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Introduction

Produdion of aluminium metal uses a process knownedsctrolysisvhich passelectrical current
through molten fluoride salts iharge opentop, reduction cells. The molten satgmmonly known as
bath, or electrolytedissolvesaluminium oxideparticles The process based on bench scale
experimenation by Charles Martin Hatlhat first met with successn February 23, 1886.o0@mercial
production ofpure aluminiumby electrolysisn the United Stateglates back tdNovember29, 1888

Paul LouisToussaint Eroult invented a processimilar to that of Hall, whiche patentedin Paris
Franceon April 23, 1886His intent wasto produce pure aluminium althoughthis objective was not
fully realizeduntil 1888 Based on commercial advice thidéroult had receivedhe usedhis procesgor
the production of aluminium bronzen alloy of aluminium and coppevhich had a readily available
commercial market Hisoriginalprocess desigproved to be ineffective foisolaion of pure aluminium

HéroultQ @rocess wamodifiedto enable pure metal productioduring 1888% 1889 with the assistance
of a German sentist, Dr. Martin KilianiWhat is nowwidely known ashe HaltHéroult process, ray
morerightly becalled the HaltHéroult/Kiiani processasY A £ A | Y A Q SwebeRighifieddt.0 dzi A 2 v

Héroult andKilianipatented thar modifiedprocess on April 211,888. Roduction of pure &uminium on
an industrialscalebeganin Europeat the end of 1889n afactorylocated inFroges near Grenoblé&"

The Hall procedsom the USA, appeareid Europesoon thereafter in 189Q at a factoryin Patricroft,
near Manchesterin the United KingdomThe HallHéroult procesgreatly reducedhe price of
aluminium ultimately makingit availablefor a wide array ofises.

Production of aluminium in Spagame as the industry expandedluminio Espafol S.asfounded
on August 21, 192%nd dectrolytic reduction began at the end of 192&ugust 0f2025will marka full
centuryfor the primary aluminium industrin Spain

Since the end of the focenturyaluminium production by electrolysis has begoselytied to the
availabiliy of abundant,continuously availabldow-cost electrical energy For example, even the most
modern andenergyefficient, Chinesaluminium smelters consumen average 012, 750kiloWatt-hours
(kwWh)of electrical energper metricton (mt) of aluminiumproduced Older,Europeanreduction cell
technologyconsumes more powerpughly14,350 kWkmt on average Thisis the equivalenbf the
amount ofenergythat a Tesla 3rear wheel driveelectric vehiclevould consumeto circumnavigte the
Earth2.6 times,at the equator Needless to say, large amount of energgoes intothe produdion of
one metric ton ofaluminium. An aluminium smelteproducing220,000mt per year(mtpy) consumes
approximatelythe same amount of eldricity as acity of 70,000 people.There is a old saying in the
industry, Four things are required to buildhaluminium smelterpower, power, powey and a port



Lager smeltersalso benefit fromeconomies of scales. small aluminium smeltersFew aluminium
smeltersof less than 100,00fhtpy capacitycontinue to operate in the world todayThe reduction cells
must also operate continuouslgeverbeingwithout power for more than a few hours. Thus, a
continuous supply of abundant powerniecessary.Increases in energy costs and substantial downturns
in the price of metal during recessionary periods are the most common factors that cause aluminium
smelters to be idled or to be permanently shut down.

Aluminum in the United States

In the Hstory of the United Statealuminum has been producedommerciallyat forty-four facilities. All
but two of thesehaveusead the HallHéroult processo reduce aluminum oxideThe Alcoa Smelting
Procesgo electrolyticallyreducealuminum chloridewasused near Palestine, Texasetween1976and
1983. Another locationreducedaluminum chlorideto alumirum, but byuse ofa thermochemical
process This was athe firm of William Frishmuthn Philadelphia, Pennsylvania betwet876and
1887, prior to thecommercialization of the Halléroult process FrishmutifQ @ ¢ 2 Nddadé®the
alumirum capthat was placedn the top of the Washington Monumei 188424

Figure 1- Engineerst metallurgists inspect thaNVashington Monumentcapafter 100 yearsof service

Bythe end of World Warthere werefive alumirum smeltersoperatingin the United States All were
owned by the Aluminum Company of Ameriednichlater becameknown as ALCOA he three earliest
sites for electrolytic reductignPittsburgh PA, Lockport, NY, and New KensingtoncBased production
during the 1890s Theseearly sitesallused! | f f Q &, althdh\gh @8 sitéin Lockport was operated by
the Cowle<lectric Smelting and Aluminum Company.

Net production had grown from 2,296t in 1900 to a peak of 52,210 mt during thiest World War,
which wasaboutone-half of globabluminum output at that time.



The number o&lumirum smeltersoperatingin the USA grewo sixteenduringWorld War II. This
eventudly peaked withthirty-two smeltersin simultaneousoperationbetween1976and 1980. Aotal
of 4,654,000t of alumirumwere produced irthe USA in 980. Both the number of locationand the
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A Pittsburgh Reduction Company early aluminium smelting cell. The same type of cells was used in the plants
of New Kensington and Niagara Falls in the 1890s © John Heinz History Center

Figure 3- Image ofan early Halkell, dating to the 18908!
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Figure 4 The newestaluminum smelterin the USAMLt. Holly, SGstarted in 1980°
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Figure 5 Primaryaluminum production in the United States of America (19011!)24}4]



The decline o&lumirum production in the USAsince 1980 has haduchto do with costand availability
of energyplusthe ability tocompet in a global mark@lace Competition and sustainability asdso
often related to the size of the smelter and its production capaditg. smelter built in théJnited States
everexceeded 300,00Mtpy of capacity. There are fortyaluminum smelters worldwide thahow
exceed 500,00éntpy of capacity Tenof these, many beingh China exceed 1,000,000 mtpy

Between 1980 and 1987 nine of the thittyo alumirum smeltersin the USA shut downHigher energy
costs andeconomicmarket forcegook theirtoll, mostlyon older locations The declinewasalso

related toaluminumingotbeing traded as a commodity on the London Metal Exchafhdé,
beginningin 1978 Thischangemade conditiongor smeltersmore challengingn the wake of energy
shortages and monetary policies that contributed to the recessadithe early 1980s. The market price
of aluminumdeclined from more thatyS$2,000 pemt to less tharlS$51,000 permt between 1980 and
1982 negativelyaffecting the industryin many countries.

The timing of the downturn in the United Statessocoincided withthe introduction of new
environmental regulationghat applied togrowth in the productiorof existing smeltersindthe
construction of newsmelters. When @mbined,by 1980 all of thesefactorsincludingrisingenergy
costsput anendto growth and renewal oprimaryaluminumsmeltersin the USA

Smelters in the northwestern United Stategere hit particularly hardn 2001 Deregulation allowed
regionallygeneratedhydrapower to be sold into California at higher priceT hisclosedmanysmelters
in Washington and OregorAging smelteracross the USKAave continued to shut down sinteen.
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Life-spars of aluminumsmelters in the USHall into four generalcategories. Those with low cost power
and/or full control of mining anghower generation have operatddngest,between 51 and 64 years.
Those without hydroelectric power and/or control of power generation haperatedbetween 23 and
45 years. The few lotians that relied upon energy produced fromatural gasiuring the 19709r that
usedaluminum chloride processesperated between 5 and 12 yeardluminum smeltes with
exceptionally short operating history include;

- The demonstration plant of the Pittsburgh Reduction Company in central Pittsburgh
- The Cowles brothers smelter that was found to have beeninviol&id | I f f Q&4 LI GSy (&
- Four of the eightsmelters builtbby the US governmerfior WWIIproduction

Each of theseperatedfor only1 or 2 years before beingermanentlyshut.

The average, overall service life for aluminum smelters in the USA has been 34.9\igatke short-
lived smelters exluded, the averagservicelife has been 3% years.

