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Abstract 

To respond to increasing popularity of aluminum, the aluminum industry has been growing 

and producing more than ever. Alongside the production, a large amount of hazardous waste 

is being generated which is causing problems regarding handling and disposal. The purpose 

of this study is to provide an overview of solid waste processes, compositions and its disposal 

methods. Furthermore, to compare waste processes and identify improvements between the 

Icelandic aluminum smelters; Alcoa Fjarðaál, Norðurál and ISAL. The results suggest that 

considerable differences are in waste management between smelters that can result in more 

waste generation. Spent potlining is a troublesome waste that is a growing concern in the 

aluminum industry today due to its hazards. Recycling methods exist for this waste but 

challenges with expenses, legal complications and transportation have led to failure in 

utilizing these methods. Therefore, motivation is needed from authorities to explore new 

recycling methods. Composition of the waste is a difficult factor since it varies between 

smelters. In addition, most of the waste is lacking chemical analysis because of lack of need 

to conduct such analysis if smelters are using engineered landfills as a disposal method. 

Because of chemical variation, it is increasingly important to classify the waste since it leads 

to more re-use or recycling opportunities. 

 

Útdráttur 

Til að koma á móts við þá aukningu sem hefur orðið á vinsældum áls hefur áliðnaðurinn 

stöðugt verið að gefa í framleiðsluna. Spilliefni er óumflýjanlegur fylgikvilli 

álframleiðslunnar sem skapar á sama tíma vandmál varðandi meðhöndlun og urðun. 

Markmiðið í þessari rannsókn er að útvega yfirsýn yfir úrgangsferla, efnasamsetningar og 

losun úrgangs. Enn fremur verða úrgangsferlar íslensku álveranna þriggja; Alcoa Fjarðaál, 

Norðurál og ISAL bornir saman ásamt því að bera kennsl á tækifæri til úrbóta. 

Niðurstöðurnar gefa til kynna að mismunur er á aðferðum varðandi úrgangsstjórnun hjá 

álverunum sem getur haft áhrif á hversu mikill úrgangur myndast. Kerbrot eru eitt af stærstu 

áhyggjuefnunum í úrgangsmálum álvera í dag vegna hættulegra eiginleika þeirra. 

Endurvinnsluaðferðir eru til staðar en vandamál varðandi lagaumhverfi, kostnað og flutninga 

hafa orðið til þess að þessar aðferðir hafa átt erfitt uppdráttar. Þörf er á hvata frá yfirvöldum 

svo hægt sé að fara markvisst í átt að meiri endurvinnslu. Efnasamsetningar á úrganginum 

eru breytilegar á milli álvera. Þar að auki eru þær oft ekki til, því að ekki er gerð krafa um 

að framkvæma efnagreiningar á efnum sem eru urðuð í flæðigryfjur. Breytileiki á 

efnasamsetningum verður til þess að mikilvægi á flokkun úrgangs eykst því að þá skapast 

fleiri tækifæri til endurvinnslu eða endurnýtingar.  
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1 Introduction 

Aluminum is one of the most abundant metals on the planet and is well-known for its 

characteristics and versatile properties. Due its lightness, it is often used in vehicles to reduce 

weight and energy consumption while increasing load capacity. In addition, the metal can 

be modified in composition to enhance strength. This is a great heat and electricity conductor 

as well as ductile with low melting point and density (AZO materials, 2002). This light metal 

is the second most used metal in the world (Liu & Müller, 2012). The aluminum smelter 

industry has been growing and increasing their production which resulted in 63,404 metric 

tons being produced in the year 2017 ("Primary aluminum production," 2018). The main 

production method is so-called prebake anode system that is widely known as Hall-Herault 

process that includes electrolytic reduction of alumina in cells. This production method also 

produces a lot of waste that is generated at different locations in the process. Large amount 

of waste is being generated yearly despite best efforts to recycle and perform specific control 

measurements. This applies specifically to waste that is considered hazardous which can 

cause serious environmental impact on wild life and underground water systems (Galindo et 

al., 2015). 

The main problem aluminum smelters are facing today, are challenges regarding waste 

generation and disposal methods. The minimum requirement is storing the hazardous waste 

in a storage facility while it waits long-term solution. Some smelters are using engineered 

landfills that are built to neutralize hazardous chemicals and prevent leakage to nature. 

Although this is considered a safe alternative, it can be difficult to guarantee completely that 

no leakage will occur, and it is not a sustainable method. Little is known about long-term 

effect regarding this method and it occupies a lot of land resources. This method is only a 

short-term solution since it will not survive increasing pressure from environmental 

authorities towards more sustainable waste handling (Zhao & Ma, 2018). 

Even though a lot of research and patents have been brought to light that aim for re-use or 

recycling such waste, the problem remains due to strict law environment. Some recycling 

companies exist that can handle this waste, but transportation of hazardous waste is time 

consuming and a very expensive procedure. It requires very thorough documentation on 

safety data sheets, handling instructions and chemical analysis. In addition, a high insurance 

is often required in case of environmental or safety accidents. These procedures are 

important but at the same time, provides low flexibility for new and innovative techniques 

that could provide a more sustainable outcome.   

The Icelandic aluminum industry is one of the largest aluminum smelters in Europe. It 

consists of three companies; Alcoa Fjarðaál, Norðurál and ISAL. Together they produce 

about 870 thousand tons which ranks them in 10th place on the global aluminum market 

("Countries with the largest smelter production of aluminum from 2010 to 2017," 2018). A 

large amount of solid waste is generated from these smelters that needs sensible disposing 

and handling. A case study will be conducted in this thesis that will focus on the Icelandic 

aluminum industry. The purpose of the study is threefold:  
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1. To map the solid waste from the Icelandic aluminum industry; what waste is 

being generated as well as establishing its origin. 

2. Identify differences between waste management at Alcoa Fjarðaál, Norðurál 

and ISAL. 

3. Identify opportunities for improving waste management for each company. 

The results of the case study will compare waste management of the Icelandic aluminum 

smelters. In addition, a holistic overview will be achieved of the Icelandic aluminum industry 

as well as proposed topics for further studies. 

1.1 Method 

The objective of this study was to map the solid production waste from the Icelandic 

aluminum industry, identify differences between aluminum smelters and identify 

improvements for them. To achieve this goal, a literature review was conducted to 

understand the fundamentals of the waste process as well as use it for comparison with 

Icelandic aluminum smelters. In addition, materials that contain information about Icelandic 

waste laws in combination with REACH regulation were reviewed to shed light on waste 

management regulations. Literature searches were accomplished using numerous search 

terms with the aim to find articles that could describe origins of solid production waste in 

aluminum smelters. Search engines like Web of Science and Google where used to find 

articles that were useful in this study. In the beginning, articles were found that described 

basic aluminum productions and consequently, the search extended to solid waste until 

information was gathered that covered all waste categories and waste regulations.  

The next step was to conduct a case study of the Icelandic aluminum industry where real 

data was gathered. The data came both from official documents like green accounting reports 

as well as other non-public materials and information from the aluminum smelters; Fjarðaál, 

Norðurál and ISAL. A comparison was made between the smelters along with literature to 

identify differences between processes, waste generation, its origin, and chemical 

compositions. 
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2 Background 

The following subsections contain literature review on aluminum production and the solid 

waste that is generated in the manufacturing process. In addition, they contain information 

regarding material flow of waste as well as a summary of waste regulations.  

2.1 Aluminum production 

The Hall-Herault process is used by all three aluminum companies in Iceland. The smelting 

process produces liquid aluminum by the electrolytic reduction of alumina (Al2O3) which is 

dissolved in molten cryolite (Na3AlF6) and aluminum fluoride (AlF3) bath. This process is 

very energy intensive because the aluminum (Al) is formed at approximately 950°C 

(Lochner, Munster, Hounsome, & Burns, 2002). Because of extreme heat, the molten bath 

is stored in pots that form a long pot line inside the pot room. Each pot represents a large 

electrolytic cell. Preferably, the pots are kept in continuous production because of the risk 

that the molten bath will solidify if the temperature decreases (Kvande & Drabløs, 2014).  

In initial stages, the pots are prepared in the pot shop. They are made of steel but have 

insulating layers of refractory materials to contain heat and prevent damages on the steel 

frame. The pots have outer layers of cathodes that are exposed to the molten bath and the 

insulating materials are referred to as potlining. Carbon anode blocks, made of petroleum 

coke and pitch, are placed into the bath to conduct electricity into the pots. Oxides have a 

reaction with the carbon anodes and slowly consume them by formation of carbon dioxide 

(CO2) over the period of 28-30 days (Kvande & Drabløs, 2014). After the anodes have been 

consumed, their leftovers, so-called anode butts, are transferred to the anode plant for 

cleaning and re-processing. During production, the pots are closed to minimize the risk of 

gases like carbon dioxide, sulphur dioxide (SO2) and fluorides (F) being released into the 

pot room (Norðurál, 2017). Gases are instead absorbed into the gas treatment center where 

fluoride emissions are recycled with the alumina and directed back into the pot before the 

gas enters the atmosphere (Fjarðaál, 2018). Figure 2.1 shows the operation flow of a typical 

aluminum plant. 
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Figure 2.1 Operation flow diagram of a typical aluminum plant. 

 

The diagram shows how alumina is pumped to a silo which directs it to the gas treatment 

center. The gas treatment center sends the alumina to the pot room where it blends with the 

electrolyte inside pots. During production, emissions and dust derive from burning anodes 

in the electrolyte is directed to the gas treatment center. Most of the alumina is recycled in 

the gas treatment center and is directed back into the pots. Emissions however, are released 

into the atmosphere. The average lifetime of the pots is 5-7 years, but it can be significantly 

shorter if unexpected failures occur. When a pot reaches its end life it is transported to the 

repair shop where the spent potlining is separated from the steel frame. The steel frame is 

then transported to the pot shop where it is prepared again for production and the circle 

continues. The pot room is also connected to the anode rodding shop since all anode leftovers 

are sent there while the pot room receives new anodes for production. When the aluminum 

is ready for casting, it is pumped out of the pot in the pot room. It is transported to the cast 

house where the it is blended with additives and placed in ovens. The additives are mixed 

with the metal and the composition of the alloy depends on what product is being produced. 

When the metal has reached its ideal temperature, it is poured into casting molds and 

gathered in a container that is transported to buyers (Norðurál, 2017).  

2.2 Production waste 

Pollution from electrolytic cell solid waste can cause great harm in case of improper 

handling. Contamination of surface water and underground systems can arise if dangerous 

waste is landfilled in an open pit (Zhao & Ma, 2018). Due to environmental hazards, the 

aluminum industry is facing more pressure from the government and society to operate in 

more sustainable matter. It is nowadays prohibited in Europe to dispose of hazardous waste 

in landfills from the aluminum industry without any special treatment (Shinzato & Hypolito, 

2005).  
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Aluminum smelters must act in accordance with storage and pollution standards that are 

supervised by local environmental agencies. Green accounting for example, is mandatory in 

Iceland. Companies that need operating licenses and are generating waste need to publish 

reports every year. They contain an environmental overview for the recent year in terms of 

material usage, hazardous waste generated, waste disposal and emissions. It can provide a 

holistic view on waste management and establish the company’s environmental policy. 

Legislations regarding disposal methods vary between countries but generally the minimum 

requirement today is keeping the waste in storage at the site. This method is only a temporary 

solution since the waste stock piles and waits for other disposal methods. Some countries 

allow a secure landfill method for their hazardous waste. The landfill must be composed of 

layers to prevent the leakage of hazardous chemicals into the environment and water supply 

systems. This method takes up a lot of land and certain dangers occur if the landfill is not 

correctly treated. This is generally considered a short-term solution since the method will 

most likely not adapt to stricter environmental requirements and sustainable development 

(Zhao & Ma, 2018).  

There are several industries the can re-use or recycle this hazardous waste. Although the 

technology is available, the drawback however is that transportation is generally needed, and 

the process is very time consuming and expensive. This applies specifically to Iceland since 

there are no recycle-facilities operating on the island. That forces the Icelandic aluminum 

industry to transport the waste overseas or use the landfill method.  

2.2.1 Anode butts 

During the electrolysis, several anodes are placed in a cell and are consumed. Each anode 

has a surface area about 1 m2 and is dissipated at a rate of 10 cm per week. As a result, anode 

changes are executed on every 28–30 days. The anodes are not consumed entirely in the cell 

because the yoke stubs would contaminate the aluminum melt. Collar paste is a material that 

is often used around the yoke stubs to extend the anode life cycle (Fischer & Perruchoud, 

2014). This material is classified as hazardous since its main ingredient is coal tar pitch. 

According to the European Chemical Agency, usage of this material will be banned 2020 

from Europe (ECHA, 2018).   

When the anodes have been consumed to approximately one fifth of their size, their remains 

are called anode butts. They are moved to the anode rodding shop where they go through a 

cleaning process to remove the electrolyte and the alumina. Afterwards, they are crushed 

and used as a raw material in the production of new anodes (Kvande & Drabløs, 2014). 

