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History of aluminum

Compounds involving aluminum (Al) have been used by humans for thousands of years

* But because of aluminum’s affinity for oxygen!, it was only isolated as an element in
1825

* In 1886, the Hall-Héroult process was invented, allowing aluminum to be produced in

commercial quantities?

* Its general approach is still used today, although with improvements over time?

Global Aluminum Mining and Processing: Environmental and Social Impacts @ 2023 by More Than Sustainability is licensed under CC BY-SA 4.0


https://creativecommons.org/licenses/by-sa/4.0/?ref=chooser-v1

Elemental properties

Unalloyed aluminum is soft and has limited strength. The addition of small quantities of
alloying elements, such as copper, magnesium, manganese, nickel, silicon, and zinc, can

increase the hardness, strength, and other properties of aluminum*
Aluminum is also corrosion resistant, conductive, food safe

Aluminum is one of the most versatile metals’® and can be fabricated into desired forms

and shapes by every major metalworking technique*
In addition, aluminum weighs about one-third as much as steel or copper®

However, aluminum does have a higher coeflicient of thermal expansion compared to other
metals, leading to repair and maintenance costs that are approximately twice as high compared

to traditional steel in products, such as cars’
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Uses

* Aluminum is used in virtually all segments of the economy*
* The principal industrial applications for aluminum and its alloys are in>*:

* transportation, automotive industry (offering a higher fuel efliciency performance, due to

its light weight), railroads (28%)
* construction and building materials (32%)
* consumer durables (refrigerators, air conditioners, cooking utensils),
* electrical conductors (electric transmission lines)
* chemical and food-processing equipment.

* Aluminum is also an important material for the energy transition due to its use in the battery

package and as a cathode in Lithium Nickel Cobalt Aluminum Oxide (NCA) batteries
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Uses (cont.)

In part because of its use in long-life applications like buildings, approximately 75% of all

aluminum produced is still in use today’

Aluminum alloys come in two types: wrought (5% alloying elements), and cast (6-27% alloying

elements)!®
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Ores and co-present materials

With a share of 8%, aluminum is the third most abundant element in the earth’s crust.

This makes the availability of ore supplies for Al production almost unlimited?

Bauxite ore is the primary source of aluminum’, comprising 99% of the ore used to

produce aluminum™

Bauxite also happens to be the primary source of gallium (as a by-product of aluminum

production)*?

Many minerals including feldspars contains aluminum, but extraction from these is expensive

and requires high energy compared to bauxite®

Bauxite ore contains high concentrations of aluminum hydroxide minerals, plus iron, silicon

and titanium oxides as the main impurities?

The aluminum content in bauxite ranges from 16% to 27%*"2
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Mining locations

* 90% of the world's known bauxite resources are located in the tropics’

* The world’s largest bauxite reserves are located in Guinea (24%) and Australia (20%)’,

and they are the largest bauxite mining countries’

* Other countries with significant bauxite reserves are Vietnam (12%), Brazil (9%) and Jamaica

(7%)"
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Mining process

Most bauxite is very near the surface and thus easily mined relative to other ores'!
Bauxite is typically mined in open-pits (95%"%) and is usually processed by a nearby refinery*

Unlike other base metal ores, bauxite is marketed without any significant processing

at the mine site; it can even be directly shipped after mining!2
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Alumina production

Bauxite is processed into
pure aluminum oxide
(A1203), so-called alumina,
before it can be converted
into primary aluminum by

electrolysis?

The conversion of bauxite
into alumina uses the Bayer

process® 90-95% of the time!
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Red mud (bauxite residue)

The Bayer process generates bauxite processing residue. Bauxite is digested in 2a hot NaOH

solution that converts the alumina to dissolved aluminum hydroxide!®
The solid impurities that are filtered from the liquor are called red mud*¢

Depending on the source of the bauxite, between 0.3 tons (for high grade bauxite) to 2.5 tons

(for very low grade bauxite) of red mud are produced per ton of alumina?
The red mud poses storage problems due to the large amounts of caustic solid waste?

