Installations Planification du Réseau. "Hydro-Quebec. March 19, 1993. 
6 Personal communication with Diane Poulín, Inforroation Agent, Société de l' energie du Baie James (SEBJ), Oct. 
13, 1992; "La Grande Complex-Phase II: A Tour de Force." Société de I'energie du Baie James, Montreal, 1993. 
7 Bourassa, Robert. "Power from the North." Prentice-Hall, Inc., Englewood Clíffs, New Jersey, 1985. p. 17. 
8 Richardson, Boyce. "Strangers Devour the Land." Chelsea Green Publishing Co., Post Mills, Vermont, 1991. 
9 Richardson, Boyce. "Strangers Devour the Land," supra. . 
10 "Hydroelectric Development and Native Communities ofNorthem Quebec." (Map) Hydro-Quebec, December 
1991, revised edition. 
11 Diamond, Billy. "Villages of the Dammed." Arctic Circle, November-December, 1989. 
l2 "Damming the Rivers of James Bay: Folly of lhe Century." Northeast Alliance to Protect James Ba_y, Cambridge, 
MA, 1991. p. 7; Personal communication with Peter Kelly-Detwiler, Toe Goodman Group, Boston, MA, May 1993. 
13 Rosenthal and Beyea, "Long-Term Threats to Canada's James Bay from Human Development," National 
Audubon Society, New York, NY, July 1989. p.12. 
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20 Harrington, Dr. Fred H. "Caríbou Po_pulations in the James Bay Region." Paper No. I, Potential Environmental 
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23 Remarks delivered by Abraham Weapenícappo, a trapper from Eastmain, at a Great Whale Band Council 
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34 "1993 Hydro-Quebec Development Plan." Hydro-Quebec, Montreal, 1992. 
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36 Personal communication witb Ann Stewart, Nortbeast Alliance to ProtectJames Bay, October 8, 1992. 
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Chapter 10 

Razing the Brazilian Rainforest for Aluminum Exports 

Brazil's Amazon Basin is unrivalled in biological diversity. lt contains half of the 
planet's tropical rainforest, and in it between one fifth and one half of the world's animal, plant, 
and insect specíes=the vast majority still uncatalogued by westem scientists. lt is also home to 
severa! million people who rely on its abundance for their subsistance, including hundreds of 
thousands of indigenous people. But this biological and human diversity is under siege. ln the 
last severa! decades large tracts of rainforest have been lost to all forms of resource extraction: 
agriculture, ranching, forestry, minerais mining and refining, and hydroelectric energy 
production. Landsat data reveal that by 1991, 10.5% of lhe originally forested area in Brazil's 
"legal Amazonia" --an area of 426,000 square kilometers--had been cleared.! 

This destruction has been precipitated by need on lhe oné hand, and greed on lhe other. 
The inequitable distribution of incarne and lhe lack of job opportunities in Brazil has led to urban 
overcrowding, and has forced lhousands of slum-dwellers to seek land or jobs in the rainforest. 
Some have gravitated to lhe rainforest as speculators, seeking to make a fortune in cattle 
ranching, timber harvesting or mining. Whatever lhe motive for migration, these activities wreak 
havoc on the land through slash and bum clearing for caule ranching, and the use of harmful 
chemicals to process ores. 

Other migrants find employment related to large extractive industries, which are 
promoted by the Brazilian govemment to generate cash and alleviate the country' s crushing debt. 
These industries also include timber harvesting, cattle ranching, and the mining and processing 
of bauxite, iron ore, and other minerais, albeit on a larger scale. Ali of these ventures deplete the 
land, impound or pollute water resources, and encroach on lands traditionally inhabited by 
indigenous people. ln less than a decade, primary aluminum production has become one of the 
Amazon's most important extractive industries, enabling Brazil togo from being a non-entity in 
the world aluminum market to its fifth largest producer anda major exporter. The Amazon's 
vast hydroelectric potential=which is still largely untapped--has made this aluminum expansion 
possible. The region was particularly attractive to Japanese investors, who were in the process of 
closing expensive, polluting, fossil fuel-fired smelters at home. Much as they envisioned 
Indonesia's Asahan Project, they saw Brazil's hydro resources and cooperative govemment as a 
ticket to maintain their access to cheap aluminum. 

This section will first presenta summary of the origins and growth of Brazil's integrated 
aluminum industry within the context of the Grande Carajas Project, Brazil's comprehensive 
policy for resource extraction in the Amazonian states of Pará and Maranhão. It will then focus 
on Brazil's two northem aluminum smelters, Albras and Afumar; on the supporting bauxite and 
alumina industries; and on Tucuruí, the dam that was built primarily to supply power to the 1':"'0 
smelters. Tucuruí has had a number of very serious social and environmental effects, among 
them the relocation of two indigenous tribes, the Gavião and the Parakanãn, and the interference 
with their means of subsistence. Other impacts include lhe introduction or worsening of diseases 
and vectors, the destruction of a large tract of rainforest habitat, and the creation of conditions 
which have encouraged more migration from the citíes, which in tum intensifies ali other effects. 

The section will also discuss the subsidies and other forros of government assistance that 
have served as incentives to develop hydro and aluminum projects. Finally, it will discuss the 
prospects for future dams and/or smelters in the Amazon region. 
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Ample Bauxite and Hydropower: the Basis for an Integrated Aluminum lndustry 

Brazil stands apart from the other cases we've examined thus far because it is the only 
country where bauxite is extracted to feed many domestic smelters (in the U.S., the last operating 
bauxite mine was shut down in 1990.) ln Norway, Ghana, Egypt, Kitimat, James Bay, 
Indonesia, and Chile, abundant hydropower has been the chief attraction for locating smelters, 
while the bauxite or alumina has been shipped in from the other side of the world. Even in 
Ghana and Indonesia, bauxite reserves existed but were not exploíted as part of the aluminum 
development scherne: they were seen by producers and financiers as an economic risk. But in 
Brazil's vast Amazon, the combination of seemingly unlimited hydropower, plentiful and easily 
exploitable bauxite, cheap labor, and a willing govemment was almost too good to be true from 
an aluminum producer's viewpoint, and has enabled the development of an integrated industry, 
at least on the upstream end. While alumina is produced dornestically, only 35% of the ingot 
produced in Brazil is fabricated and consumed domestically; the rest is exported. 

ln 1989, Brazil produced 1.6 million tonnes of alumina out of a world total of 38.7 
million tonnes, and 8.5 million tonnes of bauxite, or 8.1 % of world output, making the nation the 
world's fourth largest bauxite producer, ln 1960, the fledgling primary aluminum industry 
produced only 18,000 TPY; by 1980, production had skyrocketed to 260,000 tonnes, and by 
1990, the rate had grown to 930,000 tonnes.2 Brazil's current aluminum capacity is just over 1.2 
million tonnes. If ali the expansions to existing smelters proceed as planned, the country's total 
capacity will grow to 1.5 million tonnes per year by the mid- to late-1990's. The average 
Brazilian citizen has not materially benefited from this high rate of production, however. ln 
1990, Brazil exported 640,000 tonnes of alurninum, leaving the country with a per capita 
consumption rate of only 2.1 kilograms, compared to 27 kilograms in the United States.3_ 

The Grande Carajás Project 

The vertically integrated aluminum industry ín the Brazilian Amazon is one of many 
extractive industries promoted by the national government as part of the Grande Carajás 
Development Project (GCP): a .Policy designed to generate cash for an irnpoverished, debt 
burdened domestic economy. According to scholar Robin Wright, "Carajás is the culmination of 
less than two decades of economic expansion into the northeast Amazon. Until the 1960's, the 
rural population of the GCP area engaged in only small-scale economic activity: harvesting 
natural rubber and brazil nuts, hunting pelts, mining and small farming."4 The government 
sponsored extractíon policy began in 1970, when the Trans-Amazon Highway was built to move 
people ínto the jungle, and to take natural resources out, Toe road was followed by a massive 
government-sponsored colonization plan, and the non-índigenous forest population subsequently 
quadrupled: from 92,000 in 1970 to 388,000 a decade Iater. Because little planning accompanied 
this migration, fairly peaceful villages throughout the Amazon region were transformed ínto 
chaotic metropolises, and wherever minerals were found, ramshackle villages sprung out of a 
rainforest previously untouched by the machines of civilization. Indigenous communities 
became increasingly threatened by srnall-tíme prospectors, ranchers and poor urban migrants 
hoping to eke out a líving in the rainforest. 

But the government soon realized that such an unplanned expansion was doing little to 
alleviate Brazil's national debt. ln a determined fashion, it began to seek investment from 
multinational corporations with the capital and the technology to exploit resources on a larger 
scale. The $62 billion GCP was launched by the Brazilian government in 1980 to promote 
extensive exploitation of agricultural, mineral, and energy resources in the northeastern 
Amazon.> Toe GCP spans approximately 200 million acres=more than 10% of Brazil's land 
surface--in the states of Maranhão, Goiás, and Pará. Half of the terrain is forested, ranging from 
ancient rainforest to open savannah to seasonal evergreen forest. 6 ln addition to the planned 
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exploitation of many rivers for hydroelectricity, the GCP includes cattle ranching; biomass and 
other agricultural production; as well as mining iron ore, bauxite, gold, manganese, nickel, tin, 
and copper; refining and smelting these ores, and sometimes fabricating them into semi-finished 
goods. Most of the products are exported or consumed by Brazilian industries in urban centers. 7 

One element of the GCP is the 18 billion tonne iron ore reserve in Serra Dos Carajás (in 
southem Pará), operated by CVRD. (As a part-owner of the Albras smelter and the Alunorte 
refinery, however, CVRD is a large beneficiary of the electricity generated by Tucuruí.) Toe 
largest iron ore operation in the world, the CVRD mine ships iron ore to the coast via the 
Carajás-Itaqui railway. The Trombetas bauxite mine, which will soon produce 8.5 million 
tonnes per year, is another important part of the Carajás scheme, as are the Tucuruí Dam and the 
Albras and Alumar smelters. Ports, new towns, and other facilities have also been constructed 
throughout the Tocantins basin to make way for the flurry of mineral-related, forestry and 
agricultural activity. When the Grande Carajás Project began developing, the region contained 
over 12,500 indigenous people from 20 reserves. There have been continuing problems 
regarding the demarcation of Indian lands by FUNAI, and in the distribution of promised 
govemment funds to the established Indian reserves.f 

- ' Origins of the Brazilian Aluminum lndustry 

Brazil's aluminum industry is divided into two distinct sectors: an older southem sector 
that has been developing sincel945 to serve domestic markets--and still does, anda northern 
export-oriented sector that has developed in the early and Plid-1980's. Toe northem sector is 
more relevant to this paper because it still has the potential to expand, and because the 
environmental damages have been greater than in the south. The two smelters in Brazil's 
northeastern Amazon region, Afumar and Albras, are also the biggest of Brazil's seven smelters: 
they have a combined annual capacity of 648,000 tonnes, or 54% of Brazil's existing capacity. 

While the construction of southem smelters was driven by domestic demand, northern 
aluminum development was driven by resource availability, and by easy access to ports for 
export. ln addition to favorable government policies, one of the driving forces behind the 
formation of an integrated aluminum industry in northem Brazil was the discovery of very large 
bauxite deposits along the Trombetas River. There are over 2.5 billion tonnes of measured 
reserves in the northern states of Amazonas, Pará, and Amapá, compared to a similar quantity 
spread among five states in southeastern and southern Brazil.? Brazilian aluminum scholar Braz 
Pereira writes, "Countries that are well-endowed with bauxite are more likely to favor domestic 
refining and smelting and to design policies compatible with that goaí.'"? 

Depite the southeastern industry' s advantages of cheap labor, cheap hydro, and plentiful 
alumina supplies, it was still inefficient in the 1950's. Economies of scale required minimum 
plant size to be 100,000 TPY, whereas the entire domestic market was limited to under 20,000 
TPY. Transportation costs made export to the United States and westem Europe prohibitive, 
leading to a cost disadvantage. But by 1973 the dísadvantage was overcome; with the 
development of hydro resources in the north, the production cost for Brazilian aluminum was 
$460 to $530 per tonne--substantially lower than the international price of $770 per tonne.'! 

r 
The northern sector has maintained an advantage over the south because the sarne 

economic forces that caused growth in domestic demand for primary aluminum also caused 
growth in consumption of southem electricily. As a result, the marginal social cost of electricity 
in the south has increased: it is more profitable for electric utilities to sell to smaller consumers 
than to large aluminum smelters.t? Because of the saturation of the southeastem hydroelectric 
supply, the aluminum industry was unable to expand there. It was also still impossible for long 
distance transmission to carry electricity from the north to the south. Finally, because residential 
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and commercial demand for electricity was Iow in the north, the construction of large dams- 
which most engineers and funding agencies preferred=was precluded. 

Brazilian policy-rnakers had similar leanings. Because officials wanted to exploit the 
hydroelectric potential of the north on a large scale, they offered very low electricity rates to 
encourage energy-intensive industries to locate there. Toe industries would provide the revenues 
necessary to offset the fixed costs of new dams, which are incurred whether hydro plants operate 
or not. According to Braz-Pereira, "Aluminurn smelting fits well into this scenario because it 
uses large quantities of electricity. It is also capital-intensive, an advantage in a region in which 
labor is scarce. Reduced electricity rates for aluminum smelting might be a rational policy to 
accelerate the growth in electricity demand when such demand initially is low."13 The cheap 
rates offered to Albras and Alumar will be discussed later. 

Bauxite Mining 

As mentioned previously, Brazil is already the world's fourth largest bauxite producer. 
But if its vast reserves are fully exploited, it may become a still greater force. The nation has an 
estimated 2.8 billion tonnes of reserves, surpassed only by Guinea and Australia, with 5.6 and 
4.4 billion tonnes of reserves respectively. Jamaica, which is more well known for its bauxite 
mining because it is a larger producer and has been in the business much longer, lags behind 
Brazil with 1 billion tonnes of reserves remaining.14 Brazil now claims five major bauxite 
mines, three of which are in the state of Minas Gerais. Operated by Alcan, Alcoa, and the 
Brazilian consortium Cia Brasileiro do Alumínio (CBA), the three mines produce a total of 1.85 
million tonnes of bauxite annually. The majority of their output is used domestically in 
associated alumina refineries and smelters (see Table 1). There are two adjacent mines in the 
Trombetas region of northeastern Pará: MRN. which is aclive, and ABM, which was originally 
proposed as a joint venture between Alcoa and Billiton, but may be developled instead by MRN. 

The Mineração Rio do Norte (MRN) bauxite mine along the Trombetas River consists of 
a 6-meter thick seam of bauxite beneath 18 meters of soil, clay and iron ore-bearíng 
overburden.P According to the Brazilian newspaper O Estado de São Paulo, "About 300 acres 
of virgin rain forest are cleared each year so that the bauxite can be scooped from just five meters 
below the surface, according to Knowles [environmental advisor to an Amazon mine in which 
Shell has a 10% stake]. ... But environmentalists who have visited the area say thousands of extra 
acres of forest are being cleared for fuel and roads ... Shell confirmed last week that for the last 
four years, a contractor working for MRN has been cutting down rain forest to provide this fuel. 
Knowles is working hard to replant lost forest with saplings but admits it will be 200 years 
before the forest is renewed."16 

31 % of MRN's bauxite is sold to the Shell-Billiton/CVRD Alumar alumina refinery at 
São Luís; 31 % is exported to Venezuela; 27% to Canada, and 11 % to the United States. 
According to industry sources, "ln the nine years Trombetas has been operating, 38 Mt .of 
bauxite has been removed, earning MRN shareholders CVRD, Alcan, Billiton, Reynolds, Norsk 
Hydro and the Brazilian Aluminum Co. a return of more than $1 billion." (On January 1, 1992. 
Alcoa also became a partner in the MRN mine as a 12.5% shareholder.!") Production at the mine 
has been increasing steadily: in 1988, MRN earned $180 million ín bauxite sales in 1988. $54 
million more than it earned the previous year. Completed in 1979, the initial installation cost 
$400 million. ln 1989, about $100 million was spent to increase the mine's production from 6.5 
Mt to 8.5Mt. The additional capacity will supply the Alunorte alumina facility adjacent to 
Albras with 1.55 million tonnes of bauxite annually.P 
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Table 1. Bauxite Mines, Alumina Refineries and Aluminum Smelters in Brazil (E= existing facility; P = planncd) 

Bamdte Mines Capadty 
Company, m•Jor shareholders Ptoject Locatlon (TPY) Output destlmatJon 

l AJcoa Billiton Mineração (ABM) (P) São Luís. Pará state 2.S-4.SM Would supply expanded Alumar refinery. Rest exported, 
AJcoa 60%. Billiton 40% 

2 Alcoa Aluminio (Alcoa 75%) (E) Poços de Caldas, Minas Gerais (MO) 600,000 Associated alumina refinery 

3 AJcan Alumínio do Brasil (E) Ouro Preto Complex, Saramenha, MG 450,000 Alcan's Ouro Preto refinery 

4 Mineração Rio do Norte (MRN) (E) (CVRD 46%, Trombetas 6,500,000 One lhird each lo Alwnar, Venezuela, North America. 
Alcan 18%, Billiton, Alcoa 12.S% each, olben, 11%.) (Capacity will soon expand to 8.5 Mt.) 

s Cia Brasileiro do Aluminio (CBA) (E) Poços de Calw, MO 800,000 CBA alumina refínery 

Alumina refineries 

1 Alcan Aluminio do Brasil (Alcan 100%) (E) Saramena, Minas Gerais 150,000 Alcan Smelter 

2 Alooa Aluminío (Alcoa 75%) (E) Poços de Caldas. Minas Gerais 250,000 Poços de Caldas smelter 

3 Alumar (E) (AJcoa 55%, Billiton 35%, Alcan 10%) · São Luís, Maranhão. (950,000 planned by 1993) 650,000 Alumar smelter 
•••••• o 4 AJunorte (CVRD) (P) Belém 1.100,000 Some expon, some Albras 
°' 5 Cia. Brasileira de Aluminio (CBA) (E) Sorocaba, Mairinique, São Paulo 400,000 CBA smelter 

Aluminum smelters Project Location Capadty Source or Electrldty (Approxlmate) (US$/kWh) 

1 ALBRAS (Alunúnio Brasileiro S.A.) Belém.Pará 320,000 Tucuruí Dam(4000 MW) on Tocantins 630 0.0150 
CVRD 51 %, NAAC 49% (E) Associared with Alunorte, Ri ver, 300 km away. Eletronorte. Cosi is 15% below uonnal iadustrial "A·I • nilt 

2 Alcan Alumínio do Brasil S.A. Saramcna, Minas Gerais 60,000 Ouro Preto complcx: 8 private dams 145 0.0220 
AJcan 100% (E) (Capacity may rise 10 78,000 by 1994.) Hydro provides 20%; rest from CEMIG. 

3 ALCOMINAS (Alcoa Alumínio S.A.) (E) Poços de Caldas, Minas Gerais 90,000 Hydro from CEMIG 200 0.0245 
Alcoa 75%, Camargo Correa 25% 

4 ALUMAR (E) (Consonio de Alumínio de São Luis, Maranhão 328,000 Hydro from Tucuruí 625 o.o 18-0.023 
Maranhão S.A.) Alcoa 54%, Billilon 46% (Capacity may ríse to 390,000 by 1994.) 10% below A·I raie 

s ALUNORDESTE (Alumínio do Brasil Aratu, São Paulo 58,000 Hydro: Cia Hidro do São 140 0.0245 
Nordeste S.A.) Alcan 100% (E) (Can expand produclion lo 180,000) Francisco in Bahia 

' CBA (Cia. Brasileira de Aluminio) Sorocaba, Mairinique, São Paulo 210.000 60% from pvtly-owned hydro, rest bought. 500 0.011 
VotoranUm Oroup 100% (E) (Capacity could rise to 270100 by 1994.) New hydro being considered, 

7 Valcsul Aluminio S.A. (E) Santa Cruz. Sepetida Bay, RJ 90,000 90% is hydro, from Light Power Co./ 200 0.0245 
CVRD 54%, Billiton 44%, Reynolds 2% (Capacíty may rise to 98,000 . 

Servido de Rio di Janeiro. 
by 1993; and cventually to 180,000.) 