2.2.2 Spent potlining 

Spent potlining contains several fluoride compounds and small but critical amount of 

cyanide and is therefore, classified as hazardous waste in many regulatory jurisdictions. 

Modern aluminum smelters are producing around 25 ± 15 kg of spent potlining per ton 

aluminum (Martin, 2018). Some studies have even claimed that the amount can go up to 50 

kg of spent potlining per ton of aluminum (Mikša, Homšak, & Samec, 2003). These 

chemicals form when the anode lining becomes impregnated with the molten bath of 

cryolite, mainly from the reaction between nitrogen and carbon in the presence of sodium in 

high temperature (Pong, Adrien, Besida, O’Donnell, & Wood, 2000). The exact composition 
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of spent potlining differ from one production to another because of variability in pot lining 

materials, lifetime of the pot and dismantling procedures (Yu, Mambakkam, Hernandez 

Rivera, Li, & Chattopadhyay, 2015). Table 2.1 shows the general composition of spent 

potlining. The chemical reaction in the cell can result in formation of numerous fluorides, 

nitrides and cyanides (Martin, 2018).   

 

Table 2.1 General composition of spent potlining (Pong et al., 2000). 

Component Range (wt %) 

Fluorides 7.5 – 22 

Sodium 8.6 – 22 

Aluminum 7 – 22 

Carbon 13 – 69 

Alumina 9.2 – 26 

Cyanide 0.04 - 0.6 

Silica dioxide 0.7 - 10.9 

Iron oxide 0.3 - 2.8 

Calcium 0.5 – 6.4 

Sulphate 0.1 – 0.6 

Magnesium 0.01 – 0.17 

Lithium 0.46 – 0.57 

Phosphorous 0.0005 - 0.003 

 

In the past, spent potlining was disposed in landfills without any special treatment which 

raised substantial concerns due to risk of leakage to underground water systems (Cooper, 

2014). Due to the presence of fluorides and cyanides in spent potlining, there is a risk of 

flammable reaction or even explosions if it is exposed to water. Furthermore, any wetting of 

spent potlining will cause alkaline leachate and release small quantities of ammonia (NH3) 

and phosphine (PH3). With more environmental regulations from governments, the 

aluminum smelters are facing challenges with increasing expectations to find substitutes to 

landfilling (Cooper, 2012). 

Spent potlining contains about 50% refractory materials such as cement and bricks, and 50% 

carbon anode. Ramming paste or coal tar pitch are commonly used by aluminum smelters to 

insulate the refractory materials and the carbon anode. Each pot contains several tons of 

ramming paste which has raised concerns regarding emissions that derive from the 

densification operation. These emissions originate from the binder of the ramming paste 

which is mainly based on coal tar pitch. This material raises concerns since it releases 

polycyclic aromatic hydrocarbons (PAH) that is mostly considered as carcinogenic. This 

operation is considered the most dangerous part of the lining structure because operators are 

exposed to these emissions. Other lining materials like cement and bricks are not considered 

as hazardous since they have been heat treated or are not classified as carcinogenic (Allard, 

Paulus, & Billat, 2011). Ramming paste products are required for enhanced operation and 

extended pot life if the insulation lining is properly arranged inside the pot. The installation 

is a complicated procedure that can result in technical and quality issues along with health, 

safety and environmental concerns (Allard, Tawfik, & Kumar, 2016). Lately, there have 

been developments in environmental friendly ramming pastes that have given promising 
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results (Allard et al., 2011; Allard et al., 2016; Min Zhou, Tian, Xie, Xing Li, & Hua Yu, 

2011). 

The hot molten cryolite bath will reach the lining with time and it will lead to failure of the 

pot. Typical average lifetime for a modern cell is about 5-7 years (Fleer, Lorentsen, Harvey, 

Pálsson, & Saevarsdottir, 2010). When the pot reaches its end-life it is broken down into 

pieces in the repair shop. The broken parts of spent potlining can be divided into 1st, 2nd and 

3rd cuts as shown in Figure 2.2.  

 

 

Figure 2.2 Vertical slice through a pot from Søral in Norway (Sörensen, 2009). 

 

As an example, a 43.910 kg spent potlining would be divided into the 1st cut layer (about 

18,560 kg), the 2nd (about 16,860 kg) and 3rd (about 8,490 kg). The 1st cut layer is the top 

layer that is next to the cryolite bath and contains high amount of carbon and the 2nd and 3rd 

cut layers contain much lower carbon but have instead more of aluminum and silicon 

(Sörensen, 2009). Table 2.2 shows roughly the composition of main ingredients in each cut 

of spent potlining.  

 

Table 2.2 Composition of each spent potlining cut (Sörensen, 2009). 

Component (wt %) 1st cut 2nd cut 3rd cut 

Carbon 55 – 60 6   

Fluorine 15 12 1.5 

Sodium 12-15 10 13 

Aluminium 5 18 4 

Silicon   18 31 

 

The pieces vary from fine dust to big blocks of up to one meter and the chemical 

compositions are different as the pieces are collected in the same pile of spent potlining. This 

variety has caused problems when trying to re-use the spent potlining in other industries 

because it is difficult to estimate the exact composition and size. However, spent potlining 
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has some beneficial factors to consider as it contains several valuable chemicals. It contains 

carbon that has graphitized at 800 - 900 °C for several years and that is considered a very 

valuable resource.  

Number of methods have been studied that either recover valuable chemicals or detoxify the 

spent potlining to dispose of it in a secure matter. For example, a study was conducted in 

China that used chemical leaching to recover carbon and cryolite from spent potlining (Shi 

et al., 2012). ISAL opened a new spent potlining treatment plant in Québec, Canada in 2008 

that was meant to treat 80,000 tons per year of spent potlining. Their method is based on 

low-caustic leaching and liming process. This process involves leaching of fluorides and 

cyanides and reclaims valuable by-products like carbon, fluoride in the form of sodium 

fluoride or calcium fluoride and a concentrates caustic solution. This method has given 

promising results but in 2014 about 94,000 tons of carbonaceous by-products were 

recovered, 48,000 tons of calcium fluoride and 30,000 tons of caustic solutions (Martin, 

2018). 

Another material found in spent potlining is silicon carbide. This material is an interesting 

engineering material because of its abrasiveness and resistance to reduction. It can be 

produced from spent potlining and could possibly be used as a future lining material in pots. 

Thus, closing the loop back to the aluminum industry. Spent potlining can also be used as a 

raw material to produce silicon carbide bricks. It requires crushing of the waste and adding 

silicon carbide at high temperature which destroys the toxins fluorides and cyanides (Yu et 

al., 2015). The Reynold’s detoxication process detoxifies spent potlining by destroying 

cyanides at extreme heat and utilizes limestone to fix fluorides. This process creates a solid 

that is suitable for landfill (Pong et al., 2000). The Regain SPL process is another method 

that does not leave waste. It includes phases like preparation of sorting, treatment and 

product manufacture. The treatment involves chemical processing and heat treatment of 

prepared spent potlining to eliminate hazardous substances. As a result, the by-products are 

used in energy intensive markets like the cement industry (Martin, 2018). The drawbacks 

however, are transportation problems due to hazardous waste regulations, high energy and 

temperature requirements and the process can be time consuming and often costly. These 

methods can without difficulty amount to 1,000 US$/t which has made them impractical 

(Øye, 2017).  

Other ways of utilizing spent potlining without a treatment process are available. Spent 

potlining can be used as a fuel in iron making processes due to its high carbon composition. 

It could replace part of the fuel that is being and therefore save energy. The limitation 

however is that only the 1st cut spent potlining would be useful, so alternative solutions 

would be necessary to utilize other parts of the lining (Flores, Fraiz, Lopes Junior, & 

Bagatini, 2017). The cement industry has been most successful in spent potlining utilization 

without adding leftover materials. The carbon content is beneficial as a fuel substitute, 

refractory parts are a great source of silicon dioxide (SiO2) and alumina. Fluorides are 

favorable in the clinker reaction because of the possibility to run the process at a lower 

temperature. Cyanides are not a problem because they are destroyed due to process 

temperature. The sodium content however, creates a problem since the cement industry aims 

at low sodium cement. They also need the composition as consistent as possible and without 

aluminum fragments because they can be destructive in the finished cement. In addition, not 

much information is available about any kind of long-term effect (Øye, 2017). Also, it has 

limited due to hazards correlated with spent potlining and regulatory constraints (Cooper, 

2014). 
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2.2.3 Aluminum dross 

Aluminum dross is a semi-solid mixture that is generated in aluminum melting furnaces. A 

large amount of dross is generated because of the metal capacity to become oxidized during 

its fusion (Shinzato & Hypolito, 2005). Dross is considered hazardous since contact to water 

can result in flammable and toxic gases. It is a miscellaneous combination of large lumps, 

fine oxides and small pieces of metal. Aluminum dross contains free-metal and non-metallic 

substances like aluminum oxide and salts. The free-metal content varies due to numerous 

factors like the composition of the molten alloy, how thoroughly the skimming of the melt 

was performed, the fluxing and the cooling process. Other substances like aluminum nitrides 

and carbides as well as metal oxides that are formed from the molten alloy can also be present 

(Manfredi, Wuth, & Bohlinger, 1997). Table 2.3 shows a general composition of aluminum 

dross. The main ingredient is aluminum oxide with 64.4% of the total composition. Other 

chemicals can vary between smelters.  

 

Table 2.3 Composition of aluminum dross (Hong et al., 2015). 

Compound General value (wt %) 

Aluminum oxide 64.4 

Silicon dioxide 7.4 

Magnesium oxide 6.4 

Sodium oxide 6.2 

Clorine 5.8 

Calsium oxide 2.7 

Ferric oxide 2.5 

Titanium dioxide 1.5 

Others 3.1 

 

Dross is typically classified by their metal content. Dross with very high aluminum content 

or more than 90% are called skimming. Other types of dross that have aluminum content of 

around 30-80% aluminum, are referred to as white dross. Dross with high metal content 

usually occur as a solid material in large lumps or blocks. Low quality dross contains around 

5-20% of aluminum and is referred as black dross (Shinzato & Hypolito, 2005). Black dross 

generally occurs when scrap is re-melted with salts in a furnace (Manfredi et al., 1997). 

Dross that has high content of aluminum is very valuable for the aluminum industry. They 

are therefore, recycled where the aluminum in recovered and re-used in production. There 

are several methods that recycle aluminum dross, but the problem lies in the secondary 

waste. Two common secondary wastes generated from aluminum dross are salt slag and non-

metallic products (NMP) which are further described in the following chapters. 

2.2.4 Salt slag 

Salt slags appear when a blend of sodium and potassium chloride are applied to cover the 

molten metal to hinder oxidation, increase yield and thermal efficiency. Salt slags are 

produced in a rotary furnace and the quantity differs as it depends on the type of the material, 

the furnace and level of contamination of the aluminum (European commission, 2001). 

Table 2.4 shows a typical composition range of salt slag. Aluminum is found in low 
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quantities while various oxides and sodium chloride takes up most of the composition. 

 

Table 2.4 Composition of salt slag (Buntenbach, 2013). 

Component General value (wt %) 

Metallic Al 5 

KCl 15 

NaCl 24 

Oxide 55 

Other salts 1 

 

The amount of salt slag produced per ton of aluminum dross depends on the raw materials 

and can range between 200-500 kg. It is classified as hazardous waste and landfill disposal 

is forbidden in many European countries (Tsakiridis, 2012). The salt slag contains about 8-

10% of metallic aluminum. It can be recovered along with the sodium and potassium 

chloride by using separation and crystallization processes. The outcome would be metal 

concentrates that can be used as raw material, secondary oxide products and salts that would 

be used as flux in metal processes or as agricultural fertilizers (Befesa, 2018). 

2.2.5 Non-metallic product 

Non-metallic product (NMP) is generated through salt free aluminum dross recycling 

processes. The amount of NMP can vary between recycling methods and dross compositions 

but a general amount is about 500 kg per ton of dross. NMP waste comes from the oxide 

portion of the dross and is a greyish powder. It contains mainly alumina with changeable 

amounts of magnesium oxide and other compounds that depend on the alloy composition 

(Unlu & Drouet, 2002). Table 2.5 shows a general composition range of NMP where 

aluminum oxide is the main substance and loss of ignition, is around 6.21% at 1000 °C, of 

the total weight.  

 

Table 2.5 Composition of NMP (Bajare, Bumanis, & Korjakins, 2014). 

