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Introduction 

Production of aluminium metal uses a process known as electrolysis which passes electrical current 

through molten fluoride salts in large, open-top, reduction cells.  The molten salt, commonly known as 

bath, or electrolyte dissolves aluminium oxide particles.  The process is based on bench scale 

experimentation by Charles Martin Hall that first met with success on February 23, 1886.  Commercial 

production of pure aluminium by electrolysis in the United States dates back to November 29, 1888.     

Paul Louis-Toussaint Héroult invented a process similar to that of Hall, which he patented in Paris, 

France on April 23, 1886.  His intent was to produce pure aluminium, although this objective was not 

fully realized until 1888.  Based on commercial advice that Héroult had received, he used his process for 

the production of aluminium bronze, an alloy of aluminium and copper, which had a readily available 

commercial market.  His original process design proved to be ineffective for isolation of pure aluminium.   

HéroultΩǎ process was modified to enable pure metal production during 1888 & 1889 with the assistance 

of a German scientist, Dr. Martin Kiliani.  What is now widely known as the Hall-Héroult process, may 

more rightly be called the Hall-Héroult/Kiliani process, as YƛƭƛŀƴƛΩǎ ŎƻƴǘǊƛōǳǘƛƻƴs were significant. 

Héroult and Kiliani patented their modified process on April 21, 1888.  Production of pure aluminium on 

an industrial scale began in Europe at the end of 1889 in a factory located in Froges, near Grenoble.[1]   

The Hall process from the USA, appeared in Europe soon thereafter, in 1890, at a factory in Patricroft, 

near Manchester, in the United Kingdom.  The Hall-Héroult process greatly reduced the price of 

aluminium, ultimately making it available for a wide array of uses.   

Production of aluminium in Spain came as the industry expanded.  Aluminio Español S.A. was founded 

on August 21, 1925, and electrolytic reduction began at the end of 1927.  August of 2025 will mark a full 

century for the primary aluminium industry in Spain. 

Since the end of the 19th century aluminium production by electrolysis has been closely tied to the 

availability of abundant, continuously available, low-cost, electrical energy.  For example, even the most 

modern and energy efficient, Chinese aluminium smelters consume an average of 12,750 kiloWatt-hours 

(kWh) of electrical energy per metric ton (mt) of aluminium produced.  Older, European reduction cell 

technology consumes more power, roughly 14,350 kWh/mt  on average.  This is the equivalent of the 

amount of energy that a Tesla 3, rear wheel drive, electric vehicle would consume to circumnavigate the 

Earth 2.6 times, at the equator.  Needless to say, a large amount of energy goes into the production of 

one metric ton of aluminium.  An aluminium smelter producing 220,000 mt per year (mtpy) consumes 

approximately the same amount of electricity as a city of 700,000 people.  There is an old saying in the 

industry; Four things are required to build an aluminium smelter; power, power, power, and a port.   



Larger smelters also benefit from economies of scale vs. small aluminium smelters.   Few aluminium 

smelters of less than 100,000 mtpy capacity continue to operate in the world today.  The reduction cells 

must also operate continuously, never being without power for more than a few hours.  Thus, a 

continuous supply of abundant power is necessary.  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 history of the United States aluminum has been produced commercially at forty-four facilities.  All 

but two of these have used the Hall-Héroult process to reduce aluminum oxide.  The Alcoa Smelting 

Process to electrolytically reduce aluminum chloride was used near Palestine, Texas, between 1976 and 

1983.  Another location reduced aluminum chloride to aluminum, but by use of a thermo-chemical 

process.  This was at the firm of William Frishmuth in Philadelphia, Pennsylvania between 1876 and 

1887, prior to the commercialization of the Hall-Héroult process.  FrishmuthΩǎ ǿƻǊƪǎƘƻǇ produced the 

aluminum cap that was placed on the top of the Washington Monument in 1884.[2,3] 

 

Figure 1 - Engineers & metallurgists inspect the Washington Monument cap after 100 years of service 

By the end of World War I there were five aluminum smelters operating in the United States.   All were 

owned by the Aluminum Company of America, which later became known as ALCOA.  The three earliest 

sites for electrolytic reduction; Pittsburgh, PA, Lockport, NY, and New Kensington, PA, ceased production 

during the 1890s.  These early sites all used IŀƭƭΩǎ ǇǊƻŎŜǎǎ, although the site in Lockport was operated by 

the Cowles Electric Smelting and Aluminum Company. 

Net production had grown from 2,296 mt in 1900 to a peak of 52,210 mt during the first World War, 

which was about one-half of global aluminum output at that time.   



The number of aluminum smelters operating in the USA grew to sixteen during World War II.  This 

eventually peaked with thirty-two smelters in simultaneous operation between 1976 and 1980. A total 

of 4,654,000 mt of aluminum were produced in the USA in 1980.  Both the number of locations and the 

amount of ǇǊƻŘǳŎǘƛƻƴ ƘŀǾŜ ǇǊƻƎǊŜǎǎƛǾŜƭȅ ŘŜŎƭƛƴŜŘ ǎƛƴŎŜ ǘƘƛǎ άDƻƭŘŜƴ !ƎŜέ.  This began with the 

ά5ƻǳōƭŜ-5ƛǇέ ǊŜŎŜǎǎƛƻƴǎ ƻŦ мфул-1982, and accelerated after the Dot-Com recession of 2001.[4]   

 

Figure 2 - Number of aluminum smelters operating simultaneously in the USA (1888-2025) 

 

Figure 3 - Image of an early Hall cell, dating to the 1890s
[5]

 



  

 

Figure 4 - The newest aluminum smelter in the USA, Mt. Holly, SC started in 1980
[6]

 

 

Figure 5 - Primary aluminum production in the United States of America (1900-2024)
[4]

 



The decline of aluminum production in the USA since 1980 has had much to do with cost and availability 

of energy plus the ability to compete in a global marketplace.  Competition and sustainability are also 

often related to the size of the smelter and its production capacity.  No smelter built in the United States 

ever exceeded 300,000 mtpy of capacity.  There are forty aluminum smelters worldwide that now 

exceed 500,000 mtpy of capacity.  Ten of these, many being in China, exceed 1,000,000 mtpy.   

Between 1980 and 1987 nine of the thirty-two aluminum smelters in the USA shut down.  Higher energy 

costs and economic market forces took their toll, mostly on older locations.  The decline was also 

related to aluminum ingot being traded as a commodity on the London Metal Exchange, (LME), 

beginning in 1978.  This change made conditions for smelters more challenging in the wake of energy 

shortages and monetary policies that contributed to the recessions of the early 1980s.  The market price 

of aluminum declined from more than US$2,000 per mt to less than US$1,000 per mt between 1980 and 

1982, negatively affecting the industry in many countries. 

The timing of the downturn in the United States also coincided with the introduction of new 

environmental regulations that applied to growth in the production of existing smelters and the 

construction of new smelters.  When combined, by 1980, all of these factors including rising energy 

costs put an end to growth and renewal of primary aluminum smelters in the USA.  

Smelters in the northwestern United States were hit particularly hard in 2001.  Deregulation allowed 

regionally generated hydropower to be sold into California at higher prices.  This closed many smelters 

in Washington and Oregon.  Aging smelters across the USA have continued to shut down since then. 

 

Figure 6 – Lifespan of aluminum smelters in the United States of America 



Life-spans of aluminum smelters in the USA fall into four general categories.  Those with low cost power 

and/or full control of mining and power generation have operated longest, between 51 and 64 years.  

Those without hydroelectric power and/or control of power generation have operated between 23 and 

45 years.  The few locations that relied upon energy produced from natural gas during the 1970s or that 

used aluminum chloride processes operated between 5 and 12 years.  Aluminum smelters 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 been in violation ƻŦ IŀƭƭΩǎ ǇŀǘŜƴǘǎ 

- Four of the eight smelters built by the US government for WWII production. 

Each of these operated for only 1 or 2 years before being permanently shut. 

