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1.1 Cornerstone of an Energy-
Efficient U.S. Economy

Aluminum is widely used throughout the U.S.
economy, particularly in the transportation,
packaging, and construction industries. As a
light-weight, high-strength, and recyclable
structural metal, aluminum has and will continue
to play an important role in a healthy economy as
applications are extended in the infrastructure,
aerospace, and defense industries.

The U.S. Department of Energy
and the Aluminum Industry
of the Future

The U.S. Department of Energy’'s (DOE’S)
Office of Industrial Technologies has formed a
partnership with the U.S. aluminum industry to
accelerate the development of technologies
and processes that will improve the industry’s
energy efficiency and environmental
performance. This report is intended to
support the DOE/Aluminum Industry
Partnership.

Overview

Aluminum’s benefits have led to its growing use
throughout world markets. World aluminum
consumption doubled every decade between 1900
and 1980; over the last three decades alone, its
consumption in Western countries has increased
fourfold.

The aluminum industry enjoyed considerable
stability in terms of demand and prices through
the early 1970s. Since then, however, continuing
economic fluctuations have become the norm. In
particular, the transition of the industry to
commodity pricing on the London Metals
Exchange (LME) in the late 1970s (first for ingot
and subsequently for semifabricated products
based on ingot pricing) has contributed to price
instability.

The Industry Is Recovering from Market
Imbalances of the Early 1990s

The world aluminum industry is still coming out
of a painful adjustment to dramatic changes in the
world market and political climate following the
collapse of the former Soviet Union in 1989 -
1990 (Born 1996). Throughout the early 1990s,
industry supply and demand were severely out of
balance, largely because of excess metal from the
Commonwealth of Independent States (CIS) and




reduced CIS demand for military and aerospace
requirements.

In 1994 and 1995, the world aluminum market
underwent adjustments to bring the Russian
aluminum industry into the world market. During
this period, fundamental demand for aluminum in
Western markets increased, making 1994 an
extraordinary year for total consumption (Born
1996). The industry appears to have made the
necessary adjustments and inventories have
returned to more reasonable levels.

Today, Western demand for primary aluminum
continues to exceed Western production, but the
market is in better balance because Russian metal
has been integrated into the system. Growing
market demand has absorbed the excess CIS
metal, and China’s huge increases in aluminum
demand have been met primarily by that
country’s own production (Born 1996). In spite
of these improved market conditions, inventories
on the London Metal Exchange remain at
relatively high levels, and producer prices are
low.

The same forces that have influenced the primary
sector (overcapacity in world markets and
economic conditions) have also had an impact on
producers of semifabricated products. Supply for
semifabricated products has exceeded demand
around the world in recent years. The resulting
global competition has created substantial
pressure on U.S. fabricating plants.

Throughout 1996, producers responded to
competitive pressures by working to streamline
their operations and cut operating costs. Some
consider 1996 a “retooling” year, as flat-rolled
aluminum producers made adjustments in their
operations to garner larger market shares,
particularly in the automotive market.

The U.S. aluminum market’s sensitivity to the
global marketplace can be traced to the
commodity nature of aluminum, exchange price-
setting, and extensive industry globalization.
Despite fluctuations in specific markets, overall
domestic consumption levels have remained
relatively stable, helping to offset global trends.

Growth in aluminum cans, other packaging, and
transportation-based end uses have compensated
for a slight decline in the construction market,
which tends to be cyclical.

Major Sectors Include Raw Materials,
Semifabricated, and Finished Products

The aluminum industry is comprised of three
principal sectors:

. The raw materials sector produces
alumina from bauxite (the ore of
aluminum) and primary and secondary
(scrap-based) molten metal and ingot.

. The semifabricated sector produces
sheet, plate, foil, forgings, castings, wire,
rod, bar, extrusions, elemental and
alloyed powders, and alumina-based
chemical products.

. The finished products sector uses
products from the first two sectors to
manufacture a wide variety of
consumer/commercial products,
including aircraft, automobiles, building
components, and packaging for food
products.

Primary Aluminum Production Is
Concentrated in the Pacific Northwest
and Ohio River Valley

Aluminum is produced by the electrolysis of
alumina through a consumable carbon anode in
the Hall-Heroult process. Alumina is itself
extracted from bauxite, a natural ore, by the
Bayer process. The aluminum industry produces
ingots of pure (greater than 99%) aluminum that
serve as feedstock for other materials and
processes.

The domestic primary aluminum smelting
industry (SIC 3334) consists of 23 facilities
operated by 13 firms with a total workforce of
approximately 20,000 (see Table 1-1). The
secondary smelting industry operates an
estimated 68 plants employing 3,600 people.
These figures have remained fairly stable since




Table 1-1. Number of Aluminum Manufacturing
Facilities in the United States (as of 1992)

Product Number of Plants
Primary Ingot 23
Secondary Ingot 68
Sheet & Plate 48
Foil 21
Wire, Bare, Conductor, & Non- 21
conductor
Steel-Reinforced Aluminum
Stranded Conductor (ACSR) and 14
Aluminum Cable, Bare
Wire & Cable, Insulated or Covered 37
Extruded Products 190
Powder & Paste 16
Forgings a7
Impacts 13

Source: Aluminum Statistical Review for 1995, The Aluminum Association, 1996.

1988, reflecting the industry’s strength following
restructuring in the early 1980s (EPA 1995).

Overall, the U.S. aluminum industry employs
more than 130,000 people, directly contributing
more than $30 billion to the U.S. Gross Domestic
Product.

Total primary aluminum installed capacity in the
United States was 4,190 thousand metric tons
(4,610 thousand tons or 9,225 million pounds) in
1995. As shown in Table 1-2 and Figure 1-1, the
United States accounted for 17.3% (3,375
thousand metric tons) of the world’s primary
aluminum production of 19,442 thousand metric
tons (21,425 thousand tons) that year.

The majority of primary aluminum producers in
the United States are located either in the Pacific
Northwest (approximately 39% of capacity) or
the Ohio River Valley (about 31% of capacity).
Most secondary aluminum smelters (part of SIC

3341) tend to be located in the Great Lakes
Region and Southern California (see Figure 1-2).

Primary and secondary aluminum production
facilities are located in different regions because
of the electricity-intensive nature of primary
aluminum production. Primary smelters prefer to
locate in regions where hydropower is abundant
and electricity rates are lower. Secondary
smelters typically locate near major industrial and
consumer centers to take advantage of the
availability of large amounts of scrap (EPA
1995).

Bauxite, the source of alumina in primary
production, is imported from Australia, Jamaica,
and other countries. It is refined in this country
at five Bayer plants with an estimated combined
capacity of 5.1 million metric tons (5.6 million
tons). These plants are mostly situated in the
Gulf region because of proximity to port
facilities.




Table 1-2. World Primary Aluminum Production - 1995

| Production Percentage (%) of

Country/Continent (thousand metric tons) World Production
Africa 639 3.3
North America 5,547 28.5
Canada 2,172 11.2
United States 3,375 17.3
Latin America 2,020 10.4
Asia 3,400 17.5
European Union 2,113 10.9
Russia 2,722 14.0
Other Europe 1,431 7.3
Oceania 1,570 8.1
TOTAL WORLD 19,442 100.0

Source: Aluminum Statistical Review for 1995, The Aluminum Association, 1996.
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Figure 1-1. World Primary Aluminum Production
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Figure 1-2. Distribution of Aluminum Plants in the United States

The U.S. aluminum mill products industry, which
produces wrought or fabricated products and
castings, is the largest in the world. As can be
determined from Table 1-1, approximately 400
facilities in the United States produce aluminum
mill products. In addition, an estimated 700 or
so facilities produce aluminum die castings.

Integrated fabricators -- companies that
encompass both production of the primary or
secondary aluminum and fabrication of products
-- accounted for approximately two-thirds of
U.S. production of aluminum mill products in
1992 (ITC 1994). The remaining third was
produced by independent fabricators who
purchase primary forms of aluminum and then
roll, extrude, cast, or forge them into finished
products

Recycled Aluminum Comprises One-
Third of Total Market

Recycling is a critical component of the
aluminum industry based on its favorable
economic impact on production as well as its

contribution to the environment. Aluminum
recycling has nearly doubled in the last ten years;
recycled aluminum currently represents one-third
of the total U.S. aluminum supply.

Secondary refiners recover aluminum from both
purchased new and old aluminum scrap. New
(industrial) scrap is generated by plants making
end products, while old (consumer) scrap comes
from metal products that have been discarded by
consumers.

In 1995, 3,188 thousand metric tons (3,513
thousand tons) of metal valued at more than $3
billion were recovered from both new and old
aluminum scrap. Of this total, approximately
47% (1,505 thousand metric tons) was recovered
from old scrap, with the remaining 53% (1,683
thousand metric tons) from new scrap (AA 1996).