Compound General value (wt %) 

Aluminum oxide 63.19 

Silicon dioxide 7.92 

Carbon oxide 2.57 

Sulfur trioxide 0.36 

Titanium dioxide 0.53 

Magnesium oxide 4.43 

Ferric oxide 4.54 

Sodium oxide 3.84 

Potassium oxide 3.81 

LOI, 1000°C 6.21 

 

NMP is classified as hazardous waste and is usually disposed in landfills (Shinzato & 

Hypolito, 2005). Due to the composition variability it has been difficult to find alternative 
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solutions. It is challenging to use this waste as raw material for industrial purposes because 

of difficulty to estimate the exact content. Other challenges are due to toxic nature of NMP 

since it emits flammable gases in dangerous quantities when in contact with water. Research 

has shown some potentials of using NMP in concrete bricks. For that to be possible, the 

NMP needs to be washed with water to eliminate the remaining soluble salts and gas 

production, and dried. (Shinzato & Hypolito, 2005). Another use for NMP could be as a raw 

material for production of expanded clay aggregates. This method requires heat treatment 

for the NMP at a higher temperature than 1100°C. As a result, the toxic nature of NMP is 

removed but the drawback is however that hazardous components are transformed into new 

ones (Bajare, Korjakins, Zakutajevs, & Voroneko, 2010). 

2.2.6 Electrolyte 

The electrolyte contains cryolite and the mineral type of calcium fluoride named fluorspar. 

Cryolite is a mineral that was found in large quantities in Greenland. Nowadays, cryolite 

must be made since it was mined extensively early in the twentieth century. This substance 

can be produced by reaction of hydrofluoric acid with alkaline sodium aluminate solution. 

The molten cryolite in the cell is electrolyzed to create metallic aluminum (Kvande & 

Drabløs, 2014). Furthermore, some additional aluminum fluoride exists in the electrolyte 

(Fleer et al., 2010). The electrolyte is generally re-used in the production process which leads 

to closing of the aluminum cycle. 

2.2.7 Dust 

In aluminum production, a variation of dust formation is present at many locations. If not 

controlled, it can lead to problems regarding cell performance, pollution in the environment 

and safety of operators. The formation of dust is, for example, in the following locations:  

• Alumina dust from treatment operations  

• Coke dust from coke handling 

• Various dust from cells that contains sulphur and carbon 

• Carbon fines from baking furnaces 

• Coke dust and tar from the anode rodding shop 

• Carbon dust from cleaning station 

Composition of the dust differs between origin but it is often contaminated with alumina and 

fluorides (World Bank, 1998). Impure dust is classified as hazardous and causes problems 

regarding disposal. Dust is mainly formed when the anodes burn in contact with air or CO2 

and it contaminates the electrolyte. The quantity of the CO2 burn depends on anode reactivity 

and permeability (Fischer & Perruchoud, 2014). The dust degrades the performance of the 

cell as the carbon particles increase resistivity of the bath. Other sources of dust are present 

in the pot room like wear of cathode and ramming paste. These fine particles are emitted in 

the air to the gas treatment center.  

The gas treatment center has two main purposes. It feeds alumina to the electrolysis process 

in the cell as well as receiving gas and dust which is treated in the system. The alumina is 

used to clean fluorides from gas that derives from the cell and the dust is collected in filter 

bags. This procedure removes more than 99.8% of the total fluoride emissions (ISAL, 2018). 

The dust along with alumina, which is fluoride enriched, is removed through fabric bag 
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filters and returned to the electrolytic process (Paulin, Donik, & Jenko, 2009). This 

minimizes particles and fluoride emissions that are released into the environment. The 

quantity of carbon dust depends on factors like anode quality, cell design and general 

operating conditions. There is a significant amount of dust formation when the electrolyte 

has not wetted the carbon enough due to low alumina levels. Most of the carbon dust burns 

at the electrolyte’s surface while operators skim of the remaining part. The skimming 

generally amounts to 20-40 kg per ton aluminum (Thonstad, 2015). 

Carbon dust is also collected in other parts of the pot room. It is a fine particle dust that is 

contaminated with dirt and other chemicals like alumina and fluorides. These particles are 

emitted in the air and fall on floor and other surfaces. It is gathered through dust collectors 

and sweepings in the pot room area. A composition variability exists in this dust since it is 

contaminated and is therefore very difficult to make use of it. This dust is considered as 

hazardous waste and is usually collected in bags before it either ends up in landfill or kept 

in storage until further usage is clear.  

In the anode rodding shop the anode butts are moved to cleaning station to recover crust and 

electrolyte. The reclaimed bath and crust is re-used in the cells while the carbon is sent to 

the anode manufacturer for recycling into new anodes. Certain amount of carbon dust is 

generated during this procedure (Trejo, Vasconcellos, & Mesquita, 2007). Some of the dust 

is rather pure carbon and can be recycled with new anodes, while the dust generated on 

earlier cleaning stages is more contaminated and therefore, less possibilities for re-usage. 

This type of carbon dust is classified as hazardous waste since it contains 80% of carbon 

with a range of inorganic substances like silica, alumina, fluoride and iron oxide. Far more 

dust is being produced than what can be recycled. In some cases, it just accumulates and is 

a constantly growing problem (Environmental protection authority, 2001). 

2.2.8 Other wastes 

Other wastes are present in the aluminum smelter production. This is a waste that is 

generated through general operations and maintenance. They are considered as minor since 

they are either irregular or have much lower quantities. These are for example: 

• Metal scrap 

• Steel slag and sand 

• Molds and pipes made of cast iron 

• Used conductors and other metal waste 

• Minerals and gravel 

• Linings from crucibles and bricks 

Steel slag forms when the anode rodding shop furnaces are being skimmed for this 

attachment. Steel sand is then used to clean the rods. Linings from crucibles and ovens are 

bricks and refractories that have been in touch with the electrolyte. They often contain 

fluorides and alumina and are therefore, classified as hazardous. The metal scrap is an 

irregular waste that occurs in all locations of the production and is generally recycled with 

local recyclers. Other incidental waste is used conductors and other metal waste that is 

generated through manufacturing operations.  
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2.3 Material flow 

A large amount of waste is being generated from the aluminum industry which is largely 

based on emissions, anodes butts and electrolyte. To provide an overview on the total 

generated waste in kg that derives from every ton of aluminum produced, general values 

from literature was gathered in Table 2.6.   

 

Table 2.6 Materials and waste per ton aluminum produced (International Aluminium 

Institute, 2007). 

Component (kg/ton) Amount 

Alumina 1,923 

Aluminum fluoride 16.4 

Anodes 435 

Anode butts 87 

Cathodes 8.0 

Refractory materials 5.4 

Carbon waste 4.7 

Electrolyte 1000 

Spent potlining 10 – 40 

Dross 13.3 

    Salt slag 2.6 – 6.5 

    NMP 6.5 

Dust from pot room 23.3 

Dust in air 3.7 

Carbon dioxide (eq) 1,557 

Sulphur dioxide 14.9 

Fluorides 1.0 

Other emissions 3.4 

 

Emissions are the largest category but on average 1,576 kg are being released into the 

atmosphere from every ton produced. Anode butts are 16.7% of the total anode volume. 

Anode usage is about 0.44 tons per ton aluminum produced and alumina is about 1.92 tons 

per ton of aluminum produced (International Aluminium Institute, 2007). Figure 2.3 shows 

material flow diagram from a modern aluminum smelter in kg per ton aluminum.  
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Figure 2.3 Material flow diagram of a general aluminum production (International 

Aluminium Institute, 2007). 

 

The total inflow is 2,387.8 kg per ton while the outflow is 2,733.3. The difference can be 

considered as normal since the inflow takes only main material usage that is needed in 

aluminum production. This process generates emissions, air dusting and carbon waste along 

with the aluminum. Dross and skimming are being generated from the aluminum while the 

casting process is going on. Depending on recycling process, the dross generates either salt 

slag or NMP. The anodes, along with burning in the electrolysis, generate anode butts. The 

anode butts generate carbon dust and by-product during their cleaning process. Finally, the 

cathodes, along with refractory materials, generate spent potlining. No data was available 

for carbon by-product and electrolyte that is not recycled in the system. 

2.4 Waste regulations 

Producing aluminum requires thorough chemical control with assistance of laws and 

regulations. The main objective of such control is to ensure minimal effect on society and 

the environment. This is done by examining if the chemicals fulfill requirements from local 

authorities as well as international regulations like REACH (Umhverfisstofnun, n.d.-b). 

REACH regulation came into force in Iceland in June 2008 and it provides accessible 

information for the public about chemicals that are in products and materials. The European 

chemical agency (ECHA) is responsible for the implementation of the regulation. This 

includes registration of data, evaluation of proposal for testing of materials and whether 
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registration data are sufficient. In addition, ECHA supervises the implementation of 

licensing, education and guidance for industries and governments. In Iceland, the 

environmental agency is responsible for communication, assisting in registration and 

monitoring compliance with REACH regulation (Umhverfisstofnun, n.d.-a).  

REACH stands for registration, evaluate, authorization and chemicals, which are the steps 

in the procedure the manufacturing industry, along with importers, have to comply with. 

Their responsibility is to provide information about chemical characteristics, usage, hazards 

and safety handling procedures according to REACH. The registration phase includes the 

registration of substances that are imported or produced in quantities that exceed 1 ton per 

year. The registration must provide information on the effects on the environment, human 

health and safe handling. Evaluation is the next phase where the Icelandic environmental 

agency along with ECHA evaluate the need for new tests on the substance. Some substances 

go through a special evaluation process that is built in their risk assessment. The results from 

the assessment may lead to the substance being either banned or subject to authorization. 

The authorization phase includes the evaluation of the hazardous chemicals. Authorization 

will only be granted if certain criteria are met, such as avoiding excessive exposure to the 

environment or if other non-hazardous substances cannot be used instead. Lastly, the 

chemical phase includes the monitoring of REACH to achieve the objectives of the 

operation. With the entry into the REACH regulation, responsibility is shifted from 

authorities to industries. Companies are therefore required to register and conduct risk 

assessments of produced and imported substances. However, authorities still supervise 

REACH by providing information, education and assistance if needed (Umhverfisstofnun, 

n.d.-a).  

The environmental agency supervises aluminum smelters and provides requirements that are 

needed for operating licenses. They conduct inspections along with other general chemical 

controlling procedures. Example of factors that the environmental agency inspects regarding 

chemical control are, for instance, to check if the substance is registered according to 

REACH regulation and if rules are followed regarding authorization. In addition, the agency 

also inspects if rules on bans and limitation of chemicals in REACH are followed, if safety 

data sheets are accurate and available and if hazardous waste storage and control fulfill 

requirements (Umhverfisstofnun, n.d.-a).  

Opportunities are available for recycling the production waste from aluminum smelters. 

What could benefit aluminum smelters, would be to fulfill REACH requirements and then 

be able to categorize the waste as a product. By doing so, the waste could be moved across 

international borders in a more cost-effective way. For the waste to be considered as a 

product, certain criteria must be fulfilled. Icelandic laws use REACH regulation to assist in 

evaluation if the end-of-waste criteria is met. Four criteria must be fulfilled so the waste will 

no longer be categorized as waste (Alþingi, 2018; European commission, 2016): 

• The substance or object is used for special purposes. 

• There is existing market or demand for the substance or object 

• The use is lawful 

• The use will not lead to overall adverse environmental or health impacts. 

According to Icelandic laws, companies are obligated to first apply for advisory opinion with 

the environmental agency (Umhverfis- og auðlindaráðuneyti, 2015). The environmental 
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agency will eventually make the final decision if the waste will be categorized as a waste or 

a product by considering the four criteria listed above. 
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3 Results 

The subsections here below list waste management operations for each aluminum smelter. 

They will start with processes at Fjarðaál along with material flow of their operation. 

Afterwards, the data for Norðurál and then ISAL will be listed in the following subsections. 

The chapter will end with comparison between smelters and literature. The comparison will 

focus on waste processes, amount of generated waste, material flow and chemical 

compositions.  

3.1 Alcoa Fjarðaál 

Alcoa Fjarðaál is the largest aluminum smelter in Iceland and it has been operating since 

2007. Alcoa Fjarðaál produces high quality aluminum and aluminum alloys that are used in 

variety of products worldwide. For instance, their aluminum is used in the automobile 

industry, airplanes, electric cords and so forth. Alcoa Fjarðaál is the newest smelter and was 

built as one of the most modern and technologically advanced smelters in the world (Samál, 

2015). Their production capacity is up to 360,000 tons per year with 336 cells. This smelter 

has ambitious environmental goals that aim at recycled waste and non-landfill policy. Figure 

3.1 shows the waste flow at Fjarðaál. 

 

 

 

Figure 3.1 Waste flow diagram at Alcoa Fjarðaál 

 

The smelter sells waste to recyclers that contains aluminum but in other cases, they need to 

pay for recycling. Legal complications are sometimes present during this process. There are 

examples of recyclers that could pay for the waste but can only receive by-products not waste 

according to their legal environment. 
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3.1.1 Processes  

Each cell consists of 40 anodes and they are consumed in the electrolysis during production. 