Souroes: -Jbe Wortd AJumlnum Jndustry la a OWlgl.ag E.nergy Era.· Hd. Merton Peck, Reaourc:es for lhe Puture, Wuhlngton, DC. 19811; "Primaty Alumlnum Smelters and Produoers of lhe World. • Alwninlum- Verlag GmbH, Düsseldorf, 1991; "Primary Aluminum 
Plaots Worldwldc. • Buteau o( Mines, US Dep(. of lhe lnlcrior, Wasbl.llgtoD, OC, 1991; variou, iasut1 o!The Ml..alng Joumal, Metal BulleUn, Walcr Powcr aad Dlm Conacructloo, etc. 



Mining and washing bauxite generates a tremendous amount of residue and tailings, 
which until a few years ago had drained into Batata Lake, eventually silting up 10% of its 
surtace.'? Under pressure from intemational environmentalists and local residents, MRN has 
carried out a $90 million program to clean up the lake. According to industry sources, "The 
washing plant and tailings dumps near the lake have been moved and the lake's shores are being 
reforested."2º 

There are at least two other mines which might be developed in the region. Billiton and 
Alcoa, under the name of Alcoa Billiton Mineracão (ABM), had originally planned to develop 
another 2.5 to 4.5 million tonne bauxite mine in Pará state, with production targeted to the export 
market. Ultimately, the companies decided not to invest in the mine, and ABM's mining rights 
are being transf ered to the MRN corporation. 21 CBA is also looking into mining reserves 
recently discovered near Cataguazes in Rio de Janeiro State, to replace an 18 million tonne 
bauxite mine in Poços de Caldas which is nearing exhausríon.ê- As of September 1989, CVRD 
was also investigating a potentíal bauxite mine at Jabuti in the Paragominas region of Pará State. 
If exploited, the 850 million tonne mine would supply the domestic market with an additional 1 
million tonnes of alumina annually.P 

The Alunorte Alumina Refinery 

One third of the MRN mine' s bauxite output, or 2.5 million tonnes, will scon be 
processed into alumina in Brazil, at the Alunorte alumina refinery adjacent to the Albras smelter 
in Barcarena, about 40 kilometers away from Belém, Pará. When completed in 1994, the $740 
million refinery will be the largest alumina production facility in Brazil, with an annual output of_ 
1.1 million tonnes. Brazil' s National Development Bank will invest $230 million in the refinery; 
shareholders will contribute the rest.>' CVRD is Alunorte's biggest shareholder, with 40% of 
shares, followed by MRN (22%), NAAC (20%), Alcan Brazil (11%), and CBA (7%). Albras 
will use approximately 670,000 tonnes of the alumina annually; 180,000 TPY will be sold to 
Alcan Brazil, 110,000 TPY to CBA, and 100,000 TPY to Valesul.25 

The Albras and Alumar Aluminum Smelters 

Both the Albras and Afumar smelters rely exclusively on electricity generated by the 
Tucuruf Dam on the Tocantins River. When the power station began operating in 1985, it had 
2,000 MW of installed generating capacity, about 52% of which went directly to the two 
smelters. Toe Albras smelter in Barcarena, Pará, is 300 kilometers away from the Tucuruí power 
station and consumes 630 MW of Tucuruí's outgut. Also completed in 1985, the $1.4 billion 
smelter has an annual capacity of 320,000 tonnes. 6 Construction to raíse output to 350,000 TPY 
began in 1987.27 

The Albras srnelter would not have been built had the Brazilian federal govemment and 
the state of Pará financed the Tucuruí power station. As far back as 1973, what was to become 
the Japanese Nippon Amazon Aluminum Company (NAAC) began negotiations with the 
Brazilian mining consortium Cia Vale do Rio Docé (CVRD) and the Brazilian govemment on 
building a dam on the Tocantins River to power a large aluminum smelter.2S- ln 1975, the 
Japanese declared they would not help finance the dam, but by then the Brazilian govemment 
had made such a large commitment to the dam they decided to secure financing for it without the 
aid of NAAC. CVRD and NAAC proceeded to build the smelter, and today CVRD has a 51 % 
stake in Albras, while the NAAC has a 49% share.ê? CVRD is a major player in the Grande 
Carajás Project. 
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Alcoa's Afumar complex on the island of São Luís, Maranhão, is an integrated facílity 
which has been called been called Brazil's "largest private industrial project." Completed in 
1984, it includes a 500,000 TPY alumina refinery, a 328,000 TPY aluminum smelter which 
consumes 625 MW of Tucuruí's power, and private port facilities, which were ali built by the 
government. Toe site on which the smelter was built was a coas tal mangrove forest, 50 acres of 
which were cut down during construction, along with another 1,700 acres of already depleted 
forest land. Early reports indicated that from 2,000 to 10,000 people livi"§ on or near the 
smelter site were forcibly evicted from their lands, with govemmental support. 3 

Alumar is a joínt venture between Alcoa, which holds a 54% interest in the smelter, 
Billiton (a Royal Dutch Shell subsidiary), which holds a 36% interest, and Alcan, which owns 
10%.31 70% of the ingot produced by Alumar is now exported. There have been plans to 
expand the smelter's output to 390,000 tonnes, although poor power availability may prohibit 
this expansion. ln 1987, serious power shortages spurred a 35,000 reduction in output. To 
forestall future power shortages, Alcoa and Billiton joined a group of investors seeking to 
establish the prívate Serra Quebrada hydroelectric dam and power station on the Trombetas 
River.32 

TUCURUÍ DAM STATISTICS 
Dam, River: Tucuruí Dam, Tocantins River, Pará State. Eartb/rockfill, 106 meters high, 9,574 meters long. 
Rated capacity, operating agency: 4,000 MW (7960 MW planned), Eletronorte (govemment). 
Start-up date: Reservoir began fiilling on September 6, 1984.33 
Maximum reservoir capacaty: 45.8 cubic kílometers. 
Area Dooded: Approximately 2,430 square kilometers. 
Number of people relocated: 23,871 (includes indigenous forest dwellers and rural poor.)34 
Effects: Severe ãlteration of tropical rainforest ecosystem, massive relocatíon, disease, disruption of 
indigenous peoples, etc. 
Aluminum smelter locations and capacities: Albras/ Alunorte (Barcarena, Pará, 40 km from Belém), 
320,000 TPY; Alumar (São Luís, Maranhão), 328,000 TPY (390,000 TPY planned by 1994). 

9. Smelter's electríc demand, price: Albras: 630 MW, $0.015/kWh. Afumar: 625 MW, $0.015/kWh.35 
10. Fraction of dam's maximum current capacity (4JOOO MW) used by smelters: 32%. But because the ~wer 

station does not operate at full capacíty year-round, the two smelters (who require firm power) use about 75% 
of lhe electricity actually generated each year.36 Some power will also goto the Alunorte alumína refinery. 

11. Inputs and out,Puts: 
• Albras: Bauxíie from MRN mine at Trombetas, 500 km from Belém. Will be converted to alumina at 
associated Alunorte refinery (1.1 million TPY). All ingot from Albras Phase 2 will be exported, 
• Alumar: Alumina from Alumar refinery (950,0001PY). 80,000 tonnes of aluminum exported in 1989. 
Ingot: 64% of Brazil's total ingot production was exported in 1990. 

12. Ratio ofkW installed to hectares flooded: 16.5 

1. 
2. 
3. 
4. 
s. 
6. 
7. 

8. 

The Tucuruí Darn 

The first major hydroelectric dam built in the Amazon, Tucuruí is a world gíant, and an 
engineer's dream. Spanning nearly 10 kilometers across the Tocantins Ríver in northeastern 
Brazil, it is the fifth most massive dam in the world, with a volume of over 85 million cubic 
meters. lt has the 22nd largest reservoir capacity in the world--46 cubic kilometers of storage, 
and has the tenth greatest installed electric generation capacity of any dam worldwide: 4,000 
MW. The dam and power station are planned to have a final installed capacity of 8,000 MW- 
the equivalent of eight nuclear power plants. The expanse of the reservoir, however, is the most 
impressive statistic; over 2,400 square kilometers were flooded. If and when capacity increases 
to 8,000 MW, more land may be flooded. Eletronorte has not released data on projected 
flooding.ê? 
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The costs of Tucuruí are astronomical, too. ln 1981, the dam was initially projected to 
cost $3.3 billion, but when the turbines began spinning in 1985, more than twíce that amount had 
been spent.38 More impressive than these financial and engineering statístícs, however, is the 
legacy of disruption the Tucuruf Dam has Ieft to lhe people and the environment of the Tocantins 
basin. 

Environmental Damages at Tucuruí 

Constructing an immense dam in a tropical rainforest creates problems not encountered 
by darn-builders in temperate climes. Only a fews dams have been built in tropical rainforests, 
all with severe consequences. The damages frorn Tucuruí Dam have included widespread 
deforestation and the consequent loss of wildlife habitat, interference with fish migration, and 
other problems associated with poor water quality in the reservoir. 

It is extremely difficult and expensive to clear the dense vegetation over the entire area a 
reservoir is to inundate. The hundreds of different tree species found in a few square kilometers 
sometimes make it uneconomícal to process and sell the wood, because most sawmills are only 
adapted to one or severa! types of wood. If a forest remains uncleared prior to filling the 
reservoir, the vegetation decays anaerobically, producing methane, hydrogen sulfide, and other 
noxious gases. At Brokopondo Dam in Surinam, the gas produced by the decomposing forest 
was so bad that dam workers had to use gas masks for two years.39 _ 

Initially. no plans had been made at ali to clear the 2,400 square kilometers of forest that 
were to be flooded by the Tucuruí Reservoir, although the huge cedar and mahogany graves had 
a projected commercial value of US$1.5 billion.4º However, after a 1977 environmental report 
by ecologist Robert Goodland predicted the potentially disastrous effects not clearing the area 
could have, Eletronorte, the northern subsidiary of Eletrobras, decided to clear about 30% of lhe 
forest. Eletronorte granted a logging concession to CAPEMI, a firm with no substantive 
experience in forestry. CAPEM! built a sawmill and spent four years clearing what amounted to 
3% of the reservoir area, especially in front of the dam itself (so floating logs would not get 
caught near the power station's intakes), before going bankrupt in 1983 "as a result of technical 
and administrative incompetence" and abandoning the project+! 

The Tucuruf dam itself has impeded the movement of migratory fish up and down the 
ri ver. There are o ver 200 species of fish in the Tocantins, and ít is difficult to assess how many 
of thern have been adversely affected. ln addition, ali but the hardiest fish are unable to survive 
in the oxygen-starved waters created by the stagnant reservoir. The reservoir still harbors dead 
trees which are slowly decaying anaerobically. The sluggish water is also the ideal breeding 
ground for disease-carrying vectors, including the snail that carries the parasite that causes 
schistosorniasis. The pools left by drawdowns also make perfect breeding conditions for 
mosquitos carrying malaría and many other diseases. As far back as the mid-80' s malaria was a 
problem in Tucuruf: one in five workers tested was infected, and the disease was spreading.42 

During the summer of 1991, protesters occupied the offices of Eletronorte to demanda 
resolution to the massive mosquito infestation that has occurred since the completion of the dam. 
Toe mosquitoes have reportedly caused disease and general annoyance to as many as 8,000 
people in communities 30 kilometers away from the hydro plant, including the indigenous 
Parakaná tribe. A 1990 report on the problem blamed the Tucuruf reservoir, as well as the choice 
of resettlement locations, for the massive outbreak which has caused many people to become 
seriously il1 after having received up to 500 bites in an hour. ln March 1991, the mayor of 
Tucuruf declared a state of emergency in the region, but Eletronorte and the federal government 
have yet to act. 43 
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Great numbers of plants and animais were drowned or out-competed as a result of the 
large land area flooded. Because so many of the region's plant and animal species have never 
been catalogued, it is impossible to accurately assess the rate of their decline or even extinction. 
When any reservoir fills, some animais succeed in reaching higher ground as the water Ievel 
rises, while other slower-rnoving animais become trapped and drown. In Tucuruí, Eíetronorte 
undertook a seven-rnonth, $30 million rescue effort in 1984-85, reportedly collecting 284,211 
animais which they relocated to adjacent dry ground or took to museums in Belém. Those that 
escaped on their own or were relocated to dry areas suddenly found themselves in competition 
with the animais already present. Most researchers agree that the number of animais counted as 
"saved" represents but a small fraction of those that died in the flooded reservoir or as a result of 
competition. ln any ecosystem where population pressures rise, the strong animais win out over 
the weak, so there is ultimately little real value in "rescuing" animais. Rescue efforts during the 
filling of the Balbina Reservoir in Brazil have been criticized as ineffective campaigns designed 
to avoid embarrasing newspaper articles showing animais clinging helplessly to treetops as the 
waters rose.44 A similar criticism might be made of the Tucuruí rescue effort. 

The first environmental impact study conducted to assess the potential effects of Tucuruí 
Dam was Robert Goodland's 1977 report: begun after dam construction had begun. At that late 
stage in the planning process it was impossible to make significant modifications to project 
design.45 Under these circurnstances, one wonders what the point of an environmental impact 
assessment is. ln Brazil, as in many developing countries, rigorous environmental impact 
assessments are uncommon or unheard of. Development has been a priority of Brazil' s 
struggling government; environmental protection has been secondary. 

Social Impacts of Tucuruí 

An estimated 24,000 native and non-native people were uprooted by the Tucuruí Dam, 
reservoír, and related structures.46 Although some of the non-indigenous people had inhabited 
the area for decades--relying on small-scale farming, grazing or mining activities=many colonos, 
or colonist families, had rnigrated from overcrowded urban ghettos during the construction of the 
Trans-Amazon Highway in 1971. and had remained after its completion. For years the migrants 
had subsisted by fishing, and by selling brazíl-nuts, timber, and natural rubber. Seventeen of 
their villages were flooded by Tucuruí, as was part of the city of Marabã.é? Eletronorte gave 
these people the choice of being resettled in citíes or in new rural areas; 65% chose to return to 
urban slums. Many of the remainder who chose the countryside found they were unwelcome 
squatters on lands that were either claimed by indigenous Indians or by other colonos. They 
were subJected to repeated ousting by cattle barons, wealthy landlords, and pistoleiros, or hired 
gunmen. 8 The competition for land was exacerbated by the influx of thousands of people who 
had hoped to be employed in building Tucuruí Dam but were not hired due to the oversupply of 
potential workers, 49 

Tremendous social inequity has also resulted from the construction of Tucuruí Dam. Toe 
city of old Tucuruí lies several kilometers outside the sterile metropolis of new Tucuruí: a town 
complete with hospital, restaurants, luxury stores and boteis created by Eletronorte to house 
workers, engineers and visiting dignitaries. In contrast, old Tucuruí has grown from a village of 
3,000 to a swarming town of 40,000 with a minimum of medical facilities and schools, poor 
roads and sanitation, desperate living conditions, and few opportunities for secure employment.ê'' 

Toe Amazon is also home to an estimated 250.000 indigeneous people from hundreds of 
distinct cultural and linguistic groups. They used to num ber in the millions, widely dispersed 
throughout the Amazon Basin, living in a self-sufficient, low-technology, sustainable manner in 
the delicate tropical ecosystem. But they have suffered from the pressures of colonization. 
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Their numbers have been drastically reduced through wholesale slaughter, "pacificaticn" (or 
forced acculturation), and the scourge of fatal diseases brought in by colonists. 

The Tucuruí Dam is specifically responsíble for severely disturbing two Indian tribes: the 
Parakanãn and the Gavião. Together they comprise about three hundred individuais, all of 
whose land has been inundated by the reservoir or severely impacted by the related 
infrastructure. This number may be an underestimate, however, because some groups in the 
flooded area had never been previously contacted. sr ln a move rerninscent of the way Alcan and 
British Columbia ignored the needs of the Cheslatta Indíans, neither FUNAI (the Brazilian 
Indian affairs agency) nor Eletronorte made any attempt to alert indegenous groups of their plans 
for Tucuruí Dam, although the plans for Tucuruí were drawn up as early as the 1960's. 
Eletronorte waited to notify the tribes until the mid 1970' s, and did not relocate or indemnify 
them until late 1977.52 

Pacification of the Parakanãn 

Toe Parakanãn had been the targets of "pacifícatíon" by various Brazilian agencies from 
the early 1900's, when a railroad was built, to as late as the 1970's, when construction of the 
Trans-Amazon Highway got underway. The purpose of pacification is to expropriate native 
lands for development by gradually enticing previously uncontacted Indian tribes with with icons 
of a Western Iifestyle. For exarnple, strange or useful objects such as mirrors, beads, and knives 
are placed in forest clearings until they are collected by curious Indians. Toe practice is repeated 
until the giver wins the trust of the Indian, at which point contact is made and a sequence of 
events ensues, typically including material dependency, rape and violence, alcohol, disease, and 
eventual land deprivation. 53 

Through pacificatíon, the number of Parakanãn had decreased from over 1,000 
individuais at the tum of the century to about 200 in 1971, when FUNAI created a 189,000- 
hectare reserve for the Parakanãn. That year over half the population died of malaria, the flu and 
other westem diseases; by late 1972 only 82 people remained alive. But throughout the late 
1970's and early 80's, the tribe managed to recover to over 300 individuals, perhaps dueto the 
completion of the highway and the disappearance of the road crews. About one third of this 
number included groups of uncontacted Parakanãn Indians. ln 1976, 40 of the uncontacted 
Parakanãn were located, pacified, and moved to a new reserve called Pucuruí. By the time they 
arrived there, however, only 28 had survived the gruelling 300-kilometer joumey. The place 
they had formerly ínhabited was rich in fish; their new reserve was not. Dejected, they grew 
dependent on FUNAI handouts for severa! vears, As before, they began to recover after a year 
and resumed gathering food from the forest. 34 

But their triais were not over yet ln 1977, construction commenced on the Tucuruí Dam, 
and it became clear that the Pucuruí reserve would be flooded. At the sarne time, Eletronorte 
began to log some of the forest that would be inundated, and constructed a sawmill within the 
Pucuruí reserve, only one kilometer away from the village proper. The noise of the sawmill 
frightened some game animais away while mill workers killed other animais with shotguns and 
sophisticated traps. The Pucuruí economy was greatly disturbed. Finally, Eletronorte and 
FUNAI closed the reserve and moved the people to a larger reserve occupied by another group of 
Parakanãn. Toe Tucuruí Reservoir eventually flooded 10% of this larger reserve. A total of 150 
Parakanãn, who had been subject to repeated relocations, Iost three quarters of their lanct.55 

Today, the Parakanãn gather brazilnuts and hunt game, and they plant agricultural crops 
for market. Still, they remain somewhat dependent on FUNAI for medical care and other needs. 
ln 1981, the reserve was further crowded by the resettlement of 3000 people whose lands had 
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been flooded by the reservoír.ê" ln addition, a new 40-kilometer section of the Trans-Amazon 
Highway runs through the reserve; ít replaced a section that was flooded by the Tucuruí 
Reservoir.ê? The cornbined effects of encroachment by civilization has led to increased 
assimilation of the Parakanãn, and may eventually lead to their disappearance as a unique 
indigenous culture. 

The Gavião 

At least two tribes of Gavião lndians have had their lives severely disrupted by the 
Tucuruí Dam. The Gavião de Montanha (ºMountain Hawk" people) were first contacted 
accidentally in the late 1950's by a construction crew working on the Pará state highway from 
Marabá to Belém; the road ran through lands the Gavião occupied. 58 They were subsequently 
pacified and moved ínto brick houses on the Mãe Maria Reserve in Marabá, a reserve origially 
built for the Gavião Indians of Mãe Maria. Like the Parakanãn, the Gavião de Montanha also 
experienced disease and dejection, and by 1961 they became almost extinct when their numbers 
dipped below 30. But they made a dramatic recovery during the 1960's and 70's, and by 1977 
numbered 108. They had subsisted for many years by gathering brazilnuts in the forest, and after 
a series of mishaps were able to make as much as $50,000 a year by selling the nuts.59 

Since the Tucuruf Dam blocked the Tocantins River, there have been many serious 
consequences for the Gavião. The Mãe Maria Reserve was not flooded directly by the reservoir, 
but was severely affected by ínfrastructure for the dam, including the road fróm Belém to 
Marabá, which bisects the reserve. When the road was built, the usual problems of dísease were 
introduced to the area. A railway carrying iron ore from Carajás to the coast also cuts through 
the reserve. The construction of the railway required clearing a 70-meter corridor through the 
reserve, robbing the Gavião of 200 to 300 hectares of land. For the next seventy-five years (the 
expected life of the iron ore mine), twelve trains carrying 160 cars each will run continuously 
through the reserve. Toe Gavião will continue to be subjected to constant noise, pollution, and 
the intrusion of railroad maintenance crews onto their lands. 60 

A high-tension transmission line from Tucuruí to Imperatriz also runs through the Mãe 
Maria Reserve, dividing it up into four separate strips. ln order to build the transmission lines, 
the land beneath the line had to be cleared completely. The area that was cleared contained 800 
of the most productive brazilnut trees on the reserve. Toe Gavião demanded compensation from 
Eletronorte for their losses, but the company found loopholes in Brazilían law stating that the 
Indians had the right to use the land, but not to own it. If the trees were cut down, the company 
said, they simply were no longer available for use. But the Gavião disagreed, and used the cash 
they had earned selling nuts to hire a Iawyer who fought to win them compensation. He 
succeeded in winning $500,000, but the money was awarded to FUNAI, not to the Gavião 
thernselves, Still, Eletronorte claimed the Gavião were "extorting" money from thern.s! 