Qurrently fouraluminum smelters remain in operatioim the United States Thes four have an average
age of 53 yearsanging fromd5to 65 yearf service Each oftheseuseAlcoa reduction cell
technolodes; RP100s, P155s, P225s and A97s that wereinstalledbetween 1960 and 1980The
oldest of these four controls its owrmal mines and power generation facilities.

Even with tariff protections thgears of operation thatemain for this small groupof smelters pear to
be numbered. Large blocks obntinuously availabldpw-costpower, profitablemetal prigng, and
econonies of scalestill arethe rules of the gaméor primary aluminum productionin the United States
theserulesare further complicated hyhighcostof capital,environmental regulations, angageplus
benefitrates. However, dbor regulationsn the USAare generally not as comptasthey arein
European countries.

We shall see thatany ofthe same economic forces that have affected the primary aluminum industry
in the United States of America have also affected the industry in Spain.

A moreextensive review of thaistory of theprimary aluminium industry in Espaflows.



Aluminium in Espdia

The history of the primary aluminium industry in Esph&acertainparallels and contrasts to that tfe
United States In contrast, he amountof aluminium producediuring peak years has bean order of
magnitude éss Thetotal of 5 aluminium smelterbuilt in Espafias. 44 in the United Statés also an
order of magnituddower. The @mparative populationsf thesetwo countries reflect the difference

Espana experienced itsdi peak in metal production at the same timethe United StatesBetween
1979and 1983all fiveof the smeltersbuilt in Espéia operatedsimultaneously They produce®96,600
mt in 1981,0r about8.5% of theproduction ofthe USA in thasameyear. Espafia went on to have a
second pealn productionof 408,000 min 200#2008,following upgrade®f the three smelter owned
by Alcoa This was approximatelb.7% of the production in the USAthat time.

Thesefive aluminiumsmelters in their chronologicabrder of construdbn include:Sabiianigo,
Valladolid, Avés, La Corufia and San Cipri&etween the 1940s and the 1970sur additional
locations hal also been considered farew aluminium smeltes; Lérida [Lleida] Madrid, Vigeand
Vilagarcia de ArousaNone of hesefour sitesarrived to the point of actual constructian
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Figure 7- Loations of aluminium smelters andites that were considered for development



Aluminiumingot has been steadilproducedin Espafia since November 14, 19@th two exceptions

1) Cessatiors of operationsat Sabif@nigoin 1936/1937 during the Civil W&k and
2) Qurtailment of operationsat San Ciprian from Janua@22until February 2024lue to high
energy price.

Aluminium Smelters Operating in Spain
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Figure 8 Numberof aluminium smelterssimultaneouslyin operation inEspanig1927%2025)
Sabifianigo

The first aluminium smedt in Espafiavasestablishedn SabifianigpHuescain Aragon Aluminio
Espdiol, S.Awas founded on August 21, 1925 by a grouthode, internationalaluminium producers
that hadpreviouslyexported metalinto Espafa

The companies weralso the threemajor producers of aluminium itne world at that time;
-CNJ} yOSY [/ 2YLIJsEhymighes BSctra NiéR IR dzizXi Klaks JANES fa Scamauiée,
akal 2 YL A ¥.CS
-SwitzerlandAluminiumindustrie AktienGesellschaft (AIAG)
-United States of America: Aluminum Company of Améfica.
Thesecompanies later became known as; Aluminium Péchiney, Alusuisse and ALCOA.

Multiple sources ofelectricpowerwere being developed in Huesagthat timeto attract industry
following World War | Hydroelectric powemwasbeing developedn sixnearbyareas ofthe Pyreneedy
Energia e Industrias Aragones8sAas early as 1918. Tipeojectsincluded, dams,water chutes
(penstocks)and power station&”

Ercros S.A. an established chemicals company sp&a, was thefirst consumerof hydropowerin
Sabifianigdor electrochemical production of chlorineExcess power was available for othetustrial
development including that gfrimary aluminium It wasa good match for the base load of new



utilities, since the HalHéroult process consumes abundarce of power, 24 hours per dag65 days
per year The/ 2 Y LJI A ¥.XBcognized theotential for aluminium productiorin this arean
Januaryl919 andeventuallyjoined a group to study development in Sabifianigo in 1624,

Figure9 — Penstock(chute)to Bubal hydroelectric statiorl7 km north of Sabiﬁénig&”

The Sabifanig@emelterprojectwas nota part ofthe aluminium catels that had existed prior this
project The threealuminiumcompaniesach had their owrinterests to producealuminiumwithin
Espafna For example,itie/ 2 Y LJ- 4. ¥.XC&8sowished tosell aluminaand other materials

Theexactdate ofenergization othe Sabifianigo smelter it clear. The builder, the Aluminum
Company of Americatated in 1930 they & t N2 R dzOifl Qctoler 1337 1 NMulSpie sources
documentthat metal produced in the electrolysis celigasfirst cast (solidifiedpn Monday,November
14, 19272 Calculations indicate that approximately 15 dayauld have been requirefbr the
reduction cells tanelt the lithium modifiedcryolite that was usedand toaccumulateup to 15
centimetersof metal, a typical metalgd depth. Thus, ti islikelythat the first cells were energizeat
the endof October B27.

The Aluminum Compay of Americavas not involvedn the Sabifianig@onsortium forvery long. It
exitedin May 1928 A corporatedecision had been made focus on servingargemarketsin the USA,
ratherthan smaler, foreign markets All international assetsvere reassignedo a new company
Alumirium Limited™ This compaphad previously been known as tiéerthern Aluminum Company
andthen asthe Aluminum Company of Canada. Alumim Limitedeventuallypecameknown asAlcan
whichwas ultimately acquired bRRio Tintoin 2007



Vista general de la Fibrica en Sabifidnigo (Huesca)

Figurell - Fakrica de Aluminio Espafiol, S.A. cireénter 1931/1932 The two, adjacent,potroom buildingshave
visible roofline vents andho snow on theroofs since the reduction process generates excess He&ht.

Sabifianigavasthe first aluminium smelter in Espafndit wasthe first greenfield or completely new
smelterin the worldto usea new technologyselfbaking, Saderberganodes

Thistechnologyhad beendevelopedin 1918 by Mr. Carl Wilhelm &erberg who was SwedishHe was

in the employment of a Norwegian technology development company, called Det Norske Aktieselskab
for Elektrolemisk Industriwhichis now known asElkem. The name of thtechnology, 8derberg, was
slightly differentthan/ I NX 2 hdmi& SdeN@gidue tothe Norwegian spelling.



Selfbaked carbon anodetechnologyhad been developed for electric furnace production of calcium
carbide and ferrealloysdue to shortages of graphite duringnd afterWorld War I. The inventionvas
adapted to the primary aluminium industiy 19201921 by Det Norske Aktieselskab for Blekemisk
Industrion a 6kiloampere, or 6 kApilot-scalecellat its research center, Fiskaa Verndorizontal, steel
spikeswere used to conduct electricity into a cylindrical anode. These became known as Horizontal
Stud $derberg HSSreduction cells

The Aluminum Company of Amerigslcoa]then begandevelopmentof thistechnology at its smér in
Badin, North Carolinan 1923 Alcoasaw such potential that thegurchaseds4.94% oDet Norske
Aktieselskab for Elektrokemisk IndustriNovember1924™ The/ 2 Y LJI 4. ¥ Cdsolicensd
Saderberg technology in 1924 and began its own development work on two protdtgiells at La
Saussaz in 182

Saderberg technologyas a gamehanger. Isubstantially lowered theapital @st fornew smelters
andfor expansion®f existing smeltersDecades later it was discovered thihere weresome serious
disadvantagesAs the anode pastbeated it emitted vapors of polycyclic, aromatic hydrocarbdresnm
coal tar pitchvapors. Theswere determined to pos carcinogenicisk to workers

Figure 2 —HS &derberg fumes at the Alcan Arvida aluminium smelter in 1943,
Figure B - Working around &derberg anode paste on a Verticalusl Saderberg[VSSp o't . “The gates c
was what the production halls of the Norwed®ian al umi

Saderberg cellalso requiredyreaterelectrical energy consumptiaio curethe selfbaknganodes Pre-
baked anods wereheatedin furnaceswith fuel oil or various forms of gaather than electricity This
powerO2 yadzYLIiA2y aLISyltGeéeé gra y2aGd 2F INBFIIG 02y OSNYy



the Saderberg smelters of Esfia years later, after energyripes had risen substantiallyBetween 1927
and 1978&ll aluminium production in Esfia utilizedvariousforms of Saderberganodetechnology.