Anode changes are every 32 hours where two anodes are replaced each time. When the anode 

butts are retrieved from cells they are driven to the anode rodding plant where the they go 

through a cleaning process. The butts are removed from anode rods and are crushed into a 

container while the rods go through a cleaning and repair process. The container is 

transported to the on-site port. The crushed butts are transported to Norway in a ship where 

they will be used for production of new anodes. Contaminated anodes that cannot be cleaned 

are sent to England with other gray dusts. Increased cost follows this process since Fjarðaál 

needs to pay for recycling. Grey dust is used as a fuel for the cement industry after recycling. 

The Alcoa Fjarðaál’s port also receives new anodes from Norway. They are transported to 

anode rodding shop where anodes are attached to anode rods in furnaces. This process 

generates iron slag while skimming in the furnace. The iron slag is collected and shipped to 

England where it is recycled and used as an additive for the cement industry.  To recycle the 

iron slag, Fjarðaál must pay recyclers for receiving the waste so there is increased cost 

regarding transportation and recycling. Table 3.1 shows a typical composition range of iron 

slag from Fjarðaál. After this process, the anodes are ready for the electrolysis and await 

until the pieces are placed into the cell and the cycle continues.   

 

Table 3.1 Alcoa’s Fjarðaál composition of iron slag 

Component Range (wt %) 

Iron 30 – 65 

Silica, crystalline cristobalite 6 – 30 

Metal ferrites 0 – 18 

Metal silicates 3 – 10 

Manganese sulfide 0 – 13 

Silica, crystalline quartz 1 – 9 

Aluminum oxide  1 – 6 

Cryolite 0 – 5 

Ferric oxide 1 – 3 

 

Spent potlining is a large portion of the production waste at Fjarðaál. Their cycle starts at 

the workshop where the steel frame is prepared for the production. Refractories and bricks 

are lined up against the frame to protect it from the heat. Carbon cathodes are then placed on 

top the refractories as a second layer and coal tar pitch is used to insulate. This process 

generates pot cell cutouts that is collected in a container. This waste is sent overseas and 

used in the cement industry. Increased cost accompanies this waste process because Fjarðaál 

must pay for recycling and transportation. Aluminum skimming or crust residues are 

collected from used pots in the pot shop. They have high aluminum content and are re-used 

at their facility. Table 3.2 shows a composition range for skimming that is collected in this 

process.  
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Table 3.2 Alcoa’s Fjarðaál composition of skimming from pot shop. 

Component Range (wt %) 

Aluminum 90 – 95 

Aluminum oxide < 2.8 

Cryolite < 3 

Disodium oxide < 0.2 

Other: CaO, Fe2O3, SiO2, MgO, K2O  < 0.1 

 

When the cell is ready, it is taken to the pot shop to be inserted into the production and will 

remain there for next few years. The cells average lifetime at Fjarðaál is 2400 days and the 

composition of their spent potlining depends on the cells lifetime. When the lining fails 

during electrolysis, the cell is transported to the repair shop where it is placed horizontally 

on the floor. A caterpillar excavator with pneumatic drill is used to break the lining since the 

materials are very hard because of its long time in electrolysis. Alcoa Fjarðaál classifies the 

spent potlining after 1st cut and 2nd cut. Table 3.3 shows the chemical compositions of 1st cut 

spent potlining in Fjarðaál.  

 

Table 3.3 Alcoa Fjarðaál’s composition of 1st cut spent potlining 

Component Range (wt %) 

Carbon 40 – 60 

Cryolite 15 – 24 

Aluminum oxide 5 – 15 

Sodium aluminate 5 – 10 

Silica, amorphous 2 – 10 

Sodium hydroxide 2 – 5 

Aluminum fluoride 2 – 5 

Aluminum 1 – 3 

Silica, crystalline quartz 0 – 5 

Iron oxide 0 – 5 

 

When the initial breaking begins, the 1st cut parts are collected in a special container. The 

process is repeated for the 2nd cut parts. Table 3.4 shows the chemical composition for 2nd 

cut spent potlining. Once the spent potlining is completely removed, the steel frame 

undergoes a repair process. It is transported back to the workshop where the cycle continues.
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Table 3.4 Alcoa Fjarðaál’s composition of 2nd cut spent potlining 

Component Range (wt %) 

Silica, amorphous 35 – 40 

Aluminum oxide 18 – 35 

Cryolite 5 – 24 

Iron oxide 5 – 20 

Silica, crystalline, cristobalite 0 – 20 

Carbon 0 – 5 

Sodium aluminate < 2 

Sodium fluoride 1 – 3 

Sodium hydroxide < 1 

Cyanides < 0.1 

 

The spent potlining is transported in containers to the on-site port where it will be shipped 

overseas. This waste goes through a recycling process in England where the 1st cut is used 

as a fuel for energy intensive industries and the 2nd cut is used for cement and brick 

production. Fjarðaál pay for recycling for this waste so there is increased cost regarding 

recycling and transportation. Figure 3.2 shows how the spent potlining operations occur at 

Fjarðaál. 

 

 

Figure 3.2 Flow diagram of spent potlining at Alcoa Fjarðaál 

 

Fjarðaál produces around 940 tons of aluminum every day. When the aluminum is ready for 

casting, it is pumped from the cells to a crucible for casting in the cast house. The aluminum 

is blended with additives that depend on which product is being manufactured before it is 
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molded in furnaces into bars. This process produces firstly an aluminum product that is 

shipped to clients and secondly, aluminum dross. In Fjarðaál, the aluminum dross is 

categorized into dross with less than 90% aluminum content as shown in Table 3.5 and 

skimming that contains more than 90% aluminum.   

 

Table 3.5 Alcoa Fjarðaál’ s composition of aluminum dross 

Component Range (wt %) 

Aluminum oxide 10 – 90 

Aluminum   10  - 9 

Metal chloride salt 0 – 40 

Silicon 0 – 23 

Zinc 0 – 11 

Copper 0 – 11 

Metal nitrides 0 – 10 

Metal carbides 0 – 10 

Magnesium 0 – 30 

Magnesium oxide 0 – 20 

Iron 0 – 10 

Tin 0 – 10 

Nickel 0 – 7 

Manganese 0 – 5 

Chromium <= 1 

 

The aluminum dross is collected in containers and transported to the port. It is sold to 

recyclers and shipped to them in England where the aluminum is recovered and sold to 

customers. A secondary waste is generated during this procedure, NPM which is sold to 

customers in the cement industry. However, the recycler is the one that benefits from this 

process, not Fjarðaál, since they sell the aluminum that is recovered from the NMP. Figure 

3.3 shows the aluminum dross process. 
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Figure 3.3 Flow diagram of aluminum dross at Alcoa Fjarðaál 

 

The remaining of the electrolyte is collected through the anode cleaning process. This waste 

is re-used in other operating cells, but more quantity is generated than can be re-used. The 

part that is not re-used is collected in containers and shipped abroad as a by-product to 

foreign buyers. 

Alcoa Fjarðaál defines several categorizes of carbon dust in their operation: black carbon 

dust, C and D dust, and gray dust. Black carbon dust has low levels of impurities and is 

generated through anode cleaning process. This type of dust is collected and shipped as a 

waste to buyers in Germany where it is used as a fuel for other industries. Gray dust forms 

in earlier stages of anode cleaning processes and it is contaminated with electrolyte and 

alumina. This dust is shipped for recycling in England where it is then used as a fuel for the 

local cement industry. Another category is called C and D dust and this type contains higher 

levels of carbon but is contaminated as well from electrolyte. This dust is being recycled 

with the grey dust. Carbon dust that is generated in the pot room, inside the electrolytic cell 

is crushed and re-used in combination with coating materials that cover the anodes. Table 

3.6 shows an average composition range of carbon dust from Fjarðaál.  

 

Table 3.6 Alcoa Fjarðaál’ s composition of carbon dust 

Component Range (wt %) 

Carbon 45 – 65 

Cryolite 12 – 15 

Aluminum oxide 10 – 16 

Iron 6 – 9 

Sulphur 1 – 2 

 

Filter bags collect dust and alumina from the gas treatment center. Once the bags are full, 

the fluoride-enriched dust is re-used in the electrolytic process. The bags are shipped and 
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recycled abroad. They were once sent to England from recycling but currently, Fjarðaál is 

changing the process and are hoping to send them to Spain for recycling in the future. This 

process includes increased cost since Fjarðaál needs to pay for recycling. Other operational 

and repair waste that Fjarðaál generates are metal scrap which sold to recyclers in Holland 

as well as molds and pipes made of cast iron and used conductors. In addition, linings from 

aluminum-, electrolytic- and iron crucibles are shipped to recyclers in England that get paid 

for recycling this waste and it ends up in the cement industry.  

To summarize the generated solid waste, the main wastes were listed in Table 3.7. It shows 

an overview of the solid production waste at Fjarðaál and its disposal method. Comments 

were also included to provide insight in problems regarding the waste category.  

 

Table 3.7 Summary of annual amount of solid waste and its disposal at Alcoa Fjarðaál 

Waste Source Amount (t) Disposal Comment 

Spent potlining 

Linings that are 

recovered from 

the pot 

1.331 

Sent to England and 

used as a fuel in the 

sement industry 

Transportation 

and recycling cost 

Aluminum Dross 
Dross from 

casthouse 
1.469 

Sent to England to 

recover aluminum 

Expensive 

transportation 

Anode butts 

Anode block is 

consumed during 

the smelting 

process 

43.714 

Recycled in 

Norway into new 

anodes 

Expensive 

transportation  

Black dust  

Carbon dust from 

anode rodding 

shop 

2.276 
Sold to buyers in 

Germany 

Expensive 

transportation but 

not a problem if 

there are enough 

buyers 

Grey dust 

Impure carbon 

dust in early 

cleaning stages in 

anode rodding 

shop 

768 
Used a fuel in 

cement industry 

Expensive 

transportation 

Cryolite 
From pots in 

potroom 
4.880 

Sold to other 

markets 

Expensive 

transportation but 

not a problem if 

there are enough 

buyers 

Iron slag 
In casthouse 

ovens 
293 

Sent to England and 

used as an additive 

for cement industry 

Transportation 

and recycling cost 
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3.1.2 Management 

Alcoa Fjarðaál keeps thorough records of their production waste. Table 3.8 shows the annual 

production waste that was generated from 2012-2017. This is however not an exhaustive list 

since waste like filter bags, used molds and pipes and conductors are not included. Fjarðaál 

has been putting extra work into categorizing their waste in recent years. For instance, they 

started 2016 to separate aluminum dross in two categories depending on location. Pot cell 

cutouts was not accounted for before 2015 but was sorted with another category until then. 

Skimming from pot shop started as a new category in 2015 but was most likely sorted with 

skimming from cast house before. More thorough dust categories have been available in 

recent years and after 2015, metal from specific operations was kept from general metal 

scrap. The waste quantity is variable between years, like in the case of spent potlining that 

was generated in significant larger quantities in 2013-2015 than the other years.    

 

Table 3.8 Generated waste from Alcoa Fjarðaál from 2012-2017 

Waste (t) 2012 2013 2014 2015 2016 2017 

Spent potlining 3,498 9,431 9,475 6,405 2,496 1,331 

Insulating materials in crucibles 61 108 51 93 84 87 

Pot Shell Cutouts       314 99 65 

Ceramic materials and fibers 22 16 16 22 12 12 

Aluminum Dross 2,111 2,298 1,895 1,470 1,531 1,469 

Aluminum Dross - anode rodding 

shop         156 990 

Skimming 1,860 2,214 1,955 1,540 315 19 

Skimming from workshop       496 234 149 

Anode butts 42,395 43,416 43,861 44,432 48,788 43,714 

Gray dust 1,173 1,139 154 69 145 108 

Anode butts – contaminated 397 569 903 779 1,392 534 

Black dust     2,516 1,696 1,580 2,276 

C and D dust       584 821 660 

Cryolite 4,496 4,733 2,119 4,756 2.612 4,880 

Iron slag 317 388 469 483 480 293 

 

Alcoa Fjarðaál is obligated due to operating license, to list their generated waste in yearly 

green accounting reports which the Environment agency of Iceland supervises. The green 

accounting should contain the total waste the company disposes of, material usage, 

emissions from operation and recycled waste. In Fjarðaál’s report, they list the total number 

of hazardous waste that is recycled, landfilled or burned. They keep track on emissions, 

usage of dangerous chemicals, usage of raw material and resources. The report only specifies 

the total number for all hazardous waste but aluminum dross and spent potlining however, 

are mentioned. The report also lists by-products like electrolyte, anode butts and aluminum 

skimming. General waste is not listed like minerals, metal scrap, rods and cast iron. Their 

inhouse categories for hazardous waste are however, more extensive than is shown in the 

green report. The following list includes all hazardous waste that Fjarðaál generates through 

its operation: 
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• Grey dust 

• Aluminum dross 

• Aluminum dross from anode rodding shop 

• C and D dust 

• Contaminated anode parts 

• Iron slag 

• Ceramic threads/plates 

• Skimming from pot shop 

• Spent potlining 

• Linings from crucibles 

 

3.1.3 Material flow 

To set the amount of solid waste in context with its origin, a material flow was drawn for 

2017 as shown in Figure 3.4. Emissions where considered to establish a balance between 

inflow and outflow. The aluminum is an outflow from the pot room to cast house. Only pure 

aluminum was considered in the material flow but instead of the final product with additives. 