Finally, 38 non-índigenous families whose lands were flooded by Tucuruí Reservoir were 
illegally resettled on the Mãe Maria Reserve. Eventually, over 500 colonos were living on the 
reserve, as a result over demarcation battles between FUNAI and another govemment agenecy. 
ln November 1985 the Gavião threatened to sabotage the transmission lines if the colonos were 
not removed, and that strategy worked. 

Although so much harm has befallen the Gavião over the years, they still manage to carry 
on many traditional ceremonies. They live in a partia! market economy which includes 
community freezers and electronic equipment and houses with some modem amenities, but they 
continue to plant and hunt for food in the forest. 62 "The most important thing to them is their 
land," observed one researcher who had visited the tribe. "As longas they have their land, they 
are oriented. "63 ln this respect they seem to have fared better than the Parakanãn, but the effects 
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of "acculturation" --especiaily the loss of their native language to Portuguese=on this once 
independent people should not be underestimated. 

Subsidization of the Dam and Smelters 

While private aluminum companies have been indirect beneficiaries of this envíronmental 
and social damage, Brazilians have made it possible, through a variety of governrnental 
subsidies, tax incentives. and direct financing for Tucuruí Dam and the different components of 
the northem aluminum industry. These include a ten-year tax exernptíon for the MRN bauxite 
mine, exemptions on capital goods import taxes for the Alunorte alumina refinery, tax waivers on 
domestically produced inputs and corporate profits for the Albras smelter, and perhaps most 
important, cut rates on electricity. 64 While these policies were initiated during a period of 
military dictatorshíp, they have continued during the present democracy. 

Both Albras and Alumar enjoy 20-year contracts which allow them substantial discounts 
below the "A-1" electricity tariff, the normal rate given to índustríes.s> Afumar and Albras have 
10% and 15% discounts respectively, which put their prices at about US$0.015 and $0.018/kWh 
(see Appendix B). These electric rates are linked to the price of aluminum on the London Metal 
Exchange, and are subject to a ceiling of 20% of the intemational price of aluminum, as long as 
the price remains below $1,400/tonne. 66 

According to a 1990 report of the Organization of Economic Cooperation and 
Development (OECD), "The very substantial overshoot of the constructíon costs of the Tucuruí 
hydroelectric power station as compared with the estimates made in 1976, and the resulting 
additional financial costs, has made this installation a very expensive energy source. The fact 
that the aluminum price remained below the $1,400 threshold obliged Eletrobras to sell the kWh 
at one-third of its average price in Brazil and one-quarter of its actual cost at Tucurut/"? 

By 1989, however, with the Brazilian economy ín a severe recession, the rates were 
doubled to a relatively high $0.030/kWh, which is perceived by some as an i1l omen for the 
growth of the Brazilian aluminum industry. As one industry analyst observed, ''This compares 
with charges of only $0.005/k:Wh to some Canadian smelters, $0.008/k:Wh ín Venezuela and 
currently about $0.012/k:Wh in Norway and Australia."68 To combat thís rising price trend, the 
Brazilian aluminum industry has announced plans to build its own hydroelectric dams. With 
construction and operation under its control, the industry hopes to thwart escalating energy costs 
while ensuring a steady power supply to íts smelters. As yet, none of these plans are nearing the 
construction stage. 

Proposed Dams for Smelters 

While Tucuruí Darn is one of the most dramatic examples of hydro development gone 
awry in Amazonia, ít is by no means the last word on the subject. Under íts "2010 Plan" and the 
subsequent "2020 Plan" and •• 2015 Plan" (the latter two have not yet been officially released as 
of early 1993), Eletrobras intends to construct at least 80 additional hydroelectric dams in 
Brazil' s northem Amazon region. These 80 darns would directly flood over 100,000 square - 
kilometers of land, and would cause vast ecological destruction to an even greater surrounding 
are a. 69 Prevíous reports point to the planned construction of 77 dams on the Amazon' s 
tributaries in legal Amazonia, as well as 86 dams outside legal Amazónia. 1o According to the 
OECD, the plan calls for seven large and twenty smaller dams on the Tocantins River, where 
Tucuruí is located. "[The dams] will eventually convert the Tocantins Ríver systern into an 
almost continuous chain of lakes 1900 kilometers long. "71 
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About 90% of the power generated by the proposed dams would be sent 1,500 to 2,800 
kilometers into southem Brazil over high tension transmission lines. The rest would remain in 
Eletronorte's northem power grid. An estimated 58% of the power shipped south would not be 
consumed by commercial or residential users, but rather by heavy industries, presumably 
including some southern aluminum smelters with expansion plans (see Table 1).72 

Since the 201 O Plan was issued in December 1987, however, the economics of the 
megaproject have become increasingly unfavorable. Extreme cost overruns on the four existing 
large dams in the Amazon region (Tucuruí, Balbina, Samuel and Manso) have saddled 
Eletronorte with an $8 billion debt. 73 As a result, Eletronorte is unlikely to complete any of its 
proposed dams in the near future, and has instead shifted íts development strategy toward the 
privatization of dams. Because major corporations such as Alcoa and CVRD have deep pockets 
relative to the failing utility, they are much more likely to proceed with damming, and perhaps 
more likely to circumvent comprehensive environmental assessment as well. 

There are three pending dam projects that are associated with aluminum smelting: the 
Serra Quebrada, the Cachoiera Porteira, and the Chuvisco. 

The proposed 1,450 MW Serra Quebrada Dam would be located on the Tocantins 
River, 15 kilometers upstream from Imperatriz, Maranhão, and from Tucuruí. H constructed, it 
would flood approximately 400 square kilometers along the Tocantins, including 5% of the 
territory of the Apinajé Indians, who live on 142 hectares on the Apinajé Indian Reserve in the 
municipalities of Tocantinopolis and Itagratins in Goiás state. "According to a 1985 FUNAI 
estimate the present Apinajé population is 565 Indians."74 

Initial announcements indicated that the dam would be the first ever to be privatized by 
Eletronorte. A cooperative project of Billiton, Alcoa, Alcan, Dow Chemical and silicon producer 
Camargo Correa Metais, the $1.2 billion hydroelectric plant was to supply the Afumar smelter.75 
As originally envisioned, the plant was also to supply Alcan's Alunoreste smelter in Bahia, 
Aratu, during periods of hiJh rainfall.Is (That smelter has a present capacity of 90,000 TPY, 
which it hopes to double.? ) According to Brazilian news reports, the five corporations are 
responsible for consuming 3% of ali the hydroelectricity in Brazil. The consortium had intended 
to build the plant on the condition that construction costs not exceed US$1,000/kW. According 
to Alcoa Brazil, a recent feasibility study by the five partners estimated that costs would fali 
between US$1,000 and $1,200 per installed kilowatt. Eletronorte claims íts construction costs 
would be $1,500/kW.7& 

As of May 1993, however, privatizatíon of the dam is in limbo. Accordíng to Alcoa 
Alumínio and the Comissão Pró Indio de São Paulo, Eletronorte now has the concession to build 
the dam, but the utilíty's and the govemment's severe fiscal woes will delay dam construction 
indefinítely. 79 Government regulations pertaining to hydro concessions are currently under 
review in Brazil. When they are finalized, they may enable private corporatíons to invest in 
dams with greater ease on their own, oras partners in public-private joint ventures. so 

Eletronorte has proposed building the Cachoiera Porteira Dam on the Trombetas 
River, where the MRN mine is located. Toe 700 MW dam was originally intended to provide 
electricity for a "mineral and metalurgical complex" on MRN property in Trombetas. but the 
economics of this plan were ultimately seen as unfavorable. Power from the dam is now 
scheduled to meet residential and cornmerical needs in the city of Manaus, and to meet other 
industrial needs on the north bank of the Amazon. According to Professor Philip Feamside of 
the National Institute for Research in the Amazon (INP A), the Cachoiera Porteira Dam would be 
unnecessary if aluminum smelting had not already claimed the líon' s share of Tucuruí' s electric 
output.81 
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If cornpleted, lhe dam would flood an estimated 1,079 square kilometers, and is opposed 
by lhe Comrnission of Those Affected by Amazonían Dams (CABA), and by the affiliate 
Committee of Those Affected by Trombetas Dams (CABT). Anotheropposition group includes 
representatives of over eleven hundred Quilombo people, descendents of blacks who escaped 
from slavery ín the 18th century. Twenty Quilombo communities, as well as 20 other indigenous 
communities in the Nhamunda-Mapuera region stand to suffer the consequences of the Cachoiera 
Porteira Dam. Because they live downstream from the proposed damsite, they will be almost 
certainly be subjected to reduced fish catches due to warmer water temperatures, reduced oxygen 
leveis in the river, and other factors affectíng the quality and flow rate of the ri ver. Eletronorte 
awaits externa! funding before it can begín building the project. 82 

If built, the smaJler 53 MW Chuvisco Dam on the Erepecuru River would flood 82 
square kilometers between Cachoeira do Mel and the dam at Cachoiera do Chuvisco. It is being 
spearheaded by the MRN consortium, who intends to use the power to supplant the diesel 
generators now used in MRN's bauxite mining operations on the Trombetas River. The 
Chuvisco Dam wouid also take over lands and belonging to the Quilombos, and would flood 
their brazilnut groves. The transmission lines running to Trombetas will also cut across 
Quilombo land. The Comissão Pró-índio de São Paulo fe · 
ars that the miníng and dam construction works, as well as the associated infrastructure and 
masses of people they would attract, would pollute the Erepecuru River, an important food 
source for the indigenous communities. 83 This dam is also opposed by CABA and by the 
Quilombos. 

Whether any of these three private dams will be completed remains to be seen. For the 
moment, they appear to be on hold, as do the E1etronorte dams. But Brazil should be watched 
closely in the future; if economic conditions in Brazil improve, and if world aluminurn demand 
increases, the Amazon region could once again becorne an attractive location for large 
hydroelectric dams and associated aluminum smelters. 
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Chapter 11 

The Caroní River: An Engine for Venezuelan lndustry 

Due to its very high mean annual flow of 4,700 cubic meters per second (cms) (the La 
Grandes natural flow was only 1,722 cms), its steep gorges which provide ideal sites for dams, 
and the lack of sediment in the water, the Caroní is the most attractive river for hydroelectric 
production in Venezuela. For the last quarter century, hydroelectricity from the Caroní Ríver=In 
combination with Venezuela's cheap labor, abundant bauxite reserves and acce.ss to deep water 
ports-has provided the basis for some of the most inexpensive aluminum production in the 
world. 

Venezuela's two aluminum smelters, Venalum and Alcasa, were an important part of the 
development the Caroní Ri ver, but unlike the cases of the Tucuruí, Akosombo and Asahan dams, 
these smelters did not provide the sole impetus for building the monumental Guri Dam, the 
world's fourth most massive dam, and its second biggest hydroelectric generator. The energy 
demands that will be made by future aluminum smelters, however, will contribute more directly 
to the development of further dams on the Caroní, such as the Tocoma and Caruachi. 

This section will examine the importance of the Caroní River to Venezuela's overall 
industrial development, the environmental and social impacts of the Guri and Macagua dams, the 
new dams being built on the Caroní, and the present and future state of Venezuela's aluminum 
industry. 

The History of Existing Dams on the CarolÚ River 

ln the early 1950's, engineering feasibilíty studies began on exploiting the hydroelectric 
potential of the Caroní River Basin. ln 1960, the Guayana Economic Development Corporation 
(CVG) was formed to undertake the task, and was incorporated three years later with an initial 
capital outlay of 514 million bolivars. CVG was also charged with developing manufacturing 
industries which would use the power to generate jobs and export commoditíes.! 

The Caroní's potential was first harnessed in 1961 with the completion of Phase I of the 
Macagua Dam: a meager 360 MW of installed capacity out of the Caroní River' s total estimated 
hydroelectric potential of 20,000 MW. Toe Macagua Dam is situated only one kilometer 
upstream of the confluence of the Caroní with the Orinoco Ri ver, where the planned industrial 
city of Ciudad Guayana was founded the sarne year. There was minimal flooding associated 
with the Macagua impoundment due to the steep gorge chosen for the damsite. 

From 1963 to 1968, construction proceeded on the first phase of the much larger Guri 
Dam (2,065 MW), located in the Necuima Canyon 80 kilometers upstream from the Macagua 
Dam. Built in phases, the Guri's artificial reservoir is the seventh largest in the world in terms 
of volume. When Phase I was completed in 1968, it produced 2,065 MW, had a storage capacity 
of 17 cubic kilometers, and flooded about 800 square kilometers of land. ln 1986, the Guri Dam 
was heightened from 216 to 270 meters above sea levei to produce almost 8,000 additional 
megawatts. This phase increased the reservoir's storage capacity more than eíght-fold to 135 
cubic kilometers, and increased the flooded area to over 4,300 square kilometers.2 With a final 
installed capacity of 10,300 MW, the Guri power station is the second greatest electrícity 
generator in the world=surpassed only by the 12,600 MW Itaipu Dam on the border of Brazil 
and Paraguay. 

The Venezuelan government has targeted the power from the Guri and Macagua dams for 
use by a variety of heavy rnanufacturing industries in Ciudad Guyana. These include iron, steel 
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and ferrosilicon mills, the Interalumina alumina refinery, the Venalum and Alcasa alumínum 
smelters, a pulp and paper mill, and other heavy industries. 

QURI ANO MACAGUA DAM STATISTICS 

Dams' rated capacity, start-up dates, etc.: 
Guri 1st stage: 3.006 MW. Project initíated: 1963; generation commenced: 1968; 1st stage completed: 1978. 
Guri 2nd stage: 7,300 MW. Project initíated: 1978; 2nd stage completed: 1986. 
Macagua I: 360 MW. Completed in 1961. Both Guri and Macaguadams are rockfill witb concrete face. 3 
Macagua II: 2,352 MW. Concrete gravity dam. Tocoma: 2,470 MW, and Caruachi: 2,470 MW. Ali three 
dams are under construction. - 
River and Agency: All dams are on tbe Caronf Ri ver; a tributary of tbe Orinoco River in southeastem 
Venezuela. and are operated by the state-owned utility EDELCA. 
Maximum reservoir volume (Guri, phase Il): 135 cubic kílometers. 
Reservoir Area (Guri, phase If): 4,250 square kilometers. 
Number of people relocated: Apv.roximately 3,600. Other effects: general habitat loss. 
Smelter locations, existing capacities: Alcasa I: 225,000 TPY (400,000 planned by 1993); 
Venalum: 456,000 TPY. Both smelters Iocated in Ciudad Guayana, 
Smelter power consu01ption, électricity prices: Alcasa; Approx. 615 MW at full capacity, $0.00654/kWh; 
Venalum: Appx. 700 MW at full capacity, $0.0065/kWh. · 
Percent of dams' ca~acity dedicafed to aluminum smelters: 12.8% of Guri's installed capacity (10,300 
MW); 21.9% of Guri s capacity now in use (6,000 MW). 
Inputs: Alumina for Venalum and Alcasa from nearby Interalumina refinery (1.3 míllion TPY). Bauxite 
from Bauxiven in upper Orinoco (4 million TPY. still under construction). 

10. Ratio of kW produéed to hectares Oooded (Guri Dam): 24.2 

1. 

2. 

3. 
4. 
5. 
6. 

7. 

8. 

9. 

ln 1969, MIT scholars McGinn and Davis wrote of the development ofthe industrial zone 
of Ciudad Guayana as a means of boosting Venezuela' s gross domestic product, "From the 
outset, the goals of the Guayana venture were couched in economic terms. CVG planners 
estimated that a total investment of U.S.$1,762 million would be required during the period 
1963-1975. This would launch the necessary infrastructural services, develop the heavy industry 
Iinkage, exploit the mineral deposits, provide the hydroelectric power and the gas transmission 
lines from the oil fields of eastem Venezuela, and stimulate the medium and light industries that 
would be ancillary to the heavy central industrial base. As a retum on the vast investment 
contemplated, it was envisaged that by 1975 the Guayana development zone would produce 
goods and services valued at $1.5 billion, which would represent more than 9% of the gross 
dornestic product of Venezuela."4 . 

With the exception of oil revenues, much of Venezuela's foreign exchange eamings are 
generated by products manufactured in Ciudad Guyana. Ocean-going ships can trave! up the 
Orinoco River to Ciudad Guayana, which makes intemational transport of aluminum and other 
goods relatively easy. Over 650 kilometers of channels have also been dredged upriver in the 
Orinoco to pennit smaller (though still large) barges to transport bauxite from the Los Pijiguaos 
mine, as well as iron ore and other minerals. 5 

Despite the 1986 expansion of the Guri Dam, industrial needs in Ciudad Guyana 
burgeoned, and plans began for the Macagua II Dam, as well as the Tocoma and Caruachi dams. 
All of these dams are or will be operated by the state-owned utility CVG Electrificaciõn dei 
Caroní C.A. (EDELCA), which in 1990 accounted for 94% of ali the hydroelectric capacity in 
Venezuela, and provided 52% of the natíon's total electric capacíty.s That year, EDELCA sold 
16.5 TWh electricity to 120 large industrial customers ín the Ciudad Guayana area. while only 
four non-industríal customers accounted for a negligible amount of demand. Thís industrial 
demand constituted a whopping 36.8% of Venezuela's total electric demand of 44.8 TWh.7 
Writes EDELCA in an informational brochure, "The largest portion of this power was supplied 
to Sidor, Venalum, Alcasa, Fesilven, Interalumina, and Ferrominera. The energy consumption of 
these industries permits the production of thousands of tonnes of steel, alumina, íron ore, 
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aluminum, and ferrosilicon, marketed in the country and abroad, generating profits and 
contributing to the national economic growth."8 

CVG's past and present efforts at industrial development have been an atternpt to reduce 
the country's almost exclusive reliance on oil exports for foreign exchange. CVG also has a goal 
of substituting hydroelectricity for liquid fuels in various technologies in order to save 
Venezuela's oil for export. ln a public relations brochure, CVG boasts that the Guri Dam 
generates the equivalent of 300,000 barreis of oil per day.? 

Even with all these heavy industries located in nearby Ciudad Guyana, there is surplus 
power; the Guri Dam has an installed capacity of 10,000 MW, but only 6,000 MW are now in 
use. That leaves EDELCA with 4,000 MW of "rotating spare capacity," or capacity that need 
only be connected to the grid to be used.l? CVG does not expect the surplus to last. Its 
aggressive industrial development program includes many more aluminum smelters which will 
provide much of the demand for at least three new dams planned for the Caroní. 

Environmental and Social Effects of the Guri Dam 

Toe environmental and social -effects of the Guri impoundment do not appear to be as 
severe as those found in other reservoirs in tropical areas, such as Tucuruí and Lake Volta. This 
may be due in part to the fact that the region is sparsely populated, and in part dueto the severe 
lack of baseline data for use in comparing the health of ecosystems before and after damming. 