At Sabifanigo, th&aderberg anodesat were gravityformed in a verticatube, orshaft. Briquettes of
calcined petroleum cokmixedwith coal tar pitch as binder were loaded into the top of shaffThe
cylindrical, carbon anode was qugrted by multiple rows o$teel pins(studs)that wereinsertedinto
zoneswhichwere beginning tohardenby heating. Thesepinsalsocarriedthe electrical curreninto the
anodes Rnswerethen removedasthey approachedhe working surface of the00 to 950xC, !*?
molten salt bah that was used to dissohaumina.

Soderberg
Electrode

Electric
Insulation

Electrode

am) | " )
:the: Ihl!’lull'dj“ 'I Contact Stub

Electrolyte
Frozen Crust
of Electrolyte
and Alumina

Thermal

by
[ L Molten Aluminum
Carbon Lining

Collector Plate

Figure 4 - S*lf-baked Saderbergelectrodein an arc furnacdor steel production(left)[zol
Figure b - Schematic of &derberg electrode of the type used aiabiﬁénigdright)m]

The French investment partnghe Compdgnie A.F. C, expanded itsSaderberg developmengfforts
beyond La Saussaln 1926, eighteemeduction cells wittHSS anodesere added tothe nearbylLa Praz
smelter'® Thesedevelopmentcellseachcarried 18kAof electricalcurrent, or about 1,000 times the
current that a standard, household, electrical cira#hcarry now.

With theamount ofelectrical power that was available at Sabifianigechiney favored the installation
of 300f their 18 kAreduction cells Ther plan was to opeate dl of the cellsn the summer and 22ells
during the winter. However, the Aluminum Company of America wabudd the smelter and supply
the cell technology They preferred 6Gmallercells at 12 kA TheAlcoadesignhadcircular cellsvith
cylindrical anodes The anodes weracketed inan aluminiumcasingto avoid iron contamination Steel
sheet had been used for casingfghe first prototypes withSaderberg anods. This wasonsidered to
be the most advancerkeduction celtechnologythat was available at gtime

The Alumirum Company of America also continueslownHS 8derberg developmenin the USA In
1927, apotline of30 kAHSSeduction celbwas addecn atits Tennessee Operatiorssnelter!?

At the end 0f1927 theSabifianigemelter began operatgits first12 reduction cells. Theyere called

GOS8t Rl a& O0H3taféa 6o Pa NUa8 Ay 9aLl 32 > Bordahdyéardley 9y 3If A



origins of these terms were thought to have been lost. They wensidered tchave beerslangthat
wasused by workersActuallz. G L2 G ¢ 2 NJ a @I ¢ iskadleabt s old HDKalk A O
Héroult process®! This generic term was used for vessels cortgimolten metal or liquid chemicals
that have be&n produced, or that were in the process of being produdeéden in the 1930s Alcoa

referred tocellsas eduction pts® Howeverthetermé LI2 1 &8¢ Kl & 0SSy dza SR

of the industryand the terma & O S ¢ FOldZD dera @eNdlikey first used at the Sabifianigo smelter.

The smeltehad60 HSS pots installed by 1928. These operated &Xl2ith a nameplatgproduction
capacityof 1,200 mtpyfor the plant. However, atual production often fell short of 1,000 mtpy.

Figurel6 —RoundHSSells at Tennessee. 1933. Aode jackets are visible tthe left.t

Alumina for Sabifidnigo arrivday truckfrom Péchiney\Q & D I Nefkry'ig'tBe south of France
During WWImaterial shortages mining of lograde bauxite deposits in Catalofiacame necessary
These were refined into alumina in a factory near Barcel®n@upply of alumina fromsardannevas
re-established after WWIIIt was later suppliedrom Noguéresetween1959 until 1980%° Alumina
then came fromthe San Cipén refineryafter it began operationn late-1980Q

The Civil War impacteaperationsat the Sabifianigemelter. A bombing raid damaged tsfarmers in
August 1936. nl May 1937 another bombing raid had a direct hit on the anode paste pldren, in
August 1937 three pylons supporting electrical transmission cables were destropedations
resumedby 1938%" Thesmelter was also idled brieflpn two occasiongduring World War Il due to
lack of availability of raw materials. It was only able to produce 206 mt of aluminium 4n éx@h
though the rated production capacitf the 60 HSS pots had been increased to 2,000 Aftpgyrom
1927 through 1947 the annbiaroduction rate varied between 206 and 900 mt pear!® Following
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WWII, he annual production raténcreased, averaging 1302 mtpgtween 1946and1950. The
efficiency of electrical current usager Faraday efficiencyas lowin 195Q atjust 79%%

The discrepancy between actual production rates and the rated capacity of the smelterimasily
due to the need to reduce productiaituring winter months when hydroelectric power, generated from
the meltwater of glaciers in the Pyreneasgas notavailable in sufficient quantit§”

Figure  — Round,Saderberg, reduction cells in th&abifianigasmelterc. 1932%

In 198 the Sabifianigemelteragreed to purchaseorty-eight, 25 kAVertical 8ud Saderberg (VSS),
reduction cells that hadeen in use at the Valladolid aluminium smelsérce 1949/1950°% 31 This

was another first for Espie and SabifianigdPrior to this no other aluminium smelter is known to have
relocated reduction cells from anothécationfor continuation ofuse.

2

Figure B—Original, 25 kA VSS cell at Endagalladolid 1956



A pairof buildingswith roof vents appeaat the center ofFigure . Note that thesetwo buildings are
not uniform in length. These werehe new home for theeduction cells from ValladolidThese cells
beganoperatingin 195, and 16additionalcellswere built in 195718 Sixty 25 kA reduction cells were
in operationby 1958. By 1961 Sabiidnigo hadbooged its metal production to 6,600 mtpy

W T ————l
e ? -
The smelter run by Aluminio Espafiol in Sabifianigo 1959 © droits'séservés 3 ¢
> o,

Figure D — Aerial view of theSabifianigssmelter ¢ 1960. Note that the two, original potroom buildings (at left)
had lost their peaked, roof vents which appear in Figur&d.

By @mparing Figure 4to Figure20 itshows that the potroom buildings continued be extendedat
Sabifianigo. In March 1958 plans had been made to add an addisidy28 kA reduction cells. By that
time, Faraday efficiency had improved to%88°

After 1954, the originadixty, 12 kA HSS cells began togsaduallycurtailed. Betwea 1956 and 1959
the number of cells in operation was gradually reduced to 32. The decision was made to shut down the
remaining cells at the end of 1959, after 32 years of operatingetitytype ofHSS cell technolodif?

The newer potline had 98SSeells in operation by 1960. Mperage intensity had also been increased to
30 kA, boosting production capability to more than 7,000 mtpy. A proposal was madetipdy to
increase to 8 kA by the end of 1960. Amperage creemtinued upwards, to 38 kAyH966!%

By 1965 theproduction rate had grown to 9,000 iy and Faraday efficiency had improved to 90.4%.

In 1967, 35 more reduction cells were added. These were commissioned in 1968 at 40 kA, the new
amperage target. Between 1968 and 1971 the capacity of the plant increased to 14,000 mtpy, and then
15,000 mtpy between 1972 and 1976 witie peakof actualproduction being 14,50entpy. "



Figure20- Sabifianigesmelter (c. 1970) Original ptroom buildingsare at left (white roofs), two extended
potroom buildingsare at center?

In 1975, the new owneof the smelter Alugasa, announced yet anoth@an to expand production
capability. Apparently tBiexpansion was not completed as Table 1 indicates.

Table 1- Performance Indices for th&abifianigesmelter 19741980°!