The average, overall service life for aluminum smelters in the USA has been 34.9 years.  With the short-

lived smelters excluded, the average service life has been 39.4 years.  

Currently four aluminum smelters remain in operation in the United States.  These four have an average 

age of 53 years, ranging from 45 to 65 years of service.  Each of these use Alcoa reduction cell 

technologies; P-100s, P-155s, P-225s and A-697s, that were installed between 1960 and 1980.  The 

oldest of these four controls its own coal mines and power generation facilities. 

Even with tariff protections the years of operation that remain for this small group of smelters appear to 

be numbered.  Large blocks of continuously available, low-cost power, profitable metal pricing, and 

economies of scale still are the rules of the game for primary aluminum production.  In the United States 

these rules are further complicated by; high cost of capital, environmental regulations, and wage plus 

benefit rates.  However, labor regulations in the USA are generally not as complex as they are in 

European countries. 

We shall see that many of the same economic forces that have affected the primary aluminum industry 

in the United States of America have also affected the industry in Spain.  

A more extensive review of the history of the primary aluminium industry in España follows.  

 

 

  



Aluminium in España 

The history of the primary aluminium industry in España has certain parallels and contrasts to that of the 

United States.  In contrast, the amount of aluminium produced during peak years has been an order of 

magnitude less.  The total of 5 aluminium smelters built in España vs. 44 in the United States is also an 

order of magnitude lower.  The comparative populations of these two countries reflect the differences. 

España experienced its first peak in metal production at the same time as the United States.  Between 

1979 and 1983 all five of the smelters built in España operated simultaneously. They produced 396,600 

mt in 1981, or about 8.5% of the production of the USA in that same year.  España went on to have a 

second peak in production of 408,000 mt in 2007-2008, following upgrades of the three smelter owned 

by Alcoa.  This was approximately 15.7% of the production in the USA at that time.   

These five aluminium smelters, in their chronological order of construction include: Sabiñánigo, 

Valladolid, Avilés, La Coruña and San Ciprián.  Between the 1940s and the 1970s, four additional 

locations had also been considered for new aluminium smelters; Lérida [Lleida], Madrid, Vigo, and 

Vilagarcía de Arousa.  None of these four sites arrived to the point of actual construction. 

 

Figure 7 - Locations of aluminium smelters and sites that were considered for development 



Aluminium ingot has been steadily produced in España since November 14, 1927 with two exceptions;  

1) Cessations of operations at Sabiñánigo in 1936/1937 during the Civil War[7], and  

2) Curtailment of operations at San Ciprián from January 2022 until February 2024 due to high 

energy prices.    

  

Figure 8 - Number of aluminium smelters simultaneously in operation in España (1927-2025) 

Sabiñánigo  

The first aluminium smelter in España was established in Sabiñánigo, Huesca, in Aragon.   Aluminio 

Español, S.A. was founded on August 21, 1925 by a group of three, international aluminium producers 

that had previously exported metal into España.   

The companies were also the three major producers of aluminium in the world at that time;  
-CǊŀƴŎŜΥ /ƻƳǇŀƒƴƛŜ ŘŜ tǊƻŘǳƛǘs Chimiques et Électro MéǘŀƭǳǊƒƛǉǳŜǎ Alais, FǊƻƒŜǎ Ŝǘ Camarƒue, 
a.k.a. /ƻƳǇŀƒƴƛŜ A. F. C. 
-Switzerland: Aluminium-Industrie Aktien-Gesellschaft (AIAG)   
-United States of America:  Aluminum Company of America.[7]   

These companies later became known as; Aluminium Péchiney, Alusuisse and ALCOA.  
 
Multiple sources of electric power were being developed in Huesca at that time to attract industry 
following  World War I.  Hydroelectric power was being developed in six nearby areas of the Pyrenees by 
Energía e Industrias Aragonesas, S.A. as early as 1918.  The projects included; dams, water chutes 
(penstocks), and power stations.[8]   
 
Ercros, S.A., an established chemicals company of España, was the first consumer of hydropower in 
Sabiñánigo for electrochemical production of chlorine.  Excess power was available for other industrial 
development including that of primary aluminium.  It was a good match for the base load of new 



utilities, since the Hall-Héroult process consumes an abundance of power, 24 hours per day, 365 days 
per year. The /ƻƳǇŀƒƴƛŜ A. F. C. recognized the potential for aluminium production in this area in 
January 1919, [9] and eventually joined a group to study development in Sabiñánigo in 1924. [10] 
 

 

Figure 9 – Penstock (chute) to Búbal hydroelectric station 17 km north of Sabiñánigo
[11]

 

The Sabiñánigo smelter project was not a part of the aluminium cartels that had existed prior to his 
project.  The three aluminium companies each had their own interests to produce aluminium within 
España.  For example, the /ƻƳǇŀƒƴƛŜ A. F. C. also wished to sell alumina and other materials. 
 
The exact date of energization of the Sabiñánigo smelter is not clear.  The builder, the Aluminum 
Company of America, stated in 1930 thatΥ άtǊƻŘǳŎǘƛƻƴ ǎǘŀǊǘŜŘ in October 1927έ.[12]  Multiple sources 
document that metal produced in the electrolysis cells was first cast (solidified) on Monday, November 
14, 1927.[13, 14]   Calculations indicate that approximately 15 days would have been required for the 
reduction cells to melt the lithium modified cryolite that was used and to accumulate up to 15 
centimeters of metal, a typical metal pad depth.  Thus, it is likely that the first cells were energized at 
the end of October 1927. 
 
The Aluminum Company of America was not involved in the Sabiñánigo consortium for very long.  It 
exited in May 1928.  A corporate decision had been made to focus on serving large markets in the USA, 
rather than smaller, foreign markets.  All international assets were reassigned to a new company, 
Aluminium Limited.[14]  This company had previously been known as the Northern Aluminum Company, 
and then as the Aluminum Company of Canada.  Aluminium Limited eventually became known as Alcan, 
which was ultimately acquired by Rio Tinto in 2007. 
 



 
Figure 10 – First piece of aluminium made in the Factory of Aluminio Español, S.A. in Sabiñánigo

[A1]
 

 

  
Figure 11 - Fábrica de Aluminio Español, S.A. circa winter 1931/1932. The two, adjacent, potroom buildings have 

visible roofline vents and no snow on the roofs since the reduction process generates excess heat.
[15]

 

Sabiñánigo was the first aluminium smelter in España, and it was the first greenfield, or completely new, 

smelter in the world to use a new technology, self-baking, Søderberg anodes.   

This technology had been developed in 1918 by Mr. Carl Wilhelm Söderberg, who was Swedish.  He was 

in the employment of a Norwegian technology development company, called Det Norske Aktieselskab 

for Elektrokemisk Industri, which is now known as Elkem.  The name of the technology, Søderberg, was 

slightly different than /ŀǊƭ ²ƛƭƘŜƭƳΩǎ name, Söderberg, due to the Norwegian spelling.   



Self-baked, carbon anode, technology had been developed for electric furnace production of calcium 

carbide and ferro-alloys due to shortages of graphite during, and after World War I.  The invention was 

adapted to the primary aluminium industry in 1920-1921 by Det Norske Aktieselskab for Elektrokemisk 

Industri on a 6 kiloampere, or 6 kA, pilot-scale cell at its research center, Fiskaa Verk.  Horizontal, steel 

spikes were used to conduct electricity into a cylindrical anode.  These became known as Horizontal 

Stud Søderberg, HSS, reduction cells.    

The Aluminum Company of America [Alcoa] then began development of this technology at its smelter in 

Badin, North Carolina, in 1923.[16]  Alcoa saw such potential that they purchased 54.94% of Det Norske 

Aktieselskab for Elektrokemisk Industri in November 1924.[17]  The /ƻƳǇŀƒƴƛŜ A. F. C. also licensed 

Søderberg technology  in 1924 and began its own development work on two prototype HSS cells at La 

Saussaz in 1925.[18] 

Søderberg technology was a game-changer.  It substantially lowered the capital cost for new smelters 

and for expansions of existing smelters.  Decades later it was discovered that there were some serious 

disadvantages.  As the anode paste heated, it emitted vapors of polycyclic, aromatic hydrocarbons from 

coal tar pitch vapors.  These were determined to pose carcinogenic risk to workers.  