Reclamation of used aluminum beverage cans
continues to be a major source of supply for the
U.S. aluminum industry. As shown in Figure 1-3,
the recycling rate for aluminum beverage
containers was approximately 62% (63 billion
cans) in 1995, yielding 915 thousand metric tons
of aluminum (AA 1996).

Recycling of aluminum is highly beneficial,
saving approximately 95% of the energy required
for producing primary aluminum. Recovery and
recycling also result in lower origination and
transportation costs.

1.2 Market Trends and Statistics

Primary and Secondary Production Are
Supplemented by Imports

The United States’ supply of aluminum is
calculated as the sum of domestic primary
production, imports of primary and mill products,
and metal recovered from scrap. Since 1985, the

total supply has expanded at the average rate of
3.7% per year. In 1995 primary production
increased to 36.4% of total supply, imports
declined to 29.2%, and secondary recovery
accounted for 34.4%.

In 1995 the nation’s total aluminum supply was
9,265 thousand metric tons (10,192 thousand
tons, or about 20,380 million pounds) (AA 1996).
Table 1-3 shows total U.S. aluminum supply for
the period 1970 to 1995. The contributors to the
1995 total (in thousand metric tons) were as
follows:

* primary production -- 3,375

* primary imports - 1,976
 imports of mill products -- 726
* secondary recovery -- 3,188

Figure 1-4 compares total aluminum supply by
source for 1985 and 1995. Figure 1-5
summarizes primary aluminum production for the
period 1985 to 1995. Total primary production
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Source: Estimated by the Aluminum Association Statistical and Market Research Committee through 1988. From 1989
forward, figures are based on joint survey conducted by the Aluminum Association and the Institute of Scrap Recycling
Industries (ISRI). Beginning in 1987, UBC data includes estimates of exported can scrap.

Figure 1-3. Aluminum Can Reclamation Data, 1985 - 1995




Table 1-3. Total U.S. Aluminum Supply, 1970 - 1996
(thousand metric tons)

Imports
Domestic Total

Primary Secondary Mill el TOTAL
Year Production Recovery Primary Tl s Imports SUPPLY
1970 3,607 937 318 88 406 4,950
1975 3,519 1,121 394 59 453 5,093
1980 4,653 1,577 527 76 603 6,833
1985 3,500 1,762 869 463 1,332 6,594
1990 4,048 2,390 962 459 1,421 7,863
1991 4,121 2,286 1,029 369 1,398 7,805
1992 4,042 2,756 1,164 409 1,573 8,371
1993 3,695 2,944 1,850 477 2,327 8,966
1994 3,299 3,086 2,536 600 3,136 9,520
1995 3,375 3,188 1,976 726 2,701 9,265

NA NA NA NA

NA Data not yet available.

Sources:

Aluminum Statistical Review for 1995, The Aluminum Association, 1996.

“Primary Aluminum Production,” The Aluminum Association web site, March 1997.
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Figure 1-4. Total U.S. Aluminum Supply, 1985 and 1995
(thousand metric tons)
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Figure 1-5. U.S. Primary Aluminum Production, 1985 - 1995

in 1996 was reported to be 3,577 thousand metric
tons (AA 1997).

Total Net Shipments Are About 21 Billion
Pounds

Table 1-4 summarizes key aluminum industry
data for 1995 and 1996, including production,
imports, exports, and shipments. Preliminary
Aluminum Association figures for 1996 indicate
that industry shipments, including exports,
totaled an estimated 9,446 thousand metric tons
(20,825 million pounds), down 1.2% from the
1995 total of 9,557 thousand metric tons (21,070
million pounds). The total value of shipments for
1993, the most recent year for which these figures
are available, was $27.45 billion (AA 1996a).
Figure 1-6 shows the distribution of aluminum
net shipments by major market.

U.S. exports of aluminum ingot and mill products
were reported at 1,310 thousand metric tons
(2,889 million pounds) during 1996, rising less
than 1% from the 1995 total of 1,307 thousand
metric tons (2,881 million pounds). Imports fell
almost 5% from 2,701 thousand metric tons
(5,956 million pounds) to 2,572 thousand metric
tons (5,671 million pounds).

For the full year 1996, domestic shipments
totaled an estimated 8,136 thousand metric tons
(17,936 million pounds), down 1.4% from 1995.
Mill shipments were reported at 6,990 thousand
metric tons (15,411 million pounds), down 2.4%
from 7,160 thousand metric tons (15,784 million
pounds) in 1995.

Shipments of aluminum in the United States in
1995 included the negative effects of inventory
destocking that year. In spite of this,
consumption of aluminum was up marginally
from previous years, a respectable performance
considering the industry’s strong showing in
1994,

On the trade side, U.S. producers increased
exports by close to 10% in both ingot and mill
products in 1995, Although total imports were
down about 11%, reflecting weaker U.S.
economic growth, they are still responsible for
more than one-quarter of the total U.S. aluminum
supply. Imports of mill products were actually
up, but represent only one-third of the volume of
ingot imports. Ingot imports dropped off sharply
from 1994 because of slower economic growth
and the weaker U.S. dollar (Born 1996).




Table 1-4. Capsule Review of the U.S. Aluminum Industry - 1995

Thousand Metric Tons [million pounds]

Measure
1995 1996%

SUPPLY

Primary Production 3,375 [7,441] 3,577 [7,884]

Imports 2,702 [5,956] 2,573 [5,671]

Secondary Recovery 3,188 [7,028] NA
TOTAL 9,265 [20,425] NA
PRIMARY CAPACITY 4,184 [9,222] NA
(year end)

NET DOMESTIC
SHIPMENTS TO MAJOR

MARKETS
Building & Construction 1,216 [2,679] NA
Transportation 2,602 [5,736] NA
Consumer Durables 621 [1,368] NA
Electrical 657 [1,448] NA
Machinery & Equipment 569 [1,255] NA
Containers & Packaging 2,309 [5,088] NA
Other 279 [615] NA
TOTAL 8,253 [18,189] 8,138 [17,936]
EXPORTS® 1,307 [2,881] 1,311 [2,889]
TOTAL NET SHIPMENTS 9.560 [21.070 0.449 [20.825
NA Data not yet available.
a Preliminary data.
b Estimated.

Sources: Aluminum Statistical Review for 1995, The Aluminum Association, 1996.
Data reported on The Aluminum Association web site.
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Figure 1-6. Distribution of Aluminum Net Shipments by Major Market - 1995




The majority of U.S. aluminum metal imports
come from Canada (60% in 1995) because of its
proximity and extensive ties to U.S. operations
(e.g., Alcan and Reynolds). Another 18% of
1995 imports came from Russia. Venezuela is an
ingot source, and Mexico and Venezuela are
secondary scrap sources. Of the 124 countries
receiving aluminum products from the United
States in 1995, 33% of the total went to Canada
and about 18% to Japan.

Transportation Sector Is Largest Market
for Aluminum

The largest concentration of domestic aluminum
shipments is to the transportation, container and
packaging, and building and construction
markets. Combined, these three markets account
for almost two-thirds of industry consumption
(see Figure

1-6). The next largest grouping includes
electrical, consumer durables, and machinery and
equipment. Exports account for the remaining
13.7%.

The transportation sector continues as the largest
market for aluminum, representing 27.2% of total
domestic shipments in 1995. Included in this
market are passenger cars, trucks and buses, and
trailers and semi-trailers. This market has grown
more than 65% over the last decade, primarily
due to increased use of aluminum in passenger
cars.

Aluminum’s use in vehicles is rapidly increasing,
where its cost per pound can be justified on the
basis of weight reduction and performance. From
about 100 Ib/car on average in 1960, current
models average about 250 Ib/car. Aluminum can
provide a weight savings of up to 55% compared
to an equivalent steel structure, while matching
or exceeding crashworthiness standards of a
similarly sized steel structure (AA 1997).

At 24.1% of total domestic shipments, the
containers and packaging industry is the second
largest market for aluminum. Representative
products include metal cans, semi-rigid food
containers, and household and institutional foils.
To a large degree, the strength of this market can

be attributed to the recyclability of aluminum
cans; about two-thirds of the aluminum cans
produced today are recycled at more than 10,000
recycling centers nationwide.

The buildings and construction market accounted
for 12.7% of total shipments in 1995, a decrease
of about 13% from 1994 shipments. This market
includes residential, industrial, commercial, farm,
and highway applications as well as mobile
homes.

Other significant markets include:

. electrical (ACSR and insulated wire and
cable products)

. consumer durables (large appliances and
air conditioning equipment)

. non-electrical machinery and equipment

(agricultural, construction and industrial
machinery, irrigation pipe, ladders,
fasteners, etc.)

Total demand for aluminum is driven by the
strength of demand in these end-use sectors and
by the ability of the metal to substitute for other
materials, based on cost and design
considerations. The integrated primary aluminum
producers are also the principal suppliers of
fabricated aluminum products. Other purchasers
of aluminum raw materials include independent
fabricators, distributors, and metal traders.

