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UTILISATION FRAMEWORK OF ALUMINA REFINERY RESIDUES 
(ARR) – RED MUD TREATMENT 

Summary: When the bauxite is processed in alumina production, a solid waste by-product is created. 
Each tonne of bauxite processed in the refining process produces around 400 kg of alumina and 600 kg 
of residues. As the result of this, around 100 alumina factories in Australia, Brazil, India, Europe and 
elsewhere create up to 120 million tonnes of solid waste each year. According to production data (in 
the last thirty years) over three billion tonnes of waste is stored in waste dumps in the world, making 
alumina factories the largest waste dumps of industrial waste.  Physical and chemical characteristics 
of residues from alumina factories have been a subject of scientific research for quite some time, as they 
contain iron, aluminium, silica, titanium, sodium and other elements and compounds of potential value.  
In the last ten years, these researches were focused not only on recycling of valuable contents of waste, 
but also on various possibilities of worthwhile re-use of this type of waste. One of the ways is to decrease 
the amount of storage waste by using its specific valuable components. Therefore, the alumina industry 
has developed a series of “new technologies” to deal with increasing waste, including the ways how to 
better dehydrate and store it safely. However, although commendable, these directions mostly focus on 
improving the process and increasing productivity and did not manage to solve some basic truths 
connected with sustainable and worthwhile re-use. The paper claims that only a comprehensive 
understanding and analysis of all aspects of production by-products in an alumina factory, who are 
worth re-using and through involvement of a wide circle of participants, society and industry, can really 
achieve sustainable future for this type of waste. 
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INTRODUCTION 

Alumina (Al2O3) is produced by refining bauxite ore mined from large open-cast mines. 
Aluminium is one of the most important light metals in the world, used for packaging, transport 
and construction, and it is produced by electrolysis of alumina. Around 260 million tonnes (mt) 
of bauxite is mined each year in the world from the global reserve estimated to between 55 and 
75 billion tonnes – 30 % in Australia (77 mt), 18 % in China (47 mt), 13 % in Brazil (34 mt), 
12 % in Indonesia (30 mt), 7 % in India (19 mt), 6 % in Guinea (17 mt) and 3 % in Jamaica (9 
mt), while the rest is mined in countries such as Russia, Guyana, Bosnia and Herzegovina and 
Surinam (Bray 2014, 12). 
Bauxite is processed in local factories or imported to over 100 refineries all over the world, and 
we can see, for example, that the number of alumina factories in China increased from seven in 
2001 to 49 in 2011. This number is going to increase even more, considering the fact that 
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demands for bauxite from China will reach 240 mt by 2030, while the total demand for bauxite 
for alumina, i.e. for aluminium should reach 350 mt by 2018 (European Aluminium Association 
2013, 14). The most frequently used method for refining alumina from bauxite is the Bayer 
process, developed by Austrian chemist and industrialist Karl Bayer in late nineteenth century. 
This process gives out undiluted alumina when the bauxite is treated with sodium hydroxide 
(i.e. caustic soda, NaOH) at temperatures between 100 and 240°C and pressure between 1 and 
6 atmospheres. The by-product – waste that is the result of the Bayer process is colloquially 
known as “red mud”, but the industry calls it “bauxite residues” or “alumina refinery residue” 
(Habashi 1995, 17). 
Influence of these pollutants can be significant over the surface from 200 ha and down to 40 m 
of depth, and therefore can cause concern to parts of local community.  
Each tonne of bauxite refined through the Bayer procedure gives between 300 and 500 kg of 
alumina and 500 to 700 tonnes of alumina refinery residues (ARR), so that the alumina goes to 
electrolysis for aluminium productions and the alumina refinery residue (ARR) is released into 
long-term depots as mud (or sometimes released into a sea or ocean) (International Aluminium 
Institute 2010). After being released from the refinery, the ARR is highly alkaline (usually 
around 5,000 mg/kg of total alkalinity, but sometimes even 30,000 mg/kg or 3 %, which can be 
compared to the level of salt in seawater), with pH above 12. 
Including the life-cycle analysis, in order to fit the residues into wider regional plans for 
sustainable development, the fact remains that the alumina refinery residues is classified and 
dangerous waste in most countries, with potential hazardous influence on health of people and 
the environment if used in wrong or inadequate manner. Bearing in mind not only obvious 
industrial, trading and chemical imperatives that drive the re-use of residues and inform on 
current technology plans, but also by involving regulatory, environmental, investment, research 
and social dimensions of licensing (among other participants), the whole of future, this paper 
represents a new framework for utilisation of alumina refinery residure. 