Over 4,200 square kilometers of savanna and forest ecosystems were inundated by the 
two stages of the Guri Dam, in approximately equal areas. During the first phase of the Dam' s 
construction, the forests were only partially cleared for commercially valuable wood. They were 
not cleared at all during the second, more extensive phase. If the Guri reservoir bears a 
resemblance to many other reservoirs in tropical and temperate locations, there are probably still 
many dead trees left along the fluctuating shoreline of the reservoir, which may impede the 
movement of animals. Shoreline erosion has also been reported to be signifi.cant. Toe migration 
and spawning of some fish species has been impeded by the Guri Dam, but this has not been 
reported to have significantly affected native peoples, or commercial fisheries on the Orinoco. 
As in Brazil, animal rescue efforts were undertaken in the first stage of the Guri Dam, but were 
la ter abandoned because of their ex pense and inefficacy .11 

According to CVG scientists writing in the journal Interciencia, no significant 
environmental damage has been created downstream from the Guri Dam, because unlike in the 
Nile delta, the Caroní has no alluvial floodplains on that depend on seasonal flooding for nutrient 
deposit. There are beaches on the Caroní near Ciudad Guayana that have suffered from lack of 
sand deposition, but the impacts have been recreational rather than biological. The endangered 
Orinoco Crocodile and the South American River Turtle do not inhabit the Caronf River.12 
However, there have been reports of possible damage to the endangered Orinoco Turtle as well 
as the indigenous Panare Indians resulting from Bauxiven' s bauxite mining and transport in the 
upper Orinoco Ríver.P 

The populatíon of the entire Caroní Ri ver Basin prior to dammíng was about 15,000, two 
thirds of which was comprised of Pemon Indians who lived ín scattered settlements upstream 
from the Guri Dam. Of this population, only 3,600 people were directly affected by the second 
phase of the Guri Dam. These were primarily indigenous communitíes, and non-indigenous 
miners, farmers, and ranchers. 2,800 of the people were concentrated in seven small villages; the 
rest were dispersed throughout the territory. EDELCA conducted sociological impact studies 
prior to completing the second phase, and offered the affected comrnunities a cash payment to 
relocate where they chose, or resettlement in new communities designed by EDELCA with 
native participation. Two non-indigenous communities and one indigenous community of 440 
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people chose the latter optíon.t+ I was unable to identify literature which spoke of this relocation 
as disastrous, possibly because EDELCA worked with natives for nine years in planning the 
resettlement decisions. According to Glenda Medina of Fundacion de la Defensa de la 
Naturaleza in Venezuela, this success was in marked contrast to the first stage of the Guri's 
construction, wherein two villages were moved without the participation of the affected people.t> 

There were over 100 species of mammals, 35 species of amphibians, 76 species of 
reptiles, 326 bird species, and 580 plant species in the area flooded by the Guri Reservoir. 
According to Medina, the filling of the first stage of the reservoir in 1967 was abrupt, causing 
many animals to drown, but EDELCA allowed the second, larger reservoir to fill over a period of 
three years. They claimed this would give animais the opportunity to níigrate on their own to 
new territory. (EDELCA authorities had decided against major relocation efforts due to the 
considerable expense involved, and the lack of information about the species' habitat 
requirements and the likelihood of success of their resettlcment.P" This extra time to migrate 
does not guarantee, however, the survival of the animais, since their new habitats are likely to be 
overcrowded. 

Some aquatic plant species are typical of the river, and do not adapt to the conditions of 
the inundated reservoir. Fluctuating water leveis devastate aquatic plants through increased wind 
and wave action which push the plants onto new sites where the conditions for their survival are 
not optimal.17 

Known petroglyphs of archaeological importance that were in the impoundment area 
were cut out of the surrounding rock and moved to a museum in Caracas.lê 

The Macagua, Tocoma and Caruachi Dams 

The Macagua II Dam (an expansion at the existing damsite), the Tocoma Dam and the 
Caruachi Dam are being built to harness additional power on the Caroní. Together with the 
Guri, they comprise the Lower Caroní Hydroelectric Complex. EDELCA began planning these 
dams in 1978 to meet the demand it foresaw materializing by the year 1994.l~ When complete, 
the three dams will have 2,980, 2,470, and 2,424 MW of installed capacity, respectively. This 
will create a 20% reserve above the maximum estimated power dernand.ê? Upon completion, the 
total installed capacity on the Caroní will exceed 18,000 MW: almost twice the current installed 
capacity on Quebec's La Grande River. 

According to the Califomia-based contractors for the Macagua II dam and power station, 
"Toe Macagua II Hydroelectric Project is being built in answer to the power needs of the 
burgeoning aluminum industry in Ciudad Guayana. Local power needs are expected to exceed 
current generation capacity by 1994."21 Toe project consists of a main dam almost three 
kilometers long, three powerhouses generating a total of almost 2,400 MW, a spillway retuming 
some water to the spectacular falis downstream, anda six-lane highway linking the cities of San 
Felix and Puerto Ordaz.22 It is scheduled to be completed in 1994.23 

The Caruachi Dam will be located 22 kilometers upstream of Macagua II, and will flood 
238 square kilometers. lt is scheduled to be completed in the year 2003. The Tocoma Dam will 
be about 40 kilometers upstream of the Caruachi. Because the Tocoma and Caruachi reservoirs 
will be shallower than the Guri reservoir, there is a chance that aquatic weeds will proliferate on 
their surfaces, possibly leading to eutrophication of the reservoír.>' Together with the Guri, the 
four reservoirs will forma staircase chain of lakes well over 100 kilometers long, with no natural 
riverbed left intact between them.25 
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Venezuela's Existing Aluminum Capacity: An Integrated Industry 

As presently structured, Venezuela's vertically-integrated aluminum industry is 
dominated by state-run firms. The natíon's 680,000 TPY smelting capacity is divided between 
two companies: Industria Venezolana de Aluminio C.A., or Venalum, and Alumínio del Caroní 
S.A., or Alcasa 1. Venalum and Alcasa both operate smelters in the sprawling industrial city of 
Ciudad Guayana. The 456,000 tonne Venalum plant has been in operation since 1978, and is 
19% owned by CVG, 61 % owned by Fondo de Inversiones de Venezuela, and 20% owned by 
the Japanese companies Sumitomo Aluminum Smelting, Showa Aluminum Industries, Kobe 
Steel, Mitsubíshi Metal Corp., and the Marubeni Corp. The 225,000 tonne Alcasa smelter, 
which has operated since 1967, is 85% government-owned, and 8% owned by Reynolds. 

During recent years, Alcasa and Venalum have not been producing at full capacity. ln 
1986, the country exported 83% of its total of 421,000 tonnes of aluminum ingot and mill 
products.ê" ln 1988, Venezuela produced 450,819 tonnes of aluminum, of which 270,000 
tonnes were exported, primarily to Japan.ê? · 

Venezuela's sole alumina refinery, lnteramericana de Alumina C.A., or Interalumina, 
supplies both Venalum and Alcasa. ln 1988, lnteralumina produced 1.3 million tonnes of 
alumina, about 300,000 tonnes of which were exported. 28 During recent years, the plant has 
been supplied with some of its bauxite by the state-run CVG Bauxita Venezolana (Bauxiven) 
Los Pijiguaos mine, located 500 kilometers south of Caracas along the upper Orinoco River. 
The open-pit mine. which sits atop a mountain 600 meters above sea levei and has an estimated 
4-5 billion tonnes of bauxite reserves, is still under construction. Bauxiven produced 700,000 
tonnes of bauxite in 1988.29 When its expansion is complete, it will be able to supply 
lnteralumina with 4 million tonnes of bauxite a year, thereby completely relieving lnteralumina 
of expensive imports. 30 

CVG has a goal of doubling the country's bauxite and alumina production, and ultimately 
achieving over 2 million tonnes of aluminum smelting capacity. The corporation is reportedly 
investing $195 million on the Los Pijiguaos mine as part of a $460 million expansion drive. Toe 
mine is expected to ultimately produce 8 million tonnes of bauxite by the late 1990's.31 Whether 
this program of rapid expansion is carried out may depend on how many new aluminum smelters 
are sited in Venezuela, and on international demand for bauxite. 

Will Low Electricity Costs Bring New Smelters to Venezuela? 

According to most industry observers, the Caroní's vast hydroelectric potential, in 
combination with favorable governmental policies, cheap labor, local bauxite, and accessible 
shipping have Venezuela poised to be the next hot area for new smelters to locate. The Dooyang 
Corporation, a partner in a future smelter in Venezuela, claims the nation is attractive because its 
per tonne smelting costs are about $794. as compared to $838 per tonne in Australia, $860 in 
Canada, and $926 in Brazil. 32 ln hopes of cashing in on this cost advantage, the Venezuelan 
government announced in 1989 seven projects that would raise the couni:r s aluminum 
production to two million tonnes by the year 2000--a 1.6 million tonne increase.ê At least five 
other project proposals have been put forward unofficially by producers and investors. 

ln the late 1980's, however, numerous allegations of corruption in Venezuela's state-run 
aluminum industry surfaced, which challenged the legitimacy of Venezuela's advantage in a free 
market system. Toe allegations involved "irregular deals with suppliers, overpriced imports, and 
charged commissions," as well as extensive subsidies to the national firms Alcasa and Venalum 
through underpriced energy. ln 1988, the conservative Wall Street Journal summarized 
allegations that the Venezuelan government was subsidizing aluminum production, 
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"According to A/casa, which attributes its figures to Shearson Lehman Hutton Inc. and Chase 
Econometrics, Venezuela produced aluminum ata cost o/ only 40t a pound [88tlkg}, well below ... the U.S. 
cost o/ 52t a pound. Onty Canada and Australia make the metal at a lower cost. But only Canada beats 
venezuela's energy cost of $6.21 per [thousand] kilowatt-hours. The U.S. industry, in comparison, pays 
$21.53 for the same unit d/ energy. . .. Nonetheless, some anaiysts are publicly raising quesuons about the 
amount of subsidies the sector actually receives to make it competuive in world markets. They say the 
official cost structure is illusory, and that the aluminum gets 'subsidizeâ at almost every stage of the 
production process, from underpriced energy used in the smelters to export rebates after the ingots are 
shipped .... Other economists say that if the state electricity company, EDELCA, whicii supplies Yenalum 
anâ A/casa, charged them the real cost of its energy, Yenezuelan aluminum would have an energy cost 
advantage equivalem to only 3% ofthe current world market price. 'The apparent profits generated by the 
aluminum industry reflect the distortions arising from subsidies on etectricity, on the cosi of capital and for 
exports, in addiiion to other exchange distortions,' wrote economists Ana Julia Jatar and Ricardo 
Hausmann. recently .•. 34 

Despite the domestic political challenges and the intemational financial obstacles that 
have dogged the potentially huge industry over the last several years, CVG executives are 
confident that the future is bright for Venezuelan aluminum. They have considered smelter 
proposals from a wide variety of consortia from every comer of the world, many of which have 
progressed as far as the initial funding stages. At least six of the twelve projects which have 
been reported in the trade press have died for various reasons. These are Alamsa, Alusur, 
Aldanca, Aluguay, Vexxal, and Megaluminio. As Table 1 on the following page indicates, there 
are now five or six projects that are have received approval to proceed from the Venezuelan 
govemment. They are: 

• Quintametall, a 215,000 tonne, $1 billion project whose partners include Alcasa, Korea's 
Lucky Goldstar, Venezuela's Mercantil Group, Pechiney, anda partner still un-named; 

• Alcoven, a $1.2 billion, 150,000 TPY project spearheaded by Alcoa and Sural, the Venezuelan 
rod and wire producer; 

• Orinoco Aluminum, a 239,000 TPY, $995 million smelter whose investment is headed by the 
Korean Dooyang Corporation (80% shareholder) and Kaiser, who will provide the technology 
and management.ê> . 

• Reymit, a $1 billion, 197,000 TPY plant which is a 50/50 joint venture between Reynolds and 
Mitsubishi, and may include expansions at the Alcasa smelter; and 

• Aluyana, a $1.4 billion, 215,000 TPY smelter whose shareholders will be Diego Cisneros, a 
private Venezuelan corporation, other Venezuelan investors, CVG, and three Italian finns. 

All five projects are at the stage where engineering development is proceeding and the 
financial details are being worked out with the help of intemational banks. lt remains to be seen, 
however, which of these projects will actually be cornpleted. Toe ground has also been leveled 
on a sixth project, a $1 billion, 230,000 smelter proposed by Alisa, a Venezuelan consortium that 
would use Pechiney technology. According to John Cook, the Orinoco Project Manager for the 
Kaiser Aluminum and Chemical Corporation, few of these "aclive" projects are going ahead full 
steam because world aluminum prices are as low as they have been in over a decade. 

Plans for the 450 MW Orinoco smelter are proceeding, Cook said, "on a low burner," 
including land acquisition, power contract negotiation with EDELCA, equipment design and the 
securing of alumina supplies. The metal produced by Orinoco would be exported to other Latin 
American countries, the Unit.ed States, and South Korea, which has no domestic suppliers.ê? 

Venalum and Alcasa are in the bottom 5% of worldwide aluminum industry power costs. 
Cook was not optimistic about any smelter's chance of securing a contract as favorable as those 
now enjoyed by Alcasa and Venalum, which include rates between 6.5 and 9 mills/kWh. 
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Table 1. Current and Proposed Smeltcrs in Venezuela 

- - --,. ·---1 

(E= exis1ing facility; P = planned, O= prevlously plsnned but now dead.) 

Smelter Name, Parenl Company 
and major dtareholders Smelter LocaUon 

Capaclty Megawalls 
(TPY) (Approximate) 

(al full c.apaciJy) 

1 

Source oC Electrlcily 

Industria Venezolana de Aluminio C.A. (E) 
(VENALUM)CVG; Japanese iavestors 20%. 

Aluminio del Caroni S.A. (ALCASA 1) (E) 
85% Govt., 15% Reynolds 

Alumioio dei Caroni S.A. (ALCASA II) (P) 
Áustria Metall 60%, Govemment 34%, Reynolds 6%. 
Start-up was originally planned for 1993. 

Aleaciones Llgeras Alisa S.A. (ALISA) (P) CVG (gov't 
owned) 30%, lnversiones Rípesa 70%. (a) 

5 Aluyana (P) Organisation Diego Císneros (pvt Venezuelan 
co .• 3 ltalian cos, incl. ltalimpiantiffechini, CVG. 
Start-up uacenaia, 

2 

J 

4 

6 Orinoco Aluminum C.A. (P) Korean Dooyang Corp, 
80%, Kaiser (Max.xam) 10%. Start-up uecertain, 

7 Qu.intamelall (P) Alcasa, L.ucky Goldstar (Korea), 
Mercantil Group (Venezuela), Pecbiney, others. 
Start-up uncertaio. 

8 Alcoven (P) Akoe, Sural. Start-up uncenain. 

9 Reymít (P) Reynolds 50%, Mitsubishi 50%. 
Stan-up uncertain. 

10 Aluminio Alam S.A. (ALAMSA) (D) 
CVG 30%, Austrian govt, 40%, Pechiney 30%. 

11 Aluminio de Guyana (ALUGUA Y) (D) 
Alcasa, Alusuisse, Alumax. 

12 Aluminios de Angostara (ALDANCA) (D) 
Organisation Diego Cisneros 36%, Clarendon 36%, 
Venezuelan gov't 18%, Reynolds 10%. (b) 

13 ALUSUR (D) 
40% Sural CA, 20% CVG, 40% Alcoa 

14 Megaluminio (D) 
Japanese investots 35%, CVG 20%, South Korea 45% 

IS VEXXAL (D) 

Puerto Ordaz, Bolivar 

Ciudad Guayana 
Sole alumina refinery is here. 

Ciudad Guayana 
some sources say 

Puerto Ord az, Bolivar 

Pueno Ordaz, Bolivar 

Puerto Ordaz, Bolivar 

Ciudad Guayana 

Ciudad Guayana 

Ciudad Guayana 

Puerto Ordaz, Bolivar 

Ciudad Guayana 

Cíudad Guayana 

Ciudad Guayana 

Pueno Ordaz, BoJivar 

Puerto Ordaz, Bolivar 

Total Venezuelan capaclty (approxlmate) lf ali planned projects (P) are censtruetedr 

456,000 

225,000 
400,000 

195,000 
235,000 

120,000 

215,000 

240,000 

215,000 

150,000 

197,000 

200,000 

180,000 

190,ôoo 

300,000 

550,000 

230,000 

2,208,000 

700 

615 

300 
360 

190 

330 

370 

330 

230 

300 

310 

280 

290 

460 

850 

350 

2,780 

Hydro: Guri and Macagua dams on 
Caroní Ríver (10,300 MW). Operate, 
by EDELCA (govemment). 

Guri and Macagua dams. (Expansion 
planned to400,000 TPY by 1993. 

All energy for proposed smelters 
would come from new dams on 
lhe Caroní River: Macagua II 
\.l,'!lõU M w J, Lruuacru \~ ••• " •• IVI w J, 
and Tocoma (2,470 MW). 

Electríc C~1 
(US$'kWh) 

0.0065 to 
0.009 

0.00654 to 
0.009 

See Table 2 in text, 

Sources: (a) Mioing Joumal 1127/89 p. 75. (b) Mining Jouma) 4120/90 p. 313. Otber sources: Ptrsonal c«omunication wiUi John Cook, Kai3er Aluminwn and Oiemical Corp., Oakland, CA, OcrobeJ 1992; "Prim.uy Aluminum Smelters 
IJld Produccr, of lhe ~orld. Alwnin.ium.V c:rla.g GmbH, ~1111eldorf, 1991: "Primazy Aluminum Plants Worldwide." Bureau oí Mines, US Depr. of the Interior, W ashi1lg1on, DC. 1991; TI1e Soulh Pacific Mail, Oetober 1991; Far Easrcm 



However, the Orinoco Project is hoping to secure a competitive power rate in the bottom end of 
world costs. 

EDELCA has announced that it will proceed with concurrent negotiations with different 
parties, but in an effort to reduce competition among them, the utility has stated that the resulting 
contracts will be comparable in every respect.ê? 

The Structure of Future Electricity Contracts 

According to a draft "boilerplate" contract prepared by EDELCA. there are three very 
low rates available to aluminum smelters who will begin production prior to 1997. They are 7.6 
mills/kWh for plants starting up before December 31, 1993, 9.0 mills for start-ups from then 
until the end of 1994, and 10 mills for start-up during the calendar years 1995 and 1996. 

From then on, there is a formula for computing the electric rate to be used by·all smelters 
irrespective of their start date. The formula ties the electric rate to a three-month average of the 
price of aluminum published by lhe London Metal Exchange. Toe rates are calculated thus: 

Price of electricity (in US$/k.Wh) = P * Price of aluminum on LME <US$/tonne) 
13,500 kWh/tonne 

The percentage "P" increases every few years as indicated below; 13,500 kWh is the base 
amount of electricity determined for smelting one tonne of aluminum. ln each period, there is 
also a rate floor, as Table 2 indicates. 

Table- 2. Electricity CostStructure for New Start-ups 

Rate floor 
P~~ _ {US mills/kWh) Time i;,eriod 

From January 1, 1997 to December 31, 2001 
From January 1, 2002 to December 31, 2006 
From January 1, 2007 to December 31. 2011 
From January 1, 2012 to December 31, 2016 
From January i, 2017 to December 31, 2021 

.10 10 

.11 11 

.14 14 

.15 15 

.15 15 

Source: "Electric Service Agreement between C.V.G.-Electrificacion del Caroní and Toe Client," Provided by John Cook, Project 
Manaaer for Kaiser Alumioum and Cbemical Corporation, 

A simple calculation will show that aluminum companies who start up during the second 
períod, for example, will pay 11 % of the LME price of aluminum for their electricity as long as 
the LME price of aluminum remains above $1,350/metric ton.38 When lhe LME price falis 
below $1.350/tonne, they will pay the floor price of 11 mills. When the market is good--for 
example, if the LME price is US$0.85/pound ($1873.91/tonne)--the smelters would pay 15.26 
mills/kWh. When the market is very bad, say lhe LME price is $0.45/lb ($992.07/tonne), the 
companies would pay the floor price of 11 mills/k:Wh even though the formula yields a price of 
8.08 mills/k.Wh. This formula and floor price schedule is designed to assure EDELCA a 
minimum revenue stream in times of poor aluminum markets, while providing the aluminum 
producers a very low rate compared to the rest of the world, as long as markets are fair or good. 

Like others of its kind, this contract is designed to protect EDELCA in other ways as 
well. Through a •• minimum annual charge" clause, the contract requires the aluminum company 
to pay EDELCA at least 75% of the costs for the smelter's estimated annual consumption, 
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regardless of production leveis. Toe estimated annual consumption is determined prior to start 
up, and is based on the operating size of plant and the baseline efficiency of 13,500 kWh/tonne. 
The "take or pay" agreement allows EDELCA to guard against the srnelter shutting potlines 
down and starting them up again unpredictably. Under the contract, accidents are excluded from 
the minimum charge provision, and small fluctuations in energy consumption are allowed for the 
improvement or deterioration of cell efficiency. 

