(4) fiscal regimes of the country tc affect the decisions on new
investment. The investigation into each of these items is made as
below.

2:1,1 Capital cost’

The capital cost of an alumina refinery depends on various
factors., - 'In other words, .the capital cost is determined by a
complex. implication of the factors which are as follows: .pro-
duction scale, technology, dequigsition of site, topography in
and around the gite in reference to environmental protection,
'availablllty of infrastructure, construction period, availabi-
lity of skilled labor and materials and other industrial rela-
tions and general economic¢ conditions. The estimated capital
cost per annual tonne production is shown in Table B-1l in order

~ to examine the capital cost clearly.,

Although the differences in the contents of various pPro-
jects; i.e. whether bauxite expleitation and aluminum smelting
are tntegrated or not and the coverage of cdapital cost (includ-
ing infrastructure or not), make it difficult to directly com-
pare the capital cost of a specific project with that of others,
a rough level can be indicated from these data. In almost every
recent project, the capital cost exceeds US$1,000 per annual
tonne. This implicates that an alumina plant, unlike a bauxite
plant,_is a modern factory affected to a relatively small degree
by natural conditions. The capital cost is a leading element
determining depreciation and interest in the calculation of
indirect. cost,

241.2 BauXite price

One of the factors to determine the alumina production cost
ig, of course, the bauxite price. The bauxite production cost
has already been discussed earlier, therefore, in this context
Table B-12 is provided to show bauxite prices and costs per
tonne of alumina.

Az shown in this Table, the bauxite price as a part of the
cost of alumina production must comprise the overall costs,
including not only the costs of marine transportation and
handling but also the factor of unit consumption, i.e. valuation
of the grade of the bauxite., Estimates made in such a way seem
"to indicate that world bauxite prices lie in a wide rande from
approximately US$20 to US$BO per tonne of alumina.
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Table B~11 Reported Capital Costs for Alumina Refineries

#$ Includes cost of mine

Source: AME

{1}-68

. Capacity Date of Cost/tonne
Company and Location (1,000 Cost annual output
MT/Y) Estimate {USs 1980)
Completed: . S : ' ' '
Furallumina, Sardinia, Italy (1973) 600 1970 375
Aluminio Espanol, San Ciprian, 800 1979 450
Spain (1980) : - -
Dueensland Alumlna, Gladstone, : :
2 1974 490
Australia {(1973) ' 2,032 ? -
Under'Construction: g
Alunorte, nr. :Belem, Brazil -_SDO 1978 _ 660
Interalumina, Puerto Ordaz, 1‘000 1980 1,000-1,700
Venezuela .
# ALCOAR, Wagerup, W.A., Rustralia 500 - 1979 780
# Worsley, Worsley, W.A., Australia 1,000 - 1980 1,000
Auginish, Shannon, Ireland . 800 1981 1,250
Planned: : .
# Mine/rvefinery progect, Cameroon 1,000 1979 1,130
# Mlne/reflﬁery project, Alugui, 1,000 1978 760
Boke, Guinea _ :
Sieromco, Pepel Harbour, Sierra 500 1980 - 1,000
Sierra Leone
¢ Jamaica, S. Manchester 500 1980 . 830
¢ Bharat Aluminium Co.,, ' : : '
. . 1977 1,1
Andhra Pradesh, India 500 »130
# Bharat Aluminium Co., Gujarat, India 300 1980 1,230
% Kuala Tanjung, Sumatra, Indonesia 600 1981 1,250
Bauxite Parnasse, Kamiotissa, Greece &00 1978 730
GreekX /USSR project, Greece 600 1980 1,250
Aurukun Project, C k, Qid.,
i m Project, Cape York, Qld 1,200 1976 780
Australia o
# Includes costs of mine and infrastructure



Table B~12 = Estimates of Costs of Bauxite at Various Destinations
for 1979 - 1980
_ S Bauxite  Bauxite = Bauxite Bauxite
Refinery Bauxite price - required ecost/tonne  cost/lb
Lacation Source {UsS$/ " per tonne alumina aluminum
‘ tonne) alumina (US$/tonne) {US cents/1b)
USA, gulf. ~ Jamalca 31.00 2.5 77.50 649
Guinea 30.50 2-1 64»00 50?
Brazil 32.00 2.2 70.50 . 6.2
‘Surinam - 38.00 2.2 83.50 T4
Germany, FR Australia 28,00 2.3 65.50 5.8
Japan Augtralia 22.00 2.3 50450 4.5
France Guinea 30.00 2.1 63.00 5.6
Mustralia: Domestic: '
Gladstone Weipa (incl. . 3
freight) 15.00 2.2 33.00 2:9
Gove Gove 10.00 2:4 24.00 2.1
Kwinana/  Darling 6.00 3.3 9.80
Pinjarra  Ranges ' ' 19. 1.8
Jamaica Domestic average
~ before levy 5,00 2.5 12.50 Ta1
—. after levy 29'00 2.5 72.50 6.4
Greece Domestic 19.50 2.3 45.00 4.0
Source: AME
2.1.3 Cost of energy

hea
ove
to

cos

The energy in alumina production is used in the form of
vy 0il for alumina calcining, steam and electric power. The
rall cost of energy, which is estimated to range from US$50
05580 per ton of alumina, is cone of the main elements of the
t of alumina.?l)

1}

The standard energy consumption per tonne of alumina is as
follows:
Fuel oil
Steam - 1.% - 37T (in terms of fuel oil,
Electric power 200 - 300 kwh {
Total (in terms of fuel oil)

80 ~ 160 1
120 - 240 1)
50 - 75 1)

L]

250 -~ 470 1
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Since alumina caleining requires clean fuel which Will not
contamlnate the product, fuel oil.is mainly used. And, where
available, natural gas is used (Kwinana in Australia)l.
Meanwhile, in the areas with abundant coke resources a tine. may
come in the future when coal gas becomes economical. Although
any fuel can be used for steam and power-generations, the same
fuel as is used.for calcination is usually used for them in con-
sideration of convenience in the operation of the plants,

2.1.4 -Fiscal regines

The levies and royalties of the various countries are
important factors in the bauxite cost, and similarly their
fiscal regimes serlously affect new investment decisions in the
case of alumina cost, In particular, it should be noted that
bauxite ‘producing countries have enhanced interest in obtaining

revenue from new developments of further procegsed produéts,
Table B-13 shows the fiscal regimes of the countries which are
planning new investment in alumina refinery plants.

Table B-~13 Fiscal Regimes in Countries Plannihg

New Investment in Alumina Refinery Plants

Concessionary system, company tax 46%, dividend with-

Australia
holding tax 15%, royalty currently $t.75 per tonne
alumina in Western Australia, accelerated deprecia~
tion, .some. government-financed infrastructure, local
eguity reguired,

Brazil ConceSsionary-system, company tax, royalties at $1.00
per tonne bauxite, tax holiday, government-financed
infrastructure, local equity required.

Venezuela Concessionary system

Yugoslavia Collective ownership (direct e@uity participation)

Ireland 'ConceSSiénary‘system

Spain Concessionary system

Guinea Government eguity, but bauxite levy in lieu of d1v1~

' dends and income tax
Gteece' Concessionary.systen
India -Government equity and concessionary system

Turkey

Concessionary system

Source: IBA QR, August 1980
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: Maln elements of ‘the alum:na productlon cost have been
studied above, In addition, two examples of total cost estima-~
tion which are made by putting together these elements are given
here. Table B-14 shows an estimate by IBA for a Caribbean
Greenfield Refinery, and Tablé B-15 gives an estimate by AME for
gome ex1st1ng Australian refineries,

The IBA estimate (us$277/7) is conslderably hlgher than the

AME estimate (US$109-156/%), * This hay be due to the fact that
(a) a considerable levy or royalty has been added to the bauxite
-price; (b) the depreciation cost is high,, reflectlng a large
capital cost; and (¢} a considerable amount of return on capital
investment has been allowed for, 1In conclu31on, such comparison
clearly indicates that the existing Australian refineries enjoy
an overhelming competitiveness.,

Table B-14 Baver Alumina Prcductidn Costs - US$ per Tonne Alumina

Undiscounted :
(Caribbean Greenfield Plant, 1980 start-up)

: Total
Quantity Price Cost = cost
%
' Raw Materials
o Bauxite {incl, levy) 2.3 tonnes 31.77 . 73.07 26
¢ Caustic Soda 0.1 tonnes _ 140.00 14.00 "5
o Other 1.00 .
28,07 32
Utiltities : : 7
o Fuel - boiler C10 GJ % 3,00 30,00 11
-~ Calcination 4 GJ 3.00 12.00 4
-0 Other 2.00 .
' 44,00 16
Maintenance Supplies 1.5% capital investment 10.20 4
Direct Labor 1.5% man-hrs. 6.0 9.00 3
Supervision 20% direct labor 1.80 -
Labor Overheads 33 1/3% total labor 3.60 -
Rates & Local Taxes 0.5% capital investment 3.40 -
Depreciation 5% capital investment 34,00 12
Return on Capital 10% investment post-tax 68,00 25
Sales & Administration 5% selling price 15.00 5
145,00 52
277.07 100

¥ GJF = Giga Joule {(4.184 Joule = 1 cal)

‘Source: IBA QR, June 1980
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2.2 Transportation.Cost

When the alumina productlon facllit1es are located distant
ffrom the aluminim smelting facilitles, ‘the transportation cost is
a significant element on the part’ of alumina ‘consumers. PFor import
and export transactions, in.-particular, long-distance marine
transportation. is one of the factors contributing to increase of
‘consumer price of alumina. Though the cost 1evel of alumina has a
greater capacity to absorb transportation costs compared with the
lével of bauxite costs, it is necessary to always seek economical
~transportation. Table B-16 Bhows recent examples of marine
transportaklon costyg.

L

Table B-16

Selected Alumina Shipping Costs

Source of alumina

Degtination of

Freight costs

Date of

alumina Us$/tonne freight cost
Australia: _
Kwinana/Bunbury, WA  Geelong, Vict. 11.50 * - May 1981
' . Bahrain 26.00 * May 1981
US wWest Ceoast 18.00-19.00 Feb.-Apr. 1980
' ' 20.00-23.00 May 1980
15,00-19.00 Sept.~Nov. 13980
22,00 Jan. 1981
US East Coast 23,00-28.00 Jan.-Mar. 1980
23.00 Dec. 1980
Gladstone, Qld. Bell Bay, Tasmania 16.00 * May 1981
. : US West Coast 13.50 Oct. 1980
: ’ 22.00 May 1981
‘US East Coast 29,50-32.00 Mar.-May 1980
Netherlands 44.00 Dec. 1979
Norway 42.00 May 1980
USSR (Black Sea) 154,00 Mar. 1980
Gove, N.T. Iceland 31.00 Sept. 1980
Jamaica: : .
Port Kaiser Louigiana, US 4,00~ 4.25 Sept. 1980
Virginia, US 6.00° Apr. 1980
Spain 29.00 Oct. 1980
Bahrain 37.00 Aug. 1980
Surinam:
Paranam virginia, US 9.00 Apr., 1980
Japan 14.00 Dec. 1980

Kitimat, BC, Canada

* Egtimate byaSydnGYebased shipping consultants

Source: AME
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2,3 Conmstruction of New Alumina Facilities and Items for
Investigation '

) The above study has almost clarlfled what are Lhe bdsic ale-
ments atfectlng the competlttvenesq of" alumlna plantq, and -the
main points of investigation ;n_decmd;ng an invéstment for a new
alumina refinery are summarized as below, R

_ The first point is the integration.with bauxite and aluminum
.préductlons._ An alumina plant which can be constructed close to
bauxite resources satlsfles the first point in the sense. that
‘transportatlon costs can be reduced.-}Australla,.ﬁrazil, India
etc., which have large ore:deposits, may be promising in this -
sense, The best way to.reduce the t1ansportat10n cost of alumlna,
however, is the integration with aluminum smelting, In that case,
.a problem is the availability of the enormous electric power for
‘aluminum smelting. In this regard, Australla, Bra211, Venazuela
‘ete,, which have abundant coal or hydroenergy potential, may. be
promising. It should, however, be consildered that such integra-
tion regquires a huge amount of funds and entails a burden of risk.

The second is to secure the enargy required for ‘alumina pro-
duction. Though the energy consumption in alumina production is
extremely less_than that in aluwminum smelting, this point canpot
be neglécted. in view of this, pustralia and Venezuela with abun-
dant coal, oil or natural gas are in an advantageous position,

The third is the problem of the investment climate. The
operation and mainténance of alumlna and aluminum productlon faci-
lities reguires a su£f1c1ent number of. experienced engxneers and
skilled labors and the support from the - other relateq industries,
-The;efore the absence of such an environment increases the invest-
ment risks. Moreover, government policies, needless to say, have
a great influence on the investment climate. As can be seen in
Australia, consistent government policies for the development and
taxation and a good political stabiliity of a country where few
risks of requisition by the government occur are important factors
to encourage investment, In contrast, excessive qovernméﬁt inter-
veéntion and possibility of nationalization reduce the inéentives
to investment., In conclusion, preparation of a stable investment
climate, 1nclud1ng the 1mprovement of infrastructure, can be
regarded as the most essential requlrement for a positive invest-
ment decision. el

3, 'Alumihum

As_describéd'in Chapter A, all of the existing,alumiﬁum smelting
facilities commercially use the only method of Hall-H8roult process,
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whlch can ‘be roughly divided into the prebaked system and the
-&oedC“berg system,  These systems have essentially the same process,
in which aluminum is produced by feeding the raw material of alu-
mina into the electrolytic furnaces equipped with carbon electrodes
(anode and cathode) ‘and electrolyzing alumina in the bath composed
of fluoride.. Consequently, both. systems have the same major cost
elements for producing aluminum, which are summarized below:

Dixect operating cogts - electric power
' —w-alumlna
other raw mate 1als

(anode, fluoride atc.)

other direct costs
(labor, pot reconstruction,
maintenance etc.)

Indirect costs

—_— depreciation of capital cost
interest on capital cost
—— other costs (administration,
working capital interest etc,)

Each of cost elements above is analyzed as below, starting with
an analysis of capital costs for new aluminum smelters.

3.1 Capital Cost
The main items of capital costs are listed as follows:
feagibility studies

_“]EE site acguisition

infrastructure for
construction work

Pre-construction costs

Construction costs plant construction, eguipment cost

{including freight, 1mport tariffs
ete.), labor, equipment installa-
. tion, indirect costs etc.