  

Figure 12 – HS Søderberg fumes at the Alcan Arvida aluminium smelter in 1943.
[19]

                          

Figure 13 - Working around Søderberg anode paste on a Vertical Stud Søderberg [VSS] pot.  “The gates of hell 

was what the production halls of the Norwegian aluminium industry were called in the early 1970s.”
[20]

 

Søderberg cells also required greater electrical energy consumption to cure the self-baking anodes.  Pre-

baked anodes were heated in furnaces with fuel oil or various forms of gas rather than electricity.  This 

power ŎƻƴǎǳƳǇǘƛƻƴ άǇŜƴŀƭǘȅέ ǿŀǎ ƴƻǘ ƻŦ ƎǊŜŀǘ ŎƻƴŎŜǊƴ ǿƘŜƴ ŜƴŜǊƎȅ ǇǊƛŎŜǎ ǿŜǊŜ ƭƻǿΦ  Lǘ ǿƻǳƭŘ ƴƻǘ ƘŜƭǇ 



the Søderberg smelters of España years later, after energy prices had risen substantially.  Between 1927 

and 1978 all aluminium production in España utilized various forms of Søderberg anode technology. 

At Sabiñánigo, the Søderberg anodes at were gravity formed in a vertical tube, or shaft.  Briquettes of 

calcined petroleum coke mixed with coal tar pitch as a binder were loaded into the top of shaft.  The 

cylindrical, carbon anode was supported by multiple rows of steel pins (studs) that were inserted into 

zones which were beginning to harden by heating.  These pins also carried the electrical current into the 

anodes.  Pins were then removed as they approached the working surface of the 900 to 950 хC, [15] 

molten salt bath that was used to dissolve alumina.   

 

Figure 14 - Self-baked, Søderberg electrode in an arc furnace for steel production (left)
[20]

                                        

Figure 15 - Schematic of Søderberg electrode of the type used at Sabiñánigo (right)
[21]

 

The French investment partner, the Compaƒnie A. F. C., expanded its Søderberg development efforts 

beyond La Saussaz.  In 1926, eighteen reduction cells with HSS anodes were added to the nearby La Praz 

smelter.[22]  These development cells each carried 18 kA of electrical current, or about 1,000 times the 

current that a standard, household, electrical circuit can carry now. 

With the amount of electrical power that was available at Sabiñánigo, Péchiney favored the installation 

of 30 of their 18 kA reduction cells.  Their plan was to operate all of the cells in the summer and 22 cells 

during the winter.  However, the Aluminum Company of America was to build the smelter and supply 

the cell technology.  They preferred 60 smaller cells at 12 kA.  The Alcoa design had circular cells with 

cylindrical anodes.  The anodes were jacketed in an aluminium casing to avoid iron contamination.  Steel 

sheet had been used for casings of the first prototypes with Søderberg anodes.  This was considered to 

be the most advanced reduction cell technology that was available at the time.[23] 

The Aluminum Company of America also continued its own HS Søderberg development in the USA.  In 

1927, a potline of 30 kA HSS reduction cells was added on at its Tennessee Operations smelter.[21] 

At the end of 1927 the Sabiñánigo smelter began operating its first 12 reduction cells.  They were called 

άŎŜƭŘŀǎέ ώŎŜƭƭǎϐ ƻǊ άŎǳōŀǎέ ώǾŀǘǎϐ ƛƴ 9ǎǇŀƷƻƭΣ άǇƻǘǎέ ƛƴ 9ƴƎƭƛǎƘΣ ŀƴŘ άŎǳǾŜǎέ ƛƴ CǊŜƴŎƘΦ For many years the 



origins of these terms were thought to have been lost.  They were considered to have been slang that 

was used by workers.  ActuallyΣ άǇƻǘέ ƻǊ άǾŀǘέ ƛǎ ŀƴ ŀǊŎƘŀƛŎ ǘŜǊƳ ǿƘƛŎƘ is as least as old as the Hall-

Héroult process.[24]  This generic term was used for vessels containing molten metal or liquid chemicals 

that have been produced, or that were in the process of being produced.  Even in the 1930s Alcoa 

referred to cells as reduction pots.[25]  However, the term άǇƻǘǎέ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ǎƛƴŎŜ ǘƘŜ ǾŜǊȅ ōŜƎƛƴƴƛƴƎ 

of the industry and the termǎ άŎŜƭŘŀǎέ ƻǊ άŎǳōŀǎέ ǿere very likely first used at the Sabiñánigo smelter.   

The smelter had 60 HSS pots installed by 1928.  These operated at 12 kA with a nameplate production 

capacity of 1,200 mtpy for the plant.  However, actual production often fell short of 1,000 mtpy.     

 

Figure 16 – Round HSS cells at Tennessee, c. 1933.  Anode jackets are visible to the left.
[19]

 

Alumina for Sabiñánigo arrived by truck from PéchineyΩǎ DŀǊŘŀƴƴŜ refinery in the south of France.  

During WWII material shortages mining of low grade bauxite deposits in Catalonia became necessary.  

These were refined into alumina in a factory near Barcelona.[8]  Supply of alumina from Gardanne was 

re-established after WWII.  It was later supplied from Noguères between 1959 until 1980.[26]  Alumina 

then came from the San Ciprián refinery after it began operation in late-1980.  

The Civil War impacted operations at the Sabiñánigo smelter.  A bombing raid damaged transformers in 

August 1936.  In May 1937 another bombing raid had a direct hit on the anode paste plant.  Then, in 

August 1937 three pylons supporting electrical transmission cables were destroyed.  Operations 

resumed by 1938. [27]  The smelter was also idled briefly, on two occasions, during World War II due to 

lack of availability of raw materials.  It was only able to produce 206 mt of aluminium in 1944, even 

though the rated production capacity of the 60 HSS pots had been increased to 2,000 mtpy.[7]  From 

1927 through 1947 the annual production rate varied between 206 and 900 mt per year.[9]  Following 



WWII, the annual production rate increased, averaging 1302 mtpy between 1946 and 1950.  The 

efficiency of electrical current usage, or Faraday efficiency, was low in 1950, at just 79%.[28]   

The discrepancy between actual production rates and the rated capacity of the smelter was primarily 

due to the need to reduce production during winter months when hydroelectric power, generated from 

the melt-water of glaciers in the Pyrenees, was not available in sufficient quantity.[29]   

 

Figure 17 – Round, Søderberg, reduction cells in the Sabiñánigo smelter c. 1932
[15]

 

In 1953 the Sabiñánigo smelter agreed to purchase forty-eight, 25 kA Vertical Stud Søderberg (VSS), 

reduction cells that had been in use at the Valladolid aluminium smelter since 1949/1950. [30, 31]  This 

was another first for España and Sabiñánigo.  Prior to this no other aluminium smelter is known to have 

relocated reduction cells from another location for continuation of use. 

  

Figure 18 – Original, 25 kA VSS cell at Endasa-Valladolid 1950
[32]

 



A pair of buildings with roof vents appear at the center of Figure 19.  Note that these two buildings are 

not uniform in length.  These were the new home for the reduction cells from Valladolid.  These cells 

began operating in 1956, and 16 additional cells were built in 1957.[28]  Sixty, 25 kA reduction cells were 

in operation by 1958.  By 1961, Sabiñánigo had boosted its metal production to 6,600 mtpy. 