1974 1975 1976|1977 | 1978 (1979 |1980 |1981 |1982

Sabinanigo

Production 14220 |14 020 | 14 290 | 14 430 | 14 300 | 14 030 | 13 800
Intensité 422|423 |423 (423 423 [423 |41.9
KWh't 14 410 |14 630 | 14 460 | 14 350 | 14 470 | 14 630 | 14 730
Faraday 89.1 [88.1 [88.7 [89.2 |[88.7 |87.5 |86.3

TheSabifianigaluminiumsmelter produced its last primary aluminium @ednesday, February 16,
1983. e to economic resucturing in Espafia it had beegreed to shut down the reduction lire

thistime.*®



MUESTRA DEL ULTIMO ALUMINIO

PRODUCIDO EN LA SERIE DE SABINANIGO
EL DIA 16 DE FEBRERO DE 1983
( Miércoles de Ceniza )
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Figure21 — Finalsampleof aluminium produced at the Sabifianigo aluminium smelte}

9 a LJI fgsk alueninium smelter operated for 56 yeansing two types of reduction cellsThe 12 kA,
HSS cellgperatedfor 32 yearsfrom 1927to 1959 The 25 to 40 kA, VSS caljseratedfor 27 years
from 1956to0 1983. By 1983 the following factors were wking to the disadvantage of thgabifianigo
aluminium smelter.

- Asmelter of 15,000nt per year capacity was smalljthout economies of scale.

- Four, larger aluminium smelts were in operation in Espafa

- Energy cosincreasedn the late-1970sfollowed bythe economicrecession®f 1980-1982.

- Aluminium had been traded as a commodity on The London Metal Exchange since 1978, making
older and smakr smelters particularly vulnerable.

- The LME market prider aluminiumhaddeclined by 50%etween1980 and 1982

Figure22 — AlcoaSabifianigdn 2014, Figure 3— A VSS reduction ckbn display at Iberfoil S.A"



Lérida

Soon after the end ahe Civil war there were multiple proposalsitereasethe production of
aluminium in Espafia.Oneof these @ubled the capacityof Sabifianigérom 1,000 to 2,000 mtpy.
However, tlis site was near the border with FrancAt that time t was not favored by the military to
substantiallygrow industry of strategic importance in zones that were within k@0of the borders of
the country by land or by sea. This policy also helped to eventually suppress the hoppsoforsed
aluminiumsmelter projectin Catalonia, at Lérida [Lleida].

In 1941 he Sociedadseneral Espariol del Aluminio requestatthorizaion to establish anew smelter

in northern Espafia that would bejable of producing 1,000 mtpyhe original intent was to locate

the smelter somewhere near Santander in Cantabfibe project had some momentum and dwune 27,
1942 the Ministerio d&. Yy R dza { N& | , Direcdor? GefeNii2 IRighd y Combustibles authorized a
largerproject with a production capacity of 2,000 mtpy of met@he installation of théacility needed

to begin within two years. If subsequent expansions were to be maeleise of domestic bauxites

were to be given priority in order to avoid exporting aluminium in exchange for foreign sources of
bauxite

Due to the lack of specificity about the locatj@md the proximity of Santander to a border by sea
severalmodifications were made to the projegroposal. The proximity to bauxite in Catalonia and
alumina production near Barcelona surely weighed dasiderationof Lérida forthis project thatonly
continued to grow in size and proposed scofBy 1944the project proposal had increased to a
capacity of 10,000 nply of aluminium k was also to havincludedan alumina refinen?’

Ultimately, he projectdid not go forth This was likelgue toyears ofdelay and taiming. During
World War llthere hadbeenmaterial shortagesreatingdelays By 1943 Endasa had been formedth
the goal of buildinga 10,000 mt per yeasmelterwith a different proposafor an alumina refinery

Valladolid

On April 13, 1940 the Sociedad Espafiola de Construcciones Elec&micas, SECEM, submitted an
application to establish an aluminium smelter in response to suggestiaige by theAir Ministry, with
the goal of producing 2,000 mtpy. Initially the site veawisioned tdbe in the province of Tarragona,
due to its proxinity to domestic,bauxite deposits located in the coastal area of Catalonia between
Barcelona and Tarragona, and in thedarea northeast of Terué&f!

The Sociedad Electroémica de Flix, SEQEggested that the smelter Hecatednear Flixin Catalonia,
dueto the availability ohydrodectric poweralong the Ebro iRer. Chlorine had already been produced
by electrolysisising hydroelectric powdn thissameregion.

Satisfying the wishes of the Air Ministry wasstimportant. On June, 1940 theDireccén General de
Minas y Combustibles granted SECEM authorization for the project and on October 26, 1941 the project
was ratified by the Ministerio de Industria y Comercio. The Ministerio del Aire designated that the
smelter would be builnear Valladolid, more than 100 km away from land or sea borders.



Figure 24-E r c¢ Flia Bléctrochemical Company (SQHS}tablished in1897, to produce chlorine by
electrolysid™

Valladolid waslsothe central hub of the national electricity grid for the redistributioneniergy
generated bythe Saltos del Duero, hydroelectric projecthieobjectives of thenew smelterwereto:

1) Providealuminium metal needed for national defense,
2) Supportpostwarindustrial development, and
3) Provide an alternative toopper for electrical conductor cabl&§.

At that time it was also intended to build an alumina refinery nearé&ih Asturiasthat would process
domestic bauxite Although there wasubstantal interest by the government to utilize & LJI IBulixiea
depositsin the endtheseambitionswere neversatisfied byany sustainedcommercialdevelogment.

Only larst bauxiteis presentin Espafia. It found abovelimestone depositand hasmany race
impurities. It ismore difficult and expensive to process than lateritic bauxite, which is common in
western Africa, Brazil, Australia and other natioBauxitefrom Espdia isalsohigh in titanium
contaminationwhichis detrimentalto the electri@l conductivity of aluminium. Thus, it would rim#
able to helpalleviate the copper shortage in Efjgeas thealuminiummetal would not have beean
acceptablesubstitute foruse inelectrical transmission cables.

The timing ofSECEK2 groposal workeda their advantage.The Instituto Nacional de Industriar INI,
wasformed in 1941by the government to stimulate thpost-civil war eéonomy. Anindustty of national
priority was primary aluminium productiorL.a Empresélacional de Aluminio S.ANBASAwas
establishedon August 111943to support the Valladolid aluminium smelter projecBECERhen
becamea major investoin this undertaking



Hydroelectric power for themelter would be supplied byhe Ricobayo dam on the Elsa Riwer
Zamora amajor project of the Saltos del Duero compafyTo hedge against periods of drougint a
alternative source of electricityas to be supplietty athermal power plantn Ponferrada

TheValladolidsmelter was designeith Franceby Péchiney, in 1944 Péchineyhadalready been
involved withprimaryaluminiumprojectsin Espafia since 182 They providededuction cell
technologyand technical suppors well as aluminaAll of the aluminium smelters built, or mdidid in
Espafa after Sabifidnigabsequetly usedreduction cell technologfrom Péchiney.