— infrastructure

Because these couats vary significantly depending upon various
conditions of plant location and investment climate, it is dlf—
ficult to make a general statement,

--The first factor which affects the variation in capital cost
is, of course,; the conditions of the plant site, namely, whether
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or not a transportation to the plant site is available and whether
or not the natural conaltlons such as topography, climate etc. are
suitable, :

. The becond factor concerns 1nfrastructure, that is, whether
adeguate transportation faCllltlES such as Loads, harbors, rall~
ways etc. are available at the plant gite; whether service facili-
ties such as for water, sewage, electyrig power ete, are provided,.
and whether social faCllltlES ‘'such. as houses,’ hospltals, s¢hools,
churches etc., are located nearby._ Whether these Eacilities exist
alzeady, exist 1nadequately 6r do not exist -at all and ‘whether the
preparatlon of such facllitles are 1mplemented by~ public organ14a~
tions such as the government or under the responsxblllty of the
company etc, are very important factors affectlng caplital costs.
In thlS reqard 'lt is noted that capital costs in the developing .
countries tend to exceed those in the developed countries due to
1nsuff1c1ent 1nfrastructure in addltlon to a shortage of skilled
labor. : : :

The thlrd factor ig the quallty and avallablllty of lahor.'
The shortage ‘of high. quallty labor force exerts a considerable
influence not only on capital costs but also on the construction
work itself. Furthermore, the maintenance of a good relatlon with
employees is an lmportant element._ o

Fourthly, pollutlon control regulatlons 1n the areas sur-
rounding the plant are also taken into account. At present, the
developed countries have strict control regulations which require
rather high expenditure for the pollution control equipment,
Similar conditions should gradually come to apply to the deVe~
loping countries.

In addition to these variations in invesgtment climate, dif-
ferent timing of construction is also affecting the level of capi-
tal costs. In particular, the recent accelerated inflation has
obviously caused continuous increase in capital costs,

_ With the various"factors mentioned above in mind, the general
level of capital cost ig analyzed below.

Previcusly, this level in general term was as follows: “The

1) Concerning this point, the followings are common views:

a. "The capital cost index in the develcoping countries is 1.25
times that of the developed countries," . (Monthly Bulletin
of the Federation of Economic Organlﬁatlons, the Ho“th,Z
Bulletin, April 1976, p. 53) -

b. "The consensus is that it {the share of infrastructure in
total capital costs) can account for ‘as much as 40 percent

L of a project.” (AME, Volume I, p. 242}
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capital cost per tonne of annual aluminum capacity for the plants

in the developed countriea constructed around 1965 WaJ approxima-

tely US§1,000, while for the various projects currently (in 1976)
~in the plannlng stage in these countries, the correspondlng cost

is estimated at approxlmately ussz,000", 1)

ThlS Jevel riges year after year, and a report of Chase
BEconomatrics 2)_egt1mates the capital cost of "a hypothetlcal
greenfield facility located in the United States” as follows:

7 Capital cost/annual tonhe
Year {USS per tonne of annual
' ' _aluminum capacity)

1979 2,662.85
1980 2,935,79
1981 3,214.41
1982 _ 3,527.55%

:This trend of cost rise is even more remarkable in the deve-
loping countries, and it recently becomes obvious that the levels
mentioned above are no longer applicable. The range of current
levels is somewhere between US$4,000 and US$4,000 plus several
hundred dollars per tonne of annual aluminum capacity and, if the

infrastructure cost is added, it could eventually amount to even
wore -than USS$5,000.

Table B-17 summarizes level of capital cost in various pro-
jectsy . However, since the coverage of capital cost is unknown,

the figures shown should be regarded as rough indices of level of
capital cost.

3.2 Production Cost
3.2,1. Direct operating costs
{1) Electric power

{a) Electric power consumption

Aluminum consumes so much electric power for production

7)tThg.anthly_Bulletin,-April 1976, p. 53
2) Chase Weonometries, February 1982, p. 102
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Table B-17 . Reported Capital Costs for“Smélters

| T Capaci ty “Pate of Cost/tonne i
Company and Location . {1,000 MT/ cost.  annual output;
year) estimate  (US$ 1980)

NIW SMELTERS

Completed _ _
Aluminium Co, of hgypt, Nag Hammadl, ' .

Eqypt (1975) | 1Q0_ 1974 | 2,120
venalum, San Felix, vpnezuela (1979) 280 1980 © - 2,760
pubai Aluminium, Jebel Ali, Dubai (1979) 135 - 1980 - 3,630
Alumax, Mt, Holly, S§. Carolina;, USA (1980) 179 . 1980 1,840
Alumina Espafiol, San Ciprian, Spain (1978) 180 - - -1979 - .. 1,820
valesul, Santa Cruz, Brazil . - .86 1979 - 4,860
Under Construction: ' R
Albras, Para, Brazil : 320 1978 3,860
Alumar, Marahdo, Brazil 100 1980 4,000%*
Nat'l Aluminiuvm Co., Orissa, India 218 1979 1,940
Asahan Smelter, Sumatra, Indonesia 225 - 1981 ' 4,400
Guiyang, Guizh0u, China _ : - 80 . 1879 . 3,680
Energoinvest, Mostar, YugoslaVLa 90 1977 3,330
ALCAN, Grande Baie, Que., Canada 171 1980 2,490
ALCOR, Portland, Vict., Australia 264 1980 3,050
'Gladstone_Aluminium, Gladstone, 0ld., 206 4980 3,300

Australia '

Planned: . o o
Govt., Reynolds,.Philippines : 140 . 1979 3,640
Govt., Tema, Ghana : - 300 1975 2,300
Alusaf, Richards Bay, S. Africa * - 87 . 1980 3,050
Alumax, Oregon, USA 170 1981 3,530
ALUSUISSE project, Banana, Zaire 160 1980 4,000
alune, Pernambuco, Brazil 110 1980 "3,640
Yotorantim, Para, Brazil : 160 1980 4,060
Point Lisas project, Trinidad 180 1980 2,500
ALCAN, Bundaberg, Qid., Australia 98.5 1981 3,530
ALCOA, Bunbury, W.A,, Australia . 264 1980 "~ 2,880
Hunter Valley Aluminium, Lochinvar,

N.S.W., Australia 236 1979 2580
Tomago Aluminium, Tomago, H.5.W., 290 1980 3,090

Australia S :
Westal Consortium, wOrsley, W. A., 220-250 1980 3,040-3, 450

mustralia _ _ _ .
South Pacific Aluminium, S. Island, a00 1981 3,125-3,250

New Zealand

old Japanese smelter to be Shlpped to SOuth Afrlca and reconstructtd-
% Capacity 300 thousand tonnes/year base :

Source AME
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that it is called "canned electricity®. Accordingly, elec-

trieity cost shares the largest part in aluminum production

cost. 'Level of electricity required for aluminum production
-13 indlcated in Table ‘B- 18 based on IPAY statistlcs,

_ ‘ These utatistlcs Jdnclude not only the DC current necesg-
gary for aluminum electroly51s but other auxiliary electric
power for rectification from AC to DC, envirommental control

- facilities for the potroom etc. The proportion of DC elec-
trit power requlred for electrolysis alohe is estimated at
about 95% of the figures shown. According to this estimate,
unit electric power consunption: (DC)’ required for producing
one tonne of aluminum is approximately 16,000 kwh as a world

" average. ' Therefore, in case that the price of electricity
differs by USl¢/kwh (= 10 US mill/kwh), aluminum production
‘cost will- show substantial diffeérence of as much as US$160/T
(9% of US$1,750/T, the current ALCAN list price). This

- 'example makes it clear that the price of electricity is a
highly significant factor in aluminum production cost,

Such being the ‘case, efforts for improvements in alumi-
num smelting technology have been made to reduce electric
power requirements for aluminum production. Aas a result,
there is presently a wide variation in unit electric power
congsumption due to difference in level of techrnical improve-
ments. "As indicated in the IPAI statistics by region,; the
'Fast Asian area, mainly Japan, shows much- less electric
energy consumption than other aréas. This is.particularly
conspicuous in Japan, because most electricity for aluminum
smelting ‘in Japan is. supplied from oil<fired thermal power
stations and therefore seriouws efforts for technical improve-

. ments continue, trying to compensate the steep increase in
electricity price caused by the sharp rise in oil prices.
Burope is in a similar situation, and the level of unit
‘electric power consumption is also relatively low.

Table B-18 Unit Power Consumption in kWH per Tonne of
Primary Metal Produced {(weighted average)

North Latin East  South ' . IPATI

Africa ; ; . . Europe Oceania
- . America America Asia  Asia P Total

1980 16,487 17,477 17,348 14,948 17,829 16,669 16,678 16,951
1981 16,348 17,151 . 17,396 14,849 17,517 16,550 16,094 16,776

Source: IPAI, Electrical Power Utilization 1980/1981, May 13, 1982
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On the contrary, in Canada, the United States and Latin
Ameriga-including Brazil and Venezuela, where relatively
cheap electricity is generally available from hydroelectric
power stations, and in Soutn Asia which 1ncludes thé oil- '
producing countries where eleut1101ty is supplied from
natural gas power stations, the unit, consumpt1on of electric
power is relatively high.

The technology improvements made in the developed coun-
tries, however, are gradually applied in other ‘areas through
export of plants and technology  license. For this reason,
in Africa and Qceania where many. new.smelters were con-
structed, the application of improved- technology. resulted in
relatively low unit electric power consumption despite a
good ‘availability of relatively cheap electricity from
hydroelectric or coal power. stationsy  On the other:hand,’
unit electric power consumption at old smelters in North
america and Europe still remains at relatively high level.

“‘The most_modern teéhnology improves unit power consump-
tion (DC). t6 the level of 13,500 kWh/T or less. To realize
such a low level, however, additional investments in equip-
ment automation etc, and highly stable operation techniques
are required. - Consequently, there may be a case’ where
reduction in electrigity costs by applying modern technology
is-partially offset by increases in depreciation costs
interest cost on capital investment and other facLors. In
adopting such technology, therefore, it is important to give
full considertion to the relationship between the level of .
electric power cost and overall production cost.

It should be noted that the unit electric power con-
sumption {DC) of 13,500 kWh/T above - -is the level during the
normal operation only. 1In starting electrolytic furnaces,
electric power much exceeding. this level is raquited."
Therefore, at aluminum smelters, efforts are always made to
operate the plants for 24 hours a day in order to continue
the highest possible stability of operation, To realize
this, stable supply of raw materialsg is indispensable. 1In
pdrtlcular, electrzc;ty, being hardly s$tored, must be always
. available on a constant basis. Assuming thaﬁ'unit povwer con-
sumptlon is 13,500 k¥@h/T (DC) and plant capacity is 200,000
T/y which is the average size of recent smelters, the annual
reguirement of electricity amounts to 2,700 GWh 2!, and in
terms of regular electricity supply, the requirement is
308,000 RWh. Frequent fluctuation of the electricity supply

1) 1t is estimated that approxlmatﬁly 20 to 30% more
electrlc power is veguired.
2) 1 GWh = 1 million kwWh
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makes operation unstable, causing a large increase in cost,
even if other factors remain stable. Accordingly it is
'lndlbpensable for electrlclty supply system to have suffi-
cient surplus power generation capacity to cover all circum-
stances guch ag the maintenance and repalr of power
_qenarators, the dry season in case of hydroelectrlc power
generation, the maintenance of transwission. line netwworks
and any emergency.

(b)  Cost of'eléctric power

As discusged above, electrit power is of great signifi-
cance in aluminum production. How high then is the cost of
‘electric power in various countries? Although the data are
a little old, 'Table B-19 gives estimates of the cost of elec~-
ctrie power for aluminum smelting in various countries in 1979.

Table B-19 Power Cost for ARluminum Smelters [1979)

Cdﬁntry Production’ Power cost Power demand Major
1,000 tonnes Mi1l/kWh MW energy source
. {1977) 2.8
UsSA BPA 3.2-8.7 3,000 Hydzo
TVA _ - _ 24 ' 1,300 Coal
_ Others 3,900 -
USA Total 4,117 15 8, 200 -
Japan 1,118 36-41 2,200 0il
Germany, Fed. Rep, 742 11-22 1,500 Coal
Canada 976 8 2,000 Hydro
Norway e 637 6 1,270 Hydro
Venezuela - - 43 4- 5 90 Hydro
Great Britain 349 9-21 700 Coal/Nuclear
France - - 399 12 800 Coal/Hydro
Argentina ' 52 16 100 Hydro
hustralia - © 243 16 480 Coal
Ttaly - . 170 13-15 " 340 Hydro
Total s 14,201 . 15 28,400

Notes: 1) BPA: Bonneville Power Administration
TVA: _Tennessee Valley Authority
Both of the above are agencies of the U,S. Government,
2) According to the latest information provided in Aluminum
Services, dated September 3, 1982 issued by Merner Research,
UShA, primary aluminum electric power costs in North America for
1983 are estimated as in the following table:

Source:  JAP
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Production Capacity  Power Cost

_ , (1,000 MT/Y) ‘Mills/kWh
USA | ©a,m08 24
Canada 1.234 3

N. America * o 6,042 20
ALCOA 1,415 6
Reynolds _ 895 24
Kaiser 657 23

Big 3 2,967 20
ALCAN o 1,075 4

Big 4 4,042 - 16
Alumax 385 : 32
Anaconda 326 . 29
Conalco’ : 286 : - 27
Martin Marietta 250 Co27
Pechiney 205 -3
Noranda : ' 200 28
Revere : 185 ' : 29
National Southwire 163 30

Minor 8 L . 2,000 _ S 29
N. America Total 6,042 20

* Excludes 355,000 tonnes/year of economically inferior
capacity (ALCOA - 174 thousand tonnes, Reyholds - 148
thousand tonnes, Conalco - 33 thousand tonnes).

Those data show considerable variation in the cost of
electric power. The higheat cost is that of Japan based on
cil~fired thermal'electric power, while the cheapest is that
of BPA in the United States, Venezuela,.ﬁotway; Canada etc.
based on hydroelectric power. Coal thermal electric power
stands midway between them. Assuming that 16,000 kWh/T is
the world average unit electric power consumption (DC} for
aluminum smelter as discussed above, the cost of electric
power for aluminum is as follows: :

Electric power cost for 16,000 kWh/tonne aluminum -

Us mills  US$/tonne Us milly " USS/tonne
: aluminuam I aluminum

5 80 25 . 400

10 160 30 _ 480

15 240 35 560

20 320 40 BAD
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In other words, the difference in unit cost of electric
power between 5 mills and 20 mills results in the difference
Cinaluminum’ productxon cost of nore than U8$ 200 per tonne .