How Many of these Smelters Will Actually be Built? 

The Venezuelan govemment has taken severa! steps to bolster the potential of future 
aluminum projects. These include the replacement of political appointees with career industry 
executives in Alcasa and Venalum, and the reduction of CVG involvement in new smelter 
proposals, under the theory that the private sector is more successful than govemment in 
industrial ventures. Last year, the Venezuelan Congress also reduced the corporate tax rate from 
50% to 30% to encourage ínvestment.ê? 

· Despite these measures, industry expert Anthony Bird believes that most of the 
Venezuelan smelter proposals are not expected to come to fruition because Venezuela has had 
trouble with securing loans from its banks.40 John Cook was less pessimistic. "Venezuela is the 
next area in the world where investments will be made in the aluminum industry due to the 
competitive advantages in the country," he saíd, "such as the availability of abundant electricity 
at an attractive r.ate, the availability of labor at competitive rates, an established infrastructure 
that will support industrial expansion, and a relatively good location for access to the major 
markets in the world. At some time within the next ten years, two, three--maybe five--of these 
projects will go. We just need the world aluminum price to be right." 'Right' means 751/, a 
pound for a while, he said. 

"Toe other factor that has an impact is the political stability of the country. President 
Perez has adopted a policy of privatization in an attempt to get control on the country' s huge debt 
situation. This action has generated some violent unrest within the country." Noting the two 
attempted coups this year, he explained that not everyone has "bought into" these policies, and 
that the situation is unstable at the moment. Cook added that Venezuela is no more unstable than 
several other countries with tremendous spare power capacity that are earmarked as potential 
sites for aluminum industry expansion, such as Mozambique and Angola.s! 

1 "Gurí 1963-1986. Hydroelectric Plante-Raul Leoni< Guri Final Stage." CVG EDELCA, Caraças, 1989. 
2 Morales, Luis Castro, and Stefan Gorzula, "Toe Interrelatíons of lhe Caroní River Basin Ecosystems and 
Hydroelectric Power Projects." Interciencia, Vol. 11 No. 6, Nov.-Dec. 1986. p. 272. 
3 "Guri 1963-1986." supra. 
4 McGinn, Noel F. and Russell G. Davis. "Build a mill, build a cítv, build a school; industrialization, urbanization, 
and education in Ciudad Guayana." Cambridge, M.I.T. Press, 1969. 
5 Branch, Hilary. "Rolling on lhe River in Venezuela." Américas, May-June, 1988. 
6 "Quality and Cost of Public Services: Electricity and Water," Paper delivered by Francisco G. Aguerrevere, 
President of C.A. Electricidad de Caracas, SAICA-SACA at the Harvard University Nomos Program, Nomos VII 
Seminar on Venez:uelan Macro Policies and Micro Management in the Developmera Process. October 12-14, 1991. 
7 "Quality and Cost of Public Services." supra. 
8 "Guri 1963-1986." supra. 
9 "Guri 1963-1986." supra. · 
10 Personal communication with John Cook, Project Manager for Kaiser Aluminum and Chemical Corporatíon, 
Oakland+ Calífornia, October 2, 1992. 
11 Morales, Luis Castro, supra. 
12 Morales, Luís Castro, supra. 
13 "Draft Letter to Inter-American Development Bank Concerning Venezuelan Bauxite Mine Project." Stewart 
Hudson, National Wildlife Federation, Washington, D.C., August 13, 1988; and "Bauxite Strikes Again." Survival 
lntemational News, No. 6, 1984. 
14 Morales, Luis Castro, supra. 
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is Personal communication witb Glenda Medina. Fundacion de la Defensa de la Naturaleza, Caracas, Venezuela, 
October, 1992. 
16 Alvarez, Eduardo et ai. "Aspectos Ecológicos dei Embalse Guri." Interciencia , Vol. 11 No. 6, Nov -Dec. 1986. p. 
331. 
17 Alvarez, Eduardo et ai. supra. 
18 Morales, Luis Castro, supra. 
19 Alvarez, Eduardo et al. supra. p. 334. 
20 "Energia." CVG Electrificacíon dei Caroní C.A. EDELCA, Caracas, April, 1991. p. 25. 
21 "Macagua II Project." Personal correspondenee from Guy F. Atkinson Constructíon Company, South San 
Francisco. CA, Oct. 2, 1992. 
22 Alvarez, Eduardo et ai. supra. p. 334. 
23 "Macagua II Project." supra. 
24 Morales, Luis Castro, supra. 
25 Alvarez, Eduardo et ai. supra, p. 335. 
26 Aluminum Statistical Review for 1990, The Aluminum Association, Washington, D.C., 1991. 
27 "Venezuelan loan." The Minlng Joumal , Vol. 312 No. 8007. Feb. 17, 1989, London. p. 122 
28 "Venezuelan loan." supra. · 
29 "Market news." The Mining Journal, Vol. 312 No. 8003. Jan. 20, 1989, London. p. 55 
30 "Venezuela Pushes Work on Pijiguaos Mine." Energy and Mining Journal. April 1986; John Cook, supra. 
31 "Market news." supra. 
32 Clífford, Marte. "Up the Orinoco." Far Bastem Economic Review. Sept. 5, 1991, p. 60. 
33 "Noranda to head Aysen: US$1.2bn aluminum rush." The South Pacific Mail, October 1991, Santiago. Chile. 
34 "Venezuela's Bid to be Aluminum Giant lmperiled by Issues of Cost, Corruptíon." The Wall Street Journal, 
MondaX,, August 29, 1988. p. 7 A. Other publications bave made somewbat different financial comparisons. ln bis 
article 'New Player in Aluminum" (Forbes, Feb. 8, 1988), James Cook guotes London analyst Anthony Bird as 
stating that Venezuela's production costs are 36!t a pound, while Austrália and Canada's are each 44i/pound, and 
U.S. and Brazilian costs are 58!t and 50i respectively. 
35 Kaiser will also receive 10% of the ingot produced. 
36 Cüfford, Marte. supra. 
37 Personal eommunication with John Cook, supra. 
38 Toe figure of $1,350/tonne roughly corresponds to a price of$0.61/pound, a figure seen as reasonable by the 
aluminum industry. According to John Cook, it is not related to lhe figure of 13,500 kWb/tonne aluminum 
produced; the numbers are similar by coincidence. Toe latter number is lhe is lhe energy efficiency factor quoted by 
Aluminum Pechiney in their AP-280 cell, lhe mostmodern cell whose efficiency corresponds with the latest cell 
technology of other producers. . 
39 "Venezuela Aims to be World Power in Aluminum Smelting." Author, date and publication unknown; article 
~róvided by John Cook of Kaiser. 
o "Aluminum prices restrain demand." The Mining Joumal , Vol. 312 No. 8004. Jan. 27, 1989, London. p. 73. 

41 Personal communication witb John Cook, supra. 
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Chapter 12 

Southern Chile: Ripe for Exploitation by Foreign Aluminum Interests 

r-- 

Unlike the other cases examined in this report, Chile had no existing aluminum smelters 
in 1992. If severa! multinational aluminum companies and the Chilean state electric utility get 
their way, however, the country's undeveloped, isolated southem region could become host to as 
many as three new aluminum smelters. These projects have the potential to damage wildlife, a 
valuable salmon fishery, and the local economy. While the prospect of cheap electricity from 
two free-flowing rivers anda tidal zone has motivated foreign investment in the Puerto Aysén 
and Punta Arenas areas, fears of negative environmental and social impacts have generated some 
local opposition to the projects. 

The rnost advanced of the three projects is a proposed dam and smelter project in the 
Fjord Aysén; two others are still on the drawing boards, including a smelter which would use 
hydroelectric energy from the Baker and Pascua rivers, and another which would hamess tidal 
power near the Magellan Straits. 

Imported Alumina, Cheap Local Electricity, Exported Aluminum 

The prospect of cheap hydroelectric energy has lured the aluminum industry to southern 
Chile. With annual rainfall a prodigious seven meters, the Aysén region abounds with 
spectacular fjords which are fed by free-flowing rivers, among them the Cuervo. An estimated 
80% of Chile's hydroelectric potential is in this region--and most is untapped. Toe larger of the 
two power plants on the Cuervo (320 MW) will be located twelve kilometers upstream from the 
smelter in a gorge at Lake Yulton--an inaccessible, unpopulated area.! A smaller 45 MW plant 
would be located at the Cuervo's mouth.ê Toe Aysén smelter is intended to be one of the six 
lowest cost smelters in the world, with energy costs under US$0.01/k:Wh, well below the average 
range of 2.3-2.5tlk:Wh worldwide.ê 

The relative proximity of Patagonia to Australia (in shipping terms) is also an incentive 
for siting a smelter in Aysén. Unfortunately, benefits to the local economy are likely to be 
limited. Alumina and other inputs would be imported from Australia, while finished aluminum 
would be exported to Japan, Europe and the United States+ As major aluminum importers, the 
Japanese will reportedly provide the up-front cash needed to help finance the project in exchange 
for future production. 

The Smelter Proposals 

The sparsely populated town of Puerto Aysén is in Region XI in Patagonia, over 1000 
miles south of Santiago and just north of the Antarctic Circle. Toe proposed US$3 billion Aysén 
Project (Proyectos Aysén) has been hailed as the "largest single industrial investment in Chile." 
At a capital cost of US$500 million, two privately-owned hydroelectric plants would be built on 
the undammed Cuervo River, with a combined installed capacity of 360 MW. The electricity 
generated would be transmitted to a $1.5 billion, 230,000-tonne primary aluminum smelter. Toe 
project also includes a $750 million alumina refinery, a large port facility, and twenty-two 
kilometers of roads. 

- The Aysén Project is spearheaded by Noranda Inc., a Quebec mining and forestry 
conglomerate. Alumysa, a subsidiary of Proyectos Aysén, will head the construction effort, with 
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the cooperation of Kaiser Engineers International, the Bechtel Corporation, and the US$2.5 
billion Chilean electric utility Endesa. Toe U.S. Trade Development Agency in the Department 
of Commerce footed Kaiser's $1 million bill for a project feasibility study, Construction was 
scheduled to begin in the fali of 1992.s 

Endesa owns other water rights in Aysén, and is considering damming the Baker and 
Pascua Rivers for aluminum production as well. According to the South Pacific Mail, "For 
Endesa, it's aluminum or nothing, as there's no point in even thinking of another power plant 
there ... because the Baker is nearly 500 miles south of rain-drenched Puerto Montt, and 650 miles 
from Santiago."6 As of late 1992, the project was not well-formulated or publicized. 

Feared Environmental Damage Prompts Local Opposition 

A range of possible environmental and social damages have generated strong local 
opposition to the Aysén Project. Project foes fear the impacts of the smelter, a large port, an 
airport and roads in what is now a virtually pristine area. These impacts include the intrusion of 
other economic enterprises to the remote region, such as cattle and forestry, 7 Opponents also 
contend that relative to the amount of capital being spent on the project, little local employment 
will be created: 3,500 temporary construction jobs, and only 1,500 permanent jobs. Some 
activists worry that a projected doubling of the local population within ten years following the 
project' s inception will intensify the environmental and social effects of the project, including 
increased alcoholism and crime, the sewage and solid waste burden, automotive and fuel use and 
their associated emissions, and the necessity of building homes and roads on delicate swamps, 
floodplains, and agricultura! lands. s 

ln addition to these pressures, environmental impacts may include the release of airbome 
fluoride emissions from aluminum production, which can later be deposited ín the local waters. 
This has worried many residents of Puerto Aysén, whose economy thrives on one of the world's 
best Coho salmon fisheries, taking advantage of the cold clear waters to produce 4,500 tonnes of 
salmon annually for export to Japan. With an eye toward the negative effects of aluminum 
production on salmon in the Pacific Northwestem United States, the Aysén salmon farmers 
cooperative (COSA) is worried that fluoride emissions from aluminum smelting will harm their 
fisheries. "Data obtained from Alcan in British Columbia shows that a plant producing 205,000 
tonnes per year, similar to the Proyectos' affair, should emit 444 tonnes of fluoride to the 
atmosphere annually." Since the dam itself may block access to spawning grounds upriver in 
the Cuervo, some salmon may be further adversely affected. 

Direct contamination of the waters may also result from alumina spillage during 
unloading at port. "Alumínio Argentino (Aluar) loses 0.5%, or 1,500 TPY, of its alumina this 
way. As a result the seabed beneath the docks is covered with inert material and marine life has 
disappeared."? Fishermen fear that the enclosed nature of the Aysén fjords will trap any 
pollutants in inland waterways. Since modem aluminum plants are equipped with far better 
pollution controls than the plants used in these comparisons, some local fears may be unfouned, 
but the possibility of poor smelter operation or accidents still exists. 

The Chilean environmental group CODEFF reports that the Aysén Project has been 
approved without an environmental impact study or disclosure of management and financing.l? 

The Future of Aluminum in Chile 

The use of conventional hydroelectricity to power aluminum smelters in Chile is only the 
beginning. Comalco Aluminum of Melbourne, Australia is also investigating a $US800 million 
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smelter in the southerly Straits of Magellan region, which would rely on electric generation using 
the enormous tidal surges near Punta Arenas. Toe smelter is at least three to five years away 
from construction. The fluctuating interface between ocean and shore, tidal areas are extremely 
productive ecosystems, hosting mollusks, arthropods, fish, and a variety of marine plants, 
animais and birds. Tidal plants harness energy by impounding water at high tide, holding it 
behind a barrier for severa! hours, and releasing the water through turbines at low tide- 
effectively eliminating the natural flux of water over the broad tidal zone. This action usually 
has devastating eff ects on local marine life. 

Any smelters that will be built in the near fature will seek out the most inexpensive 
electricity available worldwide. Although it is highly likely that new electricity sources in 
southern Chile would be very cheap, these sources may have a hard time competing with 
electricity generated on Venezuela's Caroní River. It is possible that because Venezuela's 
aluminum infrastructure is already well-developed, and because its govemment has shown itself 
to be amenable to the industry by offering low electricity prices, that Venezuela may win out 
over Chile in the short term. Even if these three Chilean smelter projects fail in the coming 
years, it is only a matter of time before southern Chile's untapped hydroelectric potential again 
appears as an attractive replacement for aging, fossil-fuel based smelters in Europe and the 
United States. - 

1 "Noranda to head Aysen ... " supra. According to the Chile Economic Repon, supra, the plant will be on Lake 
Meullin. 
2 "Aysén to be Site of Major Investment." supra. · 
3 "Primary Aluminum Smelters and Producers of the World." Aluminum-Verlag GmbH Düsseldorf, 1991; "Aysén 
to be Site of Major Investment," Chile Economic Report, December 1990. 
4 "Noranda to head Aysen ... " supra. 
5 "Noranda to head Aysen: US$1.2 billion aluminum rush." The South Pacific Mail, October 1991, Santiago, Chile. 
6 "Noranda to head Aysen ... " supra. 
7 Private communicatíon, Peter Hartman, CODEFF IX Region, Coyhaique, Chile, 1992. 
8 "Open Letter to the Public," CODEFF Coyhaique-Aysen, Miembro De Renace, December, 1991. 
9 "Noranda to bead Aysen ... " supra. 
10 "Open Letter to the Public." supra. 
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Chapter 13 

How Can the Demand for Primary Aluminum be Reduced? 

Introduction 

Until now, this report has taken a historical approach in documenting the social and 
environmental damages that have resulted from linked dam and smelter projects, and the subsidies 
that smelters have enjoyed in various countries. A future-oriented approach is now needed to deal 
with potential dams, as well as with the other environmental effects associated with aluminum 
production. 

This chapter raises questions that might serve as useful starting points for future research. 
It begins with a discussion of projected aluminum demand over the long term, and then offers 
suggestions of what can be done to decrease demand growth, including increased recycling, the 
substitution of other materiais for aluminum in various applications, the remova! of subsidies, the 
incorporation of externalities into the price of aluminum, and public education. 

It also proposes goals of reduced population growth, reduced overall material 
consumption, and equitable resource distribution. The reader should keep in mind_ that this chapter 
is written by an environmentalist in an industrialized nation, and that this analysis may reflect a 
northem perspective. 

Assessing World Aluminum Demand in the Early 21st Century 

Although hydropower is frequently touted as a renewable resource, wild rivers themselves 
-like old growth forests and wetlands--cannot be restored easily after they are damaged. Once a 
free-flowing river is dammed, certain attríbutes of that river may be lost forever, including water 
quality: free access by fish, animais and small boats: and the stability of riparian habitat 

The environmental community should be asking itself how many wild rivers will be 
threatened by aluminum smelters in the future, if current trends in demand growth continue? ln 
answering this question, it is necessary to look beyond the known smelter proposals that are 
expected to take shape during the next decade, because these depend on current economic 
conditions. ln twenty years, overall economic conditions may be much better than they are today. 
If aluminum markets are very strong then, unforeseen smelter proposals or those that are now 
perceived as infeasible, may come to fruition. As aging and inefficient smelters are taken out of 
production, new dams will increasingly be called upon to power new smelters built to replace 
them. Hydro's future role will be reinforced as electricity generated from fossil fuels becomes 
prohibitively expensive for large industries, due to projected increases in fossil fuel príces, coupled 
with an inevitable tightening of global air emissions standards. 

It is difficult for academics and activists to foresee the levei of demand far into the future, 
because long-term forecasts conducted by and for the aluminum industry are usually proprietary, 
and because the projections discussed publicly tend to be short-term in nature. For example, in a 
1990 article in the Mining Journal, European Aluminum Association president Jochen Schirner 
predicted that the demand for aluminum should increase steadily through the 1990's due to 
increased applications in automobiles, packaging, and construction materials; he did not even make 
an educated guess beyond the five-year horizon. l This short-term view was echoed in a 1992 
special aluminum section in London's Financial Times, wherein Reynolds Metais Vice-President 
Harry Helton speculated that 13 new $1 billion smelters would be needed by 2002 if industry is to 
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meet projected demand growth. He predicted that aluminum demand would far outstrip supply as 
early as the mid-1990's, as aging smelters are shut down while a depressed global economy 
prevents new ones from openírig.ê More research is needed to assess how realistic these 
projections are. to determine what demand might be 20 and 30 years herice, and to examine 
potential locations for new smelters, beyond the possibilities identified in this report. 

Before members of the environmental community undertake any serious campaigns aimed 
at reducing future primary aluminum dernand, it will be useful for them to understand the driving 
forces of this predicted demand growth. Three primary factors are: 

• Increased per capita consumption In developing countries, as they adopt a 
standard of living that is comparable to that enjoyed in industrialized nations. For example, more 
buildings and bridges containing aluminum may be built in Africa, South Arnerica, Asia, China, 
and the CIS. Joumalists report daily that corporations are drooling at the limitless opportunities to 
introduce beverage cans and other consumer goods into these "virgin" markets. 

- 
- 
- 
- 

• New uses in industrialized nations, such as the rising quantity of aluminum in cars, 
and new packaging applications. If this segment of demand is found to be significant, then further 
questíons may be raised--namely, does consumer preference drive aluminum demand, or are new 
markets and products created by abundant. cheap supplies of aluminum? 

- 
• Sheer population growth will drive aluminum demand up, whether per capita 
consumption rates increase, remain constant, or decline slightly. 

While demand growth will certainly stem from a combination of these factors, more 
research is needed to determine their relative importance. Aggressive actions to forestall primary 
aluminum demand growth are likely to be politically controversial, economically difficult, and 
technologically challenging. Some options are reviewed below. 

- 
- 
- 

Material Substitutions - 
Sornetimes aluminum is the best--or the only=rnateríal that can be used in a given 

application; jetliners are one example. Sometimes it is one of several materiais that deliver a 
roughly equal performance. Light buildíng materiais and durable goods, such as window frames 
and patio f urniture, might also be constructed out of wood, composites, recycled steel, and 
recycled plastic. Vinyl siding could replace aluminum sidíng on houses. According to a 
publication of the U.S. Bureau of Mines, "Copper can replace aluminum in electrical applications; 
and magnesíum, títanium, and steel can substitute for aluminum in for structural and ground 
transportation uses. Composites, wood, and steel can substitute for aluminum in construction. 
Glass, plastics, paper and steel can substitute for aluminum in packagíng.t'ê 

Very good "cradle-to-grave" studies need to be done on the comparative environmental and 
social costs of delivering given goods and services with various materiais. Several of these life 
cycle analyses (LCAs) have already taken place=primarily as applied to beverage containers and 
diapers=but lhe field needs to be pursued and expanded to other applications, such as vehicles, 
machinery, electrical equipment, building materials, appliances, etc. 