The sitein Castillaglsohad, an abundahsupply of electrical energjgw-costrural labor,railway
connectionsand its existing industrial base in metallurgy anetatworking!*”

Inreality, two siteswere chosenfor of thisproject SinceValladolid wasnlandit requireda port facility
for receipt ofraw materialssuch as aluminand cryolite*? Endasahoseto developasiteat San
Balandranjn Asturias near Avilégor this purpose Aluminawas suppliednitially wasoften in exchange
for aluminium metalnstead ofcurrency

A site near Avilés was also considered for an alumina refiogrgocess domestic bauxite. Due to the
properties of this bauxite the refinery neverent beyond initial planning stagg™

Figure25— Construction of the secondary smelter at San Juan de Niéva

In 1947 Endasa btk small secondary smelter afaundry on the opposite side of the estuary fr@an
Balandatdn at San Juan de Niev@astrillén. This locatiorast an average of 6 tonnes per day of
aluminium, much of which had been melted down from WWiraift. It also produced anode paste for
the Valladolidsmelter. San Juan began operations in 1948 iatbsed in 197¢*



E\en dter the San Cipén refinerybegan operationn late-1980 aluminacontinued to betransported to
the San Balandraport by seaand suppliedsabiidnigo and Valladolithto the mid1980s

Thecell desigrthat Péchineypreparedfor Valladolidwas a25 kA, Vertical Stud &lerberg[VSSpot.[*!
VS<celldesigns transformed the primary aluminium industry for decades to co8abifidnigo had been
the first greenfieldaluminium smelter in the worltb haveHSS cell technology @valladolid was the
first greenfield smelterin the worldto utilize VS&elltechnology

The VSSelfbaking anode was large anelctangularwith rounded cornergather than being cylindrical.
Eachanode was connected tmultiple, steelstuds that tapereddown to roundedpoints. Thesdars
were inserted into theSaderberganodefrom aboveto conduct electricitynto the anode Thebarsalso
providedthe mechanical connection to the anod@es the anodgastesolidifiedaround them.
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Figure26 - Generic schematic of a Vertical Stugdgrberg (VSSjeduction celf*

Thedevelopmentof these types ofeduction cebhappenedat PS OK Ay S& Q& [in-occuphdl 1
France, durind942 and 1943La Prahad beenn operation since 1893nd added two test cells for
the 25 kA developmentin 1946two variations othe 25 kAprototype cellsfor Valladolidwere
constructed Onegroup of prototypeshad 13 cellswith one, selfbaking anode. The oth@rototype
group hadl0 celswith two, selfbaking anodes. The latter performed badinpdtheseparticularcells
were stopped in1953*
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Figure B - Francisco Franco at inauguration of Endagddarch 2, 195§"

The Endas&alladolid smelter began producing aluminium at the end of October 1949. That year 161
mt were produced, followed by 1,407 mt in 1988. Francisco Franco inaugurated tsmelteron
March 2, 195¢” At that time, the first 25 of 48 reduction cells were in operation. When at caphagity

1951, the Valladolid smelter increased the primary aluminiaotput of Espafia from 1,200 mt per year
to 4,800 mt per year.
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Figure 30- View of Endasa/alladolid potline with 25 KA cells- March 195¢°*

In 1951the smelterextended the length of thepotline building Forty-two, 50 kA, VSS reductiaells
from Péchiney were added, usiaghoost transformeP? This enabled having twindependent
potlines in the same, longer, building to reduce the risk of a complete shutdiowno transformer,
rectifier, or power supply issuesThe timingof this expansiomvas coincident with the commencement
of fabrication of automobiles in Valladolid by FAESA (Fabricacién de Automéviles de Espafihat

was linked with another French compaRenault®?



Figures 31 & 32— Potline building extensionunder construction circa 1951, south er{Bkft), north end(right)[32]

A secondexpansiorwas afull retrofit of the originalreduction cells Thisoccurred in 1954. Thierty-
eight, 25 kA, VSSells werereplaced with 50 kA, VSS celith ninety, 50 kAcellsin total, the
productioncapacityof Endasav/alladolidincreasedo 10,000mt per year.

The25kAVSSells that had beettaken out of service durinthe 1954 retrofitwere not scrapped. The
had onlybeen used fofour to five yearsandwere offeredto the Sabifidanigemelter toincrease its
overallproductioncapaility.*” Thssale was approved in 195%.

By the late 1950s Endas&lladolid was consuming nearly 40% of the electrical energy in the province
andit was employing wer 400 worker$>? Production and amperage load continued to increase and by
1961, 12,100 mt per year were beimqroduced® During 1964/196540 pots were modified to adap
them to operation at 53 kAFurther improvements were made in the casting facility and the rectifier
station that converted alternating current into direct current for operation of the potlifigs.

Aerial view of Endasa in the 1970s. Municipal Archive

Figure33- Aerial view of the Endas&alladolid aluminium smelter in the 19768



Afinal expansion projecbccurredbetween 1964 and 1967Thisncreased production capacity from
14,000 to 26,000 mtpy. To accomplish {8 new cellsvere addedo in the existing potroom building
andseventytwo, higher amperage cellsere constructedn a new potroom buildingp its east
Recordsfor 1972 and 197&dicate thatthe peak poduction capacity of the Valladolgimelterhad
increased t®27,000mt per year indicating that amperage had evieially been increased t60 kAor

more on thecells in the new potlineThese effortsupported the growing economic development of the
area, espciallythe localFasaRenaultautomobile factor

)}55,56, 57, 58]

Figure34— Aerial view of the Valladolid aluminium smelter, now Befesa, in 2024ransformer yard and main
office at far left. Potline 1 is thdongestbuilding in the foreground It held100 reduction cells. Potline 2 is the
second longest building that accomodated 7@duction cells.

The same economuonditionsthat affected theSabifianigemelterand Potline 1 ofhe EndasaAvilés
smelteralsohad a direcimpacton Endasavalladolid. Between 1980 and 1982 the price of aluminium
had fallen from more than US$2,04@r metricton to less than US$1,040. Thias the beginning of the
endfor the Valladolidsmelter.

An agreement waseachedwith the UGTabor unionin May 1982 to reduce productioat Valladolicby
15,000mt peryear®™ The inference isthat the original mtline, and the 100 reduction cells in ivere
idled and that the nevpotline with 72 cellsemained in operation.

In 1983, &uminium rices recoverd to approximately US$1,540/mibut then fell again to US$1,041t

in 1984 Operationsn Valladolid continued untihe second half 01985, at which tim¢he smelter was
permanentlyshut downafter 36 years in servid® ®¥ The 50 kA cell technology had lasted 34 years and
the new cells in Potline @perated for approximately 18 years.

Befesaenvironmentalrecyclingservicesnow operates on th site of the Endasa/alladolid smelter



Figure35- A 50kA VS&ell behind the main office ofBefesa in Valladolid

Figure36 - The original potline and cast house buildings of Enda4&alladolid,currently in use by Befesa

Avilés

In 1955 Endasaade a proposab the government to build an additional aluminium smelter ndeg
city of Aviksat San BalandranThe project wabad a target $18,000 mtpyof aluminium production
from one potline of 5&A VSS cells, similar to thasged byEndasavalladolid.

Apparently the militaryguidance of not placing production centers for strategic materialsivtB0 km
of national borders by land or by sees ro longer of great concern by that timé&rom 1955 onward
eachaluminium smelter hat followed, and all but one that waproposed were coastal locations the
north of Espéaa.

The San Balandran project was approved. Endasa already hadamga@tsecndary aluminium
smelterlocatedthere. The site was prepared and the new smelter came into operation in two phases.



Phase Df Potline 1began operation in October 1958 with the official inauguration by Francisco Franco
on August 28, 1959%hase 2f Potline 1began operatingri 1961%Y The new mtline achieved its

targeted capacity that same yeand plans foan alumina refineryltimately came to an endf* 2 Both
phases of construction included two rows of 39 reduction cells irséime builéhg for a total of 16, 50

kA VS®ots. This potlinesustained itgated capacity on througto the mid-1960s.
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Fig. 4.- Vista general de la factoria de Endasa y parcial del poblado. || Fig. 3.- Nave sur de electrélisis. Montaje de cubas de 50.000 ampe-
1967. Fuente: Archivo Fotografico de SEPL Fondos del desaparecido |} rios. 1959. Archivo Fotografico de SEPL Fondos del desaparecido
Instituto Nacional de Industria, INL Instituto Nacional de Industria, INL

Figures37 & 38 - EndasaAvilés smelter aerial view of potline 1 (left) and interior view (rigﬁ‘ﬁl

[ BAN BALANDRAN JU*

Figure 3 — Avilés Potline 150 kA,reduction cell with $derberg anode casing above, 24 vertical, steel studs per
pot, the gas collection skirt below the anode casing is visible as wslthe pot shell and anode bu§?
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Figures40and 41— Views of EndasaAvilésPotline 1, 39cells per side, 78 cells per rogm 1956 1957°7

As with Valladolid, Aluminiur@échineywas the cell technology provideEndasa had standardized on
the 50 kAVSSiesign A total 0f246 of thesecellswere in use between their two locations, more than
any other aluminium producer worldwider this type of pot The arrangement ahe pots, with two
rows in each potroom was the sarmaeboth locations But, the potline in Avilés was spread across two
buildings whereas the potline in Valladolid was iallone longerbuilding. Part of the reason for this
difference was thesteepterrain of the San Balandran site. Valladolid was on level gremabling a
longer potroom building

A paste plant was added to Adlin 1965 to supply briquettes of caded petroleum coke plus coal tar
pitch to both Aviés and Valladoli&”

Fza SAN BALANDRAN

Figure 42- Pneumatically driven crust breaking vehicle, Potline-1970*!