1. ARR - RED MUD TREATMENT

ARR is often qualified as “hazardous” (but not “toxic”) industrial waste according to many 
national and international jurisdictions and conventions, such as the Basel Convention (i.e. 
Classification # B2110), due to extremely caustic nature (Brunori et. al. 2005, 58). ARR can 
burn skin upon contact, and other harmful properties can be irritation to eyes, nose and throat. 
Creating large quantities of ARR presents a significant problem to management and work of 
operational alumina industry.  In order to put this claim into context, we bear in mind that at 
least 120 mt of ARR is produced annually in refineries in Australia, Brazil, China, France, 
India, Romania, Russia and elsewhere, with projections of 140 mt until 2018 (Liu and Wu 2012, 
3). The issue of safe storage, monitoring and management of hazardous ARR and its potential 
problems in environmental protection and social impact are a large global industrial and social 
challenge. 
Bearing in mind that all over the world another 30 refineries are to close, leaving inherited 
stockpile of several million tonnes of hazardous waste, often neglected, the need for sustainable 
future of ARR is undoubtedly important. For that reason, Alcoa, historically one of the largest 
producers of ARR in the world up to 2005 stressed that “finding a practical use and new 
manners of storing refinery residues – which have permanent influence on the environment and 
the soil and require significant storage expenses”, probably the biggest challenge facing the 
global alumina industry” (Fergusson 2016, 967). Seven regional governments, including 
Australia, India and China, together making 53 % of global aluminium production, have 
founded an Asian-Pacific partnership for clean development and climate, and made ARR the 
key issue in their policies that needs to be provided with significant further research and 
investment (Gräfe and Power and Klauber 2011, 35). One of the key challenges of ARR 
management are its physical and chemical properties. Unprocessed ARR usually contains iron 
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(25-35 %), aluminium (10-20 %), sodium (3-10 %), titanium (5-10 %), silicon (5-20 %) and 
calcium (5-10 %), in oxide, hydroxide and/or oxy-hydroxide states. None of these elements is 
a significant problem by itself, but due to its combined extremely caustic nature they present 
significant long-term risks to management of the environment and human health. 
To give concrete examples, the graphs 1 and 2 below show movement of weighted contents of 
individual components of ARR in 2018 (bauxite quality function) as well as average weighted 
share of individual components in 2018 in the alumina refinery in Zvornik. 
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Sadržaj SiO2 u mulju zadnjeg ispirača
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Težinski procenat Fe2O3 u mulju zadnjeg ispirača
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Težinski sadržaj CaO u mulju zadnjeg ispirača

2018 godina

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

Te
žin

ski
 pr

oc
en

at 
Ca

O

5

6

7

8

9

10

11

Težinski sadržaj TiO2 u mulju zadnjeg ispirača
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Težinski procenat gubitak žarenjem u mulju zadnjeg ispirača
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Težinski procenat ZnO u mulju zadnjeg ispirača
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Težinski procenat Na2Oukupno u mulju zadnjeg ispirača
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Graph 1. Weighted contents of individual components of “red mud” during 2018 (Authors) 
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Graph 2. Average weighted contents of ARR in the Zvornik alumina refinery in 2018 (Authors) 

For example, ARR contains a complex cocktail of metals and minerals, including hematite 
(Fe2O3), beohmite (AlOOH), gibbsite (Al (OH)3), sodalite (Na4Al3Si3O12Cl), anatase 
(TiO2), aragonite (CaCO3), brucite ((OH)2), diaspore (ß-Al2O3.H2O), ferrihydrite (Fe5O7 
(OH).4H2O), gypsum (CaSO4.2H2O), hydrocalumite (Ca2Al(OH)7.3H2O), hydrotalcite 
(Mg6Al2CO3(OH)16.4H2O) and paluminohydrocalcite (CaAl2(CO3)2(OH)4.3H2O), which 
contribute to its increased causticity. In the case of Zvornik alumina refinery, the mineral 
composition is shown on Graph 3.  