1.3 Energy and Materials
Consumption

Primary Production Is Very Electricity-
Intensive

The production of primary aluminum relies on an
electrolytic process and is thus very electricity-
intensive. In fact, the aluminum industry spends
more than $2 billion annually on energy, the
majority of which is for electricity. One-third of
the average cost of aluminum is for the energy
required to make it (Evans 1995).

Major energy savings are achieved through the
recycling of scrap aluminum. Reusing aluminum
by remelting and casting requires only 5 to 8% of

10



the original energy input of aluminum produced
from bauxite (Huglen and Kvande 1994).
Increased use of aluminum in transportation and
elsewhere have also helped reduce energy and
fuel consumption (AA 1997).

The current U.S. average energy consumption for
aluminum reduction in an electrolytic cell is
estimated to be 15.18 kWh/kg (6.9 kWh/Ib) of
aluminum (Richards 1997). However, the most
efficient smelters operate with an energy
consumption of about 13 kWh/kg (5.9 kWh/Ib).
The average energy consumption of aluminum
reduction will continue to decrease as old and
obsolete smelters are shut down, existing
smelters are retrofitted and modernized, and new
cells lines with modern technology are built.

This technology renewal process is slow,
particularly because of the high investment costs
of new capacity. However, it will give a small
but steady reduction in the “industrial average”
energy consumption (Huglen and Kvande 1994).
Large energy savings from the Hall-Heroult
electrolytic process are not expected, however,
unless some technological breakthroughs are
achieved (e.g., the introduction of dimensionally
stable anodes and “wettable” cathodes).

Primary Production Relies Heavily on
Hydroelectric Power

The primary source of electric power and the
power ownership are very influential on the price
of the power used and therefore on the economics
of aluminum production. In the United States,
primary aluminum production facilities are
concentrated in areas with significant
hydropower resources because of the lower
electricity costs associated with this type of
power (Figure 1-1 showed the geographic
distribution of both primary and secondary
aluminum production plants in the United States).

In cases where an industry is distributed more or
less evenly around the country, the fuel mix for
the national grid can be used, making
calculations easier without sacrificing accuracy.
However, electroprocess industries such as
aluminum smelting are not distributed uniformly

around the country, so a national electricity grid
is not a reasonable approximation of their energy
use (Hunt et al. 1992). Aluminum smelters are
concentrated heavily in the Pacific Northwest
where electric power is relatively inexpensive;
therefore, specific regional grids are used to
calculate smelting energy use.

Table 1-5 shows the grid assumptions for the
United States as a whole and for the U.S.
aluminum smelting capacity. These assumptions
were used to 1) calculate the energy efficiency of
the electricity generating and delivery system,
and 2) calculate combustion-related emissions
associated with major aluminum processes.

Based on the data in Table 1-5, the conversion
factors used for electricity (including losses)
were 7,596 kj/kWh (7,234 Btu/kWh) for
primary aluminum smelting, and 11,530.6
kj/kWh (10,981 Btu/kWh) for all remaining
industry processes (Richards 1997).
Hydropower is counted at its theoretical energy
equivalence of 3,580 kj/kWh (3,410 Btu/kWh)
with no precombustion impacts included. These
impacts are not assumed for hydropower because
water does not have an inherent energy value
from which line transmission losses, etc. can be
subtracted (Hunt et al. 1992).

Energy to Produce Al from Scrap Is 5 to
8% of that Required for Primary
Production

Table 1-6 summarizes the unit energy
requirements of the primary aluminum production
processes of alumina refining, anode
manufacture, aluminum smelting, and ingot
casting. Table 1-7 summarizes the same
information for scrap pretreatment, secondary
melting/refining, and hot and cold rolling. Table
1-8 presents the percentage use of each fuel for
all of the processes given in Tables 1-6 and 1-7.

As noted previously, reusing aluminum by
remelting and casting requires only 5 to 8% of the
original energy input of aluminum produced from
bauxite (Huglen and Kvande 1994). The data in
Tables 1-6 and 1-7 confirm this ratio. According
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Table 1-5. Fuel Mix for Estimates of Emissions and Energy Loss Conversion Factors
(Percent)
Area |I Coal-Fired Hydro Natural Gas Nuclear Qil Dther
U.S. Aluminum Smelting 50.0 48.0 0.5 15 0.0 0.0
U.S. National Grid 56.0 9.8 9.2 20.9 3.6 0.4

Sources: Data reported by Nolan Richards, 1997.
“Patterns of Energy and Fuel Usage in the U.S. Aluminum Industry, Full Year - 1989,” The Aluminum Association,
August 1991.

Table 1-6. Estimated Specific Energy Consumption (by Energy Source)
of Primary Aluminum Production Processes
(MJ/metric ton of primary aluminum, except as noted)
Specific Energy Consumption
[10° Btu/ton]
Energy Coke Pitch Aluminum Primary
Source Alumina Produc- Produc- Anode Production Ingot
Refining 2 tion > tion &4 Production (Smelting) Casting ©
Electricity 462 [0.40] 35 [0.03] 0.00 826 [0.72] | 115,330[99.85] | 1,910 [1.65]
Natural Gas 23,336 763 20 696 752 2,417
[20.20] [0.66] [0.02] [0.60] [0.65] [2.09]
Distillate Oil - 327 [0.28] 81[0.01] 149 [0.13] 20 [0.02] 698 [0.61]
Residual Oil 243"[0.21] - - - 5 [0.005] 698 [0.61]
Propane/LPG - . - 149 [0.13] 81[0.01] 465 [0.40]
Coal 729 [0.63] - - - - -
Gasoline -- -- -- -- 5 [0.005] 372[0.32]
Carbon -- -- -- -- 17,325 [15.00] -
Anodes
TOTAL 24,770 1,125 28 1,820 133,445 6,560

a Assumes 1,880 kg of alumina per metric ton of aluminum (3,760 Ib/ton).
Assumes average anode coke content of 60%.
c Assumes an average of 0.45 metric ton of anode per metric ton of primary aluminum produced (Welch 1993). Total

shown is for prebaked anodes (used in 80% of production); Soderberg anodes are baked in-situ and use only electricity.
d Assumes average anode pitch content of 15%.

Energy per ton of primary aluminum ingot cast.
f Includes some distillate oil.

Sources: Data reported by Nolan Richards, 1997. (Note: the date refers to the release of the information, some of which was
developed in 1991)
“A Model for Petroleum Coke Reactivity,” Welch et al., Light Metals 1993.
“Patterns of Energy and Fuel Usage in the U.S. Aluminum Industry, Full Year - 1989,” The Aluminum Association,
August 1991.
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Table 1-7. Estimated Specific Energy Consumption (by Energy Source) of Secondary
Aluminum Production Processes and Aluminum Semi-Fabrication Processes
(MJ/metric ton of aluminum processed, except as noted)
Specific Energy Consumption
[10° Btu/ton]
Secondary
Energy Source Scrap Melting/ Hot Rolling - Hot Rolling -
Pretreatment * Refining ”° Softer Alloys ° | Harder Alloys ¢ | Cold Rollin
Electricity 300 [0.26] 1,521 [1.31] 3,530 [3.05] 3,800 [3.29] 5,390 [4.67]
Natural Gas 1,300 [1.13] 4,247 [3.68] 2,536 [2.20] 1,766 [1.53] 2,349 [2.03]
Distillate Oil/Diesel - 44 [0.04] 29 [0.03] 20 [0.02] 27 [0.02]
Residual Oil - 44 [0.04] - - -
Lube Oil - - 146 [0.12] 102 [0.09] 135 [0.12]
Propane and LPG -- 66 [0.06] 29 [0.03] 20 [0.02] 27 [0.02]
Coal - - 146 [0.12] 102 [0.09] 135 [0.12]
Gasoline - - 29[0.03] 20 [0.02] 27 [0.02]
TOTAL 1.600[1.39 5922 [5.13 6.445 [5.58 5.830 [5.05 8.090 [7.00

Energy per metric ton of scrap input.
Energy per metric ton of scrap melted.
Includes casting energy requirements.
Softer alloys are represented by 3104.
Harder alloys are represented by 5182.

a o0 o

Sources: Data reported by Nolan Richards, 1997. (Note: the date refers to the release of the information, some of which was

developed in 1991)

“Patterns of Energy and Fuel Usage in the U.S. Aluminum Industry, Full Year - 1989,” The Aluminum Association,

August 1991.

to Table 1-6, the specific energy requirements to
produce one metric ton of primary aluminum
(including ingot casting) are approximately
167,750 MJ (corresponding to about 145.2 10°
Btu/ton).

From Table 1-7, the specific energy requirements
to produce one metric ton of secondary aluminum
(including scrap pretreatment, melting, refining,
and casting) are approximately 7,500 MJ (6.5 10°
Btu/ton). According to these figures, the energy
requirements of producing aluminum from scrap
are therefore about 5% those of producing
aluminum from bauxite.