Globally, some 3 billion tons of red mud are now stored in massive waste ponds or dried

mounds, making it one of the most abundant industrial wastes on the planet'”
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What to do with red mud...

Since 1964 researchers have patented some 700 uses for red mud, including tapping it to make

decorative ceramics, dyes, and even fertilizer. Yet just 3% of red mud is currently recycled!”

“The composition of [red mud] varies so much it means one [type of solution] will not

work,” says Brajendra Mishra, a materials scientist at the Worcester Polytechnic Institute!”

No cost-effective integrated technologies exist so far for the cornplete recycling of bauxite reside

on a large industrial scale!?

The iron industry has shied away from extracting the metal from it, for example, because the

caustic waste destroys key components in their smelters!”
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Red mud accidents and pollution examples

In 2010, an earthen dam at one waste pond in
Hungary gave way, unleashing a 2-meter-high wall of
red mud that buried the town of Ajka, killing 10

people and giving 150 severe chemical burns'”

Even when red mud remains contained, its extreme
alkalinity can leach out, poison groundwater, and

contaminate nearby rivers and ecosystems”

In Malaysia, images of rivers and coastal areas polluted
with red sediment were a key factor in the government’s

decision to ban bauxite mining for environmental reasons
in 2016 (which was ended in 2019)"°
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Alumina production (cont.)

90-95% of refined aluminum oxide produced by the Bayer process is sent to primary aluminum

smelters through the Hall-Héroult electrolysis process!
China is by far the largest producer of aluminum®

Depending on the ore grade, it takes 4-6 tonnes of bauxite to refine approximately 2
tonnes of alumina, which in turn are smelted to make 1 tonne of primary aluminum

metall?

In China the environmental eftects of bauxite, aluminum oxide, and electrolytic aluminum are

respectively 1.4%, 8%, and 90.6% of the environmental burden®
Overall, Al is one of the most carbon-intensive industrial metals to produce'?

For example, theoretically, 31.1 GJ/ton aluminum is necessary to reduce aluminum from

alumina, compared to the 6.8 GJ/ton iron theoretically required to reduce iron from iron oxide?
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A little about thermodynamics

So what is it about removing the oxygen from aluminum that is so energy intensive?
Thermodynamics can give us some insight

If we look at the pure ores used to make metals (in the case of aluminum, AI302), we can
determine the theoretical minimum amount of energy required to separate the molecules (the

green line in the graph)?

The blue dots represent the average energy intensity involved in aluminum smelting (the

process to separate the aluminum atoms from the oxygen atoms) over time.
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A little about thermodynamics

This graph shows us that we are nearing close to the theoretical minimum. Scientists estimate
that perhaps 80% efficiency is the best we can hope for overall** given that these molecules are

in reality are part of a physical system subject to energy dissipation, etc.

It also shows us is that there are unavoidable energy inputs needed to separate out
pure metal atoms from their ore molecules, which, for older refining processes are

getting fairly close to their theoretical minimum

Having said that, keep in mind this isn’t the whole story. Accessing and mining the raw ore,
getting the pure ore molecules separated out from contaminants (here, the Bayer process)
create another set of energy needs. And, when choosing metals, use-phase energy impacts

matter (e.g. aluminum being lighter than steel especially matters in transportation®)
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Aluminum dross

During the process of melting and alloying, molten aluminum meets the oxidizing atmosphere;
therefore, a surface oxidation takes place, leading to the formation of a semisolid skin over

the molten metal, called aluminum dross?
Dross forms in both primary and secondary (recycling) aluminum processes*
Secondary aluminum dross is regarded as a hazardous waste in many countries'®

More than a million tons of aluminum black dross (from recycling) are reported worldwide

each year, and around 95% of this material is landfilled*
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Spent pot linings