Graph 3. Mineral composition of Zvornik alumina refinery ARR (Authors) 

ARR can also contain heavy metals and metalloids, including arsenic (As), chrome (Cr), 
gallium (Ga), thorium (Th) and vanadium (V), although usually just in concentrations and traces 
between several parts per million up to 200 mg/kg. Although presence of radionuclides, such 
as plumb (Pb), thorium (Th) and unarnium (U), were a cause for concern, such elements are 
always found in non-radioactive states (Gräfe and Power and Klauber 2011, 22-28). 

Picture 1. Photographs of ARR dumps. 1. Australia, 2. Zvornik, 3. Romania (Authors) 
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Around 50 % of ARR is amorphous, with its crystal content made up mostly from goethite and 
hematite, quartz and titan, such as rutile, antase and/or ilmenite.  Smaller remain stages of the 
source original ore (clay) can also be present, as well as newly formed types created as a result 
of specific conditions in the Bayer process (e.g. natroalunite and noselite). After coming in 
contact with water, solid components of ARR (which are usually around 30-40 % of waste mud) 
give pH+ 12.5 with increased level of electric conductibility (EC) between 1 and 16 mS/cm and 
high density, with over 80 % particles of ARR over <10 microns (Fergusson 2014, 107).  
However, physical and chemical characteristics between any two ARR can be largely different, 
and are determined by geological properties of the bauxite ore and industrial conditions of 
bauxite processing in the refinery. 
There is a clear concern for health of people, including occurrences of cancer in or around 
alumina refinery. During his research in Alcoa, Dr Donaghue, a physician, concluded that 
harmful risks such acute and chronic health issues and incremental cancerous risk factors 
connected to exposure to ARR in the refineries Acloa Wagerupand Pinjarra in Western 
Australia were negligible (Donoghue 2014, 20). His study was requested because near the 
Wagerup refinery there were protests of residents of nearby town of Yarloop who claimed that 
the emission were making them ill, with symptoms such as nosebleeds, inflammation of the 
eyes and boils on skin.  There is quite a long list of known or cancerous substances that are 
regularly emitted (from the refinery), but the exact combination that makes people ill had not 
been clearly determined. Many alumina related contamination appear in the Australian National 
Pollutants Inventory (NPI). For example, alumina refineries found that contaminants from 
emissions, including arsenic (As), chrome (Cr), plumb (Pb), quicksilver (Hq), acetaldehyde, 
benzene, formaldehyde, polychlorinated biphenyl (PCB), dioxin and dioxin-like compounds, 
polycyclic aromatic carbohydrates (PAHs), toluene, xylenes, cyanide and fluoride compounds, 
sulphur-dioxide and thorium (Th) and uranium (U) can be measured and need to be. However, 
there are no empirical, medical evidence connecting the alumina refinery, including the 
production and storing of ARR with harmful effects on people’s health. 
As a consequence of these findings and other improvement in work, industries of bauxite, 
alumina and aluminium on so-called “ladder of sustainability” improved the conditions in the 
last ten years – around 30 square kilometres of refinery grounds (equivalent to the surface of 
newly mined bauxite annually) is remediated each year. Use of electrical power has been 
decreasing by 6 % since 1990 for electrolysis and 8 % for refineries, while the emission of 
perfluorcarbons and fluorine from electrolysis has been decreasing by 75 % and 44 % 
respectively since 1990, although reliable data on use of water, which is a major contributor to 
alumina refining, are not reliable (International Aluminium Institute 2010). 
However, there is another side of these positive reports. Perhaps the best reminder to dangerous 
properties of ARR is one of the saddest events in 120-year-long history of this industry was the 
spillage of ARR with the rest of the damn in Kolantár, Hungary, in September 2010, which 
resulted in the death of ten people and injured another 60, when a million tonnes of caustic 
ARR flooded seven towns and threatened to contaminate several rivers, including the Danube. 