The total inflow is 2,472.5 kg while the outflow is 2,751.35 kg. The difference is mainly due 

to refractory materials like brick and cement that is not included in the inflow. In addition, 

the electrolyte that is being re-used in the process along with alumina that is re-used from 

the gas treatment center is not considered since no data was available.  
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Figure 3.4 Material flow diagram of waste in kg per ton aluminum at Alcoa Fjarðaál 

 

A large amount of solid waste is generated in the anode rodding shop. This is mainly because 

of the anode butts but they are about 22.3% of the original anode volume. Anode usage is 

about 0.43 tons per ton of aluminum and alumina is about 1.93 tons per ton of aluminum 

produced. 

3.2 Norðurál 

Norðurál has been in operation since 1998 and has a production capacity of 300,000 tons 

aluminum. They produce slabs and alloys that are used in variety of products worldwide 

(Samál, 2015). Norðurál has a landfill on-site which is a seawater repository and they use 

this area to dispose of hazardous waste (Einarsdóttir, 2012). Figure 3.5 shows the overall 

waste flow at Norðurál in 2107. 
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Figure 3.5 Waste flow diagram at Norðurál 

 

Chemical samplings are conducted to evaluate landfill effects on nearby environment. The 

samplings are mainly performed by the seashore next to the repository. According to current 

monitoring, the sampling is performed three times over each summer period. This process 

takes place shortly after high tide that is closest to spring tide in a new or full moon 

(Yngvadóttir, Kjeld, Gunnarsson, Thorlacius, & Georgsson, 2018). To fulfil operating 

licenses, other kind of samplings are also performed to evaluate wild life effect, fresh water 

and vegetation.  

3.2.1 Processes 

In each cell are 20 anodes that are consumed and replaced every 30 days. After usage, the 

remaining butts are moved to the cleaning station in anode rodding shop for cleaning. The 

butts are removed from anode rods that undergo cleaning and repair process. The anode butts 

are crushed and collected in a container. Collar paste is removed from the butts during the 

cleaning phase and is recycled with the electrolyte. The anode butts are transported to the 

on-site port and are shipped to Vlissingen, Holland for recycling. The crushed anodes are 

used in manufacturing of new anodes. When new anodes arrive at the port, they are 

transported to the anode rodding plant for further processing. The anodes are attached to an 

anode rod in the furnace and collar paste is used around the stubs to prolong anode lifetime. 

Afterwards, the anodes can be used for production of aluminum and will remain in the 

electrolysis until about one fifth of the anode is left. 

The linings of the pots are prepared for production in the pot shop. Refractory materials and 

bricks are used to cover the inner layer of the lining. This process generates pot cell cutouts 

that are gathered in a container and disposed of in the on-site landfill. Cathodes are used in 

the next layer and environmental friendly ramming paste as coating material. When the pot 

fails it is taken to the repair shop for processing. The pot is placed vertically in the floor 

while a large machine breaks the lining from the pot. Norðurál does not categorize the 

different cuts in spent potlining while they gather the pieces in a container. The spent 

potlining is driven to the landfill where it is placed along with shell sand. The purpose of the 

sand is to neutralize fluoride and cyanide and to dilute the material. The spent potlining 
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process is shown in Figure 3.6.  

 

 

 Figure 3.6 Flow diagram of spent potlining at Norðurál 

 

The cast house receives pure aluminum from the pot room in crucibles. Norðurál produces 

about 830 tons of aluminum daily. The aluminum is blended with additives, depending on 

customer requirements, and is placed in molds inside the furnace. The outcome is aluminum 

slabs and alloys. In addition, aluminum dross is generated that is gathered and sold to an on-

site recycler called Kratus ehf. They recycle the dross and the recovered aluminum is sent 

back to Norðurál where it re-enters the process in the cast house. The recycling process 

generates secondary waste that is disposed of in Norðurál’s landfill. Figure 3.7 depicts the 

process. 
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Figure 3.7 Flow diagram of aluminum dross at Norðurál 

 

The electrolyte in Norðurál has the same procedure as in Fjarðaál. It is reclaimed through 

anode cleaning process and re-used back into the cells. The remaining that cannot be used 

inhouse is shipped overseas and sold to foreign buyers. Approximately 80% of the 

electrolyte is sold to foreign markets. 

Norðurál defines carbon dust into several categories. They collect pure carbon dust from the 

anode rodding shop and ship it to Germany where it is sold to other industries. Contaminated 

carbon dust from earlier stages in the anode rodding shop is also collected in containers and 

disposed of at the on-site landfill. Carbon dust in also generated in the pot room when there 

is anode changing process. This carbon is removed from the hole where the anode has been 

and then a new one is placed in the same spot. This type of dust is also collected and disposed 

of in the landfill. The last category are sweepings that are contaminated carbon dust that falls 

on floors. This substance is also disposed of into the landfill. Table 3.9 shows a summary of 

the solid waste from Norðurál. Comments were also included to provide insight in problems 

regarding the waste category.  
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Table 3.9 Summary of annual amount of solid waste and its disposal at Norðurál 

Waste Source Amount (t) Disposal Comment 

Spent potlining 

Linings that are 

recovered from the 

pot 

6,652 Landfill 
Not a long-term 

solution 

Aluminum Dross 
Dross from 

casthouse 
2,403 

Sold to Kratus where 

aluminum is 

recovered 

Secondary hazardous 

waste is generated 

     NMP 

Waste from 

recovery of 

aluminum from 

dross 

1,699 Landfill 
Not a long-term 

solution 

Anode butts 

Anode block is 

consumed during 

the smelting 

process 

33,234 

Recycled in 

Vlissingen, Holland 

into new anode 

blockes 

Expensive 

transportation 

Cryolite 
From pots in 

potroom 
3,150 

20% re-used and 

80% sold to other 

markets 

Expensive 

transportation but not 

a problem if there are 

enough buyers 

Carbon  

Potroom, anode 

rodding shop and 

sweepings 

3,246 Landfill 
Not a long-term 

solution 

Carbon dust 
Anode rodding 

shop 
1,436 

Sold as a waste to 

other markets 

Expensive 

transportation but not 

a problem if there are 

enough buyers 

 

Other waste that is generated from general operations and repair are metal scrap, filter bags, 

minerals, steel sand and lining from crucibles. This waste is usually recycled with local 

companies like Hringrás and Endurvinnslan. Filter bags are sent abroad where they are 

recycled. Minerals and gravel is disposed of at the landfill. Linings from crucibles are 

categorized with the minerals so it ends up in the landfill. 

3.2.2 Management 

Norðurál produced 317,179 tons of pure aluminum in the year 2017 and their generated solid 

waste from that year is shown in Table 3.10, as well as the generated annual waste from 

2012-2017. The table does not include a complete list since minor waste from operation and 

repair was not considered. Norðurál keeps several categories of carbon dust that depend on 

origin and impurity. They sell the carbon dust that is not contaminated but other categories 

are impure and difficult to recycle. No available data was for NMP in Norðurál that derives 

from the aluminum dross in last years but in 2016 a significant amount was accounted for at 

their facility. Norðurál usually does not dispose of this secondary waste themselves but due 

to unexpected circumstances, they had to take it back from the recycler. There is some 

fluctuation in the amount of spent potlining is between years, but they dispose of on average 
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around 6,500 tons per year of spent potlining.   

 

Table 3.10 Generated waste from Norðurál 2012-2017 

Waste (t) 2012 2013 2014 2015 2016 2017 

Spent potlining 6,736 3,093 4,906 8,354 9,771 6,652 

Pot shell cutouts   155 433 422 508 

Aluminum Dross 2,247 2,086 2,236 2,319 2,915 3,402 

NMP     11,366 1,699 

Anode butt 24,720 24,198 27,515 33,873 32,873 33,234 

Cryolite  2,408 3,656 2,185 3,656 3,150 

Carbon dust 1,326 1,168 1,549 564 1,174 1,436 

Carbon - anode rodding 

shop 1,916 1,311 1,258 1,059 1,181 1,088 

Carbon – pot room 396 827 1,219 1,775 1,445 722 

Carbon sweepings 4 - - 2 4 - 

Minerals   478 20 15 90 

 

Norðurál has also obligations regarding green accounting report due to their operating 

license. The company must list out their hazardous waste, material usage, emissions and 

waste that leaves their operation. Their green report is very thorough, and they account for 

all waste in great details. They break down all waste categories for the report which gives a 

better overview on their operation. Iron slag does not occur at Norðurál and linings from 

aluminum, electrolytic and iron crucibles are categorized in the minerals section. Norðurál’s 

hazardous waste that is derived from their operation constitutes of spent potlining, pot cell 

cutouts, NMP, contaminated carbon dust and minerals 

3.2.3 Material flow 

To set the amount of solid waste in context with its origin, a material flow was drawn as 

shown in Figure 3.8. Emissions where considered to establish a balance between inflow and 

outflow. The total inflow is 2,380.3 kg while the outflow is 2,752.9 kg. The aluminum is an 

outflow from the pot room to cast house. Only pure aluminum was considered in the material 

flow but not the final product with additives. The difference between inflow and outflow is 

mainly due to refractory materials, the electrolyte that is being re-used in the process along 

with alumina that is re-used from the gas treatment center is not considered since no data 

was available. In addition, aluminum fluoride inflow is missing since no data was available. 
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Figure 3.8 Material flow diagram of waste in kg per ton aluminum at Norðurál 

 

The anode butts are about 19.9% of the original anode volume. Anode usage is about 0.42 

tons per ton aluminum produced and alumina is about 1.92 tons per ton of aluminum 

produced. 

3.3 ISAL 

ISAL started its operation in 1969 and is the oldest aluminum smelter in Iceland. Their 

production capacity is around 200,000 tons per year and their main products are billets that 

are ready for further processing. Their aluminum is for example used in construction, the 

automobile industry and for packaging materials (Samál, 2015). ISAL has an on-site landfill 

to dispose of their hazardous waste. The landfill is a seashore deposit where the tide flows 

at the bottom of the landfill. This creates a chemical reaction and hazardous substances are 

neutralized over time (Einarsdóttir, 2012). Figure 3.9 shows the total flow of production 

waste at ISAL. 
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Figure 3.9 Waste flow diagram at ISAL 

 

ISAL performs measurements that are required due to the operation license and is supervised 

by the Icelandic environmental agency. These measurements are mostly blue mussel 

evaluation on wild life effect and sampling on fresh water and vegetation (ISAL, 2014).  

3.3.1 Processes 

When the anodes have been consumed, they are retrieved from the cell and moved to the 

anode rodding shop. They go through a cleaning process where they are separated from 

yokes and stubs. The yokes and stubs then go through a cleaning phase with steel sand and 

are repaired before being attached to new anodes. Collar paste remains are collected from 

this process and sent to the Icelandic recycler, Blendi ehf. These remains are recycled into 

new collar paste material. A new material must be found soon since coal tar pitch will be 

banned from Europe in 2020 (ECHA, 2018). The butts are crushed and collected in 

containers that are transported to the on-site port. They are shipped to Rotterdam in Holland 

where they will be used in the manufacturing of new anodes. In return, new anodes arrive at 

the port and are transported to the anode rodding shop. They are attached to rods in a furnace 

where iron slag is generated due to skimming. The iron slag is gathered in containers and 

disposed of in the on-site landfill. When this process is completed, collar paste is used around 

the rod to prolong anode lifetime and the anodes are sent to an operating cell for production. 

In the pot shop, the cells are prepared for production. The first layer of the potlining is 

refractory materials and bricks that cover the cell. The next layer consists of cathodes that 

are placed on top and then ramming paste is used as coating material to insulate the lining. 

When the cell is ready it is moved to the pot room where it will be in production for the next 

4-6 years. The pot room contains 480 cells that produce aluminum and when the cells reach 

their end-life, they are sent to a repair shop for removal (ISAL, 2018). The cell is placed 

horizontally on the wall where a caterpillar excavator with pneumatic drill breaks the lining 

piece. The pieces fall on the ground, where they fall into a collecting pile. Table 3.11 shows 

a general composition range of 1st cut spent potlining from Rio Tinto’s safety data sheets but 
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ISAL belongs to Rio Tinto Aluminum.   