 

Figure 19 – Aerial view of the Sabiñánigo smelter c. 1960. Note that the two, original potroom buildings (at left) 

had lost their peaked, roof vents which appear in Figure 9.
[33]

 

By comparing Figure 19 to Figure 20 it shows that the potroom buildings continued to be extended at 

Sabiñánigo.  In March 1958 plans had been made to add an additional 64, 25 kA reduction cells.  By that 

time, Faraday efficiency had improved to 88%.[30] 

After 1954, the original sixty, 12 kA HSS cells began to be gradually curtailed.  Between 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 operating this early type of HSS cell technology.[30] 

The newer potline had 96 VSS cells in operation by 1960.  Amperage intensity had also been increased to 

30 kA, boosting production capability to more than 7,000 mtpy.  A proposal was made by Péchiney to 

increase to 35 kA by the end of 1960.  Amperage creep continued upwards, to 38 kA by 1966.[30]  

By 1965 the production rate had grown to 9,000 mtpy 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 with the peak of actual production being 14,500 mtpy. [31]   



 

Figure 20 - Sabiñánigo smelter (c. 1970) Original potroom buildings are at left (white roofs), two extended 

potroom buildings are at center.
[12]

    

In 1975, the new owner of the smelter, Alugasa, announced yet another plan to expand production 

capability.  Apparently this expansion was not completed as Table 1 indicates. 

Table 1 – Performance Indices for the Sabiñánigo smelter 1974-1980
[34]

 

 

The Sabiñánigo aluminium smelter produced its last primary aluminium on Wednesday, February 16, 

1983.  Due to economic restructuring in España it had been agreed to shut down the reduction line at 

this time.[35]   



 

Figure 21 – Final sample of aluminium produced at the Sabiñánigo aluminium smelter
[A1] 

9ǎǇŀƷŀΩǎ first aluminium smelter operated for 56 years using two types of reduction cells.  The 12 kA, 

HSS cells operated for 32 years, from 1927 to 1959.  The 25 to 40 kA, VSS cells operated for 27 years, 

from 1956 to 1983.  By 1983 the following factors were working to the disadvantage of the Sabiñánigo 

aluminium smelter. 

- A smelter of 15,000 mt per year capacity was small, without economies of scale.   

- Four, larger aluminium smelters were in operation in España.  

- Energy cost increased in the late-1970s followed by the economic recessions of 1980-1982. 

- Aluminium had been traded as a commodity on The London Metal Exchange since 1978, making 

older and smaller smelters particularly vulnerable. 

- The LME market price for aluminium had declined by 50% between 1980 and 1982.   

 

Figure 22 – Alcoa-Sabiñánigo in 2014
[36]

, Figure 23 – A VSS reduction cell on display at Iberfoil S.A.
[A1]

 



Lérida 

Soon after the end of the Civil war there were multiple proposals to increase the production of 

aluminium in España.    One of these doubled the capacity of Sabiñánigo from 1,000 to 2,000 mtpy.  

However, this site was near the border with France.  At that time it was not favored by the military to 

substantially grow industry of strategic importance in zones that were within 100 km of the borders of 

the country by land or by sea.  This policy also helped to eventually suppress the hopes for a proposed 

aluminium smelter project in Catalonia, at Lérida [Lleida].  

In 1941 the Sociedad General Español del Aluminio requested authorization to establish a new smelter 

in northern España that would be capable of producing 1,000 mtpy.  The original intent was to locate 

the smelter somewhere near Santander in Cantabria.  The project had some momentum and on June 27, 

1942 the Ministerio de LƴŘǳǎǘǊƛŀ ȅ /ƻƳŜǊŎƛƻΩǎ, Dirección General de Minas y Combustibles authorized a 

larger project with a production capacity of 2,000 mtpy of metal.  The installation of the facility needed 

to begin within two years.  If subsequent expansions were to be made the use of domestic bauxites 

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

bauxite. [37]   

Due to the lack of specificity about the location, and the proximity of Santander to a border by sea, 

several modifications were made to the project proposal.  The proximity to bauxite in Catalonia and 

alumina production near Barcelona surely weighed into consideration of Lérida for this project that only 

continued to grow in size and proposed scope.  By 1944, the project proposal had increased to a 

capacity of 10,000 mtpy of aluminium.  It was also to have included an alumina refinery.[8]   

Ultimately, the project did not go forth.  This was likely due to years of delay and to timing.  During 

World War II, there had been material shortages creating delays.  By 1943 Endasa had been formed with 

the goal of building a 10,000 mt per year smelter with a different proposal for an alumina refinery. 

Valladolid 

On April 13, 1940 the Sociedad Española de Construcciones Electromecánicas, SECEM, submitted an 

application to establish an aluminium smelter in response to suggestions made by the Air Ministry, with 

the goal of producing 2,000 mtpy.  Initially the site was envisioned to be in the province of Tarragona, 

due to its proximity to domestic, bauxite deposits located in the coastal area of Catalonia between 

Barcelona and Tarragona, and in the Ebro area northeast of Teruel.[38]   

The Sociedad Electroquímica de Flix, SEQF suggested that the smelter be located near Flix, in Catalonia, 

due to the availability of hydroelectric power along the Ebro River.  Chlorine had already been produced 

by electrolysis using hydroelectric power in this same region. 

Satisfying the wishes of the Air Ministry was most important.  On June 17, 1940 the Dirección 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 built near Valladolid, more than 100 km away from land or sea borders.   



 

Figure 24 – Ercros’ Flix Electrochemical Company (SQEF), established in 1897, to produce chlorine by 

electrolysis
[39]

 

Valladolid was also the central hub of the national electricity grid for the redistribution of energy 

generated by the Saltos del Duero, hydroelectric projects. The objectives of the new smelter were to:  

1) Provide aluminium metal needed for national defense,  

2) Support postwar industrial development, and  

3) Provide an alternative to copper for electrical conductor cables.[40]    

At that time it was also intended to build an alumina refinery near Avilés, in Asturias, that would process 

domestic bauxite.  Although there was substantial interest by the government to utilize 9ǎǇŀƷŀΩǎ bauxite 

deposits in the end these ambitions were never satisfied by any sustained, commercial development.   

Only karst bauxite is present in España.  It is found above limestone deposits and has many trace 

impurities.  It is more difficult and expensive to process than lateritic bauxite, which is common in 

western Africa, Brazil, Australia and other nations.  Bauxite from España is also high in titanium 

contamination which is detrimental to the electrical conductivity of aluminium.  Thus, it would not be 

able to help alleviate the copper shortage in España as the aluminium metal would not have been an 

acceptable substitute for use in electrical transmission cables. 

The timing of SECEMΩǎ proposal worked to their advantage.  The Instituto Nacional de Industria, or INI, 

was formed in 1941 by the government to stimulate the post-civil war economy.  An industry of national 

priority was primary aluminium production.  La Empresa Nacional de Aluminio S.A., ENDASA, was 

established on August 11, 1943 to support the Valladolid aluminium smelter project.  SECEM then 

became a major investor in this undertaking.   



Hydroelectric power for the smelter would be supplied by the Ricobayo dam on the Elsa River in 

Zamora, a major project of the Saltos del Duero company.[7]  To hedge against periods of drought an 

alternative source of electricity was to be supplied by a thermal power plant in Ponferrada. 

The Valladolid smelter was designed in France, by Péchiney, in 1944.  Péchiney had already been 

involved with primary aluminium projects in España since 1924.  They provided reduction cell 

technology and technical support as well as alumina.  All of the aluminium smelters built, or modified in 

España after Sabiñánigo subsequently used reduction cell technology from Péchiney.   

The site in Castilla, also had; an abundant supply of electrical energy, low-cost rural labor, railway 

connections, and its existing industrial base in metallurgy and metal-working.[41]   

In reality, two sites were chosen for of this project.  Since Valladolid was inland it required a port facility 

for receipt of raw materials such as alumina and cryolite.[42]  Endasa chose to develop a site at San 

Balandrán, in Asturias, near Avilés for this purpose.  Alumina was supplied initially was often in exchange 

for aluminium metal instead of currency.   