Spent pot lining (SPL) is an unavoidable by-product of aluminum smelting®, and is the
second largest solid waste stream generated from the primary aluminum production process

after bauxite residue®

Primary aluminium is produced in steel pots which are lined. Over a period of typically

between 4-7 years, the pot lining wears down?®

SPL is classified as a hazardous waste or is subject to strict regulations in most jurisdictions due
to its fluoride and cyanide content. It also has the potential for volatile reactions with water to

produce explosive gases®

Almost half (40-50%) of SPL generated is recycled and used in other industrial processes, such

as: cement, steel, and mineral production®

However, some of these secondary uses are only one-time, as cement, for example, has no

effective recycling processes>
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Environmental impacts

Table 1. Environmental Hazard Potential related to bauxite’s geological features and mining practices (*)

Environmental hazard potential related to geological features

According to the Goldschmidt geochemical classification,
aluminium is a lithophile element readily combined with
oxygen. Bauxite is an oxidic ore consisting mostly of the
aluminium minerals gibbsite (Al(OH)z), boehmite (y- High
AlO(OH)) and diaspore (a-AlO(OH)), mixed with iron oxides.
Therefore, geochemical preconditions for Acid Mine
Drainage (AMD) do not exist in bauxite mining

Preconditions for
acid mine
drainage (AMD)

The main constituents of bauxite are Al hydroxides and Fe
Medium oxides (not heavy metals). However, bauxite deposits may Medium
contain slightly elevated concentrations of heavy metals.

Paragenesis with
heavy metals

Average data on Chinese bauxite deposits (about 21 % of

Paragenesis with N ,
Modiinn world production in 2018) suggest that in many cases

Fackoackve aluminium is associated with slightly elevated Mediurm
substances . i .
concentrations of uranium and/or thorium
Environmental hazard potential related to mining practices
Bauxite is a bulk commeodity extracted mainly from
Weitype weathered, near-surface horizons in tropical regions; Hih
P therefore, mining frequently requires access to large land g
zones.
Use of auxiliary No toxic auxiliary substances are used for bauxite mineral High
substances processing. g

(*) Annex 2 presents the evaluation method for the Environmental Hazard Potential
(?) UBA's study assesses the use of auxiliary substances as ‘Medium’ as the use of caustic soda for the further processing of bauxite into
alumina (Bayer process) is taken into account

Source: Adapted from (Dehoust et al., 2020).
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Land use

Bauxite extraction is considered to have a large mining footprint as bauxite mines are mostly

opencast, and bauxite deposits often cover a large area'”

Since major deposits are commonly found in tropical and sub-tropical areas, they

often overlap or are adjacent to areas of high conservation value'’

A recent World Bank’s study on the impacts of large-scale mining on forests suggests that

bauxite mines represent 5% of the world’s large—scale mines in a forested area’?

In addition, aluminum smelting consumes large amounts of electricity and helps drive

dam-building worldwide*
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Water

Additional environmental challenges can derive from bauxite mines’ location in water-scarce

areas or nature protected areas’?

84% of the capacity of operating bauxite mines in the EU sourcing countries is located

in places with water stress ranging from high to extremely high'
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Forced and child labor

* Last year, reporting on the links between aluminum smelters and forced labor in

China’s Northwest region of Xinjiang led to the United States targeting aluminum in
a ban on imports linked to forced labor*

Guinea and Sierra Leone have the lowest values for the Human Development Index and Fragile
State Index, which measures socio-economic vulnerability and risk and state capacity to
respond to pressures. According to ILO estimates, child labour is also spread in these
countries, with 25% (Guinea) and 37% (Sierra Leone) of children between S and 14 years old in

employment12
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Conflicts

* Considering conflicts classified by the EJ Atlas as high or medium intensity and started in
between 2010-2020, in order to focus on the most recent, eight cases were reported related to

bauxite/aluminum projects*?

In addition, one severe accident was reported by another source with a deemed ‘high to

medium’ intensity'2

* These conflicts took place in Guinea, Brazil, Venezuela, Mozambique, Tajikistan, India, China
(2), and Malawi!?