 

Table 3.11 Rio Tinto’s composition of 1st cut spent potlining 

Component Range (wt %) 

Carbon 60 – 80 

Sodium fluoride 5 – 20 

Trisodium hexafluoroaluminate 5 – 20 

Silicic acid, aluminum sodium salt 1 – 10 

Aluminum oxide 0 – 10 

Silicon carbide 0 – 10 

Andalusite < 10 

Calsium oxide 1 – 6 

Aluminum 0 – 5 

Silicon oxide, quartz < 5 

Trilithium hexafluoroaluminate 0 – 4 

Lithium fluoride 0 – 2.5 

Aluminum nitride 0 – 2 

Tetraaluminum tricarbide < 2 

Dipotassium oxide < 0.5 

Salts of hydrogen cyanide 0 – 0.25 

Phosphorus pentoxide 0 – 0.056 

Manganese dioxide 0 – 0.02 

Beryllium compounds < 0.005 

 

Afterwards, the spent potlining is gathered in containers and moved to the on-site landfill 

for disposal. Shell sand is mixed with the potlining when it is landfilled. Table 3.12 shows 

the chemical composition range of 2nd cut spent potlining at Rio Tinto.   
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Table 3.12 Rio Tinto’s composition of 2nd cut spent potlining 

Component Range (wt %) 

Aluminum oxide 10 – 50 

Carbon 0 – 22 

Trisodium hexafluoroaluminate 5 – 20 

Sodium fluoride 5 – 20 

Silicic acid, aluminum sodium salt 1 – 10 

Silicon carbide 1 – 10 

Andalusite < 10 

Calsium oxide 1 – 8 

Silicon oxide, quartz < 5 

Trilithium hexafluoroaluminate 0 – 4 

Diiron trixide 0 – 3 

Lithium fluoride 0 – 2.5 

Aluminum nitride 0 – 2 

Tetraaluminum tricarbide < 2 

Dipotassium oxide < 0.5 

Titanium dioxide 0 – 0.1 

Salts of hydrogen cyanide 0 – 0.02 

Phosphourus pentoxide 0 – 0.03 

Manganese dioxide 0 – 0.02 

Beryllium compunds < 0.005 

 

The steel frame is stripped after this process and goes through repairing process. After being 

repaired it goes through preparation for production in the pot shop. Figure 3.10 shows the 

spent potlining process at ISAL.  
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Figure 3.10 Flow diagram of spent potlining at ISAL 

 

ISAL produces around 580 tons of pure aluminum every day. The cast house receives 

aluminum, from the electrolysis, in a crucible. The aluminum is casted in molds with 

additives that depend on customer requirements. This process generates the final product as 

well as aluminum dross. It is collected and sold to an Icelandic recycler, Kratus ehf. The 

recycling company recovers the aluminum for ISAL but in the meantime, generates a 

secondary waste that is called salt slag. The salt slag is collected and shipped for recycling 

in England where the salt is recovered and sold. Figure 3.11 presents the process for 

aluminum dross visually.  
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Figure 3.11 Flow diagram of aluminum dross at ISAL 

 

The electrolyte that is recovered during cleaning process in anode rodding shop is re-used in 

the production process. Excess electrolyte is gathered in the pot room and it is sent abroad 

and sold to foreign buyers. Carbon dust is mostly generated in the anode rodding shop. It is 

carbon rich filter dust and is collected from anode butt breaking, sweepings and from 

cleaning processes. Carbon dust that is generated in the electrolytic cell is crushed and re-

used in combination with coating materials that cover the anodes. Table 3.13 shows a 

composition range for carbon dust in anode rodding shop.  

 

Table 3.13 ISAL’s composition of carbon dust 

Component Range, wt% 

Carbon 70 – 78 

Aluminum 2 – 4.6 

Fluoride < 0.3 

Iron 2.6 – 3 

Natrium 2 – 3.2 

Sodium 2 – 2.5 

 

A summary of production waste that is generated at ISAL was gathered in Table 3.14. 

Comments were also included to provide insight in problems regarding the waste category. 
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Table 3.14 Summary of annual amount of solid waste and its disposal at ISAL 

Waste Source Amount (t) Disposal Comment 

Spent potlining 

Linings that are 

recovered from the 

pot 

4.229 Landfill 
Not a long-term 

solution 

Aluminum Dross 
Dross from 

casthouse 
3.484 

Sold to Kratus 

where aluminum is 

recovered 

Secondary hazardous 

waste is generated 

Anode butts 

Anode block is 

consumed during the 

smelting process 

19.350 

Recycled in 

Aluchemie, 

Rotterdam into new 

anode blockes 

Expensive 

transportation 

Collar paste 
Around the anode 

stubs 
2.003 

Recycled at Blendi 

into new collar 

paste 

Will be banned 2020 

accourding to 

REACH regulation 

Cryolite 
From pots in 

potroom 
1.700 

Sold to other 

markets 

Expensive 

transportation but not 

a problem if there are 

enough buyers 

Carbon dust 
Anode rodding shop, 

cells and sweapings 
125 Landfill 

Not a long-term 

solution 

Bricks and 

linings 

Insulating material 

and slag from 

crucibles and ovens 

321 Landfill 
Not a long-term 

solution 

 

Other waste that is generated at ISAL is for example bricks from furnaces in anode rodding 

shop and cast house, linings and bricks from electrolytic and aluminum tapping crucibles 

and molds. There is also some amounts of metal scrap and minerals. 

3.3.2 Management 

ISAL manufactured 211,534 tons of aluminum in the year 2017. The solid waste that was 

generated from the operations while producing this aluminum can be found in Table 3.15, 

as well as annual amount of waste from 2012-2017. The list of waste is not complete in this 

table because minor waste from operations and repair was not considered. The salt slag was 

not included either since no data was available at ISAL for it. This is because the salt slag is 

a secondary waste and their recycler send it abroad for further processing. About 4,700 tons 

of spent potlining is being produced on average every year at ISAL and the amount is quite 

similar between years. Carbon waste constitutes of the total amount of carbon dust that is 

generated from the operation.   
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Table 3.15 Total production waste at ISAL from 2012-2017 

Waste (t) 2012 2013 2014 2015 2016 2017 

Spent potlining 5,335 5,046 3,891 5,403 4,422 4,229 

Aluminum Dross 2,914 4,344 2,368 3,405 3,063 3,484 

Anode butts 20,129 15,085 19,762 22,226 17,444 19,350 

Collar paste 1,643 1,581 1,164 1,111 1,568 2,003 

Cryolite 599  1,067 968  1,696 

Carbonaceous waste  491 391 356 558 169 125 

Linings and bricks 73 224 164 80 454 321 

 

ISAL’s green accounting report contains material usage and all waste that leaves the facility, 

whether it is recycled, burned, emissions or landfilled waste. Their report outlines the total 

number of the waste category along with spent potlining and aluminum dross. The company 

does however categorize their waste more thoroughly inhouse than the report displays. Their 

generated hazardous waste constitutes of: 

• Spent potlining 

• Carbonaceous waste 

• Bricks and linings  

• Iron slag  

• Steel sand 

The report also lists the total amount of general waste like minerals, metal scrap and so forth 

but it does not contain amounts of by-products like the other smelters have in their report. 

3.3.3 Material flow 

To understand the relationship between the aluminum production and solid waste generation, 

a material flow from 2017 was presented in Figure 3.12. Emissions were also considered in 

this case, to establish a balance between inflow and outflow. The total inflow is 2,352.3 kg 

while the outflow is 2,731.5 kg. Only pure aluminum was considered because its correlates 

directly to the waste and it flows out of the pot room to the cast house for further processing. 

Quantity of bricks and refractory materials that are used for the potlining is not included. In 

addition, the electrolyte that is being re-used in the process and alumina that is re-used from 

the gas treatment center is not considered since no data was available. 
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Figure 3.12 Material flow diagram of waste in kg per ton aluminum at ISAL 

 

The anode butts are about 18.4% of the original anode volume. Anode usage is about 0.42 

tons per ton aluminum produced and alumina is about 1.92 tons per ton of aluminum. 

3.4 Waste and disposal 

The three smelters have a lot in common but despite producing the same product, there are 

a few differences. Table 3.16 shows a comparison of by-products, waste and disposal 

method. With all three smelters, the anode butts have the same process but what separates 

Alcoa Fjarðaál from the other two is the collar paste. Fjarðaál does not use this material 

around the stubs because their anodes are technically different from Norðurál’s and ISAL’s 

anodes. ISAL collects the rest of the collar paste during cleaning and sends it to a local 

recycler while Norðurál separates the collar paste residues and electrolyte from the anode. 

They blend it with alumina and use as a coating for the electrolysis. Iron slag is generated at 

Fjarðaál and ISAL but not at Norðurál. The iron slag forms at the same location but their 

disposal methods are different. Alcoa Fjarðaál sends it to England for recycling while ISAL 

has it landfilled.  

 



57 

Table 3.16 Comparison on by-products, waste and disposal method 

Waste Alcoa Fjarðaál Norðurál           ISAL 

Anode butts r r r 

Collar paste  r r 

Iron slag r  l 

Coal tar pitch r   

Spent potlining r l l 

Pot cell cutouts r l  

Aluminum dross r r r 

Salt slag   r 

NMP r l  

Electrolyte s s s 

Carbon dust – pot room r l r 

Carbon dust - anode rodding 

shop 
s s l 

Carbon dust contaminated - 

anode rodding shop 
r l l 

Sweepings  l l 

r: recycled, l: landfilled and s: sold 

 

The aluminum smelters each use different coating material for the lining of the cell. Fjarðaál 

uses coal tar pitch with the cathode and refractory materials. They do no use ramming paste 

and collar paste. Norðurál uses environmental friendly ramming paste and ISAL uses a 

traditional ramming paste. These coating materials end up as a part of the spent potlining. 

The potlining is landfilled at Norðurál and ISAL while Fjarðaál sends it abroad for recycling. 

Linings from crucibles are send abroad for recycling at Fjarðaál but Norðurál and ISAL 

dispose of them in a landfill.  

All smelters recycle the aluminum dross because it contains aluminum which is valuable for 

the aluminum smelters. ISAL and Norðurál use local recyclers and get in return retrieved 

aluminum that is re-used in production. Fjarðaál sends their aluminum dross overseas but do 

not receive any aluminum in return. ISAL’s recycler uses the salt slag method to retrieve the 

aluminum and sends the salt slag overseas for recycling. Norðurál’s recycler uses the NMP 

method to retrieve the aluminum and disposes of it in the landfill. Fjarðaál’s recycler uses 

the NMP method and uses the NMP in the cement industry.  

All three aluminum smelters partially re-use the electrolyte and sell to foreign buyers that 

which cannot be used inhouse. Norðurál is the only smelter that classifies carbon dust from 

the pot room and this dust is landfilled at their site. They all collect carbon dust from the 

anode rodding shop, but contaminated carbon dust is landfilled at ISAL and Norðurál. 

Fjarðaál sends this dust overseas for recycling. Fjarðaál and Norðurál collect pure carbon 

dust which is in both cases sold to foreign buyers in Germany. Norðurál and ISAL collect 

dust from sweepings, but it is, in both instances, landfilled. Carbon dust that is generated in 

the pot room, inside the electrolytic cell, is re-used in the operation at Fjarðaál and ISAL 

while Norðurál uses the landfill for this waste. 
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3.5  Material flow 

The volume of the solid waste can differ between years and therefore data was gathered for 

last six years to evaluate the average yearly amount. Table 3.17 shows the average amount 

of generated waste from the Icelandic aluminum smelters from 2012-2017. Norðurál has 

been producing on average the most of spent potlining for the last six years while ISAL has 

the largest amount of aluminum dross. Fjarðaál however, is generating much more of anode 

butts. ISAL has a much lower amount for carbon waste at their facility while Norðurál and 

Fjarðaál are generating similar amounts.  

 

Table 3.17 Average amount of solid waste in tons from 2012-2017 

Waste (t) ISAL  Norðurál Fjarðaál 

Spent potlining 4,721 6,585 5,439 

Aluminum Dross 3,263 2,534 1,987 

Anode butts 18,999 29,402 44,434 

Electrolyte 722 2,509 3,933 

Carbonaceous waste  348 2,190 1,571 

Linings and bricks 219 354 177 

 

To calculate the amount of waste per ton aluminum the average production amount of pure 

aluminum was found for each smelter. ISAL is producing on average 198,285 tons per year 

while Norðurál is producing around 303,513 tons and Fjarðaál is producing 343,123 tons of 

aluminum yearly. Table 3.18 shows the results for the average generated waste in kilograms 

per ton aluminum produced from 2012-2017. ISAL is now generating most of spent 

potlining or around 24 kg per ton of aluminum. Norðurál closely follows with 22 kg per ton 

aluminum. These spent potlining values are however, within the range found from literature 

or 25 ± 15 kg. Literature value is about 12 kg of dross per aluminum produced but ISAL has 

somewhat larger amount or 16 kg while the other smelters are generating less than the 

literature claims. Anode butts are generated in much larger amounts at Fjarðaál while ISAL 

and Norðurál are closer to reference value. The total generated waste from ISAL is 150 kg 

while Norðurál generates 143 kg and Fjarðaál 168 kg per ton aluminum.  