A site near Avilés was also considered for an alumina refinery to process domestic bauxite.  Due to the 

properties of this bauxite the refinery never went beyond initial planning stages.[43]   

 

Figure 25 – Construction of the secondary smelter at San Juan de Nieva
[44]

 

In 1947 Endasa built a small secondary smelter and foundry on the opposite side of the estuary from San 

Balandrán at San Juan de Nieva, Castrillón.  This location cast an average of 6 tonnes per day of 

aluminium, much of which had been melted down from WWII aircraft.  It also produced anode paste for 

the Valladolid smelter.  San Juan began operations in 1948 and it closed in 1970.[44]   



Even after the San Ciprián refinery began operation in late-1980 alumina continued to be transported to 

the San Balandrán port by sea and supplied Sabiñánigo and Valladolid into the mid-1980s.   

The cell design that Péchiney prepared for Valladolid was a 25 kA, Vertical Stud Søderberg [VSS] pot.[45]  

VSS cell designs transformed the primary aluminium industry for decades to come.  Sabiñánigo had been 

the first greenfield, aluminium smelter in the world to have HSS cell technology and Valladolid was the 

first greenfield, smelter in the world to utilize VSS cell technology.   

The VSS self-baking anode was large and rectangular, with rounded corners rather than being cylindrical.  

Each anode was connected to multiple, steel studs that tapered down to rounded points.  These bars 

were inserted into the Søderberg anode from above to conduct electricity into the anode.  The bars also 

provided the mechanical connection to the anode as the anode paste solidified around them. 

 

Figure 26 - Generic schematic of a Vertical Stud Søderberg (VSS) reduction cell
[46]

 

The development of these types of reduction cells happened at PŞŎƘƛƴŜȅΩǎ [ŀ tǊŀȊ ǎƳŜƭǘŜǊ in occupied 

France, during 1942 and 1943.  La Praz had been in operation since 1893 and added two test cells for 

the 25 kA development.  In 1946 two variations of the 25 kA prototype cells for Valladolid were 

constructed.  One group of prototypes had 13 cells with one, self-baking anode.  The other prototype 

group had 10 cells with two, self-baking anodes.  The latter performed badly, and these particular cells 

were stopped in 1953.[45] 



 

Figure 27 - Vertical Stud Søderberg (VSS) development cell at the La Praz smelter
[45]

 

 

Figure 28 - Francisco Franco at inauguration of Endasa - March 2, 1950
[47] 

The Endasa-Valladolid smelter began producing aluminium at the end of October 1949.  That year 161 

mt were produced, followed by 1,407 mt in 1950.[48]  Francisco Franco inaugurated the smelter on 

March 2, 1950.[49]  At that time, the first 25 of 48 reduction cells were in operation.  When at capacity by 

1951, the Valladolid smelter increased the primary aluminium output of España from 1,200 mt per year 

to 4,800 mt per year.   



 

 

Figure 29 – Crews breaking the perimeter crust of a 25 kA, VSS cell – circa 1950
[32]

 

 

Figure 30 - View of Endasa-Valladolid potline with 25 kA cells – March 1950
[50]

 

In 1951 the smelter extended the length of the potline building.  Forty-two, 50 kA, VSS reduction cells 

from Péchiney were added, using a boost transformer.[51]  This enabled having two, independent 

potlines in the same, longer, building to reduce the risk of a complete shutdown due to transformer, 

rectifier, or power supply issues.  The timing of this expansion was coincident with the commencement 

of fabrication of automobiles in Valladolid by FAESA (Fabricación de Automóviles de España, S.A.) that 

was linked with another French company, Renault.[52]   



 

Figures 31 & 32 – Potline building extension under construction circa 1951, south end (left), north end (right)
[32]

 

A second expansion was a full retrofit of the original reduction cells.  This occurred in 1954.  The forty-

eight, 25 kA, VSS cells were replaced with 50 kA, VSS cells.  With ninety, 50 kA cells in total, the 

production capacity of Endasa-Valladolid increased to 10,000 mt per year.   

The 25 kA VSS cells that had been taken out of service during the 1954 retrofit were not scrapped.  They 

had only been used for four to five years and were offered to the Sabiñánigo smelter to increase its 

overall production capability.[31]  This sale was approved in 1953.[30] 

By the late 1950s Endasa-Valladolid was consuming nearly 40% of the electrical energy in the province 

and it was employing over 400 workers.[53]  Production and amperage load continued to increase and by 

1961, 12,100 mt per year were being produced.[54]  During 1964/1965, 40 pots were modified to adapt 

them to operation at 53 kA.  Further improvements were made in the casting facility and the rectifier 

station that converted alternating current into direct current for operation of the potlines.[51]  

  

Figure 33 - Aerial view of the Endasa-Valladolid aluminium smelter in the 1970s
[55]

  



A final expansion project occurred between 1964 and 1967.  This increased production capacity from 

14,000 to 26,000 mtpy.  To accomplish this, 10 new cells were added to in the existing potroom building 

and seventy-two, higher amperage cells were constructed in a new potroom building to its east.  

Records for 1972 and 1973 indicate that the peak production capacity of the Valladolid smelter had 

increased to 27,000 mt per year, indicating that amperage had eventually been increased to 60 kA or 

more on the cells in the new potline. These efforts supported the growing economic development of the 

area, especially the local Fasa-Renault automobile factory.[55, 56, 57, 58] 

 

Figure 34 – Aerial view of the Valladolid aluminium smelter, now Befesa, in 2024 – transformer yard and main 

office at far left.  Potline 1 is the longest building in the foreground.  It held 100 reduction cells.  Potline 2 is the 

second longest building that accomodated 72 reduction cells.  

The same economic conditions that affected the Sabiñánigo smelter and Potline 1 of the Endasa-Avilés 

smelter also had a direct impact on Endasa-Valladolid.   Between 1980 and 1982 the price of aluminium 

had fallen from more than US$2,040 per metric ton to less than US$1,040.  This was the beginning of the 

end for the Valladolid smelter. 

An agreement was reached with the UGT labor union in May 1982 to reduce production at Valladolid by 

15,000 mt per year.[59]  The inference is that the original potline, and the 100 reduction cells in it, were 

idled and that the new potline with 72 cells remained in operation.   

In 1983, aluminium prices recovered to approximately US$1,540/mt, but then fell again to US$1,040/mt  

in 1984.  Operations in Valladolid continued until the second half of 1985, at which time the smelter was 

permanently shut down after 36 years in service.[35, 61]  The 50 kA cell technology had lasted 34 years and 

the new cells in Potline 2 operated for approximately 18 years. 

Befesa environmental recycling services now operates on the site of the Endasa-Valladolid smelter. 



 

Figure 35 - A 50 kA VSS cell behind the main office of Befesa in Valladolid 

 

Figure 36 - The original potline and cast house buildings of Endasa-Valladolid, currently in use by Befesa 

Avilés 

In 1955 Endasa made a proposal to the government to build an additional aluminium smelter near the 

city of Avilés at San Balandrán.  The project was had a target of 18,000 mtpy of aluminium production 

from one potline of 50 kA VSS cells, similar to those used by Endasa-Valladolid.   

Apparently the military guidance of not placing production centers for strategic materials within 100 km 

of national borders by land or by sea was no longer of great concern by that time.  From 1955 onward 

each aluminium smelter that followed, and all but one that was proposed, were coastal locations in the 

north of España.  

The San Balandrán project was approved.  Endasa already had a port and a secondary aluminium 

smelter located there.  The site was prepared and the new smelter came into operation in two phases.  



Phase 1 of Potline 1 began operation in October 1958 with the official inauguration by Francisco Franco 

on August 28, 1959.  Phase 2 of Potline 1 began operating in 1961.[31]  The new potline achieved its 

targeted capacity that same year and plans for an alumina refinery ultimately came to an end.[31, 62]  Both 

phases of construction included two rows of 39 reduction cells in the same building for a total of 156, 50 

kA, VSS pots.  This potline sustained its rated capacity on through to the mid-1960s.   