* Land use for bauxite exploration and new mine development was the most frequent

cause of conflicts!?
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Recycling rates and sources

* The 2018 global Recycling Input Rate (RIR) of aluminum was 32%. The RIR is an indicator
of the proportion of recycled from new (pre-consumer) and old (post-consumer) scrap

contained in the metal produced in a given region?

The post-consumer recycling rates for aluminum are generally rather high, but they
difter substantially by product, alloy and region, ranging from as low as 20% to as high as
80% for some packaging products®

For example, about half of all used aluminum beverage cans in the US were recycled in 2020,

whereas in Germany the rate was 99%%

The transportation sector was the most important source of aluminum from end-of-life

products, as scrap aluminum from buildings only became available in the 2000s*

Approximately 75% of all aluminum produced is still in use today”
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Recycling benefits

Compared to other high-volume materials, such as copper (Cu), zinc (Zn), magnesium (Mg),
and steel, Al production has one of the widest energy difterences between the primary

and secondary (recycling) production®

It is estimated that only about 5 to 8 percent of the energy required to produce primary

aluminum ingot is needed to produce recycled aluminum ingot*

In addition, to achieve a given output of ingot, recycled aluminum requires only about 10

percent of the capital equipment compared with primary aluminum®*

Overall, primary aluminum production has higher impacts than secondary aluminum

production for all impact categories'

Recycling 1 kg of aluminum can save about 8 kg of bauxite, 4 kg of chemical products
and 14 kW h of electricity?
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Recycling challenges

The reactive chemical nature of aluminum makes it almost impossible to remove

alloying elements from remelted aluminum scrap'®

While some processes have been invented to do this, the mechanical or thermal treatment

required is currently uneconomical?®

Unfortunately, aluminum alloys have small tolerances for “tramp elements,” which

quickly lead to undesired properties like brittleness and corrosion?

An accumulation of alloying elements is inevitable with successive rounds of recycling, which
means that much recycled aluminum does not meet the strict component specifications

required for wrought alloys!®
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Recycling challenges (cont.)

Cast alloy production receives most of its scrap from end-of-life products because it can

tolerate a high concentration of foreign elements®

This down-cycling works well as long as the demand for cast alloy is sufliciently greater than

the quantity of scrap generated®!

However; recycled cast alloys serve a limited number of applications, and are mostly only used
in vehicles engines. Scientists have indicated that the continuous down-cycling
(accumulation of alloying elements), along with the introduction of electrical vehicles,

will result in a significant unrecyclable scrap surplus in the coming decades™
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Because of aluminum’s affinity for oxygen, it was only isolated as an element in
1825

Aluminum is a highly versatile material used in virtually all segments of the
economy

Summary

Bauxite ore is the primary source of aluminum and is very near the surface and
thus easily mined relative to other ores

But red mud, a caustic output from initial processing of bauxite into alumna,
is one of the most abundant industrial wastes on the planet

Aluminum dross and spent pot linings are other wastes produced by the
alumnium production process

In addition, aluminum is one of the most carbon-intensive industrial metals to
produce

While aluminum has high recycling rates, over time the recycling tends to be
downcycling, because of trace elements that cannot be cost/energy-eftectively
removed

Having said that, recycling aluminum represents one of the highest energy
savings for any metal (some estimates are as low as 5% of the initial energy
requirements)
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Thank you

Global Aluminum Mining and Processing: Environmental and Social Impacts @ 2023 by More Than Sustainability is licensed under CC BY-SA 4.0


https://creativecommons.org/licenses/by-sa/4.0/?ref=chooser-v1

References (1 of 4)

! Daniel, B., & Jouhara, H. (2020). The Aluminium Industry: A Review on State-of-the-Art Technologies, Environmental Impacts and Possibilities for Waste Heat Recovery. https://doi.
Org/l().1016/i.iift.2019.100007

> Moors, E. H. M. (2006). Technology strategies for sustainable metals production systems: A case study of primary aluminium production in The Netherlands and Norway. Journal of
Cleaner Production, 14(12), 1121-1138. https://doi.org/10.1016/j.jclepro.2004.08.005