 

Table 3.18 Average amount of solid waste in kilograms per ton aluminum from 2012-2017 

Waste (kg/t) ISAL Norðurál Fjarðaál 

Spent potlining 24 22 16 

Aluminum Dross 16 8 6 

Anode butts 96 97 129 

Electrolyte 8 8 11 

Carbonaceous waste  4 7 5 

Linings and bricks 2 1 1 
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The total inflow of all smelters along with literature reference was gathered in Table 3.19. 

The alumina usage is almost the same between smelters. No data was available for aluminum 

fluoride at Norðurál and ISAL but the value from Fjarðaál and the reference value are quite 

similar. Highest amount for anodes is the reference value while ISAL is using the lowest 

amount with 404.6 kg per ton of aluminum produced.  

  

Table 3.19 Inflow of material balance in kg per ton of the aluminum from the Icelandic 

smelters in 2017 along with literature reference from Table 2.6. 

Material balance - inflow (kg) Reference Fjarðaál Norðurál ISAL 

Alumina 1,923 1,926 1,920 1,920 

Aluminum fluoride 16.4 20.4  14 

Anodes 435 431.4 421 404.6 

Cathodes  80 6.5  

Coal tar pitch  14.7   

Collar paste   5.1 12 

Ramming paste   1.9 1.7 

Refractory materials 5.4  25.8  
 

The outflow of material balance from 2017 was gathered in Table 3.20. The reference value 

is lower for anode butts than all Icelandic smelters, while Fjarðaál is generating a higher 

quantity of butts than the others. The difference between them is 36.6 kg per ton aluminum. 

In 2017, ISAL was generating the lowest amount of the smelters, with amount of anode butts 

of 91.5 kg per ton aluminum. The spent potlining varies significantly in the comparison but 

in 2017, Fjarðaál and Norðurál where producing much lower amounts of spent potlining than 

ISAL and reference value. Fjarðaál and Norðurál are generating very similar amounts of 

carbon dioxide while ISAL has slightly lower amount than the others. The reference value 

is however, the highest value of them all with 1,557 kg per ton aluminum. Norðurál is 

generating the least amount of sulfur dioxide while the other smelters have very similar 

quantities. The highest value for other emissions was for ISAL while the reference value has 

by far the lowest value in this waste category.  
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Table 3.20 Outflow of material balance in kg per ton of aluminum in 2017 from the 

Icelandic smelters along with literature reference from Table 2.6. 

Material balance - outflow (kg) Reference Fjarðaál Norðurál ISAL 

Anode butts 87 123.6 104.8 91.5 

Spent potlining 10 - 40 3.8 2.3 20.0 

Aluminum dross 13.3 7.0 10.7 16.5 

Skimming  0.1   

Carbon waste 23.3 1.9 3.4 1.5 

Carbon by-product  6.4 4.5  
Sold electrolyte  13.8 9.9 8.0 

Collar paste remains    9.5 

Carbon dioxide (eq) 1,557 1,510 1,509.4 1,470 

Sulfur dioxide 14.9 14.1 8.9 14.7 

Fluoride 1.0 2.4 0.3 0.5 

Dust 3.7 0.3 0.6 0.4 

Other emissions 3.4 68 94.8 99.0 

 

When the total emissions are added together then the reference value is the lowest with 1,580 

kg per ton. ISAL is generating the least amount of emission of the Icelandic smelters with 

1,584.6 kg while Fjarðaál is second with 1,594.8 kg and Norðurál with 1,614 kg per ton of 

aluminum produced. Table 3.21 compares the material usage of alumina and anodes in tons 

per ton aluminum produced at each smelter. In addition, a comparison was made to estimate 

the anode usage efficiency by calculating the percentage of consumed anodes.  

 

Table 3.21 Comparison of anode performance and material usage between smelters in 

2017 and literature reference from Table 2.6.  

Materials Literature reference Fjarðaál Norðurál ISAL 

Anode performance 0.83 0.78 0.80 0.82 

Anode usage (tons) 0.44 0.43 0.42 0.42 

Alumina usage (tons) 1.92 1.93 1.92 1.92 

 

ISAL is utilizing most of their anodes by burning the anodes until they reach 18% of total 

volume. The literature reference is 17% while Fjarðaál is 22% and Norðurál is 20%. The 

anode usage is very similar between smelter and the reference value but it the difference 

only is 2 kg per ton of aluminum. 

3.6 Waste composition 

Waste composition varies between aluminum productions and a comparison was made to 

identify how much this difference really is. Table 3.22 and Table 3.23 show the composition 

range of 1st cut and 2nd cut, respectively, of spent potlining from a general chemical 

composition according to table 2.1 and 2.3, herein referred to as reference composition, as 
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well as from Rio Tinto and Fjarðaál. No data was available for the composition of Norðurál’s 

spent potlining but the chemical compositions where found in safety data sheets. The carbon 

content varies significantly between these three compositions. The reference composition is 

quite large since it displays a range that considers 1st cut and 2nd cut spent potlining. Carbon 

content has somewhat lower limits in Alcoa Fjarðaál, but their upper limit is the same as Rio 

Tinto’s lower limit. Cryolite is present in Fjarðaál and Rio Tinto’s spent potlining and the 

composition range is quite similar. The reference composition does not identify cryolite 

specifically in its content. Aluminum oxide is found in all three compositions where the 

reference composition ranges from 9.2-26%. The aluminum oxide content at the Icelandic 

smelters are within theoretical range. Some types of sodium components are present in all 

compositions, but they do not have same chemical compounds. The reference composition 

only specifies a general sodium element that ranges from 8.6-22% while Fjarðaál specifically 

declares that sodium aluminate and sodium hydroxide is present in their 1st cut spent 

potlining. Rio Tinto only specifies sodium fluoride in their composition. 

Silicon dioxide is present in all compositions but varies between forms and the range is 

similar between them. Fjarðaál along with the reference composition contain silicon dioxide 

while Rio Tinto and Fjarðaál contain silica quartz. Rio Tinto is however the only 

composition that lists silicon carbide in the spent potlining. Aluminum fluoride content is 

present in the reference composition as well as in Fjarðaál’s composition. The range is 

significantly larger in the reference composition but the potlining from Fjarðaál correlates 

more to the lower limits of the reference composition. Rio Tinto’s spent potlining contains 

other types of fluorides like sodium fluoride and lithium fluoride. Aluminum ranges between 

1-22% in the reference composition but the Icelandic smelters have aluminum value in the 

lower part of this range. Iron oxide is present at Fjarðaál as well as the reference composition. 

The range is quite similar for these two ranges, but iron oxide is not accounted for in Rio 

Tinto’s spent potlining. Lastly, cyanides are present in all compositions and cyanides in the 

Icelandic spent potlining are within the reference composition. Other compounds are listed 

that have low content weight and might or might not occur in one of the compositions. 
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Table 3.22 Comparison of 1st cut spent potlining from Rio Tinto, Fjarðaál and reference 

composition from Table 2.1. 

Component (wt %) Formula Reference  Fjarðaál   Rio Tinto  

Carbon C 13 – 69 40 - 60 60 - 80 

Cryolite Na3AlF6  15 - 24  

Aluminum oxide Al2O3 9.2 – 26 5 - 15 0 – 10 

Sodium compounds  8.6 – 22   

    Sodium aluminate NaAlO2  5 - 10  

    Sodium hydroxide NaOH  2 – 5  

    Trisodium hexafluoroaluminate AlF6Na3   5 – 20 

Silicic acid, aluminum sodium 

salt AlNaO6Si2   1 – 10 

Silica compounds     

    Silicon dioxide SiO2 0.7 – 10.9 2 - 10 

 

    Silica, crystalline quartz SiO2  0 – 5 < 5 

    Silicon carbide SiC   0 - 10 

Fluorides     

    Aluminum fluoride AlF3 7.5 – 22 2 – 5  

    Sodium fluoride NaF   5 - 20 

    Lithium fluoride LiF   0 – 2.5 

Aluminum Al 7 – 22 1 – 3 0 – 5 

Iron oxide Fe2O3 0.3 – 2.8 0 – 5  

Cyanides CN- 0.04 – 0.6 < 0,2 0 – 0.25 

Calcium Ca 0.5 – 6.4   

Calcium oxide CaO   1 – 6 

Andalusite Al2SiO5   < 10 

Lithium Li 0.46 – 0.57   

Sulphate SO2- 0.1 – 0.6   

Magnesium Mg 0.01 – 0.17   

Phosphorous P 0.0005 – 0.003   

Phosphorus pentoxide P4O10   0 – 0.056 

Trilithium hexafluoroaluminate AlF6Li3   0 – 4 

Aluminum nitride AlN   0 – 2 

Tetraaluminum tricarbide C3Al4   < 2 

Manganese dioxide MnO2   0 – 0.02 

Beryllium compounds Be   < 0.005 

Dipotassium oxide K2O   < 0,5 

 

Carbon content in 2nd cut spent potlining is relatively low and the compositions from the 

Icelandic smelters correlate more to lower limits of the reference composition of spent 

potlining. Rio Tinto has carbon content up to 22% while Fjarðaál has up to 5% which is in 

line with the carbon value of 6% in Table 2.2. The value of cryolite is practically the same 

between Fjarðaál’s and Rio Tinto’s 1st cut and 2nd cut spent potlining while the reference 

composition does not include it. Aluminum oxide is one of the main ingredient of Fjarðaál’s 

and Rio Tinto’s composition and can vary from 10-50%, which is a larger range than the 
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reference composition. The sodium content at Fjarðaál has decreased from the 1st cut 

composition and is now less than 2%.  

Silicon dioxide content at Fjarðaál’s 2nd cut spent potlining has raised considerably from 

upper limit of 10% to 40%. Rio Tinto does not specify silicon dioxide in their composition 

except for silicon quartz and it has the same value as before. Aluminum fluoride has slightly 

reduced from Fjarðaál’s 1st cut but other fluoride compounds remain the same. Iron oxide 

was not found in 1st cut spent potlining at Rio Tinto but is now listed up to 3%. This 

compound has also significantly increased in Fjarðaál’s composition and has now levels up 

to 20%. Cyanide content has also changed, and it is now measured with less than 0,1% of 

total weight. Same traces of chemicals may be detected as in the 1st cut but with a possible 

addition of titanium dioxide.  
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Table 3.23 Comparison of 2nd cut spent potlining from Rio Tinto, Fjarðaál and reference 

composition from Table 2.1. 

Component (wt %) Formula Reference Fjarðaál Rio Tinto 

Carbon C 13 – 69 0 - 5 0 – 22 

Cryolite Na3AlF6  5 - 24  

Aluminum oxide Al2O3 9.2 - 26 18 - 35 10 – 50 

Sodium compounds  8.6 - 22   

    Sodium aluminate NaAlO2  < 2  

    Sodium hydroxide NaOH  < 1  

    Trisodium hexafluoroaluminate AlF6Na3   5 – 20 

Silicic acid, aluminum sodium salt AlNaO6Si2   1 – 10 

Silica compounds     

    Silicon dioxide SiO2 0.7 – 10.9 35 - 40 
 

    Silica, crystalline quartz SiO2  0 - 20 < 5 

    Silicon carbide SiC   1 – 10 

Fluorides     

    Aluminum fluoride AlF3 7.5 - 22 1 – 3  

    Sodium fluoride NaF   5 – 20 

    Lithium fluoride LiF   0 – 2.5 

Aluminum Al 7 – 22   

Iron oxide Fe2O3 0.3 – 2.8 5 - 20 0 – 3 

Cyanides CN- 0.04 – 0.6 < 0.1 0 – 0.02 

Calcium Ca 0.5 – 6.4   

Calcium oxide CaO   1 – 8 

Andalusite Al2SiO5   < 10 

Lithium Li 0.46 – 0.57   

Sulphate SO2- 0.1 – 0.6   

Magnesium Mg 0.01 – 0.17   

Phosphorous P 0.0005 – 0.003   

Phosphorus pentoxide P4O10   0 – 0.03 

Trilithium hexafluoroaluminate AlF6Li3   0 – 4 

Aluminum nitride AlN   0 – 2 

Tetraaluminum tricarbide C3Al4   < 2 

Manganese dioxide MnO2   0 – 0.02 

Beryllium compounds Be   < 0.005 

Dipotassium oxide K2O   < 0.5 

Titanium dioxide    0 – 0.1 

 

The composition of aluminum dross varies also, but this waste can be affected by additives 

that are blended with the aluminum to manufacture after customer requirements. This is 

clearly shown in Table 3.24 where the reference composition is different from the aluminum 

dross from Rio Tinto and Fjarðaál. The composition between Fjarðaál and Rio Tinto is 

however, quite similar in their composition. The main ingredient is aluminum oxide which 

is the valuable aluminum content the smelters wish to recover from the dross. All 
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compositions have magnesium oxide as well in their dross. The main difference in these 

compositions are numerous metal substances, nitrides and carbides. Rio Tinto list out the 

exact chemical substances while Fjarðaál has more of a general composition and uses terms 

like metal nitrides and carbides.   