As a consequence of the spillage, all biological life in the Marcal river was “terminated”, a this 
event was described by Hungarian Prime Minister Viktor Orban as a “environmental tragedy” 
(Renforth et. al. 2012, 255). However, so far not unfavourable health finding have been noticed 
connected with ARR dust that was the result of this industrial accident. 
This and other cases are important when considering the possibility of reusing ARR in other 
industrial “waste-as-resource” framework or moving them from the polluted area into large 
agricultural applications, as it was suggested (Gräfe i Power i Klauber 2011, 65). For example, 
if the ARR is reused, its hazardous properties need to be improved in order to safely handle, 
transport and reuse it in industrial or communal conditions or used in agriculture and a wider 
society. For that reason, many alumina refineries sought for ways to change ARR by 
"neutralising" its total alkalinity (especially high concentration of Na and with that decrease 
pH, and by that lower its causticity.   
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In the last 20 years a wide spectrum of ARR modification has been identified and tested, 
including carbonisation, neutralisation with sea water, concentrated adding of salt and nano-
filtration, adding sulphur and neutralisation of acidity (Carter et. al. 2008, 479). Each method, 
to different extent, decreases the alkalinity, lowers pH and electrical conductivity, and makes 
ARR “safe” (e.g. non-hazardous), and each method has advantages and flaws, although we 
present them here for cataloguing. 
The key question in considering the sustainability of this method is: Will the ARR, after the 
modification, be stored in a dump or will it be reused? If the answer is the first one this means 
that, although modified ARR can be stored in a safe manner without characteristic hazardous 
traits, there is no intention of using it in other application, so therefore the modification method 
does not, not once, need to take into consideration any chemical or physical traits of ARR that 
are changed. If the answer is the second one, this leads to more concrete decisions on the applied 
modification method, especially if the request of reusing it requires ARR that would neutralise 
the acidity or buffer acid, separate heavy metals, bind phosphate, adds macro and micro 
elements into soil, communicate with synergy with chemical and/or biological agents, or in 
some other way perform specific environmental, technological or industrial functions (these 
modification methods can be freely called ARR “utilization”.  For example, when we take into 
consideration properties of ARR from a dump, one modification method can lower its pH and 
make it chemically inert, in that way decreasing long-term ablution issues, but modified ARR 
may not keep its “useful” properties when we think about its reuse in production of cement 
products or in agriculture. As opposed to that, another modification method can increase acid 
neutralization capacity (ANC) of ARR, but that trait may not be justified is the ARR is to be 
passively stored at a dump. 
For example, while research into ARR and its potential reuse has been comprehensive, a basic 
mistake is made by not differentiating A), B) and C), which can be seen in papers by Liu and 
Wu in China (Liu and Wu 2012, 1234) and Traoré, et al, in Guinea (Traoré and Traoré and 
Diakité 2014, 18). For the purpose of developing this sustainability framework, this paper refers 
only to C), i.e. the modified ARR suitable for utilization, but for the sake of brevity, the paper 
does not differentiate different types of modified ARR. Once changed, this type C) of ARR has 
a number of important properties and functions, and those can be additionally improved by 
mixing it with other chemical and biological additives (Fergusson and Blair 2010, 405), or 
further changes for other applications through specialised industrial processes, such as 
pelletisation , which has been documented in more than 700 patents submitted from 1964 to 
2008 (Klauber and Gräfe and Power 2011, 15). Summary of useful requests for reuse of 
modified ARR is shown in Table 1. 