" and the ‘difference between 5 mills and 40 mills results in
the dlfference of more than U$$500 per tonne in the present
aluminum. producing countries in the world, although the unit
electric power consumption (BC) in those countries may
differ from 16,000 kWh/T above, A difference of US$500 per
tonne for a plant with an annual production of 200,000 ton-
nes results in annual cost difference of as large as USS$100
million. '

Because of this situation, the aluminum smelters of all
the countries, in particular in the developed countries,
have been anxious to secure cheap energy sources, Table
B-20 indicates changes in the structure of electric power
sources in. the aluminum smelting industries of the main
countries in the world between 1974 and 1980, and in the
structure of electric power sources in the developing
country areas in 1980, According to this Table, oil fired
thermal electric¢ power in the main countries shows a -

. leveling-off. or somewhat a decline, and natural gas a
drastic reduction, while the share of coal and nuclear
electiic power has risen. This clearly reveals the uneasi-
ness of oil consumers, caused by the oil crisis, regarding |
oil price rises and instability in oil supplies,

. On the other hand, Canada, Africa and Latin America are
overwhelmingly dependent on hydrcelectric sources. In South
Asia, including the Middle East, hydroelectric power, coal
and natural gas balance well with each other. In Japan,
depﬁndence upon’ hydroelectrle power 1is dPCllnlng because the
Japanese Sletlng_lndUStry owns_prlvate or joint thermal
powey generation plants which take high share of total power
generation 1) and greatly depend upon oil, and, while fear-
ing a high dependence on oil, has sidestepped a unit cost
hike due to a decllne in the operation rate of these private
or jelnt power generatlon prlants by compazatlvely reducing
the purchase of electric power. In Oceania hydroelectric
power is also declining, probably because the smelting com-
panies with coal-fired thermal power stations as their
energy'soutce have expanded steadily the capacity of such
power stations, '

In summary, aluminum smelting energy sources may tend
to shift in the future toward coal or nuclear power in the

1} Acécldinq to the JAF survey in 1977, private and joint
power plants supplied 80.3% of electric power generated
for the Japanese smelting industry,
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Table B-20 Power Sources for 1974 and 1980

. (%) &

Country Year 0il Hydro o4y Natuwral. gociear  Unknown  Totd
_ . _ electric ... gas SR 2
Japan 1974 @) 71.10 13,40 6.80. 8,70 _ 0 0 1o
1980. 4} . 71.40  9.80 17,70 O 1.10 0 100k

Canada 1974 a) 0 100 0 0 0 0 10t
1980 a) 0" woe 0 0 0 0 1015

USA 1974 2)  2.30  37.80 . 36.70 20.50  2.70 0 100t
1980 4) 2,28 41,45 38,89 11.52 - 5.86 0 108

Burope 1974 B)  11.40  47.50  22.40 10.50 7.50 0.7 1o
' 1980 ®) 11,01 - 45.33 25.35 - 3.27 15.04 0 1608
Oceania 1974 b) 0  59.25 40.75 0 .0 0 1008
1980 ¢} o 58.87  41.13 0 0. 0 0k

Africa 1980 ©) 0 81,50 18.50 0O 0 0 100k
batin 1980 €}~ 4,50 93.60 O 1.90 0 o .
America _ S . S : : 3
South Asia 1980 €)  3.50 33,20 25,10 38.20 0 0 10k

Sources: a) OECD Extraordinary Committee estimated values in 1380
b) Revae de L'Alminium 1974, Vol.2
c)} IPAT 198¢C Annual Report: Power Sources for 1980
d) Private sources

developed countries. But the worldwide sharé of hydroelec-
tric power may possibly rlqe, since in the developlng Coun-
tries cheap hydroelectric pover sources have been sought to
develop new smelting projects.

. The Changeq in the structute'of the aluninum industry
described before are largely based on these changes in
energy sources. The pursuit of cheap energy sources deve-

lops a tendency of more productlon to take place in those
areas where these energy sources are abundant: The recent
trend of production clearly indicates this tendency.

1t should be noted that cheap electric power is not
always an absolutely favorable condition for aluminum pro-
duction cost, As prev1ously mentloned, aluminum gmelting
strongly requires constant electricity supply and a stable
operation system. Accotdingly, the unstable operation
largely offsets any advantagp gained through an inexpensive
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. .supply of electricity., Furthermore,.the. enormous capital
cogts which will be required for constructing an aluminum
smelter in a developing country will drastically reduce the

. advantage .of cheap electricity supply. Although the effect

. of electricity cost is indeed important to aluminum produc-

~ tion cost, an overall judgment of these conditions should be
of the highest importance.

(2) Alﬁmina

_ Alumina is the principal raw material of aluminum produc-
tion and ig a-major element of aluminum production cost like
electricity. ‘Since the gquantity of alumina required.to pro-
duce one tonne of aluminum is about 1.95 tonnes, anh aluminum
plant with, for example, an annual production of about 200,000
tonnes consumes about 390,000 tonnes of alumina annually.

When an alumina refinery is integrated with an aluminum
smelter, the.alumina price is decided on the basis of alumina
production cost plus .the transportation costs from the alumina
refinery-to the aluminum smelter. - In other cases, the alumina
‘price is determined as a commercial market price reflecting
alumina supply and demand situation. While alumina production
costs have been previously analyzed, the market price is gen-
erally determined, in case of a long term contract by applying
a certain ratio to the price of aluminum, by adjusting the
price according to an escalation based on alumina production
costs, or by combining the former two.

{3) Other raw material costs

The anode, which works as the positive electrode in the
electrolysis,-is made of coke and pitch. The prices of coke
-and pitch are determined as commercial market prices, which
are in many cases calculated in reference to the price of oil
depending upon their calorific value as .energy source. The

guantity consumed, which differs according to the type of
electrolytic furnace; averages 400 to 450 kg for coke and 100
to 150 kg for pitch per tonne of aluminum produced. Therefore
these costs are also a significant factor.

The fluoride which functions as the electrolyte in the
electrolysis process consists of aluminum fluoride, cryolite
ete. Their prices are determined as commercial market prices.

{4} Other direct costs

Other direct costs consist of labor costs, maintenance
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‘costs etc. as in the cases of all other manufacturing indus-
tries, In the aluminum smelting industry, which is a capital
intensive industry, however, labor cgsts ghare only a small
portion of the total cost. Nevertheless; the dégree of skill
of the workers still greatly affects operational performance
in the present technology, and therefore it is important to
secure a labor force with a certain guality. Because the
level of skill of the workforce also influences the amount of
maintenance cost, careful attention should be paid to this
aspect. ' '

In addition to the ordinary maintenance costs, pot recon-
struction costs must also be considered as separate cost. ele-
ments for aluminum  smelters. A large nunber of electrolytic
furnaces are instélled in- the patrooms 1) -ana on reachlnq the
end of their life, each pot must be replaced by a new pot,

The pot reconstruction cost, beinq the cost required for the
replacement of pots which have.reached the end of their 1ife
span; can recently reach approximately U8%$7,000 per pot, which
represents a considerable amount. -Theréfore;:technological
. efforts have been made to achieve longer pot life, shorter
period of pot replacement and improvement in the replacement
methods. . Careful control of daily operation is-also
necessary. ' :

3.2.2 indirect costs

(1) Depreciation of capital cost

The capital cost of an aluminum smelter mentioned pre-
viously is first reflected in aluminum productlon costs in
terms of: depreCLatlon ‘cost. The depreciation cogt, being
calculated from the capital cost based on a certain formula,
-varies depending upon the variation in such formula, which is
established by the various accounting principles and taxation
systems in each country or the various accounting methods in
each company. ‘Purthermore, since depreéciation cost is the
cost which does not require the outflow of funds, it affects
the financial position of éach company cr, on the contrary,
the financial position of the company determines the depre-
ciation cost calculatlon.

Altnough depreclatlon cost is a cost element which varies
according to different depreciation methods as explained
above, it is basically fixed by the actual capital cost.

‘1) In recent cases, the number of pots installed in a potline
reach as many as 240.
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Congequently, it holds a large share in the productlon cost
for the recently built plants due to the rise in capital cost,
In: addition, as with other fixed costs, depreciation cost is
greatly affected by the plant operating rate. For example, in
- the case of the 20<year straight line method at a "plant having
‘a capital cost of US$4,000 per tonne of annual alumlnum pro-
duction, full production results in a depreciation cost of
US$200 per tonne of aluminum produced, but this figure changes
with decllninq rate of operation as follows:

Operating rate 100%  90%  80%  70% 60%  50%
Depreciation cost
USS per  tontie
Ratioc to cost under
full-capacity operation

200 222 250 286 333 400

1.11 1,25 1.43 1.7 2

From th;q viewpoint also, it is clear that stable and
contlnuous operatioh is indispensable for reduction of the
“aluminum production cost.

{2) 1Interest on capital cost

The capital cost of an aluminum smelter is also reflected
in the interest on capital cost in the aluminum production
costs. As previously mentioned, the continuous rise in capi~
- tal costg compels the production scale to expand to secure
cost effectiveness, and accordingly, requires an increase in
the total capital cost. BAs in the previous case, for example,
of a project of capital cost of US$4,000 per tonne of annual
aluminum output with a production capacity of 200,000 tonnes
per year, the total capital cost required for the plant
reaches as much as 800 million dollars, The scheme of
financing the required funds determlnes the amount of interest
on capltal cost.

. The required funds are financed as capital and borrow-
ings, and the ratic of capital to borrowings is a factor
- greatly -affecting interest cost on capital cost., This is
because there is no interest payments on capital on which
dividend is paid from profit, but interest is paid on
borrowings.

Adcordinqu, the conditions of financing these borrowings
congtitute prinéipal Factors in determining interest on capi-
tal cost.  The conditions are interest rate, repayment period,
grace period, security etc. With the reguired funds increas-
ing, it takes a long time to recover through operation the
funds originally invested, and therefore, it is desirable that
the repayment period for borrowings also lengthens, Por ordi-
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nary commerc¢ial borrow1ngu, the longer the repayment perlod,
the hlgher the interest rate will generally be, so that the
burden of interest payment increases. Fox this reason, the
arrangement for long term low interest borrowings is. particu-
larly ‘desirables. . Requlred for this purposge is the arrangement
of funds not only from commercial. financial institutions; but
also from special financial institutions which are established
to promote. industrial . development, for example, government:
related bodies. This particularly applies. to the. congtruction
of plants in the developing rountrles, because it is an unfor-
tunate posgibility that borrowing of its funds from commercial
financial institutions is dlfflcult or that their conditions
imposed are more: severe.

Furthermore, to’ £a0111tate largeuscale fanancxng, there
are many instances where several companles, 1nbt1tutlons and/
or governments organize a congortium to promote a project, -and
the financial arrangement is.made from a number of countries
in different currencies. in this case, it must be noted that
the relative strength and exchanqe rates of different curren-
cies affect capital cost. :

(3) Other costs

‘Other elements of aluminum production cest include, simi-
larly to otheér manufacturing industries, general plant expen-
ses and interest on working capital for inventory, accounts
receivable and payable and others. : :

3.3 General Level of Production Cost:

Now that the analysis has been made with regard to aluminum
production cost above, the present world level of cost can be sum-
marized here. In fact, such a summary is very difficult to make
hecause in the case of such products as primary aluminum which has
little differences in quality to form the basis of market com-
petition, cost is not public knowledge. A guote in this regard:
“The aluminum industry is particularly secretive regard*ng its
costs” 1),_15 ‘appropriaté.

Fortunately, however, AME provldeq data glVlng estimath of
these cozt levels.

Accordlng to these data,'world aiumlnum cost 1evels show a
considerable variation.. The direct costs shown in Table B~ 21 have
a range of approximately US$700/T. to US§2,200/T, -1f these data

1) AME, Vol. I, page 255~
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Table B-21 . Estimated Direct Operating Costs for Smelters
_ in 1968, 1975 and 1280

_ _ _ _ (uss/T)
1968 - 1975 1980
Raw Materials: - _
Alumina - o - 95 -148 220 - 265 309 - 463
Other = - ' 55 -« 68 77 -~ 99 88 - 132
Total o 150 - 216° 297 - 364 397 -~ 595
Energy: _ : - ' _ _
F]ectrlcity _ : 37 - 85 . 57 - 375 99 - 1,323 *
Other _ N.@s~ Nede 5~ 7 9 - 13
Total 37 - 98 62 ~ 382 108 - 1,336
Other: .
Labor S 66 - 88 172 ~ 198 eg - 121
Administraticn, etc. 132 ~ 165
Total ' 66 - 88 172 - 198 220- - 286
Total direct operating costs 253 - 399 531 -~ 944 725 ~ 2,217
Average US list price 562 | 882 1,521

* Most producers' costs are currently in the range of $309 ~ 463 /T
although Japanese and some W, Buropean costs are higher than $1,323 /T.

Source: AME

are correct, the difference amounts to the astonishing flgure of
as much as US$1, 500/7.

The majo: part of the cost difference is caused by differen-
ces in electricity costs ranging from approximately US$100/T to
Us$1, 300/T. while some areas are favored with especially lowcost
electricity, others such as Japan and Western Europe have plants
where electricity cost is more than Us$1, 300/T 1) which results in
such a large variation. The world level of electricity cost is
regarded as being roughly between US$310/T and US$460/T. If
alectricity cost is taken at US$400/T as a world standard level
(25 mill/kwh in terms of unit price of electricity), the direct
cost component of aluminum production cost is estimated to be in
the range of aproximately US$1,000 to US$1,300.