3 Balomenos, E., Panias, D., & Paspaliaris, I. (2011). Energy and Exergy Analysis of the Primary Aluminum Production Processes: A Review on Current and Future Sustainability.
Mineral Processing and Extractive Metallurgy Review, 32(2), 69-89. https://doi.org/10.1080/08827508.2010.530721

*USGS. (2006). U.S. Geological Survey Circular 1196-W. https://pubs.usgs.gov/circ/c1196w/

> Material Insights. (n.d.). Bauxite. Retrieved from https://material-insights.org/aluminium-and-bauxite

¢ USGS. (n.d.). Aluminum Statistics and Information. Retrieved from https://www.usgs.gov/centers/national-minerals-information-center/aluminum-statistics-and-information

7 Zhang, H. (2023). Aluminum Material Recycling Efficiency Study Based on Multi-Country Comparison. SHS Web of Conferences, 154, 01009. https://doi.org/10.1051/shsconf/2023
15401009

8 OECD. (2012). Sustainable Materials Management: Making Better Use of Resources. OECD. https://doi.org/10.1787/9789264174269-en

> Rombach, G. (2013). Raw material supply by aluminium recycling — Efficiency evaluation and long-term availability. Acta Materialia, 61(3), 1012—1020. https://doi.org/10.1016/j.acta
mat.2012.08.064

Lu, X., Zhang, Z., Hiraki, T., Takeda, O., Zhu, H., Matsubae, K., & Nagasaka, T. (2022). A solid-state electrolysis process for upcycling aluminium scrap. Nature, 606(7914), Article
7914. https://doi.org/10.1038/s41586-022-04748-4

1 Wesdock, J. C., & Arnold, I. M. F. (2014). Occupational and Environmental Health in the Aluminum Industry. Journal of Occupational and Environmental Medicine, 56(5 Suppl),
§5-811. https://doi.org/10.1097/JOM.0000000000000071

Global Aluminum Mining and Processing: Environmental and Social Impacts @ 2023 by More Than Sustainability is licensed under CC BY-SA 4.0


https://creativecommons.org/licenses/by-sa/4.0/?ref=chooser-v1
https://doi.org/10.1016/j.ijft.2019.100007
https://doi.org/10.1016/j.ijft.2019.100007
https://doi.org/10.1016/j.jclepro.2004.08.005
https://doi.org/10.1080/08827508.2010.530721
https://pubs.usgs.gov/circ/c1196w/
https://material-insights.org/aluminium-and-bauxite
https://www.usgs.gov/centers/national-minerals-information-center/aluminum-statistics-and-information
https://doi.org/10.1051/shsconf/202315401009
https://doi.org/10.1051/shsconf/202315401009
https://doi.org/10.1787/9789264174269-en
https://doi.org/10.1016/j.actamat.2012.08.064
https://doi.org/10.1016/j.actamat.2012.08.064
https://doi.org/10.1038/s41586-022-04748-4
https://doi.org/10.1097/JOM.0000000000000071

References (2 of 4)

12 Georgitzikis, K., Mancini, L., d’Elia, E., & Vidal Legaz, B. (2021). Sustainability aspects of Bauxite and Aluminium. https://op.curopa.cu/en/publication-detail/-/publication/1931948
6-df96-11eb-895a-01aa75ed71al/language-en/format-PDF/source-239668726

B Ky, L., Ly, H., Kh, T., Yy, T., Sp, L., Am, Q., T, P., & R, N. (2017). Environmental and Occupational Health Impact of Bauxite Mining in Malaysia: A Review. IIUM Medical Journal
Malaysia, 16(2), Article 2. https://doi.org/10.31436/imjm.v16i2.346

Tan, R. B. H., & Khoo, H. H. (2005). An LCA study of a primary aluminum supply chain. Journal of Cleaner Production, 13(6), 607-618. https://doi.org/10.1016/].jclepro.2003.12.
022