U.S. Primary Production Consumed Close
to Half a Quad of Energy in 1995

Table 1-9 presents an estimate of the total U.S.
energy consumption associated with the
production of molten primary aluminum in 1995.
The energy used in reduction cells (smelting)
represents approximately 86% of the total 522.2
10° MJ (497.3 10" trillion Btu). Alumina
refining accounts for another 13% of total energy
requirements and anode manufacture the
remaining 1%. Casting, rolling, and other semi-
fabrication steps are not included in these figures.

The most recent Aluminum Association industry
energy survey, which was conducted in 1989,
reported a total of 648.0 10° MJ (617.1 10" Btu)
for the same primary aluminum production steps
(AA 1991). When this total is adjusted to use the
same electricity conversion factors used in the
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Table 1-8. Estimated Percentage Use of Each Energy Source by Major Process
Energy Source (%)
Process Elec- Natural Dist. Resid. Lube Propane Gaso- Carbon
tricity 2 Gas Oil Oil Oil & LPG Coal line Anodes °
Alumina 1.8 94.2 0.0 1.0 0.0 0.0 3.0 0.0 0.0
Refining
Anode 45.3 38.2 8.25 0.0 0.0 8.25 0.0 0.0 0.0
Production®®
Aluminum 85.9 0.2 0.2 0.0 0.0 0.1 0.0 0.1 13.5
Production
Ingot Casting 29.1 36.9 10.6 10.6 0.0 7.1 0.0 5.7 0.0
Scrap 18.8 81.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pretreat
Scrap
Melting/ 25.7 71.7 0.75 0.75 0.0 1.1 0.0 0.0 0.0
Refining
Hot Rolling® 65.2 30.3 0.3 0.0 1.8 0.3 1.8 0.3 0.0
Cold Rollin 66.7 29.0 0.3 0.0 1.7 0.3 1.7 0.3 0.0

a Includes losses using conversion factor of 7,596 kj/kWh (7,234 Btu/kWh) for aluminum smelting and 11,530.6
kj/kWh (10,981 Btu/kWh) for all other processes.

Approximately 81% of energy content of anode is from petroleum coke; other 19% is from pitch.

Does not include embodied energy of anode; this is included under alumina reduction.

Non-electric fuel percentages are estimated based on data supplied by Richards (Richards 1997).

Harder alloys represented by 5182.

o o6 o

Sources: Data reported by Nolan Richards, 1997.
“Patterns of Energy and Fuel Usage in the U.S. Aluminum Industry, Full Year - 1989,” The Aluminum Association,
August 1991.

current study, the total comes to 662.9 10° MJ Btu/ton) in 1995, an 8% drop. Similarly, the unit

(631.3 102 Btu). The 1989 total was based on a
total primary aluminum production of 4,030.2
thousand metric tons (4,433.2 thousand tons); the

1995 production of 3,375.2 thousand metric tons
(3,712.3 thousand tons) represents a 16%
decrease from the earlier level. However, the
total energy use decreased 21% between 1989
and 1995, indicating some improvement in
energy efficiency during that time period.

Specifically, the unit energy requirements of the
reduction process decreased from 144.7 10°
MIJ/metric ton (125.3 10° Btu/ton) in the 1989
survey (using an adjusted electricity conversion
factor) to 133.4 10° MJ/metric ton (115.5 10°

energy requirements of alumina production
decreased from 26.1 10° MJ/metric ton (22.6 10°
Btu/ton) of primary aluminum to 24.7 10°
MIJ/metric ton (21.4 10° Btu/ton) of primary
aluminum, a 5% improvement.

The Aluminum Association’s 1989 survey also
reported a total of 206.4 10° MJ (196.6 10" Btu)
used for the processes of holding, melting, and
casting; mill products (semi-fabrication); and
other fabrication. Adjusting these totals with the
electricity conversion factors used in this study
yields 224.4 10° MJ (213.7 10" Btu). Nearly
two-thirds of this total was attributed to mill
products, and nearly one-third to holding,
melting, and casting.
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Table 1-9. Estimated Total Industry Energy Use Associated with Primary Aluminum
Production - 1995

Estimated Total

Estimated Industry Energy Use

Process Production - 1995
(thousand metric tons) 10° MJ 10" Btu
Alumina Refining 4,970.0 65.5 62.4
Anode Manufacture” 1,518.8 6.3 6.0
Primary Aluminum 3,375.2 450.4 428.9
Production (Smelting)
TOTAL -- 522 2 497.3
a Covering process steps up to and including the production of molten metal in reduction cells.
b Prebaked anodes are assumed to be used for 80% of primary aluminum production, Soderberg for 20% (EPA 1996).

An average anode requirement of 0.45 metric ton per metric ton of primary aluminum produced is assumed (Welch
1993). Includes energy use associated with coke and pitch production, assuming an average 60% coke and 15% pitch
content.

Sources: Data reported by Nolan Richards, 1997.

Aluminum Statistical Review for 1995, The Aluminum Association, 1996.
“World Bauxite and Alumina Production Capacity in the Mid-1990s,” E. Sehnke, Light Metals 1996.
Primary Aluminum Industry: Technical Support Document for Proposed MACT Standards, U.S. Environmental

Protection Agency, July 1996.

“A Model for Petroleum Coke Reactivity,” Welch et al., Light Metals 1993.

Similar industry-wide energy estimates could not
reliably be made for 1995 because of the lack of
data on the amounts of aluminum (including
scrap, ingot, etc.) undergoing each of the
processes. The large differences in the amounts
of secondary metal recovery and imports (of both
primary aluminum ingot and mill products)
meantthat extrapolation of the 1989 data to 1995
could not reliably be performed.

Table 1-10 presents estimates of total U.S.
aluminum industry energy use (both primary and
secondary production, where possible) from
several sources for the years 1989, 1991, and
1995.

Total energy use for the entire industry (including
primary and secondary processing) was reported
by The Aluminum Association to be 854.4 10°
MJ (813.7 10" Btu) in 1989 (AA 1991).
Applying the electricity conversion factors used
in this study for purposes of comparison yields an
adjusted total of 887.3 10° MJ (845.1 10" Btu).

The most recent Energy Information
Administration Manufacturing Consumption of

Energy Survey (MECS), which was for the year
1991, gave totals of 312 10° MJ (297 10" Btu)
for total primary aluminum industry (SIC 3334)
energy consumption and 64 10° MJ (61 10" Btu)
for aluminum sheet, plate, and foil (SIC 3353).
Both of these totals excluded losses associated
with electricity generation, transmission and
distribution. When losses are factored into the
MECS data (applying the conversion factors used
in the current study), the respective totals are 583
10° MJ (555 10" Btu) and 97 10° MJ (93 10"
Btu), for a combined total of 680 10° MJ (648
10" Btu). The 1991 MECS industry total is
significantly lower than the 1989 AA industry
total in spite of the fact that 1991 aluminum
production levels (both primary and secondary)
were somewhat higher. In addition to the
problems with comparing different years,
discrepancies arise from differences in data
collection and estimation methods, and in the
processes and types of facilities that were
covered.
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Table 1-10. Total U.S. Aluminum Industry Energy Use - Recent Estimates
(10° MJ)

Estimated Annual Energy Use [10 *? Btu]

Aluminum Association
Survey (1989)

Process/Energy Source

MECS Survey (1991) 2 Current Study (1995)

Primary Production®

Non-Electric 139.1 [132.5] 70.4 [67.0] 131.5 [125.2]
Electric® 245.0 [233.3] 241.5 [230.0] 184.1 [175.3]
Electric Losses® 278.8 [265.5] 270.8 [257.9] 206.6 [196.8]
SUBTOTAL 662.9 [631.3] 582.7%'[554.9] 522.2 [497.3]

Semi-Fabrication

Non-Electric 124.2 [118.3] 48.3 [46.0] NA
Electric 31.1[29.6] 15.2 [14.5] NA
Electric Losses 69.1 [65.8] 33.9[32.3] NA
SUBTOTAL 224.4 [213.7] 97.4°[92.8] NA
TOTAL 887.3 [845.0 6380.1 [647.7 NA

NA Data not available.

a MECS data is not believed to cover as many processes and types of facilities as the 1989 AA survey.

b Including alumina refining, anode manufacturing, and smelting.

c At 3,580 kj/kWh (3,410 Btu/kWh).

d Using adjusted conversion factors from current study -- 7,596 kj/kWh (7,234 Btu/kWh) for reduction; 11,530.6
kj/kWh (10,981 Btu/kWh) for all other processes.

e Includes casting.

f Assumes the same ratio of alumina refining energy use to smelting energy use found in the 1989 AA survey.

g Represents SIC 3353, Aluminum Sheet, Plate, and Foil.