Thesecond VSS potliret AviEs hadamuch largerdesign capacity of15.8 kAand 145 reduction cells
Construction begaim 1966and operation of Potline 2 commead during19681969*"

3t -
iil
ELECTROLISIS N3 ARO 1974. MONTAE DE ESTRUCTURAS

Figures 43 & 44— Constructions of Potline 2 (left) and Potline 3 (right) at Avifés

A third VSS, KA potline with 144reduction celldollowed. It wasconstructed between 1970 and
1973and began operatioduring19731974 These expansions boostdt: annual production capacity
of Avilésto 99,000mt per year'®!

Figure45— Gantry crane for pot tendinferust breakingat Avi sl

Potline 1becamethe older,smallerseries By 1982t was producing 20,0001t per year®™ When the
tough economic conditions and metal pricemergedthat had signaled the end of operations at
Sabifianigo anthe end of Potline At Valladolid it also signaled the end for Potline 1 atésviLine 1
was shtidown in two phases during 198886 The two, more modern pot linesof Aviks continued to
operate.



Figure46—A 50 kA, VSS cell from Potlinedn display near the EndasAvilés offices

In 1985Aviks, La Corila and San Cigm becamealignedunder a new, statowned companyalled
INBSPAL®Y In February 1998 INESPld thesethree smelters and other Spanish aluminium industry
assets tahe Aluminum Company of America, whidtangedts official name tcALCOA idanuary1999

Both potlines at Aviéswere upgraded from wet pasteaB8erberg technology to dry paste, d:k®d ewx b
Saderberg B O K y 2 if 20852306 nversion to poinffeedingtechnologyfollowed between 20G
and2008 Combined, the two technology upgrades reduttesl emissions of volatile organic matter
and greenhouse gases aimdproved theenergy efficiencynd productivityof the reduction cells

Figure47 - Avilés VSSell with pnuematically operated breaker bars for feeding alumina and wet paste



Figure48 - Avilés VSS cell following conversionsdoy paste and point feeding o&lumina

Theupgrades improved operatiorend Avilés was repeatedly recognized by Alcoaifoprovements
that had been made in environmental and operating performamegrics However, energy prices in
Espafaontinued to rise, causing the smelter to consisteldggomeunprofitable

In 2014 ALCOA announced the closure of both theégaitd La Coriie smelters.It was the beginning
of what was to become a protracteshd.

Actions between the government, the courts, the labor unions and ALCO/Aeddlaglclosure until
February 2019 TheAvilés aluminium smeltdrad been in service faver 60years at that time.The 50

kA, VSS cell technology had operated for 28 years and the newer, 100+ kA, VSS cells had operated for 51
years.



Figure 4 - Aerial view of Aviés smelter with Line 3 (far left), Line 2 (adjacent to Line 3) and the twérpom
building of Line 1 (right of center) The Endasa community is visible on the hill at upper right.

Vigo

In June 1956 it was first proposed by a former director of Enttasanstruct a new, primary aluminium

smelter in Vigo. The participation of AluminiucRiney was originally sought obut wasrefused.

Potential investors then turned to Alcan. By 1958 Alcan, had forged a preliminary agreement with
domestic and forign partners to construct a new aluminium smelter in Vigahe Pontevedra province

of Galicia. The company that had been formed was called ALVISA, or Aluminio de Vigo, S.A. The smelter
was intended to have an initial production capacity of 11,000 entygar and a full capacity of 22,000

mt per year. It was not possible to secure a satisfactory supply of power for the smelter and the project
was dropped by 19598+ 65 6. &%

Madrid

In 1957 Aluminio Iberico S.A. proposed building an aluminiumtemelthe vicinity of Madrid. It wa®
be a small facilityintended to be capable of producingst 4,000mtpy of primary aluminiunfor the
produdion of special alloys for sheet and foil.pproximately 50% ats output would be usedbo
support otherproducts. This project waslocked by the Spanish government in 19846



La Cortia

AluminiumPéchineyoriginallyhad desiredto own 40% of the Avlls smelter. This was denied bthe INI
in 1955 Péchiney sresponsdn 1957was to create aeparate venture, called Aluminio de Galicia
[Alugasa] It was a consortium that includé¢aiser Aluminum and Endasa as minority sharehol&érs.

Thisnew aluminium smelter was built the Agrela Industrial Parkn industrial zone just outside of La
Coruia. The necessary power for operations of up to 22,6ti(per year was to be supplied by three
hydroelectric plants in the vicinityThe port forunloading ofaluminawas near the center of the city,
about 5 km from the smelter.

In many ways the L@oruia aluminum smelter was cousin ofthe Aviés smelter. The two potlines of
La Cortia were very similar to Potlines 2 and 3 of éil Following the alonology of construction and
installation one can also see how tRéchineycell technology wasrpgressively advancing in terms of
amperage capacity.

Of these fourseries Potline 1 ol.a Coréiawas built first. Construction wasompleted in 1961 andhe
smelterwasinaugurated by Francisco Franco durihgt same year. Thirst section of sixteen pots
beganoperationin 1962. As withAviks, the cells wer@échiney VSS technology. Line 1 had 128
reduction cells with a design capacity of 0¥ The production rate in 1965 was 16,500 mt per year vs.
the 34,000 tonne peyear capacity of the potline that wdslly achieved in 1967Line 2 at Avlls

followed, starting in 1968 with 115.8 kA VSS cells. Then Line 3é&xt ¢asihe on line in 1973 with a VSS
design of 123 kA

La Corufia, (afios 70 aprox.).- Vista de las instalaciones de la Fabrica de Aluminios de Galicia, en el

complejo industrial de La Grela, inaugurado por el Jefe del Estado, Francisco Franco, en 1961.-
EFE/Artus.

Figure50— Potline 1 of Aluminio de Galia in La Grela industrial paf#



Construction of Line at La Corfiabegan in 1972 and concluded in 1974. The VSS cellsiesiged

for acapacity of 124A much like Potline 3 of the Aé8 smelter Both potlines had 144 reduction cells
This required donger potroom building thathat of La Coréa Line 1 Wwich hadl128 cells.Its addition
boosted the annual production ratef the smelterto 78,000 mt per yeaf”

Figure51 - La Coriia aluminium smelter, with Line 2 (left) and Line 1 (rigﬁ?}

The reduction cells were very similar. But, as is the caabratst all aluminium smelters tHecal
names for common elementill varied, especially when differences in languages are iebIVor
SEFYLX Sz 3Fra 02t t SO0 waetallédchapadlit BasChaahddeldaslatdésy | y A F2 f R

Electrolytic tanks, where primary aluminum is produced from alumina, at the Alcoa A Corufa plant in the A Grela industrial
estate. / FRAN MARTINEZ

Figure52—La Corufia potlinsection —c. 2015™"



There were no differences the technology upgrades made by Alad a Corufiand Avilés duringhe
years between 2005 and 2008. The image shown afmloeved the conversion to dry paste briquettes
and point feeding of alumin&¥ Refer back tdrigure 4, from Aviks.