Toe studies will prompt further questions, especially regarding the environmental tradeoffs 
of using aluminum for new applications. For instance, if the average aluminum content in a 
European passenger automobile climbs from 50 to 80 kilograms, as the industry predícts, then the 
European demand for aluminum will íncrease by one large smelter (in the 300,000 TPY range).4 If 
this trend is repeated worldwide, several new smelters may be needed, some of which will 
probably cause free-flowing rivers to be dammed. Environmentalists must then ask if the energy 

- 

- 
- 
- 
- 
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saved by reduced vehicle weight (which over the life of the car is estirnated to be 3-10 times that of 
lhe extra energy required to produce lhe aluminum-) outweighs the loss of one or more rivers? 
Answering this question and others like it will be complex and controversial. For example, 
although increasing the proportion of aluminum to steel in cars improves gas mileage, some 
environmentalists might argue that the toll cars tak:e on the environment is already excessive, and 
that a more useful action would be to reduce auto use by working aggressively to implement mass 
transit. 

Increase Recycling 

As primary aluminum prices rise, scrap recycling grows, leading to a reduced role for 
primary aluminum in total world supply. The importance of secondary aluminum has mounted 
dramatically during the last five years. Since 1990, British Alcan has opened hundreds of new 
recycling centers around the United Kingdom. ln the United States, the share of the total U.S. 
aluminum supply comprised by scrap rose from 13.9% in 1988 to 17.3% in 1990, and is 
increasing each year, as is worldwide scrap recovery.s By 1992, scrap aluminum was deemed 
ímportant enough to be introduced on the London Metals Exchange as a tradable commodity. 

Secondary aluminum reduces demand for primary because in most end uses, their 
performance is equal. ln order to estimate the potential for increased recycling, however, it is 
necessary to have good baseline data on the current worldwide rates of aluminum recycling and 
landfilling. Because accurate worldwide data on the amount and composition of landfilled 
aluminum (by product type) are not readily available, Chapter 2 used existing data to extrapolate 
that 5- 7 million tonnes of aluminum may be landfilled worldwide each year. Data are lacking 
because the research arm of the waste management field has not needed to be very accurate in 
estimating total quantities or types of aluminum products discarded, because aluminum comprises 
only 1-2% of the material in landfills by both weight and volume, at least in the United States. 
Database compilation is still primarily driven by policymakers' landfill diversion objectives--not by 
the desire to save energy in another part of the world, so the low amount of discarded aluminum 
relative to other bulky wastes (such as paper, plastic and yard waste) hardly appears worth mulling 
over. The worldwide figures are even less accurate than those in the United States. As Appendix 
B shows, 13 out of 39 countries reporting on aluminum production and consumption rates 
submitted no data at all on their secondary recovery. More research is needed to better gauge the 
amount of aluminum landfilled worldwide, and to determine if the landfilled materials consist 
primarily of beverage cans, or of non-UBC aluminum scrap. 

Further research can also help ascertain whether the materiais are not being recycled due to 
technological, economic, legislative, educational or other constraints. One definite constraint is the 
lack of recycling opportunities; only 5,000 U.S. communities had curbside recycling programs in 
place in 1993; many more had none. 7 ln many suburban areas, opportunities to recycle cans may 
be convenient, while opportunities to recycle non-can scrap may be unavailable. There is also a 
severe shortage of recycling bins in public places where beverages cans are consumed. To ensure 
100% recovery, recycling bins must be as prevalent and conveniently located as garbage cans- 
preferably alongside them in a 1: 1 ratio. 

Constant efforts to lower the legislative, economic, and convenience barriers will raise 
secondary recovery rates, but the pressure to build more smelters will be relieved only if primary 
and secondary aluminum are roughly interchangeable in a variety of applications, with minor 
technical manipulations in the remelting process. Strong regulation could help force the 
development of processes that now seem technically infeasible, as it has in many other areas, such 
as the phasing out of CFCs. Tax incentives could also be used to encourage high-tech 
manufacturing industries to retool where necessary to convert from primary to secondary 
production. 
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Finally, mandatory recycling is a sure-fíre mechanism to increase recycling. Scattered 
cities, counties, states, and provinces throughout North America and Europe have passed laws 
which mandate the separation of recyclable and non-recyclable materiais, either at the source (in 
homes, offices, and schools), or at centralized "materiais recovery facilities" (MRFs). Another 
form of mandate is the container deposit law, which is discussed below. Both of these activities 
need to be increased. Obstacles include cost, political will, and the difficulty in securing markets 
for collected materiais in a world economy still in transition from virgin to secondary commodities. 

Phase Out Aluminum Beverage Cans 

The most egregious use of aluminum may be the single-serving beverage container. 
Several LCAs have concluded that aluminum cans, even at high recycling rates, require more 
energy and generate more pollutants per beverage delivered than do refillable polyethylene 
terephthalate plastic (PET) bottles, refillable glass bottles, and some recyclable non-refillable glass 
bottles. 

ln 1989, beverage cans consumed more than 20% of the primary and secondary aluminum 
production in the United States, 'or 1.36 million tonnes out of 6.08 million tonnes produced. That 
year, 60.8% of the 81.2 billion beverage cans produced were recycled, leaving 31.8 billion cans in 
the trash, or about 493,000 tonnes of aluminum. ln total, approximately 1.7 million tonnes of 
aluminum were landfilled in the United States in 1988. 8 Toe remainder of landfilled aluminum, or 
about 1.2 million tonnes, was non-UBC (used beverage can) aluminum scrap, such as fumiture, 
appliances and buílding materials. Ata value of roughly 50i/pound to the individual who recycles, 
the combined value of the aluminum landfilled was about $1.5 billion, and much more if one 
considers the rebates for cans in states with deposit legislation, or "bottle bills." 

By 1990, the UBC recycling rate in the United States had grown to 63.6%, but total 
beverage can production had also increased by 9.4%. The 1992 UBC recycling rate climbed to 
67 .9%, but that year 92.5 billion cans were produced--11.3 billion more than in 1989--still leaving 
about 459,000 tonnes of UBC landfilled in the United States alone.? This is more than the 
combined annual production of the Alumax and Alouette smelters in Quebec (215,000 TPY each). 
Toe comparison is apt because in 1989, Canada exported 1.13 million tonnes of primary aluminum 
to the United States, or 86% of íts total production. Since all ingot produced at the Kitimat smelter 
in British Columbia is exported to Southeast Asia, Canada's U.S. exports are all from smelters in 
Quebec. To reproduce 459,000 tonnes of landfilled UBC, roughly 1,000 MW of power are 
required over the course of a year--one tenth the output of Phase 1 of the La Grande complex, 
whose combined reservoirs flooded 11,250 square kilometers of land, lakes and rivers east of 
James Bay.1º 

The fact that so much UBC is still landfilled in the United States is particularly shocking 
because in repeated surveys, both consumers and recycling program managers have identified 
aluminum as the most desirable beverage container dueto its recyclability. Consumers perceive the 
container as having environmental benefits, and recycling program operators value the can for 
producing higher revenues than the paper, glass, and plastics they are charged with collecting. 

Despite the UBC recycling gains achieved in the early 1990's, a 100% recycling rate may 
never be practically achievable, and if it is not, the environmental community must ask if aluminum 
should be used in beverage cans at all? Before the advent of steel and bi-metal cans, and more 
recently aseptic (multi-material) drink boxes, refillable and recyclable glass bottles succeeded in 
delivering síngle-sized drinks for many years. Aluminum has made packaging more convenient 
and possibly more attractive, but it is not indispensable. 

134 

- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 



r: 

,-...- 
1 

,-- 

,...... 
! 

r 

,-- 

r 

Table l contains data from one of lhe most recent LCAs completed. Researchers in 
Sweden found that at the time of lhe study, aluminum cans=at an 82% recycling rate=consumed 
more energy than refillable glass bottles per unit of beverage delivered. Comparisons with 
containers that were under development at the time of the study=notably the refillable·PET plastic 
bottle=also concluded that even with a 90% recycling rate, beverages delivered in aluminum cans 
required more energy inputs than beverages delivered in recyclable clear and green glass bottles, 
and in refillable PET bottles calculated ar 10 retum trips. Since lhe study was published, lhe 
average retum rate has been double what was predicted, thus widening lhe energy consumption 
gap between refillables and cans, 

According to the Container Recycling Institute (CRI), the refillable PET bottle has made 
significant inroads in Europe, stealing about 50% of lhe beverage market from cans and bottles in 
countries where it has been introduced, and garnering an average return rate of 20 trips per bottle. 
The lower-priced PET bottle is also stealing market share from the aluminum can in South 
America, due to the elevated importance of cost in that region, and to the willingness of consumers 
to return bottles.I! 

Table 1. Esti:males of Energy--Consumption for Different Beverage Containers 

Energy useª 
{M.lOiter of beveraa:e} ExistinK containers 

33 centiliter (cl.) refillable clear glass bottle, 30 trips 
33 cl. refillable green glass bottle, 30 trips 
100 cl. refillable glass bottle (color unspecified), 10 trips 
150 cl. non-returnable PET plastic bottle 
45 cl. aluminum can, 82% recycling rate 

2.91 
3.30 
3.33 
4.95 
3.34 

Containers under deyelopment 

150 cl. refillable PET plastic bottle, 10 trips b 
33 cl. recyclable lighter (by weight) clear glass bottle 
33 cl. recyclable lighter (by weight) green glass bottle 
45 cl. aluminum can, 90% recycling rate 

2.31 
2.83 
3.24 
2.93 

a Source: "The debate is also characterized by a lack of factual knowledge." Svenska Bryggarefüreningen, 1991 or 
1992 Sweden. (Tel. #: 468-723-0180). · 
b A conservative estimate; actual trippaae is closer to 20. 

Toe shift to refillable PET has been also been economically viable for European beverage 
producers, and further investigation is needed to determine the economics of making such a switch 
in the United States. Researchers will want to leam how much of the true cost of a beverage is 
contained in the packaging, and whether the different costs of cans, glass, and plastic are passed 
on to the consumer separately, or whether they are "aggregated" at the supermarket. If the prices 
for beverages in cans, glass or plastic were substantially different at the point of purchase, would a 
higher aluminum price drive down consumer demand? Or would the public pay more for the 
attributes of aluminum: convenience, non-breakability, and light weight? Europeans and South 
American consumers have found refillable PET bottles to embody these sarne attributes. CRI 
claims that the major obstacle to lhe introduction of lhe refillable PET bottle in the United States is 
the perception by large beverage producers, such as Coca-Cola, that lhe public will not return ·lhe 
bottles, and their skepticism about lhe ability of the single-servíng PET bottle to withstand the 
pressure of carbonation. Concerns about both technical performance and consumer cooperation 
can certainly be alleviated through product testing and trial marketing in a limited area. 
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Until a national or global shift to more energy-efficient and non-polluting beverage 
containers is accornplished, some regulatory measures can be taken to increase UBC recycling. 
For the last severa! years, individuals and non-profit organizations have been lobbying for a 
national bottle bili. ln at least nine of the 50 U.S. states, consumers pay a deposit of 2-15!t per 
container at the time of purchase, regardless of packaging material. They may redeem the deposit 
when they bring the container to a recycling center and/or supermarket, depending on the state. 
This system is also practiced widely in Europe. To boost container recycling rates. groups such as 
the National Recycling Coalitíon, the Container Recycling Institute, the National Environmental 
Law Center, and the U.S. Public Interest Research Group (see Appendix D) advocate adopting 
deposit legislation at the national levei. If a national system for container return is established, 
recycling levels will rise, and opportunities for the introduction of refillable bottles=be they glass 
or plastic--will improve. 

Population Growth 

If current birth rates continue, the world population is expected to reach 10-11 billion by 
2020, a doubling in less than thirty years.I- If per capita aluminum consumption rates remain 
constant, population growth alone will necessitate the construction of about 85 new 200,000-tonne 
smelters or their equivalent. Clearly, this is environmentally unacceptable, and probably 
financially and politically unattainable as well. Even if annual per capita consumption rates in 
industrialized nations decline by 50% in the next ten or twenty years (which would be a reversai of 
the historie trend), population-driven aluminum demand will still place a very heavy burden on the 
Earths rivers and on other natural resources. Environmentalists, polícyrnakers, and even 
aluminum industry executives must have the courage to tackle the issue of population growth, 
because it will inevitably affect the demand for all raw materials. Although the obstacles to 
controlling population growth are formidable in both logistical and political respects, ít is 
dangerous to regard them as insurmountable. 

Reduced Overall Consumption and Equitable Resource Distribution 

When environmentalists contemplate the future social and environmental burdens posed by 
population growth, we must not limit ourselves to a critique of the aluminum industry; we must 
extend the debate to include the environmental and social impact of material consumption in 
general. All raw materials extraction and processing is environmentally damaging to some extent. 
Because industrialized countries have historically consumed the most and still do today, they are 
responsible for the bulk of the world's environmental damage. Reduced consumption of ali goods 
should be a goal of industrialized nations. Meeting these goals will require a wide range of 
actions, including voluntary behavioral changes at the individual and community leveis; a 
commitment by manufacturers to produce high-quality, durable merchandise; and governmental 
policies which penalize excessive consumption and provide incentives for consumers and 
producers to practice reuse and reduction. Incentives might include rebates or tax exemptions for 
the purchase of reused equipment and building materials, and for retooling in factories which are 
converting their production processes to utilize environmentally benign materials. Many state and 
federal agencies have adopted preferential procurement policies which mandate the purchase of 
reused or recycled goods as long as their price is not more than 5-10% higher than that of their 
counterparts made from raw materials. 

lf further research ascertains that a large portion of the future growth in primary aluminum 
demand will stem from less developed countries (LDCs) adopting a higher standard· of living, 
western environmentalists will be faced with hard questions. Do industrialized nations have a right 
to restrict aluminum use by LDCs in the interests of environmental protection, in light of their own 
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high per capita consumption? Should--or can--industrialized nations restrict their own alurninum 
consumption? lf social and material equity is to be acheived in tandem with protecting the 
envíronment, western environmentalists (and others) must be willing to advocate an across-the 
board reduction in consumption in industrialized nations. Indeed, intemational political strife may 
increase if the distribution of the Earth' s resources remains heavily weighted toward the north. 

Demand Reduction Through the Remova) of Subsidies 

Theoretically, demand for primary aluminum will decrease as prices rise. lf producers did 
not benefit from subsidies, their higher costs would be reflected in the price of aluminum. Further 
investigation is needed to speculate more accurately on the amount by which average prices would 
increase on the world market if the true costs of primary aluminum production were factored into 
the price. This "true cost" of production, which is now masked, includes not only the direct 
energy and resource costs which are lessened by subsidies, but the environmental and social 
externalities inherent in bauxite mining, electric generation by dams and other means, and smelting. 
The latter will be discussed shortly. First. more research is needed to quantify the extent of 
subsidization in the global aluminum industry, A more detailed country-by-country evaluation is 
needed to compare the electrícity rates smelters enjoy to the rates held by other large industrial 
users. This may be difficult due to the secretive nature of many power contracts. 

Secret contracts may also mask subsidization to some extent, One research topic could be a 
comparison of the cornpetitive positions of smelters in the Pacific Northwest, where rates are 
public, and smelters in Quebec, where rates are secret. Severa! analysts in the United States have 
concluded that secrecy is not essential to the aluminum industry' s success, and believe that 
ratepayers have the right to know about the contracts a public utility or government rnakes with 
private alurninum smelters. 

Can the primary aluminum industry survive without subsidized power, or without other 
forros of government assistance, such as land and water grants, and income and import tax breaks? 
Another research avenue could be a comparison of the econornic success of smelters in countries 
with varying degrees of govemmental assistance. Such a study would require a careful design to 
avoid confounding dueto other differences such as labor costs, access to ports, etc. 

Since energy subsidies and other forros of aid to the alurninum industry have been in place 
for 10-40 years in many countríes, their remova! will entail changes in public policy which will not 
come easily. ln rnany countries where rates or operating policies have been challenged by the 
public after years of srnelter operatíon, the industry has had protracted battles with advocates for 
price reforro, for example in the Ghana-Volta renegotiations of the rnid 1980' s, and in the on-going 
saga of the Kemano Cornpletion Project in British Columbia. Envíronmentalists should be 
prepared to encounter strong industry opposition should they advocate drastic public policy 
changes, even if they have so-called free-market proponents on their side. One recent example in 
the United States is the aluminum industry 's successful fight to exernpt itself from President 
Clinton's proposed BTU tax on all energy consumption. 

Another obstacle--especially in LDCs--is likely to be a perceived conflict with development 
goals. Despite the failure of other industries to locate in rnany aluminurn-producing regions, the 
myth of spin-off development persists. ln countries with low per capita income and high national 
debt, government officials may be strongly tempted to believe the promise of a hydroelectrícally 
driven aluminum industry as an incentive for development. 

Research into subsidization of the alurninum industry may also shed light on how the 
current rnix of materiais evolved in the packaging, construction, transportation and other sectors of 

1 the economy. ln sorne cases, technological constraints alone may have assured aluminum's 
' 
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predominance. ln others, extremely low electricity prices and tax incentives may have encouraged 
the use of aluminum at the expense of glass, plastics, wood products, steel, and composite 
materials. 

The primary aluminum industry's low electricity príces also discourage non-U~C scrap 
recycling. Because príces for primary and secondary aluminum are closely linked, when primary 
prices are low, people have less incentive to collect and sell scrap for cash. How much more 
expensive would prímary aluminum have to become to facilitate a doubling or tripling of secondary 
recovery? According to respondents of a 1992 secondary smelter survey conducted by the author, 
when primary prices drop below 50~/pound, aluminum recycling of all types drops dramatically, 
anda sustained rate above 80~/pound is required to achieve recycling levels exceeding 90%, at 
least for UBC. 

Quantifying a Range of Externalities 

This report has focused solely on the social and environmental costs of hydroelectric 
generation for aluminum production. The full scope of social and environmental costs associated 
with aluminum production is much broader, however. ln addition to the damages outlined in this 
report, there are impacts resulting from electric generation from sources other than hydro, and 
costs associated with mining and refining bauxite, and smelting aluminum. Most of these 
environmental costs have not been factored into the price of aluminum. According to a recent 
study by the Tellus Institute, whose research focuses on energy, solid waste and other 
environmental issues, "The extemality costs vary from several hundred dollars per ton (for paper, 
glass and steel) to $2,000 for [virgin] aluminum and from $600 to $1,000-plus per ton for severa! 
types of plastic."13 lf Tellus is correct, the externality costs of primary aluminum exceed its 
average intemational market price by about 100%. Some of the externality costs of aluminum 
production are described below. 

Every electric generation system has environmental consequences; hydro may even 
be the most benign. As Chapter 3 showed, the aluminum industry consumed 228 1Wh in total in 
1990, of which 77.9 TWh was from coal, 11.5 TWh from nuclear power, 9.5 TWh from natural 
gas, and 2.5 TWh from oil. From mining uranium to electricity production to disposal of spent 
fuel rods, nuclear energy carries a range of intractable environmental risks and costs; which in the 
last decade have led to a virtual standstill in new orders for nuclear plants in the United States, and 
a decline worldwide. The combustion of fossil fuels, especíally high-sulfur coai, contributes to 
unsightly and unhealthy smog, acid rain which kills lakes and forests, particulate matter which 
obscures views and dirties structures, and perhaps most seriously, global warming. ln 1990, coai 
combustion for aluminum smelting added about 25 million tonnes of C02 to the atmosphere. 
Although this constitutes less than one percent of total manmade Cüi emissions, it is quite 
significant as a single industrial source. 

It should be noted that the aluminum industry is not alone in not paying for the externalities 
of electricity production; the problem is global. Until more aggressive emissions and cleanup 
regulations are adopted, both in the industrialized nations and in LDCs, the great majority of 
industries--as well as households, small businesses, and institutions--will not be directly charged 
for the costs of pollution. 