Sources: Data reported by Nolan Richards, 1997.
Manufacturing Consumption of Energy 1991, Energy Information Administration, DOE/EIA--0512(91), December
1994.
“Patterns of Energy and Fuel Usage in the U.S. Aluminum Industry, Full Year - 1989," The Aluminum Association,
August 1991.

Sources: “Aluminum Availability and Supply, A Minerals Availability Appraisal,” Wilburn and Wagner, Info. Circular 9371,
U.S. Bureau of Mines, 1993.
“Electricity in the Production of Metals: From Aluminum to Zinc,” J. Evans, Metallurgical and Materials
Transactions, Vol. 26B, April 1995.

Table 1-11. Breakdown of Aluminum Production Costs
for Several Major Producers - 1989
(cents/pound)
Alumina/

Country Labor Supplies Energy Overhead Transport Net Costs
Australia 8.4 23.4 12.4 4.2 0.8 49.2
Brazil 5.0 28.3 18.0 4.9 0.4 56.6
Canada 11.2 25.8 5.4 3.9 0.6 46.9

21.5 6.5 0.7 62.2
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Higher Electricity Costs Affect U.S.
Competitiveness

The United States is at a considerable
disadvantage compared with Canada, Venezuela,
Australia, and other countries in terms of the
costs of electricity for primary aluminum. Table
1-11, an examination of the costs of aluminum
production in various countries, reveals wide
variation in labor costs and even wider disparities
in energy costs. This variation occurs in spite of
the fact that there is little difference in the energy
required to produce a ton of aluminum in the
major Western producing countries (Evans 1995).

Some experts feel that low-cost hydroelectric
power, coupled with low labor costs and the
strategic importance of aluminum, will continue
to lead countries outside the United States to
subsidize aluminum smelting capacity,
maintaining metal production even during periods
of low demand (Evans 1995).

Variety of Materials Are Used to Produce
Primary, Secondary Metal

The primary aluminum industry imports bauxite
ore and refines the ore to extract aluminum oxide
(known as alumina). Alumina is subsequently
reduced in electrolytic cells to produce molten
aluminum. In 1994, the last year for which the
U.S. Bureau of Mines collected data, total U.S.
alumina production was 4.86 million metric tons
(5.35 million tons) (Sehnke 1996). Extrapolating
this data to 1995 based on total primary
aluminum production (and assuming the same
proportions of imported alumina and alumina
produced domestically) yields 4.97 million metric
tons (5.47 million tons) of alumina produced
domestically.

Assuming that approximately 2.3 metric tons of
bauxite are required to produce one metric ton of
alumina, the total 1995 bauxite requirement is
estimated to be approximately 11 to 11.5 million
metric tons.

As shown in Table 1-9, an estimated 1,518.8
thousand metric tons of carbon anodes were
consumed in the electrolytic reduction of alumina

to aluminum in 1995. At average anode contents
of 60% and 15%, consumption of petroleum coke
and petroleum pitch (or coal tar) is estimated at
slightly over 900 thousand metric tons and 225
thousand metric tons, respectively.

In addition to recycling consumer scrap, the
aluminum industry recycles scrap generated at its
own production facilities, scrap that includes a
material known as “dross.” Dross, a byproduct of
aluminum melting operations, consists of a
mixture of aluminum and oxides that float to the
surface of the molten aluminum. White dross is
produced at primary aluminum smelters and
semi-fabricating facilities, while black dross is
generated by secondary aluminum smelters and
other recyclers. White dross typically has a
higher aluminum content (from 15 to 80%) than
black dross (usually <30% aluminum).

The total amount of dross produced at secondary
smelters each year has been estimated to be
170,000 tons (154,550 metric tons) (DeSaro
1995). Dross is treated to recover the valuable
aluminum metal content; metal recovery from
black dross is typically 8 to 30% (AA 1996b).
The recovered aluminum is recycled by
secondary smelters.

1.4 Environmental Overview

Industry Spends Millions of Dollars
Annually on Pollution Control and
Abatement

The aluminum industry has managed its pollution
control efforts to prevent, rather than passively
respond to, environmental issues. The industry
has promoted energy conservation and effective
waste reduction within the industry; today,
aluminum is one of the most commonly recycled
metals in the world.

Many aluminum companies participated in the
Environmental Protection Agency’s 33/50
program to reduce toxic air pollutants, and are
actively involved with other EPA-sponsored
pollution prevention programs such as Green
Lights, Waste Wise, and the Voluntary
Aluminum Industrial Partnership.
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Capital and operating costs have increased for
many U.S. industries, including the aluminum
industry, to meet increasingly stringent
environmental standards. In 1994, the primary
aluminum industry spent nearly $20 million on
capital expenditures for pollution control
equipment, on top of more than $32 million the
previous year. The aluminum sheet, plate, and
foil industry also spent $32 million in 1993 and
another $18 million in 1994, while the extruded

Table 1-12 summarizes the emissions, effluents,

and byproducts and solid wastes associated with

primary and secondary aluminum production and
semi-fabrication processes.

Emissions Generated in Fuel Combustion
and Manufacturing Processes

There are two basic types of emissions discussed
in this profile:

products sector spent another $4 million in each

year (DOC 1996 and 1995). More than half of . combustion emissions associated with the
these expenditures were for air pollution control combustion of fuels, including fuels used
equipment. in the generation of purchased electricity
The 1990 Amendments to the Clean Air Act . process emissions associated with

(CAA), the Resource Conservation and Recovery
Act (RCRA), and the Clean Water Act have all
impacted the aluminum industry. The Clean Air
Act, which regulates emissions of various
pollutants from aluminum operations, has
perhaps had the most impact.

manufacturing processes

Combustion emissions for aluminum can be
calculated on a unit basis from the energy data
reported in Tables 1-6 and 1-7. These emissions
are shown in Table 1-13 for the processes of

Table 1-12. Summary of Emissions, Effluents, Byproducts and Solid Wastes from
Primary and Secondary Aluminum Production

Byproducts and Solid

Air Emissions ? Effluents Wastes

Process ‘

Alumina Refining Particulate Wastewater containing

starch, sand, and caustic

Red mud, sodium oxalate

Anode Production Particulate, fluorides, Wastewater containing
polycyclic organic matter, suspended solids,

SO, fluorides, and organics

Carbon dust, tar,
refractory waste

Aluminum Production
(Smelting)

CO,, CO, SO,, fluorides
(gaseous and particulate),
perfluorocarbons (CF,,
C,F), polycyclic organic
matter

Wet air pollution control
(APC) effluents (if
applicable)

Spent potlining (RCRA-
listed KO88),
environmental abatement
wastes (e.g., wet APC
sludge)

Scrap Pretreatment Particulate, organics,

chlorides

Environmental abatement
wastes

Wet air pollution control
effluents (if applicable)

Scrap Smelting/Refining Particulate (including
trace metals), organics,

chlorides, fluorides

Magnesium removal
("demagging") effluents

Dross, salt cake

Semi-Fabrication Particulate, chlorides,
organic droplets and

vapors

Cast water blowdown,
cooling water blowdown,
roll coolant waste, coating
line waste

Oils, greases

a Excluding combustion-related emissions.
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Table 1-13. Combustion-Related Air Emissions for Major Aluminum Industry
Processes 2P
(kg/metric ton of aluminum, except as noted)
Emission Factor
[Ib/ton]
Process P

SOx NOx co, co° Particulate | VOCs Organics °
Alumina Refining 1.09 1.80 1,251.1 1.0 0.34 0.063 3.60

[2.18] [3.60] | [2,502.2] [2.0] [0.68] [0.126] [7.20]
Anode Production® 0.56 0.30 137.72 ND 0.15 0.005 ND

[1.12] [0.60] [275.44] [0.30] [0.010]
Aluminum Production 62.41 2411 5,514.0 1.30 17.98 0.127 0.70
(Smelting)’ [124.82] | [48.22] | [11,028] | [2.60] [35.96] [0.254] [1.40]
Primary Ingot Casting 1.72 0.80 372.5 0.20 0.36 0.028 0.75

[3.44] [1.60] [745.0] [0.40] [0.72] [0.056] [1.50]
Scrap Pretreatment? 0.18 0.15 81.06 ND 0.05 <0.01 ND

[0.36] [0.30] [162.12] [0.10] [<0.01]
Secondary 0.96 0.63 304.51 0.21 0.27 0.013 0.85
Melting/Casting [1.92] [1.26] [609.02] | [0.42] [0.54] [0.026] [1.70]
Hot ROIIingh 2.43 1.06 318.05 ND 0.70 0.011 ND

Not determined.