   

Figures 37 & 38 - Endasa-Avilés smelter aerial view of potline 1 (left) and interior view (right)
[42]

 

 

Figure 39 – Avilés Potline 1, 50 kA, reduction cell with Søderberg anode casing above, 24 vertical, steel studs per 

pot, the gas collection skirt below the anode casing is visible as well as the pot shell and anode bus.
[44]

 



 

Figures 40 and 41 – Views of Endasa-Avilés Potline 1, 39 cells per side, 78 cells per room, c. 1956/ 1957
[63]

 

As with Valladolid, Aluminium Péchiney was the cell technology provider.  Endasa had standardized on 

the 50 kA VSS design.  A total of 246 of these cells were in use between their two locations, more than 

any other aluminium producer worldwide for this type of pot.  The arrangement of the pots, with two 

rows in each potroom was the same at both locations.  But, the potline in Avilés was spread across two 

buildings, whereas the potline in Valladolid was all in one, longer building.  Part of the reason for this 

difference was the steep terrain of the San Balandrán site.  Valladolid was on level ground, enabling a 

longer potroom building.   

A paste plant was added to Avilés in 1965 to supply briquettes of calcined petroleum coke plus coal tar 

pitch to both Avilés and Valladolid.[31] 

 

Figure 42 – Pneumatically driven crust breaking vehicle, Potline 1 – 1970
[44]

 



The second VSS potline at Avilés had a much larger design capacity of 115.8 kA and 145 reduction cells.  

Construction began in 1966 and operation of Potline 2 commenced during 1968-1969.[31] 

 

Figures 43 & 44 – Constructions of Potline 2 (left) and Potline 3 (right) at Avilés
[44]

 

A third VSS, 123 kA, potline with 144 reduction cells followed.   It was constructed between 1970 and 

1973 and began operation during 1973-1974.  These expansions boosted the annual production capacity 

of Avilés to 99,000 mt per year.[31] 

 

Figure 45 – Gantry crane for pot tending/crust breaking at Avilés
[44]

 

Potline 1 became the older, smaller series.  By 1982, it was producing 20,000 mt per year.[59]  When the 

tough economic conditions and metal prices emerged that had signaled the end of operations at 

Sabiñánigo and the end of Potline 1 at Valladolid it also signaled the end for Potline 1 at Avilés.  Line 1 

was shut down in two phases during 1985-1986.  The two, more modern, pot lines of Avilés continued to 

operate.   



 

Figure 46 – A 50 kA, VSS cell from Potline 1, on display near the Endasa-Avilés offices 

In 1985 Avilés, La Coruña and San Ciprián became aligned under a new, state-owned company called 

INESPAL.[61]  In February 1998 INESPAL sold these three smelters and other Spanish aluminium industry 

assets to the Aluminum Company of America, which changed its official name to ALCOA in January 1999. 

Both potlines at Avilés were upgraded from wet paste Søderberg technology to dry paste, a.k.ŀΦ άbew 

Søderberg TŜŎƘƴƻƭƻƎȅέ in 2005-2006.  Conversion to point-feeding technology followed between 2006 

and 2008.  Combined, the two technology upgrades reduced the emissions of volatile organic matter 

and greenhouse gases and improved the energy efficiency and productivity of the reduction cells. 

  

Figure 47 - Avilés VSS cell with pnuematically operated breaker bars for feeding alumina and wet paste 



 

Figure 48 - Avilés VSS cell following conversions to dry paste and point feeding of alumina 

The upgrades improved operations and Avilés was repeatedly recognized by Alcoa for improvements 

that had been made in environmental and operating performance metrics.  However, energy prices in 

España continued to rise, causing the smelter to consistently become unprofitable.  

In 2014 ALCOA announced the closure of both the Avilés and La Coruña smelters.  It was the beginning 

of what was to become a protracted end. 

Actions between the government, the courts, the labor unions and ALCOA delayed final closure until 

February 2019.  The Avilés aluminium smelter had been in service for over 60 years 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 49 - Aerial view of Avilés smelter with Line 3 (far left), Line 2 (adjacent to Line 3) and the two potroom 

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 Endasa to construct a new, primary aluminium 

smelter in Vigo.  The participation of Aluminium Péchiney was originally sought out but was refused.  

Potential investors then turned to Alcan.  By 1958 Alcan, had forged a preliminary agreement with 

domestic and foreign partners to construct a new aluminium smelter in Vigo, in the 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 mt per year 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 1959.  [64, 65, 66, 67] 

Madrid 

In 1957 Aluminio Iberico S.A. proposed building an aluminium smelter in the vicinity of Madrid.  It was to 

be a small facility, intended to be capable of producing just 4,000 mtpy of primary aluminium for the 

production of special alloys for sheet and foil.  Approximately 50% of its output would be used to 

support other products.   This project was blocked by the Spanish government in 1959.[67, 68]   



La Coruña 

Aluminium Péchiney originally had desired to own 40% of the Avilés smelter.  This was denied by the INI 

in 1955.  Péchiney´s response in 1957 was to create a separate venture, called Aluminio de Galicia 

[Alugasa].  It was a consortium that included Kaiser Aluminum and Endasa as minority shareholders. [62] 

This new aluminium smelter was built in the Agrela Industrial Park, an industrial zone just outside of La 

Coruña.  The necessary power for operations of up to 22,000 mt per year was to be supplied by three 

hydroelectric plants in the vicinity.  The port for unloading of alumina was near the center of the city, 

about 5 km from the smelter.   

In many ways the La Coruña aluminium smelter was a cousin of the Avilés smelter.  The two potlines of 

La Coruña were very similar to Potlines 2 and 3 of Avilés.  Following the chronology of construction and 

installation one can also see how the Péchiney cell technology was progressively advancing in terms of 

amperage capacity. 

Of these four series, Potline 1 of La Coruña was built first.  Construction was completed in 1961 and the 

smelter was inaugurated by Francisco Franco during that same year.  The first section of sixteen pots 

began operation in 1962.  As with Avilés, the cells were Péchiney VSS technology.  Line 1 had 128 

reduction cells with a design capacity of 107 kA.  The production rate in 1965 was 16,500 mt per year vs. 

the 34,000 tonne per year capacity of the potline that was fully achieved in 1967.  Line 2 at Avilés 

followed, starting in 1968 with 115.8 kA VSS cells. Then Line 3 at Avilés came on line in 1973 with a VSS 

design of 123 kA. [31]   

 

Figure 50 – Potline 1 of  Aluminio de Galicia in La Grela industrial park
[68]

 



Construction of Line 2 at La Coruña began in 1972 and concluded in 1974.  The VSS cells were designed 

for a capacity of 124 kA, much like Potline 3 of the Avilés smelter.  Both potlines had 144 reduction cells. 

This required a longer potroom building than that of La Coruña Line 1 which had 128 cells.  Its addition 

boosted the annual production rate of the smelter to 78,000 mt per year.[35] 

 

Figure 51 - La Coruña aluminium smelter, with Line 2 (left) and Line 1 (right)
[69]

 

The reduction cells were very similar.  But, as is the case at almost all aluminium smelters the local 

names for common elements still varied, especially when differences in languages are involved.  For 

ŜȄŀƳǇƭŜΣ Ǝŀǎ ŎƻƭƭŜŎǘƛƻƴ άǎƪƛǊǘǎέΣ ŀΦƪΦŀΦ ƳŀƴƛŦƻƭŘǎ, were called chapas at La Coruña and faldas at Avilés. 

 

Figure 52 – La Coruña potline section – c. 2015
[70]

 



There were no differences in the technology upgrades made by Alcoa at La Coruña and Avilés during the 

years between 2005 and 2008.  The image shown above followed the conversion to dry paste briquettes 

and point feeding of alumina.[64]   Refer back to Figure 48, from Avilés. 

As energy prices in España rose, both La Coruña and Avilés became unprofitable.  ¢ƘŜ άǇŜƴŀƭǘȅέ ƻŦ 

needing to use electrical energy to self-bake tens of thousands of tons of anodes at both locations each 

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

called for regular additions of lithium carbonate to reduce electrical energy consumption.  But the cost 

of this additive was increasing exponentially due to demand for the production of lithium batteries. 