Table 1. Documented requests for use of modified ARR, including the planned amount of ARR in the 
references (Authors) 

Summary of reports for reuse of modified alumina refinery residue 
Application Scale Reference 

Construction and installation, including concrete, plasters, plasters and 
aggregates; construction of roads and damns large 37, 38, 39 

Cement products, including bricks, blocks, tiles, furnace insulation and 
production of clinker large 40, 41, 42 

Agriculture and gardening, including composting large 43, 44, 45 
Extraction of minerals, metals and rare soils, such as iron (Fe), titanium (Ti), 

gallium (Ga) and scandium (Sc) large 7, 46, 47, 48 

Ceramics, plastics, catalysers, coatings, pigments and geo polymers large 49, 50, 51 
Smelting and casting of iron and production of steel, including rolling large 52, 53 

Procession of industrial waste, including processing of gaseous, liquid and solid 
waste medium 13, 54 

Treatment of mining waste and rehabilitation and renewal of mines medium 55, 56, 37 
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Processing of contaminated soil, including acidic sulphate soils (ASS) and 
rehabilitation of industrial sites medium 57, 5 

Processing of gas waste - carbon gas medium 58 
Desulphurisation  of smoke gases and other waste gases small 59 

Treatment of drinking water small 60 
Procession of communal waste, including processing of gaseous, liquid and 

solid waste small 61, 62, 63 

It is obvious from the summary that modified ARR has significant industrial and economic use, 
as well as achieving effects in environmental protection and it is necessary to further research 
its sustainable use. 

2. EXISTING COURSES IN INDUSTRY

There are clear attempts to create a sustainable reuse framework for alumina refinery residue in 
an industrial site in the Middle East. Similarly a series of technological plans have been 
developed in the bauxite, alumina and aluminium industry in the last 20 years. Road maps are 
a way in which the alumina industry sees itself now and how it wants to see itself in short-term 
and long-term future (Wehrli and Campbell and Fergusson 2011, 179). 
Goals of alumina industry technology development are mostly high quality and identify key 
areas, with special emphasis on industrial goals, standards and challenges, or research and 
development area. Key industrial goals, standards and challenges established in these roadmaps 
include: 1) refineries should work with a closed water cycle; 2) refineries should minimize dust, 
emission of gasses, vaporising organic compounds, alkaline solutions and other sources of real 
or noticed risks for the environment and health of people;  3)  refineries should decrease their 
energy consumption and seek alternative energy sources; 4) refineries should decrease the 
impact of the length of pipelines on their operation, by that decreasing their expenses and 
improve efficiency of equipment; 5) refineries should improve efficiency of solutions; and 6) 
refineries should achieve more flexibility in dissolving various bauxite ores, by that improving 
the quality of alumina. 
Key areas of further research and development identified in roadmaps include: 1) increasing 
the speed of alumina precipitation; 2) improving control strategy; 3) improved methods of 
bauxite use; 4) improved removal of impurities of Bayer’s solutions; 5) decreased spending of 
lye; and 6) efficient use of heath. 
Although so-called methods of “cost-effective transformation into inert material and alternative 
use” of ARR discussed in some papers (International Aluminium Institute 2010), they mostly 
come down to transforming the residues into safer material that needs to be processed during 
storing (i.e. ARR B type), and not research and implementation of sustainable and useful 
options for reuse. That becomes quite obvious when the industry improves the concept of 
making ARR “inert” (i.e. making it chemically inert or “neutral”) as the focus of the roadmap. 
In such cases finding an alternative use for ARR is secondary, because the “inert” residue has 
small or none use in the environment. In fact, thanks to the very unique properties of ARR, 
including its ANC and capacities to bond phosphates and separate heavy metals among other, 
the utilisation of ARR is so attractive. 
However, roadmap signposts speak on the general goal of managing “bauxite residues in such 
matter to promote / incentivise its use as a product and resource for other industries, and for all 
other residues to be stored in an environmentally acceptable form” (International Aluminium 
Institute 2010). Where the identified specific goal is aimed towards the industry, its mainly set 
in the context of whole sustainable development, which is a basis for good planning and 
reporting. 
However, it is reasonable to stress that the signpost are not a model of sustainable development 
for the utilization, because there is no discussion on the Leader-Member-Exchange (LMX), 
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Life Cycle-Assessments (LCA) and Design for Environment (DfE) risk, who are important 
elements of each comprehensive sustainability framework. 
Limitation in current plans for technological connection is in part a consequence of the fact that 
development ideas originate in early last century, while the real approaches to designing and 
implementation and sustainability programmes, such as the one discussed in this paper, have 
just only appeared, but also comes due to the „industrially focused“ view on ARR in which 
interests of the refinery supersede interest of everyone and everything else. The roadmaps 
include inclusivity, because their relate to including the industry, academia and industrial 
associations in the management of ARR, while alumina refineries recognize the growing 
influence of environmental and social issues on their industry. However, their main focus in on 
alumina, as goods, and not on ARR as potentially useful raw material for reuse, and as the 
consequence they miss the wealth of the complete and comprehensive development framework 
of the sustainable future of the industry. 
This flaw becomes obvious when parallel with progress of ARR reuse initiatives, some large 
applications of ARR became spectacularly wrong, especially when the large applications use 
unmodified ARR and when the local community, media and other stakeholders are not fully 
informed from planning, implementation and monitoring of such applications.  