Electricity-based emissions based on the fuel mixes in Table 1-4 (U.S. National Grid used for all processes except
smelting). Combustion emissions factors used (in Ib/million Btu) were as follows: Natural Gas/Propane/LPG (SOx -
0.0, NOx - 0.14, CO, - 118.8, Particulate - 0.003, VOCs - 0.006); Distillate Oil (SOx - 0.16, NOx - 0.14, CO, - 161.4,
Particulate - 0.01, VOCs - 0.002); Residual Oil (SOx - 1.70, NOx - 0.37, CO, - 173.7, Particulate - 0.08, VOCs -
0.009); Gasoline (SOx - 0.00, NOx - 0.14, CO, - 157.0, Particulate - 0.00, VOCs - 0.090); Coal (SOx - 2.50, NOx -
0.95, CO, -207.1, Particulate - 0.72, VOCs - 0.005); Hydro and nuclear - no combustion emissions. For the U.S.
smelting grid, the electricity conversion factors in 1b/million Btu were calculated to be: SOx - 1.250; NOx - 0.4820;
CO, - 109.5; Particulate - 0.360; VOCs - 0.0025. For the U.S. national grid, the electricity conversion factors in
Ib/million Btu were calculated to be: SOx - 1.406; NOx - 0.550; CO, - 133.4; Particulate - 0.4038; VOCs - 0.0034.
Calculations of combustion emission factors based on energy use data by fuel type presented in Tables 1-5 and 1-6.
Emission factors reported by Nolan Richards.

Volatile Organic Compounds.

Prebaked anodes are assumed to be used for 80% of primary aluminum production, and Soderberg for 20% (EPA
1996). An average anode requirement of 0.45 metric ton per metric ton of primary aluminum produced is assumed
(Welch 1993). Includes emissions from coke and pitch production (assumes an average anode content of 60% coke
and 15% pitch).

Does not include emissions related to anode consumption.

Emission factors per ton of scrap input.

Harder alloys (e.g., 5182) scalped, soaked or preheated, and rolled to form coil.

Data reported by Nolan Richards, 1997.

“Patterns of Energy and Fuel Usage in the U.S. Aluminum Industry, Full Year - 1989," The Aluminum Association,
August 1991.

Emissions of Greenhouse Gases in the United States, Energy Information Administration, DOE/EIA-0573, November
1994.

alumina refining, anode production (including pretreatment, secondary melting/casting, and hot
coke and pitch production), primary aluminum rolling. Using the data in Table 1-13, industry-
smelting, primary ingot casting, scrap
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Table 1-14. Estimated Industry-Wide Combustion Emissions Associated with Primary
Aluminum Production - 1995 &P
(thousand metric tons)
Pollutant [thousand tons]
Process
SOx NOx Co, Cco Particulate VOCs Organics
Alumina 3.68 6.08 4,222.71 3.37 1.15 0.21 12.15
Refining [4.05] [6.69] [4,645.00] [3.71] [1.26] [0.23] [13.36]
Anode 1.89 1.01 464.83 ND 0.40 0.02 ND
Production © [2.08] [1.11] [511.32] [0.44] [0.02]
Aluminum 210.65 81.38 18,610.85 4.39 60.69 0.43 2.36
Production [231.71] [89.51] | [20,471.94] [4.83] [66.75] [0.47] [2.60]
(Smelting)d
TOTAL 216.22 88.47 23,298.39 7.76 62.24 0.66 14.51
237.84 97.32 25.628.23 8.54 68.46 0.72 15.96

ND Not determined.

a Estimates based on the data in Table 1-13 and on a 1995 production level of 3,375.2 10° metric tons of primary
aluminum.

b Industry-wide estimates cannot reliably be made for holding, melting, casting, semi-fabrication, and other fabrication
processes because of the lack of data on the amounts of metal undergoing each process.

c Includes prebaked anodes only, which are assumed to be used for 80% of primary aluminum production (EPA 1996).

An average anode requirement of 0.45 metric ton per metric ton of aluminum produced is assumed (Welch 1993).

d Does not include emissions related to anode consumption.

Sources: Data reported by Nolan Richards, 1997.

Primary Aluminum Industry: Technical Support Document for Proposed MACT Standards, U.S. Environmental

Protection Agency, July 1996.

“A Model for Petroleum Coke Reactivity,” Welch et al., Light Metals 1993.
“Patterns of Energy and Fuel Usage in the U.S. Aluminum Industry, Full Year - 1989," The Aluminum Association,

August 1991.

wide combustion emissions associated with
primary

aluminum production (including alumina
refining, anode manufacture, and smelting) in
1995 are estimated in Table 1-14. Emissions
related to anode consumption during smelting are
not included in these figures because they are
considered process emissions.

Table 1-15 presents a summary of emissions from
various aluminum manufacturing processes,
including for alumina refining, anode
manufacture, primary aluminum smelting,
primary ingot casting, scrap pretreatment,
secondary melting/refining, and hot and cold
rolling. These emissions include CO,, CO, SOx,
particulate, organics, and fluorides from melting
and anode manufacture, and particulate, organics,
and chlorides from secondary operations. These
emissions are discussed in greater detail in

Sections 2 through 7. A discussion of major
concerns related to air emissions and other
environmental issues associated with the
aluminum industry follows.

The Industry Complies with Numerous
Environmental Regulations

The major Federal statutes and regulations that
apply to the aluminum industry include

. the Clean Air Act,

. the Clean Water Act, and

. the Resource Conservation and Recovery
Act (RCRA).
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Table 1-15. Process-Related Air Emissions for Major Aluminum Industry Processes
(kg/metric ton of aluminum, except as noted)
Emission Factor
[Ib/ton]
Process

SOx NOx co, co° Particulate | Organics [Chlorides  Hluorides
Alumina -- -- -- - 0.5 -- -- -
Refining [1.0]
Coke 0.81 0.18 -- 0.37 0.40 0.29 -- 0.0004
Production® [1.62] [0.36] [0.74] [0.80] [0.58] [0.0008]
Anode 0.70 0.16 -- 0.25 0.63 0.20 -- 0.25
Production® [1.40] [0.32] [0.50] [1.26] [0.40] [0.50]
Aluminum 18.0 2.9 1,400.0 125.0 4.2 0.13 -- 1.3
Production [36.0] [5.8] [2,800.0] | [250.0] [8.4] [0.26] [2.6]
(Smelting)
Primary Ingot -- -- -- -- 0.10 -- 0.0078 --
Casting [0.20] [0.0156]
Scrap -- -- -- -- 0.20 0.05 0.20 --
E’retreatment [0.40] [0.10] [0.40]
Secondary -- -- -- -- 0.19 0.05 0.17 --
Melting/ [0.38] [0.10] [0.34]
Casting
Hot Rolling -- -- -- -- -- --
Softer alloy® 0.8[1.6] 1.0 [2.0]
Harder alloy® 1.2 [2.4] 0.3 [0.6]
Cold Rolling -- -- -- - 0.42 1.80 -- --

Emission factors per unit of anode produced.
Emission factors per unit of scrap input.
Softer alloys are represented by 3104.
Harder alloys are represented by 5182.

o o

Source: Data reported by Nolan Richards, 1997. (Note: the date refers to the release of the information, some of which was
developed in 1991).

Other regulations that affect the industry to The Clean Air Act Limits Emissions of a
varying degrees are Wide Range of Pollutants
. the Comprehensive Environmental The Clean Air Act (CAA) and its amendments,
Response, Compensation, and Liability including the Clean Air Act Amendments
Act (CERCLA) (commonly known as (CAAA) of 1990, direct the Environmental
Superfund), Protection Agency (EPA) to establish national
standards for ambient air quality and for EPA and
. the Toxic Substances Control Act
(TSCA), and the states to implement, maintain, and enforce
¢ the Endangered Species Act. these standards through a variety of mechanisms.
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In the first section, or “title” of the CAA, EPA
has established national ambient air quality
standards

(NAAQSs) to limit levels of “criteria pollutants,”
including carbon monoxide, nitrogen dioxide,
lead, particulate matter, ozone, and sulfur
dioxide. Title I also authorizes EPA to establish
New Source Performance Standards (NSPSs),
uniform national emission standards for new
stationary sources falling within particular
industrial categories. A total of five potlines at
four plants are subject to the NSPS.

Title I of the CAA also directs EPA to establish
and enforce National Emission Standards for
Hazardous Air Pollutants (NESHAPs), uniform
national standards oriented towards controlling
particular hazardous air pollutants (HAPs). Title
I of the CAAA further directed EPA to develop
a list of sources that emit any of 189 HAPs, and
to develop regulations for these categories of
sources. The emission standards will be
developed for both new and existing sources
based on “maximum achievable control
technology” (MACT). The MACT is defined as
the control technology achieving the maximum
degree of reduction in the emission of the HAPs,
taking into account cost and other factors.

In addition to general CAA requirements, specific
standards apply to primary aluminum reduction
plants. The Standards of Performance for
Primary Aluminum Reduction Plants (40 CFR
Part 60, Subpart S) are applicable to potroom
groups and anode bake plants that commence
construction after October 23, 1974. These
standards regulate emissions of total fluorides
and the opacity of emissions from primary
aluminum production.