As had happened in 1982 at Valladolid, the first response at both locations was to cut back on total 

energy use by reducing aluminium production.  During the final years of operation both locations ran at 

65% of capacity.  Even at reduced production rates, in 2018 Avilés lost 40 million Euros and La Coruña 

lost 42 million Euros.[71]   Both locations were closed in February 2019.  La CoruñaΩǎ Potline 1 had 57 

years of service at that time, the longest continuous service of any reduction cell technology in España. 

 

Figures 53 & 54 - Avilés (top) and La Coruña (bottom) look sadly similar after being permanently closed.
[72,73]

  



San Ciprián 

In August, 1973, an agreement in principle was reached between; Alcan, Péchiney-Ugine-Kuhlmann 

(PUK), the INI, and a Government entity to form a new corporation to produce primary aluminium and 

alumina at Villagarcía 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%.  The initial plant capacity targets were 170,000 mtpy of 

aluminium and 600,000 mtpy of alumina, with the possibility to expand to 800,000 mtpy at a later time.  

It was expected to be operational by 1977.  Bauxite would be supplied to the alumina refinery from 

Brazil and electricity was to come from the Puentes de Garcia Rodriguez thermal, generating plant.   

In June 1974 Aluminio de Villagarcía S.A. was created, with the alumina plant as a wholly-owned 

subsidiary.[74,75]    

The location of Villagarcía de Arousa was eventually rejected due to environmental impact concerns for 

protection of shellfish in that region.  The site for the smelter and refinery was then changed to San 

Ciprián in the Lugo province of Galicia.  The name for the company was also changed to, Aluminio 

Español S.A., a re-creation of the original, 1925 corporate name of the Sabiñánigo smelter.   

Site preparation began in 1975.  The plan was still to have the aluminium smelter to come on line in 

1977 and the alumina refinery in 1978.  The bauxite source changed to being from Guinea in Africa.  

Construction of the smelter was completed in 1978, a year later than planned.  Production trials began 

in December 1978[76] and the smelter began to cast metal from the first group of 32 pots, on January 9, 

1979. The alumina refinery began operations in September 1980. By that time the 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 dedicated by King Juan Carlos and Queen 

Sofia with a blessing given by the Bishop of Mondoñedo, on October 6, 1980.[77] 

The reduction cell technology for San Ciprián was acquired from Péchiney, as had been the case with 

Valladolid, Avilés and La Coruña.  Two potlines of AP14 (140 kA capacity) pre-bake technology each had 

256 reduction cells.  This would be the first smelter in España to use pre-baked anodes instead of self-

baking, Søderberg anodes.  A similar aluminium smelter located in Bosnia and Herzegovina, known as 

Mostar, a.k.a. Aluminij, began using this same cell technology in 1981.  That location operated for 39 

years before ceasing operations in 2020 due to high power costs.  No other smelters were built with 

AP14 cell technology as Aluminium Péchiney began marketing their AP18, point-fed, cell technology in 

1980, following the successful demonstration of it at St. Jean de Maurienne, France during 1979. 

The rated capacity of the smelter quickly grew to 200,000 mtpy, or approximately 1.5 mt of aluminium 

produced by each cell each day.  The technology had a number of improvements over PéŎƘƛƴŜȅΩǎ 

previous cell technology, the AP13 (130 kA capacity).    

 



 

Figure 55 - San Ciprián smelter and refinery c. 1979.  Potline A completed, Potline B under construction
[77]

 

 

Figure 56 - Inauguration by the King and Queen of España, El Rey Juan Carlos y La Reina Sofía, occurred on  

October 6, 1980
[78]

 



 

Figure 57 – View inside a San Ciprián potroom building
[79]

 

By 1980 España had changed from being an importer of aluminium and alumina to being an exporter of 

both materials.  In 1981, when all five smelters in España were in full operation the output of San Ciprián 

was almost that of the other four locations combined.  It was hailed by the government ŀǎ άǘƘŜ ǿƻǊƭŘΩǎ 

ǘƘƛǊŘ ƭŀǊƎŜǎǘ ŀƭǳƳƛƴƛǳƳ ƛƴŘǳǎǘǊȅέ, although this may not have been an entirely accurate claim.[80]   

The AP14 was also the last side-break cell technology design that was offered by Péchiney.  The sides of 

the pot crust were broken in by crane-mounted, pneumatic hammers as the manner by which to feed 

alumina to each pot.  The VS Søderberg technology pots at Valladolid, Avilés and La Coruña had also 

been side-break pots. The alumina feeding was done on each pot on a 4 hour interval, around the clock, 

delivering approximately 500 kg of alumina into the cell with each cycle. 

The AP14s were also relied upon wet scrubbers along the roof line of each pot room building for 

treatment of dilute hydrogen fluoride that would escape during pot tending activities.  The cells were 

hooded and also had modern fume treatment equipment that was connected to each reduction cell.  

The wet scrubbers were needed since side-worked pots required an entire side to be opened at one 

time during each alumina feeding and anode changing cycle, causing both fluoride-laden gas and 

particulate, to rise to the roofline. 

In 1987 a ship, by the name Casón, ran aground off the west coast of España near Finisterre.  Salvaged,  

hazardous material from this ship was re-directed to San Ciprián by the government after protests 

blocked the original transportation route for containment and disposal.  The plan was to move the 

barrels of material that had been recovered from the site of the wreck to another location by sea.   



San Ciprián-Inespal was owned by the state and it had a port facility where a ship could be moored.  The 

timing was not long after the Chernobyl disaster.  Rumors as to the nature of the cargo caused a panic, 

which ultimately led to a 3-day long strike at San Ciprián.   

Aluminium reduction cells must be tended to every few hours to remain in stable operation.  The strike 

caused the entire aluminium smelter to be shut down, with a re-start of operations about six months 

later, in mid-1980.[81]  The estimated damage to the plant was on the order of 90 million US dollars at 

the time.   

On July 29, 1997 at 6:15 p.m. Inespal was sold to the Aluminum Company of America.[77]  It had been a 

bookend of 70 years since ALCOA had owned primary aluminium assets in España.  The San Ciprián 

alumina refinery had grown from 800,000 to 1.1 million mt of production by this time. 

The acquisition led to a number of technical improvements.  The cells were converted from side-break 

technology to point-feeders between mid-1999 through the end of 2001.  Instead of feeding 500 kg of 

ŀƭǳƳƛƴŀ ǘƻ ŀ Ǉƻǘ ŀǘ ƻƴŜ ǘƛƳŜΣ ƛƴŘƛǾƛŘǳŀƭ ŦŜŜŘ άǎƘƻǘǎέ ƻŦ ŀ ƭƛǘǘƭŜ ƻǾŜǊ м ƪƎ are dispensed into two specific 

locations along the pot centerline at roughly two-minute intervals.  The change greatly reduced 

greenhouse gas emissions, fluoride emissions, and improved energy efficiency and production, making 

San Ciprián more robust and sustainable.   

The change allowed the plant to end its reliance on wet scrubbing systems that had been essential with 

side-break feeding.  Major investment was made to increase the pot gas scrubbing capacity to capture 

and recover fluorides back into the process.  Prior to 2006, fluoride lost to the roofline had been 

directed to water treatment facilities to neutralize it prior to discharge.  This investment was a net 

benefit to recovery of valuable fluorides and to the elimination of pollutants exiting with waste water. 

New, computer control systems were also installed to improve overall efficiency and aluminium 

production that further reduced greenhouse gas emissions.  The performance numbers and stability of 

the operations became well-recognized by other Alcoa locations. 

Then the global financial crisis hit in 2008/2009.  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 

had eventually shut down; Sabiñánigo, Valladolid, and Potline 1 of Avilés. 