3. NEW SUSTAINABLE DEVELOPMENT FRAMEWORK

The sustainability framework proposed in this paper is envisioned as a comprehensive and 
inclusive approach to conceptualising the future of ARR. It assumes that all stakeholders can 
and should play a role in a transparent and open conversation, with wide understanding and 
comprehension of issues relating to utilisation of ARR. 
The framework also considers that one of the basic principle is that each stakeholder needs to 
contribute and gain from reuse of ARR. For that reason communication, education and 
inclusion are seen as critical elements of efficient action, and in that way lead to long-term 
sustainability results, while the lack of communication one they are applied. For example, when 
Alco and the Ministry of Agriculture of West Australia in late 1990ties decided to apply 
unmodified ARR on agricultural land, obviously not all stakeholders were advised, while 
education and communication in community were lacking. When journalists became aware of 
an extensive reuse programme and notices the presence of uranium in ARR, they assumed and 
informed the wider Australian public that the application turned this agricultural land 
radioactive (this application became known as the “great red mud experiment that went 
radioactive” (Fergusson 2016, 969). Their conclusion was wrong, but the damage was done, 
and Alcoa and the Government of West Australia never fully recovered from this experience, 
while all other applications of ARR in this state since then have been aborted. 
Despite their efforts to research reuse of ARR in real world, the reaction from the community 
and bad advertising destroyed in the best possible way all further attempts to reuse ARR in 
Western Australia. Extremely bad international publicity around the spillage of ARR in 
Hungary did similar for the improving efforts in sustainability of this programme. 
Because of that, each efficient ARR sustainability framework must achieve three basic goals: 
1) apply only modified, non-hazardous ARR in reuse projects; 2) present it as a “whole system”,
and not as an industrial initiative “waste-to-resource” (i.e. do it in such manner that it is not a
way for the industry to get rid of waste that they want portray as a „sustainable development“
initiative, because the community will misunderstand it as the attempt to “dispose” of industrial
waste in a suspicious way; and 3) conduct it in a transparent, open and inclusive way, including
all stakeholders in the process.
For that reason, approach to sustainability proposed in this paper is proactive, and not reactive.
It is developed for informing and educating stakeholders - a procedure that is considered key
for any sustainable future of ARR. If there are concerns, they need to be resolved “beforehand”,
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and not after a series of complaints or requests, usually to the regulator or the media, and which 
are often based on biased or distorted information. 
The production of coals seam gas (CSG) in Australia had such fate, where perception of the 
community on the danger of chemicals for hydraulic fracturing and drilling procedures was at 
least in part caused by the industry’s own secrecy.  The fact that the CSG industry hesitates or 
rejects to reveal chemical properties of its "fracking" liquid (many of which contain known 
mutagens and cancerous materials, but many of them are never used) only increases concerns 
of the society and opposition to such industries. Great secrecy and lack of knowledge, fear and 
resistance to change are inevitable, but often harm potential social progress. 