The primary regulatory mechanism used to
implement source emission requirements under
the CAA is the State Implementation Plan (SIP),
which provide the States with the authority and
discretion to establish a strategy to attain primary
NAAQS levels.

Carbon Dioxide Emissions Are a Major
Industry Concern

Global climate change and its consequences have
received widespread public attention since the
1980s. Carbon dioxide (CO,) is one of the
largest contributors to the so-called “greenhouse
effect” that absorb and re-radiate energy back
towards the Earth’s surface.

Between 1968 and 1987, emissions of carbon
dioxide from aluminum production in the United
States decreased by approximately one-third
because of factors such as the following (Forrest
and Szekely 1991):

. reduced use of coal
. greater use of recycled aluminum scrap
. other efficiency improvements

The benefits of scrap recycling are especially
dramatic in regards to reducing greenhouse gas
emissions. It has been estimated that a savings of
2.75 metric tons (3.03 tons) of carbon equivalent
is achieved for each metric ton of scrap
aluminum substituted for raw ore product
(Forrest and Szekely 1991).

In the past, the main concern for the environment
was in the vicinity of smelters, with focus on the
fluoride emissions from the reduction cells. The
industry has made significant achievements in
reducing these emissions. Since the 1970s,
emissions of total and gaseous fluorides from
both prebake and Soderberg cells have been
reduced by more than 50% (see Table 1-16).

With the progress made in reducing fluoride
emission, the focus of concern has shifted to CO,
emissions. Carbon dioxide is the main
component of the gas created during electrolysis
of alumina to form aluminum. Further
improvements in existing cell technology cannot
be expected to reduce the CO, formation during
smelting unless inert anodes become technically
feasible (Huglen and Kvande 1994).

Carbon dioxide emissions are also strongly
dependent on the source of electric power. A
considerable reduction in CO, emissions may be
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Table 1-16. Aluminum Industry Improvements in
Fluoride and Particulate Emissions - 1970s to 1990s  ®
(kg/metric ton)
Average Emission Factor
Pollutant
1970s 1990s Improvement (%)

Total Fluoride

Prebaked Cells” 3.4+2.4 1.65 +.095 52

Soderberg Cells® 3.1 1.2+1.4 61
Gaseous Fluoride

Prebaked Cells” 1.15+1.2 0.57 £0.28 50

Soderberg Cells® 1.26 +0.65 0.32 +0.21 145
Particulate

Prebaked Cells” 10.8 +0.7 4.4 +1.6 60

Soderberg Cells® 13.0 +4.0 59+1.8 55

a Representing seven Washington state aluminum smelters.
For prebaked cells in 1990s, controls were dry scrubbers and no controls on roof vents.

c For Soderberg cells in 1990s, one plant had wet scrubbers on ducted capture systems and no roof scrubbers, and two
plants had dry scrubbers on ducted capture system (and one of these had wet scrubbers on roof vents).

Source: Data reported by Nolan Richards, 1997.

achieved by conversion from coal-fired to
hydroelectric power generation.

Total process air emissions (excluding
combustion emissions) for smelting and ancillary
processes for representative technologies are
about 1.56 kg/kg of aluminum, of which 90% (1.4
kg) is CO, (Richards 1994).

Total CO, releases (combustion-related and from
manufacturing) for the unit processes of bauxite
mining through the production of molten
aluminum in a crucible, representing a blend of
technologies in North America, have been
estimated at 11.7 kg CO,/kg of aluminum. Only
1.4 kg of this total is associated with the actual
smelting process (excluding generation of
electricity). Inclusive of CO, from fuel
combustion and transportation, total CO,
emissions are distributed as follows (Richards
1994):

. bauxite mining - 3.2%
. alumina production - 16.1%
. smelting - 81.7%

Power for smelting at the mix of the North
American smelting grid (shown in Table 1-5)
accounts for 69% of the total CO,. Thus,
reducing CO, emissions from the aluminum
industry is predominantly affected by the source
of power (Richards 1994).

Conversion to inert, non-consumable anodes
would decrease CO, by 1.4 kg/metric ton of
aluminum minus any CO, generated during the
production of such new anodes. This substitution
would also reduce fluorine releases from better
hooding and elimination of anode baking, and
drastically reduce organic emissions (Richards
1994).

Proposed Air Standards Would Be More
Stringent, Cover More Processes

In addition to the CAA requirements already
mentioned, EPA is currently working on several
regulations that will directly affect the aluminum
industry. Specifically, many of the proposed
standards will limit the air emissions from
various industries by proposing standards based
on the Maximum Achievable Control Technology
(MACT), standards that will set limits on
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emissions based upon concentrations in the waste
stream.

Primary aluminum processors may be a major
source of one or more hazardous air pollutants
(HAPs). As a consequence, a MACT-based
regulatory program is being developed by EPA.
The MACT-based performance standards were
proposed in September 1996 and are expected to
become final in late 1997 or early 1998. The
proposed standards would apply to emissions of
HF, measured using total fluorides (TF) as a
surrogate, and polycyclic organic matter (POM),
as measured by methylene chloride extractables.

The aluminum industry, through The Aluminum
Association, responded to the proposed rules in
late 1996. The rules would go into effect
approximately three years after promulgation.

EPA has determined that the secondary aluminum
industry may reasonably be anticipated to emit
several of the 189 HAPs listed in Section 112(b)
of the Clean Air Act. As aresult, EPA is
working toward developing emissions factors
based on actual operating data, and expects to
propose MACT-based performance standards for
secondary aluminum in the summer or fall of
1997. Industry will have 60 days to comment;
the rules would be promulgated approximately
one year later.

The new rules would cover the following areas:

. shredding

. drying/delacquering

. all furnace operations (melting and
refining)

. dross cooling

. in-line fluxing

Alumina processing has also been listed by EPA
as a source category. The industry, through The
Aluminum Association, is in discussion with
EPA over whether alumina processing, because
of its heavy reliance on natural gas rather than
oil, is actually a major candidate for MACT.

The Integrated Combustion Combined Rule
(ICCR) MACT rule that is expected to go into

effect in the year 2000 will affect emissions from
boilers and process heaters. The Aluminum
Association is following the development of this
regulation, as well as proposed coil-coating
MACT regulation.

Industry Working with EPA to Reduce
Emissions of CO ,, Other Pollutants

In 1995 the primary aluminum industry entered
into a voluntary partnership with EPA to reduce
emissions of perfluorocarbons (PFCs) from
aluminum smelting by 45% by the year 2000
from 1990 levels. The Voluntary Aluminum
Industrial Partnership (VAIP) Program has nearly
unanimous industry participation (12 of 13 U.S.
companies, representing 94% of domestic
production) and is already ahead of reduction
schedules.

At EPA’s request, the industry is currently
considering adding CO, to the voluntary program.
The industry is holding discussions with EPA to
determine how the program could be expanded to
cover these additional emissions.

The industry is also involved in discussions with
EPA over the agency’s November 1996 proposal
for ozone and particulate matter. A potential
implementation requirement for particulate
matter 2.5 microns in diameter or less from
baghouses is causing considerable concern in the
industry. Current baghouses typically operate at
about the 10-micron level; below this, the
efficiency of the baghouses may decrease.

The Aluminum Association is also in the process
of responding to an EPA proposal to test
hydrogen fluoride and carbonyl sulfide under the
Toxic Substances Control Act (TSCA). TSCA
gives EPA the authority to create a regulatory
framework to collect data on chemicals in order
to evaluate, assess, mitigate, and control risks that
may be posed by their manufacture, processing,
and use. The Aluminum Association is reviewing
test procedures and will make recommendations
on tests to EPA.

In November of 1996, The Aluminum
Association filed a petition for EPA to delist the
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normal alkanes used in rolling mills, exempting
them from EPA’s VOC requirements. The
industry does not consider these substances to be
reactive ozone-forming chemicals because of
their low reactivity.

Effluents Are Regulated Under the Clean
Water Act

The Clean Water Act regulates the amount of
chemicals/toxins released by industries via direct
and indirect wastewater/effluent discharges. If a
facility is discharging directly into a body of
water, it must obtain a National Pollution
Discharge Elimination System (NPDES) permit.
If it is discharging to a publicly owned treatment
works (POTW), it must adhere to specified
pretreatment standards.

The Aluminum Forming Point Source Category
(40 CFR Part 467) is applicable to wastewater
from these operations:

. rolling with neat oils

. rolling with emulsions

. extrusion

. forging

. drawing with neat oils

. drawing with emulsions

EPA has been developing effluent guidelines for
metal products and machine processes that may
include operations performed at aluminum
industry plants. A proposal issued in 1995 was
commented on by a coalition of industries,
including The Aluminum Association.