1)-Thia is equal to approximately 85 mllls/kwh in terms of unit
povwer cost. As of 1982, such high-cost plants are already
closed.
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Table B-22 prOVldeS estimates of the total cost, includlng
indirect costs and normal profit as well as divect costs, for
three areas; the United btates, Australla and the Carlbbednl
countries. The costs in these areas are close to gach’ other in
the range of US$1,500/T to Us$1, 800/T, and thelr 1evel is regarded
as a rough ipdication of the world level.,

Such differences in productton cost Lepresent by themselves
differences in the gonpetxtlveness of: the plants, - In partlcular,
a d1fference in electricity cost amounting to U$$1,200/T is’a
determining factor, It is therefore worth repeatlng here that the
aluminum smelting industry has to always pursue competltlveness
through securing cheaper e electricity. This trend itself is the
principal wmotivation giving rise to the presert qtructural changes
in the aluminum lndustry. :

4. Aluminum Cost Model and Competitiveness

with the aluminum production cost mentioned above as a back~
ground, aluminum cost models are analyzed helow to assist in the

normal profit)

Table B-22 Estimated Production Costs for Hypqthetical'Greenfield
. Smelters in the United States, Australia and the Caribbean
Uss/T  Aluminum 1980
usa Australia Caribbean
Alumina a15 - 457 384 - 421 403 - 445
Other raw materials 93 - 108 97 -~ 110 a9 -~ 110
‘Electricity 412 ~ 454 284 ~ 313 293 - 320
Direct labor 95 -~ 104 104 - 115 99 - 110
General s: inistrati ' '
el ra‘_sales, administration 114 - 143 132~ 146 141 - 166
& maintenance _ _
Delivery 22 - 24 64 - 70 44 - 49
variable production costs 1,171 ~ 1,290 1,085 - 1,175 - 1,080 - 1,199
Servicing of capital © 390 - 430 405 - 445 531 - 587
Total costs (includi L : ; :
(4n nd 1,561 - 1,720 1,470 - 1,620 1,611 ~ 1,777

In the orlglnal form of both Tables B~ 21 and B~ 22, Lhe hML data

Note @
_unzt was US cents/lb ~In the Tables above, howavar,_on OUYr oW
responsibility, the unit is converted into US§/7T.

Source: AME
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future. exploitation of aluminum projects and discuss the conditions
of competitive aluminum smelting plants.

4.7 Aluminum Production Cost Mogel

As an. 1llu&tratlon ouL of ‘various alumlnum produetion cost
models which can be considered; Monthly Bulletin of Federation of
Economic Organlzdtlons ("The Monthly Bulletin”) classifies alumi-
num smelting plants LnLo the following types.!)

3. Developed coUntry, hydropower type
- Located in developed industrial countries and based on
favorable hydroelectric power source.

b. Developed country, nonfhydropower'type
Located in developed industrial countries and based on other
enerqy sources than hydroelectric power.

C Developlng country type .
‘Located in developzng countries and Dased on hydroelectric
power source or other general]y favorable powex sources,.

Thesge types are’ further classified into a case of existing
'Pldnta and the other of newly- constructed plants. Regarding the
developed country hydropower type, however, “"Since potential sites
for large’ hydroelectric power development have already become
gcarce, expansion of aluminum production by this type will be
almost negligible" 2) Therefore the case of a-type with new
plants is not cansidered'in our analysis.

The above classification is made on the basis of two main
elements of aluminum production cost, i.e. electricity cost and
capital cost. 'The concepts of this classification can be sum-
marized as follows:

a. Capital cost varies in the first instance depending on the
timing of construction. Conseguently, it is necessary to
distinguish between existing plants and new plants. Secondly,
capital cost varies according to the plant location, in par-
ticular, the quality of ipnfrastructure provided. In the study,
therefore, plants located in developed countries must be
sepavated from those located in developing countries.

b, BElectricity cost is greatly affected by electricipy supply
sources, and therefore hydroelectric power is distinguished
from non-hydro powey, and nen-hydro power is divided into oil-

1) The Monthly Bulletin, April 1976, p. 51, 54-55.
2) The Monthly Bulletin, April 1976, p. 52
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-fired thermal power and other energy gources. (coaly nutural
gas, nuclear power etc.). -Furtheriore, on’ the. bagis of the
timing of construction of power plants or the timing .of conclu-
sion of electricity purchase contracts, the existing plants are
also separated from the newly=built plants.. Additionally,
classifications based on unit- power consumption will also be
considered.  In other words; -consideration is given to the dif-
ferences in the technical level between newly-built plants and
existing plants and also to the differences in the skills of
the workforce between the developed countries and - the developw
ing countries.

The Monthly Bulléetin model 1llustrates the characteristics
of aluminum smelting plants so clearly’ that they are easily
comprehensibleé. According to the Monthly Bulletin classifica-
tions, estimates are made by applying the present cost levels
to the respective models, as given in Table B-23,

Although the above is a model calculated on certain assump-

tions and does not represent the actual costs, it is still
meanlngful to make a conparlson and evaluate each model,

Table B-23. .Aluminum Cost Model

Capacity: 200,000 T/Y
- (US$/T Alumipum)

TExisting Plant . T New Plant.

Developed Deveéloping Developed 'beveloped Developing
country country country country country
Hydro dydro  Oil-fired Non-Hydro  Hydro
pover power - power power pover
Power 150 160 980 338 290
Alumina 478 478 478 478 _ 478
Anode 220 220 220 220 _ 220
Other raw : ' o
materials 30 30 ' 20 L “ig
Subtotal 878 888 1,708 1,066 - 1,018
pepreciation 100 125 100 200 250
Tnterest on 75 94 7% 150 188
capital cost o _ o
Other costs . 280 296 : 313 : 349 C379
Total cost 1,333 1,403 2,196 - 1,765 1,835
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The assumptions of this model are as follows:

a. Unit pawer consumption and electriclty costs arve estimated as
followg'

Existing Plant . - New Plant
- DC power Cost of DC power’ Cost of
consumption pover consumption power
KWh/T US. mi L1 /kWh KWh /T US mill/kWh
Devéioped éountry L .
~ Hydro power 15,000 10 - -
- Non~Hydrd power 14,000 70 _ 13,500 25%
Developing country
- Hydro power 16,000 10 14,500 20

% According to the latest OECD report of *Structural Changes in
the Aluminum Industry - Examination of the Enexgy ARspects®
(1982.11.24), cost at new coal-fired power stations in Australia
wag 16 to 23 mill/xWh.

be Unit consumptlon of alumina is estimated at 1.95 tonnes/tonne
of aluminum and its price is 14% of present ALCAN list price
for primary aluminum, i.e. US$245/tonne of alumina. Such par—
ticular conditions as a new plant being close to bauxite
‘resources, where alumina price is determined hased on the
degree of integration with bauxite development and alumina
refinery, are.excludeﬁ from this assumption.

c. Capital cost is estimated at US$2,000/tonne of annual aluminum
production for exigting plants in the developed countries,
being an estimate as of 1976, and at US$4,000/tonne of annual
aluminum. production for new plants in the developed countries.
A capital cost ratio of 1.25 is assumed for the capital cost in
the developing countries against. that in the developed coun-
tries, which capital cost for existing plants in the developing
countries at US$2,500/tonne of annual aluminum production and
for new plants’ capital cost at US$5,000/tonne of annual aluni-
num production. Depreciation cost is estimated by the 20-~year
straight line¢ method, and the operating rate is assumed as
100%, Interest cost is caleculated at the interest rate of 10%
p«a« based dn equal installments during 20 year repayment
period.  in addition, Capltal is estimated at 25% of total
funds required.

d{ The costa for anode and other raw materials are based on 1982
prices.

{11-93



e. Other costs including 1ab0r,'mainﬁenance,'pot recongtruction,
plant general expenses, interest on working capital etc, are
assumed in principle on the basis of 1982 levels. For actual
calculations, however, the followxng assumptions are madc.

Maintenance cost: 3% of capital cost
Interest on working capltal. :
: 6 month’ 1nventory perlod at an lnterest
rate of 8% p.a.

£. This model estimates only préduction'cbsfs without profits.
Inclusion of profits reguires the addition of 7 to 10% of capi-
tal cost to these flgures. : :

As, is c¢lear in the above estimates, the production cost of
the hydro type located in the developed countries ig the lowest in
the existing plants. The hydro’ type ‘located in the developlng
countries comes next. The oil-fired thermal type is not competi-
tive, and its cost is higher even when. compared hlth new plants
(coalwflred bhexmal ‘or hydro type).

In the case of new plants, it can be concluded that the non-
hydro type (coal-fired thermal or nuclear type) in. the developed
countries is more advantageous than the hydro type in. the deve-
loping countries. Moreover, location in the”deVelbped countries
not only provides lower capital cost than that in ‘the déveloping
countries, but also has definite advantages in all ‘other aspects
such as arrangement of 1n£rastructure, operation stability, gqual-
ity of workforce etc. with the exception ©of the electricity cost,
If proximity’ to’ consuners 'is taken into- consideration, location in
the developed countries becomes even more advantageous.

In conclusion, cost competitiveness accordinq to the above
classification of aluminum smelting plants can be ranked as
follows: '

1, Existing plants - developed country location, hydro type

2. Existing plants - developing country location, hydro type

3. New plants developed country location, non-hydro type

4. New plants developing country location, hydro type

5. Existing pldants deve loped country locatlon, o;l—flred thermal

type

H

In the case of new“plants'in the developed country location
with the non-hydro type (codal or nuclear power), which ranks
third, should the rising trend of energy prices continue, the pri-
ces of coal and uranium as fuels may increase and consequently the
cost of electricity in this type may also rise.  In contrast,
rises in fuel costs have only a minor influence on operating costs
for electricity generation based on hydroelectric power, once a

{1)-94



power generation station has been fully constructed. Conse-
‘quently, it should be taken into consideration that the developing

country’ location hydro type, even if newly built, may possibly
.become advantageous in.the future.

Purthermore, general betterment may be anticipated in a long
term in the developing countries with regard to infrastructure and
‘various conditions for industrial sites and special -favorable
measures by .the government for‘flnanC1ng the capital cost to pro-
mote industry development. Such betterment may reduce the advan-
. tage .of 'the developed countries in the capital cost ratio little
by little.  This point, however, rvequires careful judgement, since
‘even. 1f sich a gituation can be expected in a long term, it is
indeed a key for judging the competitiveness whether or not such
results can be obtained rapidiy in a medium term.

- Althouth no estimate is made in this model, an additional
category of existing plants in the developed country location of
non-hydro (coal or natural gas) type is also included in the
Monthly Bulletin classifigations, which can perhaps be ranked bet-
ween the second and the third above. On the other hand, it is
difficult to rank another category of the existing plants in the
developing country location of non-hydro (natural gas) type,
because it is not possible to find out how natural gas price is
valued by the country in question. For example, in case crude-
oll-associated gas is used as fuel in the oil preducing countries,
it is possible to intentionally minimize the value of the asso-
ciated gas. = Taking into further consideration that the capital
cost of a thermal power station is less than that of a hydroelec-
tric power.station, this type can be probahly be placed above the
second rank. Similar comment is applied to new plants located in
the ‘developing countries of non-hydro (natural gas) type and,
depending upon the valuation of natural gas, this type may bhe
higher than the third or fourth rank.

In addition, consideration should be given to the trend
towards nuclear power generation in the developed cocuntries.
Althbuqh the capital cost is high with the nuclear power stations,
it becomes obviocus that the unit price of electricity from this
. source is relatively cheaper than other nonuhydro energy sources.
As has already been mentioned, huclear power source, especially
with the future possibility of the development of fast-breeder
Yeactors, 1is a direction toward which the developed countries will
move for their power source in the future. As has also been
described, the rate of nationalization is high in the European
countries frem the standpoint of preservation of the domestic alu-
minum industry. Accordingly, should electricity relying on rela-
tively cheap nuclear power be obtained in the developed countries,
the new plants in the developed country location of nuclear power
type will become a type worthy of full investigation under speci-
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fic conditions. Although nuclear power cost of cmurse cannot com-
pete with hydroelectric. power cost 1), the. pOSSiblllty for this
type to achieve competltlveness with- the third or fourth rank type
is undeniable, if, taking the advantageouq location of the deve-
loped countries into consideration, some measures are taken to
narrow the differences in electricity cost.

In summary, it. cannot be concluded that Lho daveloping
country located hydro type, generally considered advantdgeous, is
always the best choice for ‘building a new aluminum smelter in the
future. Somewhat conversely, it must pe taken into full consid-
eration that there are other: competltlve types; - for example, at
the present time, the developed country: located coal-fired thermal
type, the developing country located natuxalugashflred thermal
type, and, in the near futura, the. developed country Tlocated
nuclear power type. At present, the variations In electrlcity
cost have brought about strong trends in world aluminum produc-
tion, which have produced structural changes in the aluminum
industry, However, as can be ‘considered from a study of the above
model, these trends do not always support a hypothesis that the
deveioping country locatad hydro type new plants are absolutely
advantageous.

4.2 . Conditions of Compétitive Aluminum Smelting Plant
A study of the above model if traced in an-adverse way,
indicates the conditions of competitiveness of aluminum smelting
plants. Since - the sources of ‘competitiveness have already been
analyzed above, only the main poxnts are stressed below
a. Stable supply of cheap electricity and raw materials
As menﬁioned repeatediy above, it is important that elec-
triecity, alumina, carbon materials and other raw materials are

supplied at cheap prices and in a stable manner.

b, Sufficient and low cost financing of necessary funds

1) According to the Nihon Keizai Shinbun dated November 9, 1982,
unit power generétioh cost in Japan by power source ‘are as
follows: (Generation cost at the power station, based on comnen-
cement of operation in 1983) g :

' : (US mill/kWh converted-at

yen/kwh 250 yen/UQ$}
Oil-fired ) 20 ' : 80 -
LNG~fired 19 : 76
Coal-fired 15 60
Nuclear . 12 - © 48
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It is ihdispEnsable that huge amounts of funds are suf-
ficiently financed at low cost. Particularly for the develop-
ing countries, it may be necessary that the arrangement of

Anfragtructure and fiscal system are made from the national

standpoint.
Securing of gtable market

Irregular fluctuations in operating rate result in cost
instability and consequent cost increases. To maintain stable
operation, the securing of stable market is indispensable as
well as stable supply of electricity and raw materials.