As energy prices in Edmrose, both La Cofia and Aviés became unprofitable ¢ KS &G LISy | t Geé¢ 2 F
needing to use electrical energy to sblke tens of thousands of tons of anodes at both locations each

yearwas not a key factor, but did not help. Both plants also used modified, electrolyte chemistry that

called foa regular additions of lithium carbonate reduceelectrical energy consumptiorBut the cost

of this additivewasincreasng exponentially due to demand for the production of lithium batteries.

Ashad happened in 1982 &falladolid, the firstesponseat both locationswvas to cut back ototal

energy use by reducing aluminium productidburingthe finalyears of operation both locations ran at
65% of capacity. Even at reduced production rates, in 2018sAwg#t 40 million Euros and La Ciaiu
lost42 million Euro$™ Both locations were closed in February 2019. CoriaQ Botline 1had 57

years of servicat that time, the longest continuous service of any reduction cell technology in Espafia.

Figures53 & 54 - Avilés (top) and La Cofia (bottom) look sadlysimilar after being permanently closed>™



San Cipén

In August,1973, an agreement in principle was reached between; AlBéchineyUgineKuhlimann

(PUK; the INJ and a Government entity to form a new corporation to produce primary aluminium and
alumina at Villagafa de Arousa, in Pontevedra, Galicia. Endasa was to own 50.5%, Alcan to own 25%
and Aluminio de Galicia, S.A. would own 24.5%. ifitial plant capadty targets were170,000mtpy of
aluminium ands00,000mtpy of aluming with the possibility to expand to 800,000 mtpy at a later time

It was expectedo be operational by 1977. Bauxite would be supplied to the alumina refinery from
Brazil and electrity was to come from the Puentes de Garcia Rodrighiernal,generating plant

In June 1974Aluminio de Villagarcia S.A. was created, with the alumina plant as a eholsd
subsidiary’*"3

The location of Villagaiz de Arousavas eventuallyejected due to envbnmental impacttoncerngor
protection of shellfish in that regionThe site for the smelter and refinery wésen changed to San
Cipran in the Lugoprovince ofGalicia The name for the company wasochanged to Aluminio
Espdiol S.A., a reereationof the original, 1925 corporate name tife Sabifianigemelter.

dte preparation began in 1975Theplanwasstill to havethe aluminium smelter to come on line in

1977 and the alumina refinery in 1978he bauxite source changéalbeing fromGuinea in Africa.
Constructiorof the smelterwas completedn 1978,a year later than plamed. Production trials began

in December 197& and the smelter began toastmetal from the first group of 32 potgn January 9,
1979.The alumina refinery began operationsSaptemberl 980.By that time he production capacity

of the project had grown to 180,000 mtpy of aluminium and 800,000 mtpy of alumina. Soon after
production began at the alumina refinery the site was formally de@id by King Juan Carlos and Queen
Sofia with a blessing given by the Bishop of Mditin, on October 6, 1980

The reduction cell technolodgr San Cipén was acquiredrom Péchiney, ashad been the caswith
Valladolid, Avés and La Cofia. Twopotlinesof AP14(140kAcapacity)pre-bake technologyachhad
256 reduction cells. This would be the figstelter in Esp@ato use prebakedanodesinstead ofself
baking,Saderberg anodesA similaraluminium smeltefocatedin Bosnia and Herzegovinkenown as
Mostar,a.k.a.Aluminij began using this sameelltechnology in 181. That locatioroperated for39
yearsbefore ceasingoperations in 2020 due to high power costso other smelters were built with
AP14 cell technologgsAluminiumPéchiney began marketing their AP18, pofat, cell technology in
1980, followinghe successful demonstratioof it at St. Jean de Maurienne, France durlri@y9.

The rated capacity of the smelter quickly grew to 200,000 mtpy, or approximately 1.5 mt@haim
produced by each cell each day. The technology had a number of improvementsOvi&r’Py S & Q &
previous cell technology, the AP13 (130 kA capacity).



PHOTO LIBRARY OF THE CITY COUNCIL OF CERVO

Figure55 - San Cipan smelter and refinery c1979. Potline A completed, Potline B under constructith

Figure 56 Inauguration by the King and Queen &kpafia El Rey Juan Carlos y La ReindeSo€curred on
Odober 6,1980"




Figure57 —Viewinsidea San Ciprian potroom buildirl§”

By 1980 Espfa hadchangedrom being an importer of aluminium and alumina to being an exporter of

both materials In 1981 when all five smelters in Esifiawere in full operation the output of San Cépri

wasalmost that ofthe other four locations combinedt was hailecby the government & G G KS 42 NI R
GKANR f I NBSadl ,althodgh thig hajziot Haye Redzd antiidy accurateclaim®

The AP14 was also the lastiebreak cell technologglesignthat wasoffered by chiney. The sides of
the pot crust were broken in by crameounted, pneumatic hammeras the manner byhichto feed
alumina to each potThe VS &lerberg technology pots at Valladolid, Avilés and La Corufia had also
been sidebreak pots.Thealumina feeihg was done on eagbot on a 4 hour interval, around the clgck
delivering approximately 500 kg of alumina into the wéth eachcycle

The AP14s were alselied upon wet scrubbers along the roof line of each pot room building for
treatment ofdilute hydrogen fluoride thatvould escape during pot tending activities. The cells were
hooded andalso hadnodern fume treatment equipment that was connected to each reduction cell.
Thewet scrubbers were needed sins@leworked potsrequired an entire sidéo be opened at one
time during each alumina feeding and anode changing ¢gelesing bottiluoride-ladengas and
particulate, toriseto the roofiine.

In 1987 a ship, by the name ©asran agroundff the west coast of Espa near Finisterre. Salvaged
hazardous materidtom this shipwasre-directedto San Cipén bythe governmentafter protests
blocked the original transportation routier containment and disposal. The phlaas to move the
barrels of material thehad been recovered from the sitd the wreck to another location by sea



San Cipén-Inespalas owned by the statandit had a port facilitywvhere a ship could bmoored The
timing was not long after the Chernobyl disastétmors & tothe nature of the cargo causedpanic,
whichultimatelyled to a 3day long strike at San Cig@mi

Aluminium reduction cells must be tendéalevery few hours to remain in stable operation. The strike
caused the entire aluminium smelter to be shut down, with &tat of operations hout six months
later, in mid1980'¥ The estimated damage to the plant was on the order of 90 million US dollars at
the time.

On July 29, 199t 6:15p.m. Inespal was sold to the Aluminum Company of Améfitdt hadbeen a
bookend of 70 yearsince ALCOA handvnedprimary aluminium assets in ESjza TheSan Cipén
alumina refinery had growfrom 800,000 1.1 million mt of production byhis time.

The acquisition led to a number of technical improvements. The cells were converted frobresidte
technology to poirffeeders between midl999 through the end of 2001. Instead of feeding 500 kg of
FfdzYAylF G2 F LR34 G 2yS GAYSZI akdspengddnie teb dpecificS S R
locations along the pot centerlirat roughly two-minute intervals The change greatly reduced
greenhouse gas emissigrfiioride emissionsand improved energy atfiency and production, making

San Ciprén more robust and sustainable.

The changeaallowed the plant to end its reliance on wetrgbbing systems thatad been essentialith
side-breakfeeding Major nvestmentwas made to increase the pot gas scrubbing capacitapiure
and recoverfluoridesback into the processPrior to 2006, fluoride Idgo the rooflinehad been
directed to water treatment facilities to neutralizeprior to discharge Thisnvestmentwas a net
benefitto recovery of valuable fluoridemndto the elimination of pollutantexitingwith waste water.

New, computer control systems were alsstalled to improve overall efficiency and aluminium
production that further reduced greenhouse gas emissioRse performance numbers and stability of
the operations becamwell-recognized byther Alcoa locations.

Then the global financial crisis mMt2008/2009. The price of aluminium was once again cut in half, from
approximately$3,000 US dollars to less than $1,500 USD per metric ton. It echoed the conditions that
hadeventuallyshutdown; Salianigo, Valladolid, anéotline 1 ofAvilés.