Air pollution from primary alumínum smelting. Toxic air ermssrons from 
primary smelters, the most serious of which is fluoride, have often settled on the ground In a circle 
of severa! kilometers in radius around the smelter, killing plant life and polluting local waters. 
Sulfur dioxide, a contributor to acid rain, is emitted from the production of carbon anodes and 
cathodes, and other inputs to the smelting process.t+ As carbon electrodes are consumed during 
alumina reduction, about 1.6 tonnes of carbon dioxide are emitted for every tonne of primary 
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aluminum produced. C02 is a greenhouse gas that contributes to global warming. Several 
researchers working in Sweden, Iceland and the United States have also found that two forms of 
chlorofluorocarbons (CF4 and C2F6) are emitted during smelting. These molecules are extremely 
stable in the atmosphere, and are thought to be among the most potent of greenhouse gases.P 

Because many of the world's smelters, especially older ones, lack systems to control 
emissions, the environmental costs of the emissions cannot be passed on to the aluminum smelters. 
Regulatory oversight tends to be lax in many LDCs, so per tonne emissions there are likely to 
exceed those of smelters in industrialized countries, especially those that have undergone 
modernization. 

Other costs. Until a few years ago, aluminúm producers had not absorbed non 
electricity-related environmental costs, including the effects of bauxite mining wastes (about 25 
million tonnes of red mud annually); toxic leachate resulting from the careless disposal of 
thousands of tonnes of spent carbon anodes and potlinings, and damage to worker health from 
toxics inhalation and excessive noise, especially in LDCs and state-run economies where safety 
conditions have been abysmal. Finally, there are disposal costs. Although aluminum comprises a 
small percentage of the wastestream, waste disposal is becoming increasingly expensive in the 
United States and Europe as old landfills reach capacity and new ones are prevented from opening 
by citizen opposition, or if constructed, are very expensive due to stringent environmental 
regulation. ln the U.S., for example, the cost of disposal is commonly in the $40/tonne range, 
while in many northeastem communities, it exceeds $120/tonne. Curbside recycling programs that 
collect aluminum are expensive to operate as well. These costs are now assumed by taxpayers or 
ratepayers for garbage collection and recycling services, not by the aluminum producers who have 
the option of passing on their costs to consumers of aluminum products. 

If these and other environmental and social impacts were factored into the cost of 
production in all countries, the worldwide average price of primary aluminum might triple. This 
estimate is based on the price of primary aluminum ingot on the London Metais Exchange ($1,205, 
the 3-month average ending on June, 18 1993), plus the cost of extemalities estimated by the 
Tellus Institute study cited earlier (approximately $2,000/ton).16 Further research is needed to 
assess lhe accuracy of this speculation. 

The Role of Public Education 

Public education can be used to reduce primary aluminum demand by increasing _recycling 
leveis, by dissuading consumers from purchasing aluminum whenever possible, and by urging 
them to reduce their material consumption in general. Promotion and educational campaigns work 
on two levels. One approach is to raise awareness about existing recycling opportunities; two 
examples are outdoor billboards reminding people to redeem cans and bottles at their local 
supermarket, and doorhangers explaining pickup days or materials collected for a curbside 
recycling program. Another levei is to appeal to people 's innate sense of responsibility by teaching 
them about the environmental and social consequences of the products they buy. Most people are 
simply unaware that aluminum production has harmful effects. Although some consumers will 
view personal convenience as their only priority, most will make an effort to protect the 
environment if they are able. This is evidenced by the recent success of products marketed with 
"biodegradable," "non-toxic," "recyclable," "recycled," "all-natural," and other environmentally 
friendly claims. 

If a thirsty person knew that the 7-Up can he was about to buy was responsible for the last 
breath of a drowning beaver somewhere in the wilds of Canada, he might reach instead for a glass 
of water. If a mother buying a six-pack of Dr. Pepper cans in the supermarket knew that those 
cans helped blinda whole village in Ghana, she might make more of an effort to purchase her 
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family' s drinks in refillable containers. If a group of high school students learned that the Diet 
Cokes they bought for their party contributed to alcoholism and suicide among Indian youth in 
British Columbia, they might even write a letter to Coke headquarters in Atlanta urging them to 
adopt refillables. Consumer pressure has been effective many times in the past. In the mid 
1980's, for example, an effort by Coca-Cola to introduce plastic beverage "cans" which looked 
like aluminum cans was thwarted by pressure from recycling enthusiasts who worried that the 
plastic can would confuse consumers and would interfere with aluminum recyclíng. 

More exploration is needed to determine whether the demand for products such as beverage 
cans is consumer-driven, or whether it is driven by the availability of cheap aluminum to 
producers, who then offer the public exciting new products. Would higher aluminum prices alone 
encourage recycling, or less aluminum consumption ? Or is the public sensitive enough to 
environmental issues that education about the effects of primary production can significantly 
increase recycling? 

As Chapter 2 pointed out, the aluminum industry has crafted íts own public image to a great 
extent through the use of recycling PR which presents alumínum as a "green" metal. What is the 
levei of public awareness of the breakdown between the world' s primary and secondary alumínum 
supply, and of the impacts of primary production? Does the knowledge that recycled aluminum 
requires only "5% of the energy used to make primary aluminum" translate into an awareness of 
the specific environmental effects of the energy production that enabled the smelting? Or is the 
knowledge abstract? If the latter is true, and if the knowledge could be made more graphic, would 
the public be more apt to reduce aluminum consumptíon, even if prices remained constant? 

A Sustainable Rate of Aluminum Production 

A "sustainable" rate of aluminum production might be defined as a steady rate at which no 
new dams or other environmentally harmful power plants are built expressly for smelters. This 
will be a difficult standard to meet, because as aging smelters are taken off line, they must be 
'replaced by new smelters as longas world aluminum demand remains constant. It is also very 
doubtful that new plants will be built in any location where fossíl- fuels are the only electricity 
option, because of the high cost. So as long as safeguarding rivers is a priority, concerted efforts 
are needed to reduce--not merely stabilize--world aluminum demand. 

As this chapter has suggested, demand reductions can be achieved by maximizing 
recycling, reducing overall consumption, voluntarily substituting altemate materiais for aluminum 
where possible, and reducing population growth. Toe uses of aluminum might also be regulated. 
Although some environmentalists believe cans should be banned, a ban might be unrealistic in the 
short term, due to the aluminum industry' s multinational structure, and to the political and 
economic clout it wields in many industrialized countries íncluding the United States. Through 
consumer and activist pressure, however--first by lobbying, then by boycotts--soft drink, beer, 
and beverage can manufacturers might be convinced to withhold marketing beverage cans in any 
developing economy (such as the CIS or China) until recycling prograrns are established in the 
new market. 

The mechanisms by which aluminurn use might ultimately be limited remain to be 
developed, and are lik:ely to be met with heavy industry opposition. Environmentalists must be 
prepared for a long-lasting fight if the Earth's remaining wild rivers are to be spared from 
damming, and they must continue to press govemment leaders, individuais. and ínstítutions to 
assume responsibility for their protection. 

1 "Aluminum: European optímísm." The Mining Joumal, Vol. 314, No. 8075, June 15, 1990, London, p. 48L 
2 Gooding, Kennetb. "Scarcíties May Return." Financial Times. London, October 28, 1992, p. 29. 
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3 "Aluminum." Mineral Commodities Summaries 1991. U.S. Department of the Interior Bureau ofMines, 1991. 
4 30 kg per car: "Aluminum: European optimism," supra. Calculation: appx. 10e6 car:s sold * N.kg,::: 300.000 tonnes 

year car year. 
5 Martyn, Peter, et al, "Alumínium and Energy ." UNEP lndustry and Environment, April-May-June, 1990, p. 44. 
6 "Aluminum Statistical Review for 1990." Toe Aluminum Association, Inc., Washington, DC, 1991. 
7 Glenn, Jim. "The State of Garbage in America." BioCY.cle: Joumal o/Waste Recycling, April, 1992; Letter to 
members of the National Recycling Coalition from NRC President Terry Guerin, Washíngion, D.C., June 14, 1993. 
8 "Characterization ofMunicipal Solid Waste in the United States: 1990 Update." United States Enviroomental 
Protection Agency, Solid Waste and Emergency Response (OS-305) (EPA/530-SW-90-042J, June 1990. 
9 Powell, Jerry. "How are we doing? Toe 1992 report." Resource Recycllng, April, 1993, p. 38. 
10 Calculated using 14,500 kWh/tonne, anda power station capacity factor of75%. 
l 1 Personal communication with Mike Hogan, Container Recycííng Institute, Washington, D.C., June 25, 1993. 
12 Personal communication with Julie Silber, W est Coast Director of Zero Population Growth, Los Angeles, 
California, June 25, 1993. 
13 Breslow, Marc. "Reducing pollution and disposal costs by taxing materials." Resource Recycling, June 1993. 
Title of study he excerpted: "Téllus Instítute Packaging Study,'' Tellus Instítute, June 1992. · Available from tbe Tellus 
Institute, 89 Broad St, Boston, MA 02110. Tel. (617) 426-5844. 
l4 Bunker, Stepben. "The Political Economy and Ecology of Raw Materiais Extraction and Trade." (forthcoming 
book). (Professor of Sociology, University of Wisconsm-Maclison.) 
IS Abrahamson, Dean. "Commentary on 'Sources and Sinks of Greenhouse Gases in Sweden: A Case Study .' by 
Rodhe, Henning et al., Ambio, Vol. XX, pp. 143-145, May 1991." Ambio, Vol. XXI, No. 2, Marcb 1992. 
16 Wall Street Journal, June 20, 1993, p. C12. · 
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AppendixA 

The Mining of Bauxite and Production of Alumina 

Aluminum's Origin: Bauxite Ore 

The third most abundant element on Earth, aluminum comprises 8.3% of the Earth's crust 
by weight on average, or 15.7% alumina.! Higher than average concentrations of aluminum 
oxide, or alumina (Ah03), can be found in a wide range of rocks, including granite and basalt. 
Economically-recoverable alumina is extracted from bauxite, a reddish-brown ore containing 
hydrated alumina in the range of 40-60% by weight, the average being 52%.2 The bauxite 
deposits mined today contain alumina which has been concentrated by surface weathering of 
permeable rocks under tropical conditions spanning geologic time. Good drainage permits 
humic acid to leach non-aluminous minerais from the forming ore body. Ore bodies mined today 
have either been formed in situ and remained there in the absence of tectonic movement, or have 
been transported to present locations by erosion and other physical forces. 

The other constituents of bauxite are oxides of iron, sílica and titanium, and other 
impurities. There are two major forms of Ah03 in bauxite: gibbsite, a trihydrate (Al203·3H20) 
and boehmite, also called diaspore, a monohydrate (Al203·H20). The proportion of boehmite and 
gibbsite and other oxide impurities varies depending on the geographic location of the deposit. 
High grade bauxites that are predominantly comprised of gibbsite are found in Jamaica, South 
America, Guinea, and Australia. Boehmitic bauxites are found primarily in Europe and Northern 
Asia.ê Gibbsite is more soluble than boehmite in caustic soda, thus is preferred for producing 
alumina.4 - 

Although alumina can be recovered from materials other than bauxite, including clays, 
alunite, anorthosite, coai wastes and oil shales, none of these production processes have yet 
proven economically feasible.ê 

Mining and Processing Bauxite 

ln the first stage of primary aluminum production, aluminum-bearing bauxite ore is 
mined from shallow deposits within the Earth's crust. ln some areas, such as parts of Australia 
and Jamaica, the ore lies beneath only a few feet of vegetation and topsoil, and can be scooped 
up with front-loaders and draglines with relative ease. ln other areas, the deposits are located 
beneath up to 200 feet of overburden (unusable topsoil and rock), which is frequently vegetated. 
Thicknesses of ore bodies also range widely, from a few feet in Arkansas, an average of 16 feet 
in Brazil, and 30 feet in Australia. 6 

Strip mining or open pit mining is used in 95% of the world's aluminum production. 
After vegetation is removed, overlying rock is usually blasted to expose and loosen bauxite 
bearing ores. Large pieces of rock are broken up, and are then hauled to the bauxite processing 
site in dump trucks, rail cars or aerial trams. Strip mining has traditionally led to severe erosion 
and loss of topsoil. Millions of tonnes of overburden are generated in producíng the worlds 
aluminum. According to the U.S. Bureau of Mines, ratios of overburden to recovered ore have 
been as high as 13: 1 in the state of Arkansas." Overburden has historically been left as· open 
mounds, easily washing into lakes, streams, and the ocean, degrading the health of the freshwater 
and marine ecosystems. However, there is an increasing industry trend in strip-rníning to place 
the overburden back in the excavated boles, and to attempt to revegetate the site. 
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After mining, sizing and washing removes some impurities in the ore, such as sand and 
clay. Mining and washing can create huge mud lakes and can contaminate local water sourcesf 
The washed bauxite is then sun-dried or "calcined" (baked) in kilns to reduce its moisture 
content, which may initially range between 10-30%. The dried ore is then shipped to alumina 
plants, again by railcar or aerial tram, or is exported by ship for alumina refining. Some alumina 
refineries are located near bauxite mines and distam from aluminum smelters; sometirnes they 
are located in close proximity to smelters and they utilize washed bauxite that is shipped from a 
great distance. ln still other cases, production facilties for bauxite, alumina and aluminum are 
integrated. Transportation is the largest single cost factor in producing alumina.? 

Alumina Production by the Bayer Process 

Alumina (Al203) is the precursor to aluminum. A material with a variety of abrasive and 
refractory uses, it is a white powder consisting of elemental aluminum metal that is chemically 
bound to oxygen. Approximately 2.3 tonnes of dried bauxite are are required to make one tonne 
of alumina. ln tum, 2 tonnes of alumina are required to make one tonne of primary aluminum. 

1988 marked the centennial of the Bayer Process, named after its German inventor, Karl 
Josef Bayer. The process is used on virtually all of the alumina produced worldwide. Figure 1 
on the following page is a simplified diagram of the Bayer Process. Because the composition of 
bauxite ores around the world varies, alumina plants are designed to treat specific bauxítes.t? 

ln the first step of the process, alumina is dissolved from the bauxite ore in digesters. If 
the dried bauxite has not been reduced to particles in the 1 mm range before shipment, ít must 
first be crushed further in a rod mill (1) and (2). A recycled, concentrated sodium hydroxide 
(2Na0H) solution is added to the ground bauxite, producing a slurry of 40-50% solids. Toe 
slúrry is fed to a series of digesters, or autoclaves (3), where more sodium hydroxide solution 
("liquor") is added, then heated under pressure.l! Toe essential reaction in the digesters (1) is: 

Al203·x H20 + impurities + 2NaOH = 2NaAI02 +(x + l)H20 + red mud 
(hydrated alumina + other oxides+ sodium hydroxide} = sodium aluminate solution + water + red mud} 

Toe heat, pressure and caustic solution cause the alumina to dissolve into a sodium 
aluminate solution (2NaA102)· Then the digested míxture is brought through a heat-exchange 
"flash vessel" (4) where its temperature and pressure are lowered to the boiling point at 1 
atmosphere, and the heat is recovered to pre-heat the recycled sodium hydroxide liquor. These 
are also called "blow-off' tanks. Excess water is removed at this stage, and in (5), spent liquor 
(NaOH) is added to dilute the solution, to prevent the NaAI02 from precipitating prematurely. 

Filtration 

r 
The next stage (6-9) is a solid-liquid separation. It involves putting the sodium aluminate 

solution through three types of filtration to remove the insoluble impurities (the red sand and 
mud). Either gravity separators or wet cyclones are employed to remove the coarse sand. 
"Decantation" involves allowing the fine insoluble impurities to settle to the bottom of tanks 
about 5 meters deep and 15-40 meters in diameter, with settling promoted by flocculants such as 
starch. The overflow liquid is furthered clarified by pressure filters which remove any remaining 
fine bauxite residues. The red mud residues from the filtration are discharged into a waste lake, 
after being filtered to remove as much caustic liquor as possible. Toe resulting fluid is a clear 
brown sodium aluminate solution known as "new liquor" or "green liquor." It is subjected to 
another set of heat exchangers before it moves on to the precipitation stage.12 

,-- 
1 
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Figure 1. Simplified Flow Chart of the Bayer Process 
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Precipitation 

seeding with Al2 03 • 3H20 crystals 
NaAI02 + 2H20 ----------------> NaOH + Al(OH)J 

(supersaturated sodium aluminate + water = spent sodium hydroxide liquor + aluminum trihydroxide (gibbsite) 

The above equations describe the reaction wherein alumina is precipitated out from the 
supersaturated sodium aluminate solution by seeding lhe solution with aluminum trihydrate, or 
synlhetic gibbsite, crystals (10). The crystals serve as points of nucleation for the dissolved 
alumina. The chemical reaction is essentially lhe reverse of the earlier digestion reaction. The 
crystals grow as lhe reaction proceeds for up to three days in agitated tanks measuring about 7 
meters in diameter by 25 meters in height.P 

During this precipitation stage, the spent liquor is regenerated to yield caustic solution 
which is then recycled, along with any unprecipitated alumina, to the earlier digestion stage of 
lhe process (11). The precipitated alumina is then washed and filtered on disc filters for the last 
time to remove any residues, and excess water is removed by flash evaporators. The free 
moisture content of the alumina produced ranges from 8 to 10%.14 Also at this stage, the 
alumina is separated, or classified, into "seed" which will be used to precipitate alumina, and 
"product" which will be calcined. 

ln lhe final step, alumina is calcined in a rotary kiln at 1,200-1,300ºC to remove lhe water 
of crystallization, and anhydrous alumina powder is produced (12). Industry trends are to move 
from producing fine powders to producing a coarser grain product that requires less calcination. 
Coarse, sand-like alumina powder has the advantage of large surface area, and can be used to 
trap fluorine gas emissions in dry scrubbers in primary aluminum smelting operations, and can 
also be recycled as feedstock for lhe ce11.1s Finished metallurgical grade alumina contains 0.3- 
_0.8% soda, less than 0.1 % iron oxide and sílica, and trace amounts of other impurities.ts 

W aste Products from Bauxite and Alumina Production 

ln lhe usual alumina production process described above, there are between 1.3 and 1.5 
tonnes of red mud produced per tonne of aluminum produced (requiring 1.89 tonnes of 
aluminaj.t? Allhough these muds pose a significant disposal problem, they are currently still 
exempt from hazardous waste regulation under the Resource Conservation and Recovery Act 
(RCRA) in lhe United States.18 Disposal is largely unregulated in major bauxite and alumina 
producing countríes.l? 

Alcoa has developed a "combination process" whereby lower grade ores (wilh higher 
silica contents and thus more aluminum silicate lost in lhe muds) can be exploíted, Their process 
enables lhe recovery of alumina from lhe red mud by heating the mud with calcium carbonate 
(limestone) and sodium carbonate (soda ash) to produce a sodium aluminate solution, which is 
returned to lhe digesters to resume lhe process described. The waste is called "brown mud."20 

Energy, Materiais and Labor Requirements in for Bauxite and Alumina 

From 2.2-3.5 tonnes of bauxite are required for every tonne of alumina produced, 
depending on lhe grade of the ore, and 1.9-2.0 tonnes of alumina are required for each tonne of 
aluminum. Using higher grade ores and the best technologies, the resulting ratio of bauxite ore 
to primary aluminum is approximately 4.5: 1.21 Table 1 in Chapter 2 provides data on total 
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inputs required and outputs generated for the entire Bayer-Hall-Heroult process for producing ...; 
one tonne of primary aluminum from bauxite ore. 

Ta6Ie 1: Energy Consumed, Materiais Required in Alumina Production, 1980 

Energy (105 Btu/ton primary aluminum) 

~ Avera&e Best Practice 

Steam for process heating 
Calcining alumina 
Other 

Total 

25.0 
7.5 
3.0 

35.5 

20.0 
5.0 
2.0 

27.0 

- 
- 

Material (per ton of primary aluminum) 

Material Caribbean bauxite South American bauxite 

Bauxite (ton) 
Caustic ( or equivalent of soda asb (lb) 
Lime. CaO (lb) 
Starch (lb) 

4.7-5.0 
200-270 
60-200 
30-40 

4.0-4.5 
220-280 
100-200 
4-6 

Source: Sben, S.Y. "Energy and Materials Flows in the Production of Primary Aluminwn." Argonne National Laborartory, 
DeJ:)arlment of En~~October.~81. (ANL-CNSV -li. - 

According to the Argonne National Laboratory, the range of energy requíred to mine and 
process bauxite is 0.26-1.06 x 1Q6 Btu/short ton of bauxite, and the amount of fuel oil needed to 
shif the bauxite from producing countries to ports in lhe United States ranged from 0.75-2.0 x 
10 Btu/ton of bauxite. This translates into an approximate range of 3-10 x 106 Btu/ton of 
aluminum produced. 22 

The alumina production process is much more energy-intensive, requiring 18.6 x 1Q6 
Btu/ton of alumina.2~ Since 1.9-2 tons of alumina are needed to produce l ton of aluminum, 
alumina processing requires about 35 x 106 Btu/ton of aluminum produced. Table l provides a 
comparison of energy and materiais requirements for producing alumina from differing bauxites 
using average and best techniques. 