Others

. Such other conditions as the stable employment of -high-

-quality labor, theé aquisition of advanced technology, a high-

level plant maintenance system, the sécuring of effective
transportation to market etc. are also necessary. In par—
ticular, in the developing countries, it is necessary to pay
full attention to the quality of labor and plant maintenance
system so that they do not cause problems to lose the fruits of
development efforts.,
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Bauxite/Aluminas Balance of Supply and Demand
for Main Producing Countries: 1981

Reference Table B-4-~1

Bauxite surplus Countries

(1,000 M1)

Bauxite

‘Bauxite Alumina L Bauxite S
. . X Bauxite s Bauxite
producing production unit . ~production .
. S - s demand N . surplus
country capacity consumption : gapacity
Australia g * _
Weipa 2,440 2,15 5,250 11,000 5,750
Dayling - . f St
Ranges 4,000 3.31 13,240 14,250 1,010
Gove -1,100 2.44 2,680 5,100 2,420
Subtotal 7,540 ' 21,170 30,350 9,180
Guinea 690 2.1 1,450 13,700 12,250
Jamaica 2,990 2.5 7,480 14,170 6,690
Sierra Leone - - ' - 800 800
Dominica - - - 1,400 “1,400
Surinam 1,330 2.2 12,930 7,500 - 4,570
Guyana 320 S2.1 ‘670 4,500 3,830
Brazil 480 2.2 1,060 4,980 3,920
- Greece - 500 2,3 1,150, 5,400 4,250
_Yugoslavia 1,540 2.3 © 3,500 4,210 710
India 680 2.2 1,500 1,950 450
‘Malaysia - : - - 750 750
Indonesia - - - 1,260 1,260
Total 16,070 {2.59) 40,910 90,970 50,060
Bauxite Shortfall Countries . : _
' T - "~ - {1,000 MT)
Alumina Alumina Bauxite . Bauxite Bauxite ' Bauxite
producing production upit demand production shortfall
counkry capacity consumption capacity
UShA 7,300 2.4 17,500 2,000 15,500
Canada 1,230 2.3 2,830 -~ 2,830
Japan 2,640 2.3 6,070 - 6,070
_Germany, FR 1,640 2.25 3,690 - 3,690
France 1,326 2.2 2,900 1,800 1,100
Italy 800 2.15 1,720 - 1,720
Spain 800 2.2 . i,760 - 1,760
USSR 4,790 2.7 12,900 12,500 400
China 850 2.5 2,100 1,800 300
UK 130 2.2 . 290 - 290
Total 21,500 (2.4) 51,760 18,100 31,660
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reference Tablae B-4-2 Alumina/Primary Aluminum: Balance of Supply

and Demand for Main Producing Countries:

Alumina Sufblus Countricg

(1,000 17)
. " Primary Aluirina .
Alumlpa aluminum unit Mlunmina AIUmln? hlumina
producing ) : production :
ecunbr production consump- demand acit surplus
- Ty capaclty tion capacity
Australia 370 1.9% 720 7,540 6,820
Japan - 615 1,200 2,640 1,440
Yugoslavia 380 - 740 1,540 800
France 450 880 1,320 440
Germany, ¥R 740 1,440 1,640 200
Italy 280 550 300 250
Guines - - 590 690
Jamaica - - 2,990 2,990
Surinam 10 140 1,330 1,190
Guyana - - 320 320
Hungary 75 150 300 750G
Total 2,980 5,820 21,710 15,890
ﬁ}umina Shortfall Countries
(1,000 MT)
Primary Primary Alumina Blumi
aluminum alumi num unit alumina e gzlté Alupina
producing production consupp- demand pre C.ion shortfall
country capacity tinn capacity
USA 4,960 1.95 9,670 7,306 2,370
Canada 1,180 2,300 1,230 1,070
Norway 800 1,560 - 1,560
(1 . 390 760 130 630
Nethgriands 270 530 - 530
Switzerland 30 180 . - 180
Iceland 0 180 - 180
Bahrain 170 330 - 3130
Oubai’ 130 250 - 250
Argantina 140 270 - 270
Vengzuala 400 780 - 780
Ghana 200 I9c - 390
New . Zealand ) 230 450 - 450
Egypt 170 330 - 330
South Africa 170 330 -~ 330
USS8R . 3,130 6,100 4, 79G 1,310
Total 12,520 24,410 13,450 10,960
Hote @ Only bauxite for alumina and alumina for aluminum smelting

dre regarded as demand. Operating rate is estimated at
1008, Countries not listed by AME ave added by the writer.
sources  AME
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Reference Table B-5-1 = Primary Aluminum: ~Balance of Supply
and Demand {(1977)

Main Surplus Countries

{1, 000 tonnes)

Country Production . Consumption = surplus
Canada ' a73 332 641
Norway : 637 96 : 541
USSR : z,200 . 1,760 ’ A40
Ghana 154 0 154
Metherlands 237 w2 135
New Zealand - 145 23 122
Bahrain 122 9 113
aupstralia . 248 170 78
Graece 130 .57 73
Icaland 73 ) 0 73
Egy pt ' ' 30 T30 . 60
Romania 209 149 60
Surinam 56 0 -1
Scuth Africa 78 .53 : 25
Canercon 46 - | 23
Yugoslavia 176 : 154 : 22
Xorea, Dem, Rep. LY o - ) 190

Total 5,584 © 2,958 2,626

Main Shortfall Countries
: (1,000 HT)

Country Production Consump tion Shortfall
ush 4,118 4,756 638
Belgium ' 9 © 235 235
Japan 1,188 1,420 232
Germany, R 742 912 ’ 170
China {Mainland) 350 510 160
German DR 65 215 150
France - 399 : 534 135
Italy © 260 iB2 122
Hungary : 714 169 98
Czechoslovakia 37 125 iz}
UK ’ 349 419 70
Brazil : 167 23¢ 63
Korea, Rep, of 7 75 58
Poland 104 . 149 45
‘Bulgaria 0 : 45 45
Spain 212 257 .39
China (Taiwan) 30 ‘68 in
Switzerland - - 80 110 30
Tnailand 0 29 29
Finland 4 “29 29
Total 8,189 © 10,663 2,474

] Total world
Hote : Total world production Total world consumption shortfall
14,339 - 14,526 o .~ 189

Source: Metal Statistics, 1970-890
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Référence Table B-5-2

Main Surplus Countries

Primary Aluminum:
and Demand {1981)

Balance of Supply

(1,000 HT}

Production

Country Consumption Surplus
Canada 1,118 299 819
USSR 2,400 1,860 540
Norway 636 111 525
ush 4,489 4,140 349
Yenozuela 312 4 238

“ Spain 397 202 195
Ghana 191 0 191
Netherlands 262 73 189
Australia 380 235 145
New Zealand 155 27 128
Bahrain 141 17 124
United Arab Emirates 107 o] 07
Egypt 142 45 s
Romania 230 140 90
Argentina 134 53 81
Greace 146 2353 - BG
Iceland 75 0 75
Surinam 41 0 41
Cameroon 65 28 a7
Brazil 257 241 16

Total 11,678 7,611 4,067
Main Shortfall Countries
{1,000 MT)
Country Production Consumption Shortfall
Japan T 1,567 796
Germany, Fed. Rep. 129 1,022 203
Be lgium C 215 215

China (Mainiand) 350 560 210
German Dem. Rep. 60 240 180
“Italy 274 413 139

- France 435 539 104
Rep. of Korea 17 132 95
Czechoslovakia 38 125 87
Poland &0 42 76
ungaxy 74 143 69
Haxico 43 _ 110 67
Bulgaria 0 50 50
China {Taiwan} 30 78 48
Thailand 0 45 45

. Portugal 0 G2 42
India 213 250 37
Turkey 40 75 35
Finland &} 30 30
Iraq o 26 26

CTotal 3,140 5,784 2,644

Hote Total world production fTotal world consumption Total world surplus

15,700

- 14,549

Source: Metal Statistics, 19270-80
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Reference Table B-7 percentage Share of Government~Owned Companies
in Free World Production Capacity

Bauxite Alumina Primary aluminum

Region Country
1980 1980 1970 1975 1980
Africa Ghana 55 b4 - - -
Guinea 58 49 K X X
Cameroon x X 42 42 25
Eqgypt X % X X 100
South Africa ¥ * X 66 .66
Sierra Leone - X 4 x X
Total (5%) {49) (12 (33) (48)
South Rahraln X x ® 78 78
Asia pubai X X X b4 80
Turkey 100 100 x 100 100
Iran X - X X 95 95
India 18 36 7 7 33
Indonesia 100 X X % b4
Malaysia - *® b4 X b
Total (48} (50} ( 7y (49} (81)
East - Xorea, Rep. of b4 X x - -
Asia Taiwan X 100 100 100 100
dapan % - - - -
Total {x) { 4) (10) (6 (12}
Latin Brazil 37 8 13 7 7
Aamerica Argentina % X X K 51
Venezuela X X 72 72 76
surinam - - - - -
Dominican Rep. - % X p 4 x
Guyana 100 1060 b4 be x
Jamaica 28 -4 X X X
Mexico X ® - - -
Total {31) { 9 (27) {20)  (42)
North © Usa - - - -
Bmerica Canada X - - - -
Total () (=) {-) (=) (-}
Unit : Weighted average percentage by country
be :  No production

- . No share of government-owned companies
Total: Weighted average
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Reference Table B-7 (cont'd.)

Region Countfy - Bauxite Alumina Primary aluminum
1980 1980 1970 1975 1980
Europe France - - - - -
Greece - - 30 30 30 - 30
Italy - 57 T4 89 89
Spain - 30 43 43 48
Germany, FR X 52 71 58 58
UK X - - -
hustria X X 87 87 87
Iceland X X - - -
Sweden X X - - -
Netherlands X b4 - - -
Norway _ X bld 66 59 59
Switzerland X X - -
Total {(-) (33) (41)y {(39) (39)
Oceania  Rustralia - - - - -
New Zealand X X x - -
Total (-) () {-) (-) {-)
Free World Total 22 10 13 16 20

Source: Compiled from Appendix Tables 2 to 4.
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Reference Fig., B-2 - Production of Bauxite for Main Producing
Countries {(196% -~ 1980)
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Reference Fig. B-3  Production of Alumina for Main Producing
Countries (1966 - 1980)
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Reference Fig, B-4 Production of Primary Aluminum for
Main Producing Countries {1965 ~ 1581)
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Reference Fig. B-5 Definitions

rProduction of primary aluminum is defined as the weight of liquid

aluminum as tapped from the pots, excluding alloying elements, returned
scrap or remelted products. :

IPAT Form 150 records the primary aluminum production of IPAI

Members and oificial Correspondents by seven geographical areas for the
month or the year stated, '

1‘
2.
3.
4.,
5,

6.

7.

AFRICA {South Africa, Camerron, Egypt, Ghana)

NORTH AMERICA (Canada, the United States)

LATIN AMERICA (Argentina, Brawzil, Mexico, Surinam, Venezuela)

EAST ASIA (Japan, the Republic of Korea, Taiwan)

SOUTH ASIA (Bahrain, India, Indonesia, Iran, Turkey, United Arab
Emirates)

BUROPE (Austria, France, Germany, FR, Greece, Iceland, Italy,
Netherlands, Norway, Spain, Sweden, Switzeland, the United Kingdom)
QCEANIA (Australia, New Zealand)

{Areas are based on U.N, Pemographic Classification)

All primary aluminum production of companies is included with the

exception of that in IPAI Geographical Area 8 and Yugoslavia,
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C.

I.

CONSUMPTION

Development of -Aluminum Consumption

1. Trend of Primary Aluminum Consumption

As shown in Fig. C-1, world primary aluminum consumption con-
tinued to increase smoothly from 1960 to the heginning of the 1970s,
tracing a smooth curve. However, this growth trend changed remark-
ably from 1975 and the two unprecedented large downwaxd changes
occurred.

_ The f£irst change was:dQe to the first oil crisis triggered by
the fourth Mideast war broken out in october, 1973, 4he 1975 pri-
mary aluminum consumption was down 18,5% over the previous year, -
(23.6% decrease in free world consumption) nearly to the 1971 level,

The second change was due to the world wide recession which
emerged from the second half of 1980, stemmed from the second o0il
crisis, :

Primary aluminum consumption, which recovered the decrease. of
the previocus year in 1976 and showed an upward trend aqaln, recorded
the highest value in. its history in 1979. After the peak in 1979,
primary alumlnum consumptlon decreased for the two consecutive
years;: 4. 0% down in 1980 and 5.0% down in 1981 over the previous
year (4.6% and 6.3%, respectively, in the free'world), And there
has been so far no signs of recovery from this decline. BAs for the
growth trend of primary aluminum consumption during the period from
1960 to 1981 in terms of the average annual growth rate according to
Reference Tables C-1 and C-2 showing developments and average annual
growth rates of primary aluminum consumption, the high growth rate
of 9.2% (Free world: 9.4%) in the 1960s decreased rapidly at the
beginning of the 1970s and went: down to 4.3% (Free world 4.2%) in
the 1970s, Primary aluminum consumptlon entered a perlod of large
whanges and low growth in the 1970s.

2. Primary Aluminum Consumption by Region and Cdﬂntry

Fig. C-2 shows the primary aluminum consumptian for 1981 by
region and main country, According to this figure, the free world
countries accounted for the 77.3% of the world consumption of 14.55

" million tonnes, and the centrally planned economles for the remain-

ing 22. 7%,

{11~130.
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This ratio wag almost the same as it was in 1980, about 20 vears
before (free world: 77.7%; the centrally planned economies: 22.3%),
This shows that, oOver the long term, aluminum consumption  in both
economic blocs expanded together at almost the same growth rate.

Dividing the free world into developed countries and developing
countries, the developed countries accounted for 66.3% of the total
world consumption (85.7% of the free world consumption) and the -
developing countriés for 11.0% of the consumption (14.3% of the free
world consumption). However, the ratio of these two. groups has been
changing each year. The share of the developed countriés decreased
gradually; about 75% each in 1960 and 1965, about 74% in 1970, and
about 66% in 198l, On the other hand, the share of the developing
countries expanded: 2.8% in 1960, 3.9% in 1965, 5.2% in 1970; 7.7%
~in 1975, and finally exceeded the 10% level in 1981L. The enlarge-
‘ment of consumption by the developing countries is guite remarkable,

Fig, C-2 1981 Primary Aluminum Consumption
by Main Country and Region

. VA
Developed ° _

_ Free world (77.3) _.
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.Consumption by the. developing countries has greatly increased
pspeclally in recent years but the share of each region in the world
congumption ig still emall: Yatin America, 5.2%; Asia (excludlng
Japan), 4.0%; Middle Fast, l.1%; Africa (excluding §. Africa) 0.7%.
The really predominant consumption regions are: North America,
29,0% (the United States, 28.5%), EBurope, 24.2%; Japéh,nlo.e%;
australia and South Africa,. 2,3%., ‘The main consuming countries in
gurope. are: the Federal Republic of Germany, 7%; France, 3.7%;
Italy, 2.8%; the United Kingdow, 2.3%. The 6 developed countries
{the above main Buropean countries, the United States and Japan) are
the major- consuming countr;es, Qchpylnq the 55% of the world total,
71% of the free world total,-equivalent to about 8.0 million tonnes.
In the centrally planned economies, the USSR (12.8%) and China
(3.9%) are the major consuming countries. While the share of China
has been expanding, the share of the USSR has shown a slight down-
ward trend.