Metal prices improved into 2011 as the economic crisis eased and then they gradually stabilized
between 2013 through 2021 to levels that were often below US$2,000 per metric ton. With energy
prices of 5G&/megawatt-hr and peak pricing above #dmegawatt-hr, thecost for energy to San Cigni
would have been approximately US$1,000 to US$1,500 per mt of aluminium produced. With energy
being 30% to 40% of the total cost of production, San &ipvould have needed the price of aluminium
to average at or above $2,500 to $3,000 US dollars per metric ton in order to break even. The plant
began to regularly lose money. The same was also true fasAand La Corufia. All three of the
smelters in Gzaha were caught between the miars of high energy costs and lowetal prices.
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Figure B - Aluminium pricing trend, note the 2008/2009Igbal financial crisis impact®

When energy prices skpcketed in 2021 unconfirmed reports 8&n Cipriatosing US$20 million per
yearthen becameunconfirmed reports of losses on the orderldSb20 million per month ir2022.
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Figure ® - Average price of electrical energy in Esjga 2010- 2023%

After years of; negotiations, protests against high engngges strikes against the alumina refinery,
plans to curtail ohalt production, and court injunctions against curtailment, an arrangement was
reached. Th&an Cipriasmelter would cease operations for two years dhen be re-started.
Workers wouldcontinue to receive pay Efforts would be made to acquire affordable, sustainable
energy during the curtailment period.

On January 19, 2022 San Gipreanpleted anorderly shutdown of the last reduction celfd. During
the curtailmentperiod ALCOA saht out potential buyers for the smelteiThere were no takers.



Productionresumed on a limited scale drebruary 14, 2024 oa group of 32 pots Coincidentally, this
mimicked the starup conditions oflanuanyd, 1979, 45 years earli€” Theestimated, production rate
of aluminium in Esg@ in 2024had returned toabout the levelthat the country had achieved by 1956.

Efforts to acquire affordable, sustainable energy had been stymied and delayed. This kept the smelter
operating at 1/18' of its production capacity for another yea®n April 1, 2025 a joint venture between
ALCOA and IGNIS EQT was formed to support the future of operdfions.

Effortsthen began to restart the smelter to its full capacitywithin weeksthe unthinkablehappened.
OnMonday,April 28, 2025 the entire IberiaReninsula lost powerThe restarting of the smelter had
advancedo the point ofhaving40 reduction cellsn operation Powerwas offfor more than 8 hours
Fortunately, there werexperiencedesources on hanwho were able to savi&l cellsin Line 1 and 4
cells in Line 2

Normally, pots that arewithout power for more than 4 or 5 hoursannot be savedin this casdifteen
pots did not completely freeze up. Had theywiuld have ledo months of delays and the possibility
an indefinite pausein the restarting of the smelterHaving selected the AP14 cell technology, that had
wide, side channe]sluring the early 197Q$elpedSan Cipén to recoverfrom a desperate situation 50
years later.

After the outage Alcoatook the position that thestability ofpower supply musbe assuredefore
resuming efforts to restart capacity This conditiorwas nohingnew. Refer back to the passage on the
Sabiidnigo smelter plan byédehiney b operate 30reduction cells at 18 kih the summer and 22 cells
during the winter or to the passage on the Valladolid smelter that involved having an alternate source
of electricity to hydroelectric power during periods of drought

Thecause of the poweoutagewasdetermined to have been a voltage spike that tripped the Iberian
power grids.On Julyl4th, 2025 the resumption of rstart activities atSan Cipridwas announcegwith
the completion date moved out until mig026%

Espdia willsee the centennial of the primary aluminium industry on August 21, 28&bwill hopefully
alsosee the centennial of aluminiumetal castingpn November 14, 2027The hope is thaBan Ciprian

will have greatercertainty of power supply anlde able tocomplete a full restart, with hopes of

returning to profitability by 2027 or 2028 an energy price &35 per megaWathour®™ [ S Q& &S S
what happens.Vamosa ver.

Closing Comments

Smilar dynamics in both the USA and E¥phave affected the primargluminium smelters discussead
thisdocument Availability oktable sources aibundant, lowcost, electrical energlgas beerof key
importance tonew aluminium smelting projectgorldwide. The postCivil War period ifespdia helped
to spur thegrowth of the industry betweerthe 1940sandthe 1970s. Commitment to economic
stability through employmenin Espéia hasbeen effective irprolongnginevitable closuresvhen times
have beertough, but onlyby a few years.



Between 1927 and 1955 annual production of aluminium in Espafia never exceeded 5,000 mt. Then,
growth of the industry accelerated exponentially, coming very close @000 mtof aluminium
produdion in 1981 a barrierwhich was finallyorokenin 2007.
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Figure60- Chronology of primary aluminium production in Espa, 1927- 2024

There was a downturn in production following the global financial crisis of 2008/26ig8. power
pricesthen began to quickly erode the foundations of the three remaining aluminium smeltersésAvil
and La Corufia were the first to succumhheseeconomic pressue Then San Cign was idled in
January 2022. The entirety of the primary aluminium industrysjjaBa had collapsed in a periodja$t
a fewyears. Alack of abundantlow-cost,electrical energyvas at the heart of the matter

In the endregardless of locatioluminium smelters close for a few reasons:

1) Energy costs are no longer affordablecompetitivefor the production of a global commodity.
2) Metal prices drop substantially, causing economic loss that cannot be ignored.
3) Smallerand/or older, laborintensive assets can no longer remain competitive.

The service lifespan of various reductioti technologies is also an indicator of how long a pot type may

remain competitive. Prior to 1978 and the establishment of aluminium as a commibditgervice life

of a technology was primarily determined by its energy consumption rate and the proitjuofithe cell

type. { AYOS (GKS mMdhpynQa aSNBAOS tAFS 2F | fdzYAyAadzy avSt
economic sustainabilitySincethis has beomethe norm, the regions of major development for the

industry have been in Québec, the MidéEastndia,; YR (G KS t S2LJ SQa wSLlzof A0 2
locations with abundance of electrical enemgyd/or incentives to sustain aluminium production



Ironically, the primary aluminium industry consumes direct cury®@ powerbut the industryis
typicallyserviced by gridproviding alternating current AC power Since renewable sources of energy,
hydroelectric, wind and solar produce DC power one would think this &lgantagdor aluminium
smelters. It may be, but the power mustill betransmitted throughAC grid.

Thermal and nuclear sourcgs¥ St SOG NR OF £ Sy S NA stabilize AQ géids, whebedsLIA Y Y A Y
DC sourcesalnot& & LJA v ¢ (i duN&iInkrggSency,mBOlcyiEles per second in Europ®,60 cycles

per secondn North America DC sources of electdtenergymust pass through inverters to convert it

to AC power A concern that was highlighted the Iberian power outage April 2025is thatexisting

AC power gridmmaybecome destabilized when there are fewjrsging reserves otine to sustain

frequencyand mostpowergeneraton is coming from renewablédCsources.

Should large scale energy sige become realityit could becomea gamechanger, especially if
primary aluminium smelters could be directly linked to sour@iedirect current as they werduringthe
veryearly year®f the industry. For the moment hydroelectric power dams can acs@sage buffers
for renewable pover whenwater below the damss pumpedback up into the reservoiguring periods
when power consumption ratesnd pricesare bw. Renewable sourcesich asvind and solar energy
do notyet haveany suctstorage possibilitiefor the power that they genete.

It remains to bea struggleagainst the odd$or San Cipén, the onlyremainingaluminium smelter in
Espafa San CipénQ #&chnology upgradebkelped it to remain competitive prior to high power prices
Its co-located alumina refinery has added advantage to the site as \Bel, the smelter began
operation46 years agowvhich ismore than the 38.5 year average faspdia or the39.4 year average in
the USA Very few smelting locations have been in opavatfor more than 50 years without cycles of
renewal to more modern cell technology. Letegm, low cost, power rates are typically required for
such an investment to be considered.

Lifespans of Reduction Cell Technology

La Corufia 107 kA VSS ]
Avilés 116 kA VSS
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Figure 61— Service lifespans of reduction cell types in Espafia
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