Argonne has also estimated that the production of two tons of alumina (yielding one ton 
of aluminum) requires three to five person-hours of labor and supervisíon.ê+ 

- 

- 
- 

Bauxite and Alumina Reserves - ln 1989, world reserves of bauxite were estimated to be 22 billion tonnes, up from an 
estírnated 1 billion tonnes in 1945. This growth is due to íncreases in exploration Ieading to 
major bauxite discoveries, and to technological improvements which now make it possible to 
exploit lower-grade deposits previously classified as "subeconornic" reserves. Current estimates 
of the world's bauxite resource base, which includes subeconomic, hypothetical and speculative 
reserves, range from 50- 70 bíllion tonnes. 25 

- 
- The world's largest known bauxite reserves are located in tropical and subtropical zones, 

with four countries accounting for 67% of the world's reserves: Guinea (5.6 billion tonnes), - 
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Australia (4.4 billion tonnes), Brazil (2.8 billion tonnes), and Jamaica (2 billion tonnes). The 
United States has a very small economic reserve base in comparison: about 40 million tonnes, all 
located in Arkansas. Bauxite deposits in Hawaii, Washington and Oregon amount to an 
additional 100 million tonnes, but they are considered subeconomic at thís time.26 

Table-2. WorláProduction óf Bauxite;1989 

Country % oftotal froduction <mimou tonnes} 

1. Australia 
2. Guinea 
3. Jamaica 
4. Brazil 
5. India 
6. u.s.s.R.ª 
7. Chinab 
8. Suriname 
9. Yugoslavia 
10. Hungary 

Subtotal, top ten countries 
18 other croducini: countries 

38.58 
16.52 
9.40 
8.50 
4.77 
4.60 
4.00 
3.53 
3.25 
2.70 

95.85 
m 

36.7 
15.7 
8.9 
8.1 
4.5 
4.4 
3.8 
3.4 
3.1 
2.6 
91.3 
az 

World total 105.03 100.0 

a U.S.S.R. also relies on nepbeline syeoite and alunite, bauxite substitutes used to produce alumina. 1989 usages were 1,600,000 
tonnes nepheline syenite, and 600,000 tonaes alunite. One tonne nepbeline syenite concentrate is equivalent to 0.55 tonnes of 
bauxite; one tonne alunite is equivalent to 0.34 tonnes of bauxite. 
b Estimate. 

Table 3. World Production of Alumína, 1989 

Country Production Cmillion tonnes} % oftotal 
1. Australia 
2. United States 
3. U.S.S.R 
4. Jamaica 
5. Brazil 
6. Suriname 
7. China 
8. India 
9. Canada 
10. Venezuela 

Subtotal, top ten countries 

15 other producini: countri~ 

10.80 
4.67 
3.50 
2.22 
1.60 
1.57 
1.44 
1.42 
1.40 
1.24 

29.86 

~ 

27.9 
12.1 
9.0 
5.7 
4.1 
4.1 
3.7 
3.7 
3.6 
3.2 

77.2 

22...8 
World total 38.7 100.0 

Source for both tables: "Bauxite, Alumína, and Aluminum Minerais Yearbook 1989." by Errol Sehnke and Patricia 
Plunkert, U.S. Department of the Interior, ªll:l:_~u ofMines. Washington, D.C., November 1990. 
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Nations that Domínate Bauxite and Alumina Production 

Bauxite is mined in 26 countries, and alumina is processed in 26 countries. About 90% 
of the world' s bauxite production is refined to alumina. The rest is use d in refractories and 
abrasives. Domestic use parallels world use; in 1989, 90% of the bauxite consumed in the 
United States--or 10.7 ·million tonnes--was refined to alumina. 

As Table 2 shows, world bauxite production in 1989 was 105 million tonnes. The chief 
producers were Australia, Guinea, Jamaica, Brazil, India, the former U.S.S.R., China, Suriname 
and Yugoslavia. The United States produced just over half a million tons in 1988, or less than 
1 % of world productíon, and it imported 10.6 million tonnes of crude and dried (metallurgical 
grade) bauxite in 1989.27 

As Table 3 shows, world alumina production in 1989 totalled 38. 7 million tonnes, with 
Austrália again being the largest producer, accounting for 28% of total world production. While 
baux.ite-producing countries such as Brazil, Jamaica and Suriname each produced between 1.5 
and 2.2 million tonnes, Canada--notably a non-bauxite prodhcing country -produced 1.4 million 
tonnes, due to its access to inexpensive hydroelectricity for producing primary aluminum and its 
proximity to major aluminum markets in the United States. The United States, a non-bauxite 
producing country and a high-cost energy location, produced 4.7 million tonnes of alumina in 
1989. This seeming incongruity is dueto existing infrastructure and Iarge domestic aluminum 
markets, 

lndustry analysts predict a shift of alumina production facilities from high-cost energy 
locations to regions where low-cost energy and bauxite are available, such as Brazil, so alumina 
and aluminum production can be íntegrated.êê 

1 "Toe next pbase for alumínum." The Mining Joumal, Vol. 312 No. 8002, Jan . .13, 1989, London. p. 31; Sehnke, 
Errol and Patrícia Plunkert. "Bauxite, Alumina, and Aluminum." Mine.rals Yearbook, U.S. Departmênt of the 
Interior Bureau of Mines, 1989. 
2 Shen, S. Y. "Energy and Materiais Flows in lhe Production of Primary Aluminum." Prepared by Argonne 
Nalional Laboratory for the Department of Energy, October, 1981, p. 2. 
3 Kurtz, H.F. and L.H. Baumgardner, "Aluminum," chapter in Mineral Facts and Problems. U.S. Bureau ofMines, 
U.S. Govemment Printing Offíce, Washington, D.C., rgso. p, 13. 
4 Dinman, BD. "All!lllinum Refining Hazards," chapter in Encyclopedia of Materiais Science and Engineering, Vol. 
I. MIT Press, Cambridge, MA, pp. 170-173. 
5 Shen, S.Y., supra. p. 5; Polmear, IJ., Ed. "Light Alloys: Metallurgy of lhe Light Metais." 2nd edition. Edward 
Arnold, London, 1989, p. 8. 
6 Sehnke, supra, pp. 23-26. 
7 Sehnke, supra. p. 26. 
8 Richardson, Boyce. "Super-Companíes" (documentary film). National Film Board of Canada, 1990. 
9 Shen, S.Y., supra., p. 2 
10 Kurtz, H.F., supra, p. 18. 
1 l Most sources I consulted described using the sodium hydroxide process witb some variatíon, for example 80-220 
grams ofNa20/liter (Russell, A.S., p. 417), but two sources (Sebnk.e and Kurtz) described aprocess using lime to 
produce sodium carbonate (Na2C03) "to control lhe phosphorus content and increase lhe solubility of alumína." . 
Concentrations of Na2C03 ín lhe spent leach solution added to the initial slurry ranged from 200-300 gil, the lower 
concemrations for gibbistic bauxite and the higher for boehmitic bauxite. 
12 Kurtz, supra. p. 19; Jarrett, N. "Aluminum Production." chapter in Encyclopedia of Materiais Science anti 
Engineering, supra, I>· 166; Crockett, R.N. "Bauxite, Alumina and Aluminum." Mineral Resources Consultative 
Committee, Mineral Dossier No. 20, Instítute of Geclogical Sciences, London, 1978, p. 17. 
13 Crockett, supra, p. 17; Kurtz, supra, p. 19. 
14 Jarrett, supra, p. 166. 
15 Sehnke, supra, p. 27. 
16 Russell, Allen S. "Alumínum." chapter in McGraw-Hill Encyclopedia of Science and Tecnnology , 1987, p. 417. 
17 Polmear, supra, p. 11. 
18 Sebnke, supra, p. 1. 
19 Richardson, Boyce, supra. 
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20 Shen, S.Y., supra, p. 14. 
21 Shen, S.Y .• sup_ra, p. 3; Patterson, S.H. and J.R. Dyni. "Aluminum and Bauxite." chapter in United States Mineral 
Resources, U.S. Geofogical Survey Professional Paper 820, U.S. Government Printing Office, Washington, D.C., 
1973, p. 36. 
22 Shen, S.Y., supra. p. 12; ln a d.ifferent report published by Argonne National Laboratory, energy requirements 
for bauxite mining and processing are simply given as 161 Btu/lb (0.3 x 106 BTU/ton). (Arons, R.M. and A.M. 
Wolksy. "Energy ad Materiais Aows in lhe Fabrication of Aluminum Products," Prepared by Argonne National 
Laboratory for me Department ofEnergy, contract W-31-109-Eng-38, August 1978, p. 2.) · 
23 Ibid. 
24 Shen, S.Y., supra. p. 14. 
25 Sehnke, supra, p. 25. 
26 Sehnke, supra, p. 25; Patterson, supra, p. 39. 
27 Sehnke, supra. pp. 1-8; Crockett, supra, p.11. 
28 Sehnke, supra, p. 8. 
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Appendlx B: Aluminum Recovery Rates ln Selected Countries, 1990 (tonnes)"' 

Selected Abuninum Primarv • Secondal'Y Secondary as a % of 
Counrries Consumption Production Recovery aluminum consumptíon 

Argentina 42,600 163,000 6,000 14.1% 
Australia 317,000 1,232,700 32,900 10.4% 
Austría 165,600 89,400 35,700 21.6% 
Bahraín 51.000 188,000 3,000 5.9% 
Belzíum 120,000 o negligible or n/a nezlízible or n/a 
Brazil 325,700 930,600 65,000 20.0% 
Cameroon 14,800 87,500 negligible or n/a nezlíaíble or n/a 
Canada 604,000 1.567,000 84,000 13.9% 
Denmark 49,500 o neglígible or n/a nezlizíble or n/a 
Finland 29,600 o neglígíble or n/a neglígíble or n/a 
France 984,300 325,900 280,700 28.5% 
Germany 1.833,100 715,400 712,500 38.9% 
Greece (1987) 5,600 130,000 De!!lil!ible or n/a nezlízible or n/a 
Hunearv 147,800 75,100 34,100 23.1% 
Iceland 2,500 86,800 negligible or n/a nezlígíble or n/a 
India 443.000 448,000 nealiaíble or n/a nezlíeíble oro/a 
Irish Republic 21,500 o nezlizíble or n/a nel!Ji2ible or n/a 
ltaly 1,177,200 232,900 390,000 33.1% 
Japan 3,819,300 50,500 1,242,400 32.5% 
P.R. Korea (1985} 184,500 17,100 10,300 5.6% 
Mexico 208,500 67,500 56,800 27.2% 
Netheríands 239,000 257,000 134,200 56.2% 
NewZealand 34,300 259,700 4,800 14.0% 
Norwav 61,000 871,100 7,200 11.8% 
Panam a 5,700 o 2,800 49.1% 
Phílippines (1987} 13,200 o neglígible or n/a nezlizíble or n/a 
Portu2al 63,400 o 2,000 3.2% 
El Salvador (1989) 1,700 o 100 5.9% 
Saudi Arabía (1988) 103,000 n/a negligíble or n/a nezliaíble or n/a 
Singapore 51,000 o nezliaíble or n/a nezlízíble or n/a 
South Afríca (1988) 145,300 172,200 27,000 18.6% 
Spain 295,000 355,000 negligíble or n/a nezlíaíble or n/a 
Sweden 181,900 96,300 49,300 27.1% 
Switzerland 152,600 71,700 34,400 22.5% 
Taiwan (1985} 147,800 o 3,600 2.4% 
Turkey 123,000 65,000 neglígible or n/a nezlízible or n/a 
United Kíngdom 688,800 289,800 114,300 16.6% 
Uníted Stares 6,694,700 4,048,300 2,393,000 35.7% 
Venezuela ( 1986) 117,000 421,000 24,000 20.5% 

Tot1d, seleeted eountríesr 19,665,500 13,314,500 5,750,100 29.2% 
Secondarv as a percent oftotal primarv nroduetíom 43.2% 

Total, World*• n/a 17,828,000 7,699,334 n/a 
Secondarv as a J>el'cent oftotal primarv production: 43.2% 

* All dates 1990 except where noted, Source: "Aluminum Statistical Review for 1990.~ The Aluminurn Assocíarion, Washington, D.C 
Note: Of 39 total countries reporting, 13 have no data on secondary recoverv. 

"* Total World Secondarv Recovery is estimated based on known fizures for "selected countries," and known World Primarv Producti 
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Appendlx C: James Bay Hydroelectrlc Complex Fact Sheet 
~rou Hydraloglcal Datai 
Hudson Bay drainAge a,ea: 4 milllon square kllometers. Source: "Hydrological Alias of Canada," Canadian Natíonal Committcc for lhe lnlcmational Hydrological Deeade, rJSheries and Environment Canada. 011Awa, 1978. 
James Bay'drainage area, Plwu 1 & 2: 358,000 ~q. km. Source: "Futurc Hydro Development in Nortbcm Quebec: A RatiOOAI and Balanced (boice. M Hydro-Quebec, Montreal, May 1991. 
Hudson Bay avcrage annual l'\lllOff: 31,000 cms. Sources: both of 1he abova. 

Fe1111rcs or dam,, n:mcrvoln, 
aad powcr atatlo111 unlt LG 1 LG2 LG2A LGJ LG4 EOL Can LA 1 LA2 EMl EM2 BR GB 1 GRl GBJ NBR I Total 

Complttion date Daie 1995• 1979 1992 1982 1984 1980 1984 1994• 1997 1997 n/a 1993' 2003 200S 200S 2031 

A11eti.â (•) 1oihcales leOl&IIWI C001pkt.io11. 
Insrallcd capaçity MW 1368 5328 1998 2304 2650 - 840 290 470 260 446 2098 545 S67 8350 1 21.S 14 

Numbc:r of rurbin~ - 12 16 6 12 9 - s 3 3 

Capacily faclor 9E, 0.8 0.62 0.59 O.S7 (CiB complcx) 

Cosi $biUion 13. 7 (Total La O,,nde Phase 1) 60 

Land arca flooded km2 40 112.SO (includes all of LA Orando Phase I) 850 (OB complex) 3S.W lS,980 

Reservoir a,ea km2 70 2835 2420 16S 1040 427S 3100 (OB complex) 6500 21,005 

TolAI fC$Cl'Voír volume km.3 1.2 61.7 60 19.5 8.S S3.9 205 

Aclive s1orage km3 0.098 19.4 25.2 7.2 3.4 39.1 37.3 

DistaDcc from rivc:r moulh km 37 112 ltl 238 463 80 22'.3 28S 

Numbcr or dams -· 2 1 2 1 3 2 TOCIILIOnaclll~la· 11 2 1 2 
1 

16 

Nwnbcr of di.kes - 2 29 68 10 g 91 Tolal LI Oca,,,11, aompld. 208 345 17 25 286 

l...cDgth of dams/dikes km 2.7 26.7 26.9 8.7 11.2 S8 To1a1La<lnodo<>C*pu: 134.2 

Heigbt of main dam m 111 162 93 125 33 54 194 9S 09 

Long•lctm avg. disdwge CDlJI 3374 2064 1534 84S 790 
(aller dlvelopmenl) •....•. Maximum usable fiow S950 4300 l6S0 3260 2520 1980 1130 1230 660 650 

u. cm• 
1--' Maximum spillway capacity cms 16280 17600 10600 7845 9970 3680 

Watmhed developed kml 175295 102540 7451S 40275 36880 TObl La 0.....» 00ll>l'lu' 429.SOS 15800 (OB complex) 1 115,295 

(wcL diYMCd bcwiis) 

Abbrcvial.lons1 James Bay PhAse 1--usUAUy synonymous wilh La Grande Phase 1 (10,282 MW.) 
Ur-La Grande LA •• La Porge 
BR.,Bnse.y EM~Eastmain La Grande Phasc 1: C,aníapiscau River dlverted 10 LG4 Rescrvoir, construcríon of rescrvoirs/powcr statioos LG2, LGJ, L04: divcrsion of Eastmain, Opinaca & Liule Opincaca rivcrs 10 LG2 Reservo, 
Can:Caniapiscau 
EOL"'&sunaiu-Opinaca-LaSarc:elle La Grande Phase ll: Cons1nic1ion or completion of power staiions AI exis1ing and plAnned rcservoirs: LGl, LG2A, Brisay and La Porge 1. La Forge 2 and EM 1 awa.i1 final approval; EM2 may bc can 
GB=Grande Bbleíne (Oxut Wbale) 
NBR=Nottaway-Broadback-Rupe:rt I James Bay Pbase D--meludes La Grande Phll'le li, and lhe Great Wbale and NBR complexes. 

Summary of Grcal Wbaltl 
J power stauons geneotíng '3,210 MW (approx. 15 TWb/yT), 4 reservoirs: GB 1,2,3, Lako BienviUe (53 dikes), Divmion of Líule Whale River(75~ of its fiow) to lhe GB l Rescrvoir by way of !Akcs Amíchinatwayach, 
Saindon, Mollet, Kakupis anel Elazabeth, ADd lhe Coatcs Riva. IS~ of tbe flow oi lhe Nutapak.a Rivcr may be divened lo lhe Lirtle Whale River. lncludes 585 km of roads ln ÇUtrcntly roadlt:1>s arees, upansion of lhe 
Kuu,buaraapik airport, anel COJJSlrUCtion of two aew airpons, ai" OOSI 01$784 million. 

SummlU')' of NBR1 
7 major raervoits, 11 powcr sta1i~ 101allíng 8,350 MW. 45.3 lWb/yc:ar projected gc:neratlon. Staggaed consnuc1ioo; 1996-202S. . 
Phase l: Divcrsion of Rupcrt imo Broadbaclc. Creation of Giffard-Naniscau, IUO aad RI l Reservous, and powcr stAtions RIO and Rl 1 (2542 MW) on lhe uppcr Rupert below N aniscau. These reservoirs will Ilood lhe 
upptr reaches of thc Rupm south and southc:.ut ofNemiscau. 
Phase 2: Crcation of Goeland-Waswanipi Ra1ervoit, in beeween lhe Cree vtllages of Waswanipi and Matagami. Divusion of the upper Nowiway iato lhe Broadback (lhe Waswanipi-Broadback divcrsion, will ílood lhe 
Waswlllipi Rivu), COl1$truc:tton o( pow« atali-Ons 85, B6 and 88 (2384 MW, 8.3 TWhlyr) on lhemiddle Broadbeck, sou1beast of Waskaganish. Fust power on-line ~ÍDllllcd by yur 2001. 
Pbase 3: Creation of Quenonisca, EvAnS, and Soscumíca-Matagami Reservoirs (all nonh of Waswanipi and MaUigAJDi vi li ages). Lower Nol!Away diverted into 1be Broadback. Construc1ion of powcr statíons Quenonsica 
and Evan,on tbe uppcr Broadbac:k, and 83 on the lowr:Broadback(l488 MW, 1:rrwblyr). 
Pbase 4: Cons1ruction of powcr ,tations 81, B2, B4 011 lowr: Broadback (2030 MW, 11 'IWh/ycar). Project includes an ai,port nw B8, 950 km of rcads, cxcensive cons1n1etion camps for 6500 worker$, adrninistralive 
ofííca, anel pc:rmanco1 worter midcnca (pemapt1 a company town similar 10 Radi880n). 
Sources: ''TAming lhe LaOraode Rivu." Hydrl>-Qucbcc, Montreal,1985; "Ibe La Ora.ode Complc:x Pha,e I." HQ, l99f; ~La Grande Complcx-Phase 11: A Tour de Force." Soci6tfd'&iergie de la Bale James, Moncrul, 1993. 
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lnternational Rivers Network 
1847 Berkeley Way 
Berkeley, CA 94703 
USA 

Tel: 510 848 1155 
Fax: 510 848 1008 
E-mail irn@igc.apc.org 
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