Solid and Hazardous Wastes Are
Managed Under RCRA

The Resource Conservation and Recovery Act
(RCRA) was passed in 1976 as an amendment to
the Solid Waste Disposal Act to ensure that solid
wastes are managed in an environmentally sound
manner. A material is classified under RCRA as
a hazardous waste if the material meets the
definition of solid waste and that solid waste
material exhibits one of the characteristics of a
hazardous waste or is specifically listed as a
hazardous waste.

Spent potlining from primary aluminum
reduction is a RCRA-listed hazardous waste
designated “K088.” EPA estimates that about
109,000 metric tons (120,000 tons) of K088 are
generated annually (EPA 1996b).

As part of EPA’s groundwater protection
strategy, RCRA prohibits the land disposal of
most hazardous wastes until they meet a waste-
specific treatment standard. Of particular
significance to the aluminum industry is a Phase
IIT land disposal restrictions (LDR) rule that
restricts the land disposal of spent aluminum
potlining. Currently, about 80% of this waste is
disposed in Subtitle C landfills, with the
remainder recycled or incinerated (EPA 1996b).

EPA Currently Developing Several New
Guidelines That Affect Aluminum Industry

The industry is currently working with the
automotive and coil coating industry on the issue
of aluminum conversion coating. A RCRA
hazardous waste code, F019, lists the sludge
generated from this process as hazardous waste,
regardless of the chemical constituents present.
Since the waste code was listed, chromium and
cyanide have been replaced from chemical
conversion coating formulations. The industry is
petitioning EPA to redefine the waste code listing
to reflect only those sludges generated from
chromium- and/or cyanide-based formulations.

Potential Re-Engineering of RCRA of
Concern to Industry

The industry is concerned over the potential for
re-engineering of RCRA. Although this is under
consideration by EPA, the timetable has been
repeatedly pushed back. A specific area of
concern is the potential for RCRA to be applied
to recycled aluminum, defining this process as a
waste treatment rather than a manufacturing
process.

In April 1996 EPA promulgated treatment
standards for hazardous wastes from primary
aluminum production under Phase III of its Land
Disposal Restrictions (LDR) program. As of July
1997, primary aluminum producers will have to
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ship and treat spent potliner. Hazardous
constituents in these wastes will also be required
to meet universal treatment standards (UTS)
before disposal in a land-based unit.

Industry action with regard to Superfund Laws
includes resolving retroactive as well as joint and
several liability claims, and assuring that natural
resource damage issues do not impose an overly
heavy financial burden on the industry.

Industry Experts See Need for
Involvement in Policy at the International
Level

Recognizing that it is part of a worldwide market,
the U.S. aluminum industry has consistently
supported lowering tariffs and opening markets
for primary metal as well as for semifabricated
products.

According to Allen Born, Chairman and CEO of
Alumax, Inc., the public policies that the
aluminum industry is going to have to live with
are being established at a supranational level.

For example, instead of confronting a proposed
BTU tax in the United States, a carbon tax
designed to accomplish internationally agreed-
upon objectives for a global-climate treaty could
be imposed. The aluminum industry has
concerns that universal environmental and energy
policies could be abused by some countries to
protect domestic industry from competition (Born
1996).

Under the Basel Convention, the recycling of
aluminum scrap and dross (with an aluminum
content less than 45%) has become classified as
hazardous waste treatment in many other
countries. In this country, the EPA has
confirmed that scrap metal is not going to be
regulated as a waste of any kind under the
Resource Conservation and Recovery Act.
However, this does not apply to dross at the
international level (Born 1996).

Current industry practices may expose producers
to the risk of significant liabilities associated with
waste disposal and the potential for future
remediation mandated by conditions that often lie
outside their immediate control (Rooy 1995).

The International Standards Organization (ISO) is
currently developing environmental standards
based on life-cycle analysis. There is concern in
the industry that, under certain circumstances,
some countries could use ISO to dictate what
production or process methods must be used in
order to give their domestic industries a
competitive advantage (Born 1996).

For many reasons, therefore, the industry must
concern itself with public policy development at
the international level, becoming engaged
whenever possible.
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2.1 Process Overview

Alumina is Extracted from Bauxite by the
Bayer Process

Alumina is extracted from bauxite ore using the
Bayer process, which consists of the following
five major steps:

» crushing/blending
* digesting

* clarification

* precipitation

» calcination

Most refineries use a mixture of blended bauxites
to provide a feedstock with consistent properties.
Crude bauxite ore is first dried, finely erushed in
ball mills, and blended with recycled plant liquor
to form a slurry. This liquor contains dissolved
sodium carbonate and sodium hydroxide (caustic
soda) recovered from previous extraction cycles,
and supernatant liquor recycled from the red-mud
holding ponds. Lime (CaO) is added to the slurry
in mixers to control phosphorus content and to
improve the solubility of alumina.

The slurried ore is then heated and pumped to
digesters (heated pressure tanks), where it is

Alumina
Production

reacted at a high temperature under steam
pressure. The result is a mixture of dissolved
aluminum oxides (sodium aluminate, NaAlO,)
and insoluble bauxite residues known as red mud.
Sodium oxalate and other salts are also formed.
Time, temperature, pressure, and concentration
are all closely controlled to maximize the amount
of alumina that will eventually be recovered.

During the digestion reaction a majority of the
impurities such as silicon, iron, titanium, and
calcium oxides drop to the bottom of the digester
and form a sludge of red mud. To separate the
red mud from the aluminate solution, the pressure
is reduced and the mixture is sent to clarification.
The remaining sodium aluminate slurry is then
flash cooled by evaporation from nearly 260°C
(500°F) to about 93°C (200°F) and sent for
clarification. The steam produced during
flashing is used to preheat the caustic liquor in
heat exchangers running counter-current to the
flash tanks.

During clarification, sand, iron oxide, and red
mud are removed in a series of settling,
thickening, and filtration units. The slurry is first
sent through either a gravity separator (e.g.,
settling tank) or a wet cyclone to remove coarse
sand particles. A flocculating agent (typically
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synthetic polymers and/or starch) is added to
increase the settling rate of the red mud.

Typically, greater than 99% of the mud solids are
removed during settling (Malito 1996). The
overflow from the settling tank contains the
alumina in solution, which is further purified by
filtration (usually pressure filtration but
occasionally sand filtration) to remove any fine
impurities. These impurities and the red mud are
sent to treatment and disposal units (see Section
2.6).

The filtered aluminate solution is then fed into a
precipitation tank, where it is seeded with a
small amount of fine aluminum hydroxide
crystals. These “seeds” stimulate the alumina to
initiate the precipitation of solid crystals of
aluminum hydroxide. The solution is stirred
continuously and slowly cooled for
approximately 40 hours. Under these conditions,
crystals of alumina trihydrate are formed, slowly
increasing in size. Temperature and other
variables are carefully controlled so that the
crystals formed can be more easily filtered.

Up to two-thirds of the aluminum content forms
into hydrate crystals during the precipitation
process. The aluminum hydroxide crystals settle
to the tank bottom and are removed. The crystals
are separated into fine and coarse crystal
fractions. The coarse crystals are washed to
remove any caustic soda residues, vacuum
dewatered, and sent on for calcination. The fines
are used to seed future charges. The remaining
aluminate solution is typically recycled to the
start of the Bayer process to recover the caustic
soda and alumina values.

In the calciners (a type of kiln), the aluminum
hydroxide is roasted at about 980°C (1800°F).
Two types of kilns are currently used in alumina
refineries. The fluid-bed or stationary kiln is
newer and more energy efficient; rotary kilns
have higher energy requirements. Kilns are fired
mainly by natural gas and less commonly by oil.

The heat in the calcination process drives off the
remaining water (both chemically combined and
absorbed water), leaving aluminum oxide

(alumina or AL, O,) that is about 99.5% pure. The
alumina is subsequently reduced to aluminum in
electrolytic cells.

The production of one metric ton of alumina
requires approximately 2.56 metric tons (5,642
pounds) of bauxite (or a dry weight of 2.23
metric tons or 4,913 pounds) (Oak Ridge
National Laboratory 1980). In 1994, total U.S.
alumina production was 4.86 million metric tons
(5.35 tons) (Sehnke 1996).

2.2 Summary of Inputs/Outputs

Bauxite

Sodium hydroxide (NaOH)

Lime (CaO)

Starch or other flocculating agent
Process water

Fuel

Steam

Outputs:  Aluminum oxide (alumina, ALO,)
Particulate

Red mud

Sodium oxalate

Effluents from red mud washing

Inputs:

Figure 2-1 illustrates the Bayer alumina refining
process with its major inputs and outputs.

2.3 Energy Requirements

Table 2-1 shows the energy requirements for
alumina production. This table shows the
specific energy requirements of alumina refining
per unit of alumina produced and in per unit of
primary aluminum. The energy requirements of
bauxite mining are not included; the vast majority
of bauxite used by the U.S. aluminum industry is
imported fr