The proportions of the free world to the centrally planned.
economies in primary aluminum consumption have been almost the same
since -the 1960s. But among the free world nations, indications of
structural-dhange in consumption can be seen whereby the share of
the developing countries, even if still small, has expanded and the
share of the developed countries has decreased gradually.

3. Regional Trend in view of Contribution to Increased Consumption

As Reference Table C-2 shows, world primary aluminum consump-
tion increased to 15,32 million tonnes in 1980, cowpared to 10.03
million tonnes in-1970, This was an increase of 5,29 million tonnes
in annual consumption_j)f out of which 4,08 million tonnes was for
the free world, corresponding to the 77% of the total increase. If
the proportion of each region's or country's increase to the total
increase is considered to be its contribution to the increase (for
example, the free world's centribution to the increase is 77%}, one
. could expect to find a correlation between each region's or
country's contribution to the increase and its consumption share,

The free world's contribution to the increase was 77% and the
centrally planned economies' was 23%. These contributions were
almost the same as the previously mentioned consumption shares,
71.3% for the free world and 22.7% for the centrally planned econo-
mies, This substantiated the fact that the free world and the
centrally planned economies had grown in almost the same rate.

‘Howaver, the relationship between share and contribution dif-

1) Even if 1980 consumption was regarded as an unusual decrease and
adjusted to the revised figure (Refer to the note in Reference
Table C-2), the increase in consumption was 5.25 million tonnes.
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fered ‘from region to yegion. North America's congumption shdre was
29% but 1ts contrlbutxon to the groth was no moxé than 20%. The
same: comparlson ‘for Europe was 24.2% versus 23 5%, - Its contribution
to the increase was less than -the consumptlon share: This also:
applies to the USSR: 12.8% versus '9,8%.  Compared bto these countries,
all the other regions including Japan (consumption share 10,.8%, con-
tribution ko the increase 13.7%) had higher: contrlbutionb to the
increase than thelr shares of. consumptlon.

In- short, Northwnmerica,<Europe and the USSR, consuming-large
guantity, had large.shares in consumption; but their contributions
to the increase in consumption were relatively small, 'On the other
hand,  the other reglons-including Japan and developing countries,
although their consumptlon were small; contributed. ralatively
largely to the increaseé in: consumption. This was also an 1ndicatzon
of structural change in consumption.

In relation to the contribution to the increase’ 1tself
however, the overwhelmlngly high contribution were made by 3 areas:
Europe (23.5%), North America (20%) and Japan (13, 733, Thege areas
combined accounted for 57.2% of the world total- contrlbutxon {a 64%
share of the total world consumption). ‘Leaving aside the USSR with
roughly 10% of contribution; the other regions stood at only a few
percent level, Thus, the change in primary aluminum structure,
though there was a sign of the deve loping countries increasing their
share, quite differed from the production structure change as
described in Chapter B, The consumption was still led by the devel-
oped countries, espacially the United States, the main Western
Furéopean countries, and "Japan. - Among. them, 'the United States had
gigantic congumption. Taking the example, the decrease in consump-
tion of 550,000 tonnes in the United States {equivalent to 11% falll
from 1979 to 1980 alone was almost equal to the 1879 consumption of
‘all of Latin American countries or Asian.countries {excluding Japan}.
dapan is the’ piggest consumption country next to the. United States,
but consumes only about 1/3 of the United States. It does not seem
to be an exaggeration to say that the analysis of balance of primary
aluminum supply and demand cannot be meaningful unless the trends of
demand in the main developed countries, especially the United States,
are taken into consideration. :

4, Consumptlon Growth Rate and GDP Elasticity

In order to make the trends in growth of primary.aluninum con-
sumption clearer, consumpt1on growth rates and elasticity relative
to the GDP growth rates are compared. As was already. mentioned,
because primary aluminum consumption decreased drastically in 1975
and 1980, the decrease in 1975 being particularly drastic, the: atudy
of medium and long term growth rates using figures of these years a3
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the standard may result in wrong evaluation of trends, In the ana-
Lysis below, a revised figure, being an average of three years!'
figures including a preceding year and a succeeding year, is used
for each of ]975 and logo,

4.1 Whole World

The average annual growth rate in primary aluminum consump-
tion for the whole world, as Reference ‘fable C-2, was high at 9,8%
in the first half of the 1960s, but fell to 8.6% in the second
‘half of the 1960s, 5.7% in the first half of the 1970s and further
to 3.,0% in the second half of the 1970s. A large declining trend
was seen in the growth rate of aluminum consumption.‘)

buring the same period, the growth rate for the GDP for the
whole world, as shown in Reference Table C-3, was 5,3% in both the
first and second half of the 1960s, and declined gradually to 4,1%
in the first half of the 1970s and 3.9% in the second half.

~ Therefore, the elasticity of the growth of primary aluminum
consumption relative to GDP growth fell from 1.2 in the first half
of the. 1960s to 1.6 in . the second half, and to 1.4 in the first
half of the 1970s. In the second half of the 1970s, the elasti-
city declined to 0.8, which showed the fact that the growth rate
of primary aluminum consumption fell below the GDP growth rate,
Comparing the longer periods of ten years, elasticity declined
from 1.7 in the 19608 to 1.1 in the 1970s.

in addltlon; whlle the swings in GDP from year to year were
relatlvely small, primary aluminum consumption, especially since
early 1970s, had gquite large up and down swings. Because of this,
the up and down movements of elast101ty have become apparently
frequent in recent years.

From those ‘data,; it can be concluded that primary aluminum
consumption has now entered into the period of low growth and, at
the same time, of large change., ‘These trends ave summarized
below:

N _ 60-65 65-70 70-75 75-80 60-70 70-80
Mverage annual growth rate

~Primary &aluminum consumption 9.8 8,6 5.7 3 9.2 4.3
-Gbe 5.3 5.3 4.1 3.9 5.3 4
GLP Elagticity 1.9 1.6 1.4 0.8 7 I.1

1) The first half of the 1960s is from 1960 to 1965; the second
half ig from 198% to 1970.
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4,2 7The Free World and the Centrally Pldnned HEeonomies

In the- flrst half of Lhe 19605, the tree world's primary alu—
minum consumption growth rate (10.2%) was. higher than the. cen-
trally planned economies' {8.4%}, but this was reversed in the
first half of the 1970s as the centrally planned economies' ‘growth
(6.3%) surpassed the free world's growth (5.4%). However, in:the
second half of the 1970s, both economic blocs were standlnq still
at the same low 3% growth rate,

GDP elastLCLty in the free world of 2,0 in the first half of
the 1960s fell below 1.0, plunging to 0.8 in the second half of
the 1970s. Similarly, in the centrally planned economies, the 1.5
of the first half or the 60s plunged to O, 7 in. the Second half of
the 19705. :

There has been a notable severe decline in GDP elasticity in
recent years both in the free world and the centrally. planned
economies,

60~65  65-70  70-75  75-80  60-70  70-80

GDP elasticity ' ' - -
-Free world ' 2
-Communist Bloc 1.5

1.5 0.8 1.8 1.2
1.1 0.7 1.4 0.9

el
.

4.3 .Developed Countries and Developing Countfies

The growth rate for ermaxy aluminum consumption in the devel-
oping countries was overwhelmingly higher than that in the devel-
oped countrles, staying at high growth rate, over 10%, all the way
from the 1960s to the 1970s. On the average, the growth .rate for
the developing countrles wag almost twice the developed countries.
In the second ‘half of the 1970s, however, with the growth rate
slowing down to 2.2% in the developed countries, . the developing
countries' growth rate of 10% was five times higher than the davel-
oped countries. Moreover, despite the large declines in 1975 and
1980, their consnmption continued strongly growing without decrease.

7 The GDP elasticity of the 'developed countries in the first
half of the 1960s was 1.9, while the elasticity of the developlng
countrles, 3.5, was hlgher. Compared to the 1arge decraase to 0.6
of the developed countries' elasticity in the second half of the
1970s, the developing countries elasticity 8till remained. at a
high 2.0 rate, which resulted in large dlfference hétween the
growth rates of thosp two groups.

In the medium and long tetm;'while‘the'grOWth in the devel~

oped countries has slowed down, the developing countries have
maintained relatively high growth. This demOnstrates the fact
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that the demand for aluminum in the developing countries is still
at a growth stage, . However, in termq of quantity, consumption in
the developlng countries (Its share in 1981 was 11% in the whole
world and '14% in the free world.) is still small and does not
greatly influence on worldw1de trend. Moreover, it is necessary
to note that while their growth rates have been high since the
19608 Lhey kept decllnlng over the same period,

_ R _ ‘ o 60~65 6570 70-75 75-80 60-70 70-80
Average annual growth rate
~Primary aluminum consumptlon

Developed .countries 9.9 8.2 4,9 2.2 9 3.6
evelopan countries 17.8 15 11.5 10 16.4 10.6
~GDP- :
beveloped countries 5.3 5 3.1 3.5 5 3.3
Developing countriés 5.1 6,1 6.2 5.1 5.6 5.6
GDP Elasticity
Developed countries 1.9 1.7 1.6 0.6 1.8 1,1
Developing countries 3.5 2.5 1.9 2 2.9 1.9

4.4 Major Consuming Regions

. Similar data being collected for the major censuming regions,
there are marked differences among regions.

The growth rate of prlmary ‘aluminum consumptlon for North
America was at its peak of 13.1% in the first half of the 1960s,
but contlnued to fall off thereafter. In the second half of the
1970s, it fell drastically to its lowest level, 0.7%. This was in
part because the adjusted flgureq for 1975 were almost the same
level as the adjusted figures for 1980. Even in terms of the ac-
tual figures, the 1980 North American consumption was almost equal
to that in 1976, 5 years before. On the other hand, since a GDP
growth 1e§el'6f 3% was sustained during the same period, the elas-
ticity went down greatly, from 2.9 in the first half of the 1960s
to 0.2 in the second half of the 19705, falling well below 1.0,
Since North American consumption almost equals to the U.S. CONSump-
tion, thé depressed consumption in the Unjited States is one of the
main'causés for the suffering aluminum industry at present.

The Luxopean growth rate was higher in the second half of the
1960s (10, 7%) than in the first half {4.2%), reflecting the greatly
expanded conqumptlon in the second half, However, since the begin-
ning of the 1970s, the growth was kept at low levels of 4.3% for
the First half and 3.0% for the second half. BAccordingly, in the
second half of the 1960s, the GDP elasticity was 2.3; aluminum con-
sumption expanded at a growth rate more than twice that of the GDP,
but in the 19705 the elasticity was down to 1.5 or l; the consump-
tion grew at about the same growth rate as the GDP.

{11-137



As for Japan, it recorded the highest growth rate in the
world in the 1960s; 14.7% in the first half and 25%. in the gecond
half, However, since the beglnnlng of the 1970$, the growth hag
fallen drastlcally to 8.4% in the first half and 4. 2% in the
second half, In GDP, Japan sustalned also the highest growth rate
among the developed countriés from the 1960s to the 1970s and the
elasticity stood at beLween 1.3 and 2.3 on the average. But in
the second half of the 19705 the primary . aluminum consumption
growth rate came down to lower ‘than the GDP qrowth rate and the
elasticity, at O. 8, fell below 1. O. o

The fact that the three major aluminum consuning regions are
all in the doldrums as above replesents ‘the bitter sutferlngs of
today's aluminum 1ndustry° :

60-65 65-70 70-75 15-80  60~70  70-80

GDP elasticity

~North America . 2.9 1.2 1.8 0.2 2.1 0.9
- ~Furope 0.8 2.3 1.5 1 1.5, 1.4
~Japan 1.3 2.3 1.7 0.8 i.8 1.1

5, Aluminum Consumption per Capita

Ancther way to study alumlnum consumption trends is to analyse
the annual aluminum conSUmptlon per capita, which is calculateq on
the American Aluminum Assoclatlon {AA) method.,} 1) According to this

method there were only 3 countries in which consumptlon per. caplua

exceeded 10 kg in 1965: the United States, Switzerland and Sweden.
However, in 1981, the number of country increased to 14, led by the
United States, the Federal Republic of'Germany, and Japan.

As Reference Table C-4 shows, the 1argest consumer Was, of
course, the United States, whlch outstriped the other countrles,
with 25.4 kg per capita. Next was the Pederal Republic of Germany
with 20.3 kg. Japan, Norway, Australla, Canada, Switzerland and
other developed countries followed at between 15 and 20 kg. Compared
to these developed countrles, almost all the developing countries
were at the level of below 5 kg, a very Bmall consumptlon per capita.

From . the vleWp01nt of the growth rates for consumptlon per
caplta, the countries who grew remarkably Ln the 19703 wexe, Greece

1)'The A.A. method Alumlnum consumption per capita i [Prlmary alu-
minum productlon + reserves + aliminum 1mports + 1mporta of alu-
‘minum mill products + production’ of secondary aluminum ~ altsdpum
exports - exports of aluminum mill products («apparent consumpw
tion) + stockpiles at the neginnlng of the ‘'year ~ stockplles at

the end of the year] (»consumption) + population
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(12.9%), 1091and, Hong. Kong, Taiwan, Brazil, Turkey, and other devel-
oping countrles. Among’ the  developed countries, Italy, Japan and

the Pederal Republic of Germany showed an outstanding growth, but

the United Kingdom, which - had shown a downward trend since 1970,
suffered the negative growth rate over the 1970s. Among the devel-
oping countries, there were also such countries as experienced
negative ¢growth ratesg, like Argentina and Panama. Not all the
developing countries showed high growth rates.