15 International Aluminum Institute. (2022, August 31). Spent Pot Lining: An Introduction Factsheet - International Aluminium Institute. https://international-aluminium.org/resour
ce/spent-pot-lining-an-introduction-factsheet/

* Gomes, H. I., Mayes, W. M., Rogerson, M., Stewart, D. I., & Burke, I. T. (2016). Alkaline residues and the environment: A review of impacts, management practices and opportunities.
Journal of Cleaner Production, 112, 3571-3582. https://doi.org/10.1016/j.jclepro.2015.09.111

17 Service, R. F. (2020). Red alert. Science, 369(6506), 910-911. https://doi.org/10.1126/science.369.6506.910

8Zhu, X, Jin, Q., & Ye, Z. (2020). Life cycle environmental and economic assessment of alumina recovery from secondary aluminum dross in China. Journal of Cleaner Production,
277,123291. https://doi.org/10.1016/}.jclepro.2020.123291

¥ Wormington, J. (2021). Aluminum: The Car Industry’s Blind Spot. Human Rights Watch. https://www.hrw.org/report/2021/07/22/aluminum-car-industrys-blind-spot/why-car-co
mpanies-should-address-human-rights

20 Pandey, A. K., & Prakash, R. (2020). Opportunities for sustainability improvement in aluminum industry. Engineering Reports, 2(5), €12160. https://doi.org/10.1002/eng2.12160

21 Zhang, Y., Sun, M., Hong, J., Han, X., He, J., Shi, W., & Li, X. (2016). Environmental footprint of aluminum production in China. Journal of Cleaner Production, 133, 1242-1251. h
ttps://doi.org/10.1016/j.jclepro.2016.04.137

Global Aluminum Mining and Processing: Environmental and Social Impacts @ 2023 by More Than Sustainability is licensed under CC BY-SA 4.0


https://creativecommons.org/licenses/by-sa/4.0/?ref=chooser-v1
https://op.europa.eu/en/publication-detail/-/publication/19319486-df96-11eb-895a-01aa75ed71a1/language-en/format-PDF/source-239668726
https://op.europa.eu/en/publication-detail/-/publication/19319486-df96-11eb-895a-01aa75ed71a1/language-en/format-PDF/source-239668726
https://doi.org/10.31436/imjm.v16i2.346
https://doi.org/10.1016/j.jclepro.2003.12.022
https://doi.org/10.1016/j.jclepro.2003.12.022
https://international-aluminium.org/resource/spent-pot-lining-an-introduction-factsheet/
https://international-aluminium.org/resource/spent-pot-lining-an-introduction-factsheet/
https://doi.org/10.1016/j.jclepro.2015.09.111
https://doi.org/10.1126/science.369.6506.910
https://doi.org/10.1016/j.jclepro.2020.123291
https://www.hrw.org/report/2021/07/22/aluminum-car-industrys-blind-spot/why-car-companies-should-address-human-rights
https://www.hrw.org/report/2021/07/22/aluminum-car-industrys-blind-spot/why-car-companies-should-address-human-rights
https://doi.org/10.1002/eng2.12160
https://doi.org/10.1016/j.jclepro.2016.04.137
https://doi.org/10.1016/j.jclepro.2016.04.137

References (3 of 4)

22 Gutowski, T. G., Sahni, S., Allwood, J. M., Ashby, M. F., & Worrell, E. (2013). The energy required to produce materials: Constraints on energy-intensity improvements, parameters of
demand. Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences, 371(1986), 20120003. https://doi.org/10.1098/rsta.2012.0003

2 Raabe, D., Ponge, D., Uggowitzer, P. J., Roscher, M., Paolantonio, M., Liu, C., Antrekowitsch, H., Kozeschnik, E., Seidmann, D., Gault, B., De Geuser, F., Deschamps, A.,
Hutchinson, C., Liu, C., Li, Z., Prangnell, P., Robson, J., Shanthraj, P., Vakili, S., ... Pogatscher, S. (2022). Making sustainable aluminum by recycling scrap: The science of “dirty” alloys.
Progress in Materials Science, 128, 100947. https://doi.org/10.1016/j.pmatsci.2022.100947