 

Table 3.24 Comparison of aluminum dross from Rio Tinto, Fjarðaál and reference 

composition from Table 2.3. 

Compound (wt %) Reference Fjarðaál Rio Tinto 

Calcium oxide 2,.7   

Sodium oxide 6.2   

Aluminum oxide 64.4 10 - 90 10 - 90 

Ferric oxide 2.5   

Magnesium oxide 6.4 0 - 20 < 10 

Aluminum  10 - 9 10 – 9 

Metal chloride salt  0 - 40  

Silicon  0 - 23 < 2 

Silicon dioxide 7.4   

Zinc  0 - 11 < 10 

Copper  0 - 11 < 10 

Chlorine 5.8   

Metal nitrides  0 - 10  

Metal carbides  0 - 10  

Magnesium  0 - 30 < 10 

Iron  0 - 10 < 10 

Tin  0 - 10 < 2 

Nickel  0 - 7  

Manganese  0 - 5 < 2 

Chromium  <= 1  

Aluminum nitride   2 – 10 

Tetraaluminum tricarbide   < 5 

Trisodium 

hexafluoraluminate   < 5 

Titanium dioxide 1.5   

Others 3.1   
 

Carbon dust is generated at the anode rodding shop through cleaning stage and from burning 

of the carbon on the electrolysis cell. It is collected with filter bags, sweepings and through 

the gas treatment center. Due to this variation the carbon dust contains various chemicals 

that result in difficulties in handling and disposal. Table 3.25 shows two different 

compositions from ISAL and Fjarðaál.  
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Table 3.25 Comparison of carbon dust from ISAL and Fjarðaál 

Component (wt %) ISAL Fjarðaál 

Carbon 70 - 78 45 - 65 

Aluminum 2 – 4.6  

Fluoride < 0,3  

Iron 2.6 - 3 6 - 9 

Natrium 2 – 3.2  

Sodium 2 – 2.5  

Cryolite  12 - 15 

Aluminum oxide  10 - 16 

Sulphur  1 - 2 

 

 

The composition from Fjarðaál contains general values for carbon dust without focusing on 

its origin while the carbon dust from ISAL is the average composition range from several 

compositions in the anode rodding shop. As shown in the table, the two compositions are 

very different from one another but as expected, the main ingredient is carbon. They both 

have iron content while other chemicals are different. 
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4 Discussion 

This chapter contains general discussion on waste management at the aluminum smelters. It 

will discuss main differences regarding operations, amount of generated waste and chemical 

compositions. In additions, limitations will be explained as well as proposing opportunities 

for possible improvements. 

4.1 Operations 

The results suggest that considerable differences are between methods, amount of waste 

generated and compositions. The daily operation and every small decision the aluminum 

smelter takes can result in how much waste is generated from them. The environmental 

policy at Fjarðaál is to completely avoid disposing into landfills. Therefore, they have added 

pressure on themselves to minimize waste since a lot of time and expenses derive from 

exporting hazardous waste. Nonetheless, the overall picture must be viewed in all this, even 

though the waste is sent abroad, it does not mean that the pollution from it ends there. Certain 

amount of pollution is generated by shipping the waste overseas. Most likely also in the 

recycling process itself, where secondary wastes are produced along with emissions 

(Kornelíusdóttir, 2014). These factors limit this research at some level, but the next step 

could be taken, and the research extended to examine what processes are used by recyclers. 

From there, an evaluation would be done that takes secondary wastes and emissions into 

account that derive from the recycling process.  

It is notable that the sold excess electrolyte from ISAL is formed in the pot room while it is 

formed in anode rodding shop at Fjarðaál and Norðurál. The reason is unknown, but it is a 

likely possibility that Fjarðaál and Norðurál have in fact the same process as ISAL, but only 

detailed information was obtained from ISAL. Different company language is also present 

between the aluminum smelters. Fjarðaál sends their filter bags to Spain for recycling while 

ISAL has the same process for dust filter. The filter bags and dust filters are generated at the 

same location, in the gas treatment center, and both end up in Spain for recycling. Most 

likely, these two objects are the same waste but have different names between smelters. 

Norðurál and ISAL are using the landfill method, but the time will come where this solution 

will no longer be available. Environmental regulations are becoming more stringent and they 

are not aimed exclusively at recycling waste but demanding reduction of waste all together. 

Not only is there a pressure from environmental authorities but there is also the fact that land 

space within the aluminum smelters area is limited and other solutions need to be in sight 

within a few years (Skipulagsstofnun, 2017). As previously discussed, ISAL already 

possesses a recycling technology in their operation in Canada. As a result, possibilities are 

available for recycling by transporting the waste but accompanied with increased cost and 

effort. This recycling technique could however be an interesting option for the Icelandic 

aluminum industry. 

With more categorization of operational waste there are more opportunities to recycle it. 

Spent potlining is a troublesome waste because it is difficult to recycle due to variability in 

composition and size. Fjarðaál categorizes their spent potlining into 1st cut and 2nd cut to 

recycle it. Their operation has similar setup like Norðurál when it comes to the repair shop 

where the spent potlining is removed. These two smelters have their pots in a vertical 
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position and it can be assumed if Norðurál would switch to recycling method the 

categorization could be not as complicated. ISAL however, has their pots in a horizontal 

position which leads to the pieces falling into one pile. It can be assumed that it would be 

more difficult to categorize the pieces when they are all together in one pile but perhaps the 

process could be performed with many small cuts. Categorization technique suitable for this 

process must be designed to minimize time and cost.  

Fjarðaál distinguishes skimming from aluminum dross and re-use it in their operation. This 

could possibly be an opportunity for recycled waste at the other aluminum smelters. Similar 

situation is with the carbon dust as it is categorized in many different groups. All smelters 

collect dust in the anode rodding shop cleaning process. Norðurál and Fjarðaál distinguish 

pure carbon dust from contaminated dust and sell what can be sold. This supports the theory 

that with more categorization the more it is possible to recycle and could be an improvement 

opportunity for ISAL. The smelters also collect carbon dust in the pot room where the dust 

forms in the anode changing process. This correlates to the origin of dust formation in other 

researches where the carbon dust is removed from the anode hole in the electrolyte. ISAL 

and Fjarðaál however, re-use this waste while Norðurál has it landfilled. There are some 

variables between the aluminum smelters that are characterized by company language, origin 

of waste and how the waste is categorized. Carbon dust is a part of aluminum production 

and is generated at many locations with numerous compositions. It is therefore rather 

simplified to call it the same waste, but detailed analysis of this dust and its utilization could 

be a topic for future research. 

Material selection is another aspect that affects the waste generation. Collar paste is used by 

ISAL and Norðurál, but the difference is that Norðurál recycles it inhouse. They re-use collar 

paste with the electrolyte as a coating material while ISAL sends the waste to a local recycler 

which recycles it into new collar paste. At first glance, it seems like a better solution for 

Norðurál since they do not need to account for its disposal in the yearly green accounting 

report. However, ISAL’s method could also be practical for other reasons like reduced cost 

in collar paste materials. The environmental friendly ramming paste has given good results 

at Norðurál which corresponds to the results of other studies regarding this subject. This is 

a potential opportunity for the smelters to replace traditional ramming paste and coal tar 

pitch. This could very well be the case soon, as coal tar pitch will be banned within a few 

years’ time (ECHA, 2018). 

It could be a great benefit to the aluminum smelters if innovation would be pursued to find 

favorable methods of recycling at the on-site area. This sort of solution could save both time 

and expenses since the waste would no longer need to be transported long distances for 

disposal. In addition, it would contribute to a reduction in waste classifications since non-

hazardous waste would not be leaving the facility. This type of innovation has already begun 

to some extent in Iceland. For example, an innovative environmental friendly cement free 

binder is a material that can replace cement and can use some of the waste as a binder source 

material (Wallevik, Erlendsson, & Alexandersson, 2015). Carbonaceous production waste, 

like spent potlining, can be utilized in combination with this material in energy intensive 

industries (Gerosion, 2016). This solution is favorable, but a problem exists regarding 

expensive transportation. By registering this new material with REACH regulation, an 

opportunity opens for recycling of hazardous waste that returns it back to the market as a 

product, thus closing the waste cycle.  
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4.2 Waste 

Waste that is generated in the Icelandic aluminum industry varies due to factors mentioned 

in previous chapter. Even though Fjarðaál is the largest aluminum smelter in Iceland it does 

not in all instances generate the largest amount of solid waste. The literature value for 

generated spent potlining was 25 ± 15 kg. Fjarðaál and Norðurál generated 2-4 kg of spent 

potlining in 2017 while ISAL generated 20 kg which is closer to the literature reference. The 

surprisingly low amount at Fjarðaál and Norðurál is the result of variation in cell lifetime. 

Spent potlining is generated more in some years than other. However, when the average 

amount over six-year period is considered, then the smelters are generating more quantities 

of spent potlining. ISAL and Norðurál are generating similar amounts of spent potlining 

while Fjarðaál is generating the lowest amount. However, they still have the first generation 

of pots and it could play a part that more years are required in the results to get more reliable 

outcome. Fjarðaál is generating more of anode butts than ISAL and Norðurál. The difference 

is around 33 kg per ton of aluminum produced. The reason is probably due to operational 

and technological differences. Nevertheless, there is variation in the data since the aluminum 

smelters have methods of their own to measure and categorize their waste. Further research 

would be needed to provide more accurate and uniform data on the generated waste from the 

smelters.  

The material flow was lacking inputs for all smelters along with literature reference. Fjarðaál 

has the lowest difference of 278.9 kg per ton of aluminum while Norðurál and ISAL have 

similar differences that range from 372.6-379.2 kg. This study did not go thoroughly into 

reasons why this difference is present due to complexity of other factors like alumina that is 

recycled automatically in the system. There are however, some missing materials like 

aluminum fluoride and refractory materials but the amount of those materials do not fill the 

gap entirely. This could be a topic for further research.  

4.3 Compositions 

The chemical composition of solid waste from aluminum smelters can vary significantly and 

the Icelandic compositions support that theory. Carbon is the main ingredient in the Icelandic 

spent potlining, followed by compounds of cryolite and aluminum oxide. According to 

literature the 2nd cut should contain more levels of silicon and alumina. The Icelandic 

compositions have increased silicon values but not in aluminum. There are some limitations 

to this comparison because data was not available for all generated waste. This was 

unexpected, considering the waste is being landfilled. If the waste must be transported from 

the smelter, then the composition should be available in safety data sheets due to safety 

handling regulations. However, smelters that are using landfill within their industrial area as 

a disposal method have less need to conduct chemical analysis on their waste.  

Carbon dust for example is a very difficult category due to its variation of compositions and 

origin. The dust from pot room is entirely different than the anode rodding shop carbon dust. 

More accurate way of comparing the composition would be to conduct a chemical analysis 

on the same dust from each smelter. However, the comparison was still conducted with upper 

and lower limits to demonstrate the variability of this waste.  
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5 Conclusion 

The purpose of this study was to provide an overview on solid waste generation in the 

Icelandic aluminum industry. The overview was gained by identifying solid waste from the 

local aluminum smelters and mapping the waste from its origin to end-life. Waste processes 

were analyzed to get a better understanding of how the waste is generated and identify 

opportunities for improvements. This case study focused on solid wastes that occur during 

aluminum production such as anode butts, spent potlining, aluminum dross, secondary 

wastes, electrolyte and carbon dust. This waste is often classified as hazardous and therefore 

more critical to find feasible disposal solutions that aim at sustainability. Because of its 

variation the categorizations get increasingly important since it leads to more recycling 

opportunities.  

Different processes and material usage can affect the total generated waste. As a result, the 

aluminum smelters could benefit by learning from each other regarding waste management. 

However, this solution might not be considered realistic due to competitive reasons. 

Clarification is needed on what chemical compounds the waste consists of and how it should 

be categorized but that could be achieved with standardization between smelters. This would 

lead to a better overview of the generated waste and where the Icelandic aluminum industry 

stands with regards to global smelters. The spent potlining is the main problem in current 

operational environment because a large amount of it is being produced yearly. Recycling 

methods exist but problems regarding transportation of hazardous waste are making it 

difficult for aluminum smelters to dispose of it in a sensible matter. Therefore, good will 

from authorities must be established to provide space for recycling and innovation in this 

field. 

Previous literature has focused on single waste topics. This case study sheds a new light on 

the aluminum industry as it brings a complete analysis of the generated waste and its life 

cycle. The limitations of the study are for the first part available data, but chemical analysis 

on the solid waste at the smelters facilities were not always at hand. In addition, the 

companies define their waste in different ways as well as having their own company lingo 

that can result in communication errors. In continuation of this study, further research could 

be conducted to fully comprehend the entire waste life cycle by including the waste that 

generates from recycling methods. A comparison to foreign aluminum smelters could be 

conducted as well, to evaluate the waste management status of the Icelandic aluminum 

industry. In addition, future researches should focus more on providing systematic overview 

on all waste categories, including emissions instead of targeting single waste streams.  
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