As described above, as far as the growth of consumption per
capita was concerned, the aluminum consumption growth was, generally
speaking, very rapid in the developing countries and gradual in the
developed countries, but it varied from country to country. If the
consumption per capita is analyzed in relation to income levels, a
clearer trend is found,

As shown in Tig. C-4, which compares the aluminum consumption
per capita and GNP per capita, countries with largye GNP per capita
consume large. -amount of aluminum per capita. On the other hand,
countries with small GNP per capita consume small amount of aluminum
per capita. This relationship is almost a general rule and there
are no exceptions. As it seems that aluminum consumption per capita
depends on income levels, it is appropriate to analyze aluminum con-
sumption per capita in accordance with a group of high income coun-
tries and middle and low-income countries rather than a group of
developed countries and developing countries,

In other words, if income levels can be expected to improve in
low and middle income countries in the future, aluminum consumption
can be also expected to grow. On the other hand, if the rise in
income levels ig slow, the increase in aluminum consumption is also
slow. It seems unrealistic to forecast a growth of aluminum con-

gumption in the developing countries if the above relationship is
not taken into account.

In the high income countries, growth rates for aluminum con-
sumption per capita surpassed those of GNP per capita as shown below
in the three major consuming blocs:

Average Annual Growth Rates for 1970-1980 (%) 1)

GNP per capita Aluminum consumption per capita
USA 2.1 2.4
Europe 2.4 4,4
Japan 4.2 6.4

Howevaer, aluminum consumption has shown a sharp decrease in the
developed countries in recent years as already mentioned and it

1) Source:; Same as Fig., C-3
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Development of Aluminum Consumption per Capita

Fig. C-3
in Main Countries (A.A. Method)
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- Fige C-4 Comparisgon of Aluminum Consumption per Capita
and GNP per Capita (1980)
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appears doubtful whether the similar rate of growth to the past can
be expected to continue in the future, A relationship between
income levels and aluminum consumption in the high income countries
will become clearer only after future congumption trends become
clear,

6. Total Aluminum Consumption

Up to this chapter, developments of aluminum consumption has
been discussed on the basis of primary aluminum consumption in order
to analyse the primary aluminum smelting industry. However, the
total aluminum consumption should include recycled aluminum produced
from scrap and scrap directly used at fabricators in addition to
‘primary aluminum, in order to give an entire picture of the aluminum
consumption.

Based on Fig. C-5 and Reference Tables C-5 and C-6 which show
the developments of total world and free world total aluminum con-
sumption and primary aluminum consumption and of secondary aluminum
production in the free world, some facts are peinted out as below.

a, World total aluminum consumption is eéual £to 25 or 30%
larger than primary aluminum consumption {29% in 1980}.

b, The difference (a little over 20% if the world total con-
sumption is taken as the denominator, 22% in 1380) can bhe con-
sidered as secondary aluminum consumption,

<. The proportion of the free world to the centrally planned
economies in consumption of secondary aluminum is alwmost the same
as in"primary aluminum consumption, being about 80% to 20% (82%
to 18% in 1980).

d. Production and consumption of secondary aluminum in the free
world are almost entirely in the developed countries. Share of
the developing countries is gquite small, .

e, World total aluminum consumption and primary aluminom con-
sumption have a similar growth trend.

However, in recent years; a tendency for the growth rate of
total aluminum consumption to be slightly higher than that for
primary aluminum consumption has emerged.

For example, the 1980 world consumption of primary aluminum
had ~4.4% growth rate over the previous year and the 1981 had
~5.0% figure (the corresponding free world figures were ~4,6% and
~6.3%), while total aluminum consumption growth was -2.9% and
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Fige C-5 Total Aluminum Consumpticon and

Primary Aluminum Consumption
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-3.4% respectively (~3.4% and -4.2% for the free world). The
fall of primary aluminum consumption was quite severer than that
of total aluminum consumption. '

On the other hand, the secondary aluminum preduction has
shown a smooth growth., After declining slightly in 1975, it did
not show another drop, not even in 1980 and 198l. The consump-
tion of secondary aluminum in the free world also showed positive
growth, rather than negative, in 1980 and 1981.1)

It should be noted that, in recent years, the consumption of
secondary aluminum has been encroaching upon consunption of primaxy
aluminum, '

I1, Demand Structure of Aluminum

‘Aluminum metal is consumed as a raw material for many types of
aluminum products including mill products, castings and die-casting
which in turn are used in a wide range of industries as basie¢ '
materials such as construction materials, automobile, machine parts
and general consumption materials. Figs. C-6 and 7 are flowcharts
showing the flow of aluminum products from metal to finished products,
following the processing steps. Qutlined below are demand structures
of aluminum products and end market and their trends, though analyses
are limited to the six countries; the United States, Japan and the
four European countries; the Federal Republic of Germany, Italy,
France, and the United Kingdom hecause of the difficulty to obtain the
relevant data for the centrally planned economies and-the developing
countries. Since these six countries are the major consuming coun-
tries and accounted for about 60% of the world total aluminum consump-
tion in 1980 (75% of free world consumption), the world trend can be
analyzed by understanding their trends.

1. Demand by Aluminum Products

- Alumipum products covers .a wide range of forms,_wﬁich, in this
report, are divided into the following six types according to OFECD
statistics 2): rolling (sheet, strip, foil, disc, and slug), extru-

1} Since there are no data for secondary aluminum consumption, the
difference between total aluminum consumption and primary alumi-
nuin consumption is regarded as the consumption of secondary
alumihum, SR

2} OECD Non-Ferrous Metal Statistics
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. Fig. C-7 Aluminum Products by Shape and thelr Usage
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sion (bar, extruded shape, pipe}; W1re (electric wire), forging,
casting and powder {powder or paste).}

According to the OECD stathtlcs in Reference Table C-7, in
1965, the total demand for these & t¥pes of products in the six
countries was 6.676 million tonnes.?) 1In 1980, it increased to
11,184 million tonnes, about 1.7 times. The average annual growth
rate for. those 15 years was 3.5%. If 1970 is used as the starting
point, the average annual growth rate for the 10 vears up until 1980
is 4.0%, a little higher than the 3.6% average annual growth of pri-

mary aluminum consumption over the same period in the developed
countried in the free world discussed earlier.

Analysis of the growth rate by product type over the ten years
indicated extrusion .enjoyed the highest at 5.6% and rolling the
second highest of 4.3%. These two products types, i.e.,, mill prod-
uct in the broad sense, led the increase in demand. Out of the
3.653 million tonne increase from 1970 to 1980, the 2.96 willion
tonne increase resulted from these two product types. The growth of
these two product types contributed to 81% of the total growth.

The next important product type was casting, which grew at an
average annual rate of 2.8% and contributed to 15% of the growth.

In contrast, the growth of the other product types; forging
wire, and powder and paste were low and their contributions to the
increase were small. Fig. C-8 showed the movement of the demand for
each type of products.

As shown ahove, the majority of demand for aluminum products
are covered by mill productg in the broad sense [rolling and
extrusion) and casting. 1In 1980, these three major product types
accounted for 71% of all the demand.

According to Fig; C~9, the aluminum demand structure in 1980 is
discussed.

1,1 The United States

Rolling products alone accounted for 56% of the entire
demand. Added to the 23% for extrusion, mill products in the

1) Mill products and wire are produced by rolling or extruding pri-
mary indot or scrap metal. Mill products are further divided
into rolling and extrusion depending upon the process. Casting
and die-casting are the casting products. Aluminum products are
divided into these products plus forging and powder. (Slug is a
small disc punched from thick plate for drawing tube etc.)

2) 1965 figure included Austria in addition to the six countries.
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Fig. C-9  Comparison of the Demand Structure of Aluminum
by Product in the Main Countries (OFCD Method)

A

Germany, FR ) France

D D

A: Rolling B: Extrusion C: Electric wire
D: ¥orging B: Casting F: Powder and paste
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broad sense dCCOUHted for 79%. In the United States ‘the’ greatest
demand for the rolling comes. from beverage c¢ans which is estimated

to consumeé about one third of the rolling products, Also notice-~
able in the United States is the share of foil which was 12% of
the rolling. This quantity is 4.3 times the Japanese counterpart,
Relative share of rolling and extrusion in the United States is
far larger than in other . countries., American demand for aluminum
‘products heavlly depcndq on rolllng, especially for consumer goods,
The other shares are negllglble.

1.2 The Feaeral Républic of Germany and;the United Kingdom

The Federal Republic of Germany is rather similar to the
United States. Rolllng (45%) and extrusion (24%) total 69%. 1In
addition, casting, with 24%, is very close to the extrusion. The
United Kingdom has a more .or less intermediate pattern, rolling
(39%) and extrusion (29%) totalllng 68% and high casting share
(20%).

1.3 France

~ In France, rolling (40%) and casting_(ZB%) are dominant. The
share of extrusion (17%) is the lowest among all the six countries,
showing that the demand for bu1ld1ng materials is relatively weak,
On the other hand, Prance has a unigue demand structure whereby
the share of wire {17%) is the highest among the six countries,

1.4 Italy

The greatest demand in Italy is for castlng (37%) Extrusion
(28%) and rolling (28%) follow. The high share of casting is & ’
feature not seen in any other country, indicating aluminum con-
sumption heavily depends on capital goods. The share of powder
and paste {3%) is also the highest among the six countries.

1.5 Japan

Compared to the United States, Japan has the large share of
extrusion (41%}) and casting (28%), totalling 69%. Because the
extrusion are uged mainly as building materials and ‘the casting as
components of transportation machinery and scientific equipment
the Japaneqe demand structure is clearly different from the United
States, In other words, Japanese demand is capital goods oriented,
relying on extrusion and casting. The share of rolling is also
large with 23%. ' o

miqso‘



In this way, each country has its own characteristics in the
demand structure by product and no common pattern is found. This
ig, needless to say, due- to the differences in industrial structure
~and way of life among.the countries, but the position of competitive
material industries sgeem also greatly responsible. For example, the
strong demand for extrusion in Japan (mostly for sash) and the weak
demand for the same product in France expresses well the differences
in houslnu structure or houging industries between Japan and France.
The extraordlnary large demand for beverage can and foil in the
United States comes from their unique custom in food,

2; Demand- by- Usage -

The demand structure for alumlnum by usage i.e., end market
structure is ‘discussed. below accordlng to OECD statistics (Reference
Table C- 8Y, The end market is divided into the following ten
markets: transportatlon, general machlnery, electrical and communi-
cation; civil and construction; food, agriculture, refrigeration and
'chemlcal industries; packaging; office goods and daily necessities;
powder and paste; steel, other metal and others; export.

Figs C—ld'shOWS the progress of demand for the 10 markets in
the six main countries. According to these data, the average annual
rate of growth for the 15 years from 1965 to 1980 was 5,3%, guite
higher than that for aluminum products. However, if 1970 was made
as the starting point, the 10-year average growth rate was 4,.3%,
being more or less coincident with that of aluminum products, Of
these markets, packaging showed the highest growth (8,0% starting
from 1970}, Civil and construction (4.5%) and transportation (4.1%)
followed packaging. As a result, the three fields; transportation,
civil and construction and packaging became the main demand area and
accounted for 55% of the total demand {except exports) of the six
countrxes for 1980. This pattern is also clear in Fig. C-11, which
compares the demand structures of the 3 dreas, the United States,
Japan and Europe (the Federal Republic of Germany, France, the
“United Klngdom and Italy). 1In Japan the share of packaging is still
low and the electrical and communication ranks third.

Analysis of the end market structure by region or country shows
that, as in the case of the demand pattern of aluminum product, each

country has its own characteristics,

DlVldlnq the six countries into three regions, their end market
Structure is analysed.
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2.1 The United States

In the middle of the 19605, the three markets; transportation
(23.6% share in 1965), civil and construction (22. 33} and electri-
cal and communication- (12.6%) totalled 59% of ‘total demand and had
large share in the Unlted States “end’ market. -

However, the’ packaglng grew very rapldly, redchlng at 14.5%
share in 1970. During the-1970s it had: shown the high annual
growth rate of 8.5% and finally hedama the top market.: The growth
of the packaging market was tremendous, showing the 15~year annual

‘growth rate of 11.4%, three times as high as the growth rate for

total demand of 3.8% starting from 1865. In terms of quantity,
packaging market grew to nearly five times of the prevxous level
for 15 years, overwhelmlng the other marketsa :

The increase of the demand in the packaging field, thOUgh the

rapid growth as has’ been experxenced is not anticipated, is

Fig. C~10 Trend in Demand for Aluminum by End Market
in the 6 Main Countries

General Electrical & Foods, agriculturs,
machinery communication = - refrigeration &
T : . chemical industries
Transpor- Civil & . office goods &
tation construction < ?aukaginq " daily necessities ~ ,Powder & paste
ittt
- — e e T T e .
o ™ §teal, other metal

. 1.218.2 - F
61} ) ™ prort_ £ others

5.562 million tons

8.002 milllon tony.

8.375 million tons

Source:
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Reference Table C-8
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Fig. C-11 Comparison of Demand Structure
in the 6 Main Countries (1980)
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expected to make it a leading market. The dependence of demand
for aluminum in the United States on the packaging field is
expected to increase further in the future.

In- contrast, the share of the biggest three markets in the
past, transportation; civil and construction and electrical and
communication relatively decreased and transportation field, which
had been the beggiest, was taken over by civil and construction.
However,. these three big markets remains important and their role
as the leader in the capital goods market remains unchanged.

In 1980 in the end market, four big markets, packaging (24%
share}, civil and construction (18%), transportation (16%) and
clectrical and communication (9%), shared 67% total demand. The
consumption trends in these fields are determining aluminum
demand. . In recent years, the export market has been growing (16%
in 1980) to be a market that cannot be ignored, but the demand in
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the United States, in general; depends on the domestic market.
The other fields do not show any significance. Trends in the
shares of these markets are shown in Piq. C-124 '

Table C-1 gives interesting: data showing the relatlonshlp
betweén. these end markets and the aluminuw products discussed
earlier. These data are compiled by AA method which is different
from the OECD me thod 1), but no najor difference is found between
them,- o : :

_The biggest usaqe in the packdglng market, which isg the
largest market, -is can materlal made - from rollxng product which
consumes about 1.20 million tonnes per year, This amount’' is so
giant that it is equal to the 1980 total prxmary aluminum congump-
tion in Latin America and Asma (excludmng Japan); In the con~
struction market, the second. largest,  the majority of product are
made from rolling and extruslona; In the transportdtlon market,
the third largest, casting is used for product such as car engine,
but almost other product is made from rolling. -This analysis of
end market also proves the fact that the demand for aluminum prod-
uct in the United States heavily relies on mill product.