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 50 ϵ/megawatt-hr and peak pricing above 70 ϵ/megawatt-hr, the cost for energy to San Ciprián 

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 Ciprián would 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 for Avilés and La Coruña.  All three of the 

smelters in España were caught between the pincers of high energy costs and low metal prices. 

 



 

Figure 58 - Aluminium pricing trend, note the 2008/2009 global financial crisis impact
[82]

 

When energy prices sky-rocketed in 2021 unconfirmed reports of San Ciprián losing US$20 million per 

year then became unconfirmed reports of losses on the order of US$20 million per month in 2022. 

 

Figure 59 - Average price of electrical energy in España, 2010 – 2023
[83]

 

After years of; negotiations, protests against high energy prices, strikes against the alumina refinery, 

plans to curtail or halt production, and court injunctions against curtailment, an arrangement was 

reached.  The San Ciprián smelter would cease operations for two years and then be re-started.  

Workers would continue to receive pay.  Efforts would be made to acquire affordable, sustainable 

energy during the curtailment period. 

On January 19, 2022 San Ciprián completed an orderly shutdown of the last reduction cells.[84]  During 

the curtailment period ALCOA sought out potential buyers for the smelter.  There were no takers. 



Production resumed on a limited scale on February 14, 2024 on a group of 32 pots.  Coincidentally, this 

mimicked the start-up conditions of January 9, 1979, 45 years earlier.[85]  The estimated, production rate 

of aluminium in España in 2024 had returned to about the level that the country had achieved by 1956. 

Efforts to acquire affordable, sustainable energy had been stymied and delayed.  This kept the smelter 

operating at 1/16th of its production capacity for another year.  On April 1, 2025 a joint venture between 

ALCOA and IGNIS EQT was formed to support the future of operations.[86]  

Efforts then began to re-start the smelter to its full capacity.  Within weeks the unthinkable happened.  

On Monday, April 28, 2025 the entire Iberian Peninsula lost power.  The re-starting of the smelter had 

advanced to the point of having 40 reduction cells in operation.  Power was off for more than 8 hours.  

Fortunately, there were experienced resources on hand who were able to save 11 cells in Line 1 and 4 

cells in Line 2.[87]   

Normally, pots that are without power for more than 4 or 5 hours cannot be saved.  In this case fifteen 

pots did not completely freeze up.  Had they, it would have led to months of delays and the possibility of 

an indefinite pause in the restarting of the smelter.  Having selected the AP14 cell technology, that had 

wide, side channels, during the early 1970s, helped San Ciprián to recover from a desperate situation 50 

years later. 

After the outage, Alcoa took the position that the stability of power supply must be assured before 

resuming efforts to re-start capacity.  This condition was nothing new.  Refer back to the passage on the 

Sabiñánigo smelter plan by Péchiney to operate 30 reduction cells at 18 kA in 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. 

The cause of the power outage was determined to have been a voltage spike that tripped the Iberian 

power grids.  On July 14th, 2025 the resumption of re-start activities at San Ciprián was announced, with 

the completion date moved out until mid-2026.[88]   

España will see the centennial of the primary aluminium industry on August 21, 2025, and will hopefully 

also see the centennial of aluminium metal casting on November 14, 2027.  The hope is that San Ciprián 

will have greater certainty of power supply and be able to complete a full re-start, with hopes of 

returning to profitability by 2027 or 2028 at an energy price of ϵ35 per megaWatt-hour.[89]  [ŜǘΩǎ ǎŜŜ 

what happens.  Vamos a ver. 

Closing Comments 

Similar dynamics in both the USA and España have affected the primary aluminium smelters discussed in 

this document.  Availability of stable sources of abundant, low-cost, electrical energy has been of key 

importance to new aluminium smelting projects worldwide.  The post-Civil War period in España helped 

to spur the growth of the industry between the 1940s and the 1970s.  Commitment to economic 

stability through employment in España has been effective in prolonging inevitable closures when times 

have been tough, but only by a few years. 



Between 1927 and 1955 annual production of aluminium in España never exceeded 5,000 mt.  Then, 

growth of the industry accelerated exponentially, coming very close to 400,000 mt of aluminium 

production in 1981, a barrier which was finally broken in 2007.   

 

Figure 60 - Chronology of primary aluminium production in España, 1927 - 2024 

There was a downturn in production following the global financial crisis of 2008/2009.  High power 

prices then began to quickly erode the foundations of the three remaining aluminium smelters.  Avilés 

and La Coruña were the first to succumb to these economic pressures.  Then San Ciprián was idled in 

January 2022.  The entirety of the primary aluminium industry in España had collapsed in a period of just 

a few years.  A lack of abundant, low-cost, electrical energy was at the heart of the matter. 

In the end, regardless of location, aluminium smelters close for a few reasons: 

1) Energy costs are no longer affordable, or competitive for the production of a global commodity. 

2) Metal prices drop substantially, causing economic loss that cannot be ignored. 

3) Smaller and/or older, labor-intensive assets can no longer remain competitive. 

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

remain competitive.  Prior to 1978 and the establishment of aluminium as a commodity, the service life 

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

type.   {ƛƴŎŜ ǘƘŜ мфулΩǎ ǎŜǊǾƛŎŜ ƭƛŦŜ ƻŦ ŀƭǳƳƛƴƛǳƳ ǎƳŜƭǘŜǊǎ Ƙŀǎ ƳƻǊŜ ǘƻ Řƻ ǿƛǘƘ Ǝƭƻōŀƭ ŎƻƳǇŜǘƛǘƛƻƴ ŦƻǊ 

economic sustainability.  Since this has become the norm, the regions of major development for the 

industry have been in Québec, the Middle-East, India, ŀƴŘ ǘƘŜ tŜƻǇƭŜΩǎ wŜǇǳōƭƛŎ ƻŦ /ƘƛƴŀΦ  ¢ƘŜǎŜ ŀǊŜ 

locations with abundance of electrical energy and/or incentives to sustain aluminium production.  



Ironically, the primary aluminium industry consumes direct current, DC power, but the industry is 

typically serviced by grids providing alternating current, AC power.  Since renewable sources of energy, 

hydroelectric, wind and solar produce DC power one would think this is an advantage for aluminium 

smelters.  It may be, but the power must still be transmitted through AC grids. 

Thermal and nuclear sources ƻŦ ŜƭŜŎǘǊƛŎŀƭ ŜƴŜǊƎȅΣ ŀΦƪΦŀΦ άǎǇƛƴƴƛƴƎ ǊŜǎŜǊǾŜǎέΣ stabilize AC grids, whereas 

DC sources do not άǎǇƛƴέ ǘǳǊōƛƴŜǎ ǘƘŀǘ sustain frequency, at 50 cycles per second in Europe, or 60 cycles 

per second in North America.  DC sources of electrical energy must pass through inverters to convert it 

to AC power.  A concern that was highlighted by the Iberian power outage in April 2025 is that existing 

AC power grids may become destabilized when there are few, spinning reserves on-line to sustain 

frequency and most power generation is coming from renewable, DC sources.   

Should large scale energy storage become a reality it could become a game-changer, especially if 

primary aluminium smelters could be directly linked to sources of direct current as they were during the 

very early years of the industry.   For the moment hydroelectric power dams can act as storage buffers 

for renewable power when water below the dams is pumped back up into the reservoirs during periods 

when power consumption rates and prices are low.  Renewable sources such as wind and solar energy 

do not yet have any such storage possibilities for the power that they generate.      

It remains to be a struggle against the odds for San Ciprián, the only remaining aluminium smelter in 

España.  San CipriánΩǎ technology upgrades helped it to remain competitive prior to high power prices.  

Its co-located alumina refinery has added advantage to the site as well.  But, the smelter began 

operation 46 years ago, which is more than the 38.5 year average for España or the 39.4 year average in 

the USA.  Very few smelting locations have been in operation for more than 50 years without cycles of 

renewal to more modern cell technology.  Long-term, low cost, power rates are typically required for 

such an investment to be considered. 

 

Figure 61 – Service lifespans of reduction cell types in España 
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