¢ Kudyba, A., Akhtar, S., Johansen, I., & Safarian, J. (2021). Aluminum Recovery from White Aluminum Dross by a Mechanically Activated Phase Separation and Remelting Process.
JOM, 73(9), 2625-2634. https://doi.org/10.1007/s11837-021-04730-x

# Nunez, P. (2020). Developing Guidance to Support Sustainable Spent Pot Lining (SPL) Management Across the Aluminum Industry. JOM, 72(10), 3334-3340. https://doi.org/10.10
07/s11837-020-04301-6

2¢ Fearnside, P. M. (2016). Environmental and Social Impacts of Hydroelectric Dams in Brazilian Amazonia: Implications for the Aluminum Industry. World Development, 77, 48-65. h
ttps://doi.org/10.1016/j.worlddev.2015.08.015

? Human Rights Watch. (2023, March 6). Aluminum’s Amazon Footprint. Human Rights Watch. https://www.hrw.org/news/2023/03/06/aluminums-amazon-footprint

28 International Aluminum Institute. (2020, October 15). Aluminium Recycling Factsheet—International Aluminium Institute. https://international-aluminium.org/resource/alumini

um-recycling-fact-sheet/

Global Aluminum Mining and Processing: Environmental and Social Impacts @ 2023 by More Than Sustainability is licensed under CC BY-SA 4.0


https://creativecommons.org/licenses/by-sa/4.0/?ref=chooser-v1
https://doi.org/10.1098/rsta.2012.0003
https://doi.org/10.1016/j.pmatsci.2022.100947
https://doi.org/10.1007/s11837-021-04730-x
https://doi.org/10.1007/s11837-020-04301-6
https://doi.org/10.1007/s11837-020-04301-6
https://doi.org/10.1016/j.worlddev.2015.08.015
https://doi.org/10.1016/j.worlddev.2015.08.015
https://www.hrw.org/news/2023/03/06/aluminums-amazon-footprint
https://international-aluminium.org/resource/aluminium-recycling-fact-sheet/
https://international-aluminium.org/resource/aluminium-recycling-fact-sheet/

References (4 of 4)

»? BCG. (2022, May 2). What’s Holding Back Aluminum Recycling in the US? BCG Global. https://www.bcg.com/publications/2022/whats-holding-back-aluminum-recycling-in-the-u
s

30 Capuzzi, S., & Timelli, G. (2018). Preparation and Melting of Scrap in Aluminum Recycling: A Review. Metals, 8(4), Article 4. https://doi.org/10.3390/met8040249

31 Hatayama, H., Daigo, 1., Matsuno, Y., & Adachi, Y. (2012). Evolution of aluminum recycling initiated by the introduction of next-generation vehicles and scrap sorting technology.
Resources, Conservation and Recycling, 66, 8-14. https://doi.org/10.1016/j.resconrec.2012.06.006

32 Paraskevas, D., Ingarao, G., Deng, Y., Duflou, J. R., Pontikes, Y., & Blanpain, B. (2019). Evaluating the material resource efficiency of secondary aluminium production: A Monte
Carlo-based decision-support tool. Journal of Cleaner Production, 215, 488-496. https://doi.org/10.1016/j.jclepro.2019.01.097

Global Aluminum Mining and Processing: Environmental and Social Impacts @ 2023 by More Than Sustainability is licensed under CC BY-SA 4.0


https://creativecommons.org/licenses/by-sa/4.0/?ref=chooser-v1
https://www.bcg.com/publications/2022/whats-holding-back-aluminum-recycling-in-the-us
https://www.bcg.com/publications/2022/whats-holding-back-aluminum-recycling-in-the-us
https://doi.org/10.3390/met8040249
https://doi.org/10.1016/j.resconrec.2012.06.006
https://doi.org/10.1016/j.jclepro.2019.01.097