2.2 Europe’

In 1965, the largest market for aluminum was transportation
(29% share), as in the United States. The second: largest market
was electrical and communication (12%}, followed by exports {11%).
These three big markets accounted for 52% of the total.

. However, since the beginning of the 1970s, civil and con-
struction joined this group {11% share in 1970}, leading the
growth of demand., The 10 year average annual growth rates for the
1970s showed the export enjoyed the highest growth rate (9.7%),
followed by civil anq uOﬂBthCthﬁ (7 5%) ' : :

in contrast, electrical and communication showed a parti-
" cularly low growth of only 0,7%. In 1980, it held a small share
of 8% and dropped out of the 1ead1nq markets, I

_ in summary,'Ln Furope, unlike the United States, the major
markets were export. {22% share in 1980), transportation {22%) and

1)} According to the OECD'statlstxcs, the demand for foil in the
United States in 1980 was 377,000 tonnes (Reference Table C-7),
but according to the AA Statistical Review, it was no more than
128,000 tonnes, However, according to another A.A. data aggre-
gating the figures fyom the A.A. members' weekly new order

. reports, the demand. for foil was ?85 000 tonnes, beinq nearly

" equal to the OECD statistics, '

[1}-154 .



Fig. C=12- Trend in Demand Structure in the United States
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Table C-1  Trend in the Four Main End Markets in the United States
(A.A. Method) .
1970 1975 1980
{1,000 - (1,000 (1,000
tonnes) (%) tonnes) (%) tonnes) (%)
Building & Window, Door 286  42.8 312 46.5 387 52,4
Construction _ . g . ‘
{Rolling, Awning, Canopy 53 7.9 42 6,3 65 8.8
extrusion, House  siding 149 2.3 178 26.6 171 230
some casting) Mobile home 126 18.8 9. 13.3 71 9.6
Bridge, road & 55 . 49 7.3 as 6.
highway — . . y .
Subtotal 669 100 670 100 739 100
Transportation  Truck, bus 75 15,0 73 13.8 130 18.2
{Rolling, Passenger car 324 64.7 390 73.7 475  66.4
casting) Trailer, Semi-~ 102 20,3 66 14,5 190 15.4
trailer —
‘Subtotal 501 100 529 100 715 100
Consumer Alr conditioner,
durables Freezer, : -
{Rolling) Refrigerator 127 57.2 83 50.3 112 . 53.3
' Portable appliance 29 i3.1 21 12.7 25 11,9
Kitchen utensil 66 29.7 61 37.0 73 34,8
Subtotal 222 100 165 100 210 100
ContalneF Hpusehold & other 84 15.3 105 12.9 128 9.3
& packaging foll, estc.
{Rolling) Can 398 72.8 640 78,7 1,172 85.4
Semi-rigid can 65  11.9 68 B.4 73 5.3
Subtotal 547 100 813 t0o0 1,373 100
Total . . 2,177 3,037

1,939

Source: A.A, Statistical Review 1980 (Pounds converted to kilograms)
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givil and construction (14%), the three big markets totalling 58% and
having decisive influence on the deinand structure. If the fourth
market of electrlcal and communication (8%) was added, the total share
of the markets reached at 66% of total demand, High dependencé on
export ig characteristic; not seen in the United States and Japan.

The Federal Republic of Germany, particularly, had a much high export
ghare of 28%, ' (See Fig. C-11). 1In the Federal Republic of Germany,
dependence on the limited markets, export and transportation, was unu-
sually high, those two markets totalling about 50% share of the total
demand. :

_ Anothéricharactefistic~in Eurcpe, compared to the United States,
is low share of packaging field (8% of the 1980 total demand). The
average annual rate of growth in the packaging for the 1970s was not
high, only at 3.8%, and this field was not influential in the total
demand. . Fig. C-13 shows the demand structure and its trend in Europe.

2.3 Japan

Compared to the demand stfuctures in Europe and the United States,
the demand structure in-Japan has experlenced radical change. In the
Unlted States, transportation, civil and construction, electrical and
communication and packaging have been the leading fields since 1965,
even if their rankings sometimes changed. Alsoc in EBurope, though the
share of electrical and communication fell off, transportation, export
and civil and construction have continued holding their leading
position.

_ The demand structure in Japan in 1965 was relatively well
balanced, with the transportation field in the first place (23% share
of total demand), office goods and daily necessities in the second
place {18B% share), electrical and communication (12%) and civil and
construction (12%). Noteworthy was the very high share of office
goods and dally necessities as compared to the United States and
Burope (in 1965, Japan, 18%; the United States, 9%; Europe, 7%).

However, since the beginning of the 1970s, the civil and con-
struction field has grown rapidly (lO-year average annual growth rate
during the 1970s of 8.9%). ‘In the second half of the 1970s, this
single field kept the level of 30% share. The transportation field
also showed the similar growth (average annual growth rate for the
same period of B,5%). In 1980, these two leading fields alone
accounted for a 57% share of total demand.

On the other hand, the field of office goods and daily necessi-
ties, which formerly had the second biggest share, showed a low
average growth of only 2,9%., The electrical and communication field
also grew at a relatively low rate (3.8%). As a result, the share of
office goods and daily necessities has declined to 5% and the share of
the electrical and communication field to 10%.
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Fig. C-13 - Trend in Demand Stxructure in Furope
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- The change in demand structure in Japan was so drastic as above,
ghowing sharp contrast with those of the United States and Europe. 1In
patrticular; the large share of civil and construction {32% in 1980)
was outstanding, Combined with the transportation field (25%), the
two fields accounted for about 60% of the total. This is a unique
structure, not seen in any other nation., If the share of the third
biggest market, electrlcal and ¢ommunication, is added, the total

. share: of the three markets reached about 70%, Tt was stated earlier
that the Federal Republic of Germany has a demand structure that is
overreliant on- export and transportation (combined share 50%},
However, Japan is .more overreliant on limited fields than the Federal
Republic 'of Germany.,

_ ihe civil and construction, the 1arqest market in Japan, showed a
rapid growth up to- the middle of 1970s, but has shown a declining
trend since the oil crisis, especlally coupled with the decreased
housing construction in recent years. The stagnated civil and con-
struction market mlght be a sign of major change in the demand struc-
ture in- Japan ang future trends should be very 1n+erest1ng.

The field that showed the highest growth in the end markets in
Japan in 1970s, however, was not civil and construction, but packag-
ing. Its average annual growth rate was gquite high at 12.6% (15-year
average annual qrowth rate of 17.4% starting from 1965). Such a rapid
growth surpassed even that in the United States packaging market and
has not been found in other fields and in other countries, The rapid
growth of the packaging field is due to the great increased in alumi-
num beverage cans, but the volume used in this field is still small,
accounting for only 6% of the total demand in 1980, Comparing with
the giant share of the United States counterpart (24%) already men-
tioned -and that of the European counterpart (8%), this field may be
one of the promlslng field in Japan in the future.

The export field in Japan was low in its share (4% in 1980) and
has not shown any sign of increase. Japan is dependent on the domes-
tic demand and contrasts with Europe which depends much on export.,
Fig. C-14 shows Japan's demand structure and its trned. Fig. C-15
shows  the demand structures in the main countries and their trends in
circle graphs.

3. Demand Structure in Japan and its Movement

As explained above} the demand structure in each country has
its own special pattern corresponding to its industrial structure
andg way of life and each pattern is not always common. Therefore
countries which expect a large aluminum demand in the future are to
develop their own demand structure free from the patterns of the
developed countries.
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Fig., C-14 Trend in Demand Structure in Japan
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Figes C-15 _Comparison of Change in Demand Structure in the
Mai_n Countries {1970, 1980) (OECD Method)
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Howaver, for countries axpucting the development of thelr alu-
minwn industries in the future, it is not meaningless to learn the
development process. of some other’ countries. -This section discusses
in more detail the development proceég of Japanese aluaminum
industry, from the point of how 1t3 damand strucLure has developod.

Before the Second wOrld War, alumlnum was widely used for daily
necessities and utensils gsuch as Ilunchbox, waqhbowl and was also
used for the aircraft as a 11ghtwelght_1ndustrial material, automo-
bile engine, electric wire, firework and explosive,

During the Second World War, aluminum was Intensively used as
the most important material for aircraft and the other market was
mainly the light indistry for daily necessities and utensils such as
pot, kéttle, washbowl’and-lunch box ag before the war.

After the Second wOrld War, the aluminum market for aircraft
was lost. On top’ of this, the use of aluminum other than householg
utensils, some machlnery parts and electric wire was prohibited by
the Major Materials Usage Restriction Regulation and the development
of new market was difficult. Until the second half of the 1940s,
the demand structure for aluminum remained unchanged, generally
dependent on domestic demand such as the daily nere531t1es and uten-
sils as before the war.

After 1950, the technological developments to enhance the us
of aluminum as a basic material such as the improvement of hlgh~
strength alumlnum alloys which started during the war and the devel-
opment of corrosion resistant alloys, ternary alloys and building
structural materials began to produge their fruits.!) This opened
new markets in a variety of manufacturlpg industyries, especially for
the machinery industry and the demand started to increase in trans-
portation such as motorcycle, household electric appliances such as
washing machine and electric fan and various parts for Lndustrlal
machinery.

Since the second half of the 1950s when Japanese economy noved
into a period of high growth based on the development of the heavy
chemical: industry, the technical development of new usages, espe-
cially in the machlnery industry, to which the aluminum industry had
been devoting all its energy, drastically increased the demand for
aluminum, accelerated by the household electric appliance boom, the
motoxcycle boom, - the camera boom and the drastic demand increase for
sewing machine.

1) High-strength aluminum alloy = Al + Cu + Mg (Duralmin is one
variety. Possible to reinforce by adding zinc.)
Corrosion-resistant alloy = Al + Mg (+ 8i)
Ternary alloy .= Al + Zn + Mg
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In sunmary, from the second half of the 1950s to the first half
of the 1960s, the: demand structure for aluminum in Japan experienced
a major change from the light~industry-oriented structure in which
the main_markets were dally necessities and utensils to the heavy-
industry~-oriented structure in which machinery and chemical indus-
tries were major markets for aluminum. This drastic change is well
illustrated in the movement of demand structure from 1955 to 1965
shown in Reéference Fig. C-1, bevelopment of Demand Structure by
‘Aluminum Usage. . :

P om the’ second half of the 1860s, while the development and
popularization of ready-made aluminum sash rapidly increased the
demand For  extruded shape for construction in rolling products, the
demand’ structure for aluminum again began to change rapidly to the
one in"which the main market was the civil and construction. At the
gcame tifie, quality of demand changed in the market; for example,
demand for -television set shifted from black and white set to color
set, demand for automobile shifted from 2-wheeled vehicle to
4-wheeled vehicle and demand for aluminum electric wire increased
rapidly because of the soaring price of copper in 1965.

This changed the demand structure'by aluminum product; In mill
product, rolling product 'enjoyed a predeminant pdsition in the
market from the 1950s to the first half of the 1960s, but frxom
around 1970, extrusion took over the position of rolling product.
in casting,; casting product predominated up to the first half of the
1960s, but from the first half of the 1970s die-casting became popu-
lar in the market.!) These trends are also shown in Reference Fig.
0-2, Development of Demand Structure by Aluminum Product,

“ . puring the 1970s, the demand for aluminum in civil and. con-
struction had expanded with the rapid growth of demand for houses
and buildings and the demand for transportation, electrical and com-
munication, machinery and metal became stable. The present demand
structure was almost established in this period; Mill product
{especially extrusions) and casting (especially die-casting) were
the two major markets in demand structure by aluminum preduct, and
civil and construction and transportation were two major markets in
demand structure by usage.

It was during the 1970s that all-aluminum can was first devel-
oped. © Ag "already mentioned, the rapid increase in demand for
beverage can using aluminum as the end or body material resulted in
the amazing growth of demand for aluminum in the packaging market.

Prom the second half of the 1970s new markets for aluminum have
been developed one after another; the progress of aluminum use in

i) Casting product is produced one by one by small guantity, but
die-casting allows mass production of the same product,
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exterior products such as balcony; gate, fence ote, aluminum bat ang
aluninum wheel, aluminum-made LNG tank, aluminum train for Tohokn
and Jogtsu bullet lines and small-sized aluminum barrel for beex.

. Reference Fig. C-3 summarizes the relationship of the rapid
development of alumlnum demand  and qeneral economic conditions in
Japan. - , : :

As explained abové, the aluminim industry in Japan, over. theqL
25 years, chinged its demand structure from. light industry orlcntod
dependihg upon daily necessities and utengils to heavy chemical angd
machlnery industxry and. constructlon lndustry oriented and estab-
lished and. strengthened its position as the wmaterial industry. In
other words, the alumihum industry moved from the period when it
depended on mass consumption of ‘daily necessities. to the period in
which it depended greatly on the indirect demand for durable con-
sumer goods produced by machinery and construction industry. ‘This
trend was made clear by the Fact that 70% of the total aluminum pro-
duct demand was. for construction material and. durable consumer
goods.  As almost all aluminum durable consumer goods Were connected
to daily life, it was basically unchanged that demand structure of
aluminum was daily-life-oriented probably because of its charac-
teristics., -However,.aluminum products were sophisticated and
diversed more than before and gained solid ground in the Jdpanese
lifestyle and 1ndustr1al structure.

The amqunt of total Shipment of the aluminum industry '} was
296.5 billion yen in 1965, exceeded 1,000 billion. yen in- 1972 and
doubled to about 3,400 billion yen in 1980. Compared to 1965, this
level was 10 times -larger and the average annual growth rate during
this period reached 16.8%. Reference Fig, C-4 shows the demand
structure in Japan by end market in 1980.

- With the recent decreasing trend in the number of housing con-
struction, it has become hard to expect-that the demand for aluminus
for civil and construction, which was leading the aluminum end
markets since the second half of the 1960s, would grow in. the future
as has been hefore. Therefore, it was also expected that the share
of extruded shapes in demand of mill products would decline.
Furthermore, the demand for the aluminum electrie wire which
achieved high growth since the second half of 19608 was not expected
to grow until around 1985 since the demand for electric wire for
distribution was saturated. Thus, there emerged recently ancther
sign of change in aluminum demand structure.

Thdugh-the Japanese aluminum industry has'gained firm greund in

1} The. total amount of shlpment from primary aluminum and secondary
aluminum to all the processed productg including rolling,
casting, feil, sazh, door, dailly necessities, etc.
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