Picture 2. Sustainability framework (part A), identifying key experts (with focus on A-D) and their 
contribution (Authors) 

Pictures 2 and 3 show overview of the new framework with nine key stakeholders who give 
contribution to sustainable future of ARR and have use of it; these stakeholders marked as A-
L (with emphasis on participants A-D in picture 2 and E-L in picture 3). Stakeholders in this 
context have been defined as individuals (or groups of individuals) and subjects that can be 
justifiably expected to give contribution and be affected by the application of ARR's utilisation. 
Nine key participants are: in picture 2, participant A alumina refinery, that has central role as 
supplier of ARR; participant B. government agencies; participant C. Interesting technical 
solution and service provider; participant D. owners of contaminated sites, producers of waste 
and business operators who could benefit from reuse of ARR; and in picture 3, participant E. 
socially responsible investors; participant F. the media, including printed, digital and 
broadcasting media, and marketing and public relations companies; participant G. scientific and 
research community, including corporative research centres (CRC) and independent 
researchers; participants H. advisors, contractors and industrial associations, including 
construction engineers, environmental advisors and auditors, transport companies and 
analytical laboratories; and participant L. wider public. 
We need to mention that, since the presented signposts focus on issues such as human resource 
management (HRM), health and safety at work (such as lost time incident rate – LTIR) and 
total recordable incident rate (TRIR), and industrial relations, present a framework based on 
contemporary occupational health and safety standards and therefore this issue is not 
approached directly. 
The model also assumes that the participants contributing the sustainable future of ARR are 
safe at their workplaces and that the all parties are corporative citizens. Similar, the framework 
did not emphasize the importance and need for risk assessment by relevant participants. 
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Due to that the current framework assumes that the risk assessment, together with other aspects 
of building a sustainable future, such as crisis management, environmental reporting, 
sustainable procurement practices, ethical behaviour, education and training, and human rights 
and gender equality, will be a integral part of planning and transforming ARR into a shape 
useful for reuse. Furthermore, the framework did not emphasise the need for documentation 
and participant reporting, but assumes that such basic sustainability practices would be applied 
and implemented by the stakeholders. 
In that framework, not a single participant does not have benefits from actions damaging any 
other participant, and the framework has been modelled on the principle "everything and 
everybody wins” (Elkington 1994, 95). Although the result in conceptual manner can present a 
zero sum game (i.e. the benefits are compensated with equal contributions), the framework is 
not a zero sum, because the results of applying the model is not economic or environmental 
zero. If nothing else, the results of applying such model should be a sum that is not zero, and 
benefits all. 
For example, some alumina refineries believe that their “gain” is just decreased ARR (i.e. 
transferring responsibility by giving of selling dangerous ARR) larger than their “contribution” 
(i.e. further use of useful applications of reuse). They also wrongly believe that by abolishing 
their responsibility and decreasing their long-term responsibility (i.e. change of hazard equation 
for their gain as the result of ARR leaving its place) they should have small or no care for what 
is going on with ARR beyond their door. However, that simple industry-centric approach is 
unsustainable; it presumes: “we win, and we don't care for anything else". 
Moreover, some refineries adopted the attitude "we do not want to participate or be involved in 
lower application, because we are not in the reuse business", although such attitude is changing. 
Famous examples include RUSAL, one of world’s largest producers of alumina with the help 
of Russian Ministry of Science, who are at the moment testing large quantities of ARR metals 
and rare soil recycling programmes, and production of steel and concrete, and the whole of 
Indian alumina industry who are researching ways to produce grey and cast iron and alumina 
rich slag by using plasma melting of ARR (Indian Bureau of Mines 2014, 8). 
In other words, it is not enough to say "we will work on achieving sustainable future for ARR” 
(when in fact we really just want to get rid of industrial waste); true sustainability and 
corporative responsibility demand far more active involvement in wider sustainability 
environment, while responsibility and trust are the backbone of such involvement. 
Alumina refinery residue – ARR (1), obtained from bauxite, is the first main contribution to 
this sustainability framework; everything foreseen in the model is ARR produced by a alumina 
refinery (A). The model also assumes that the main participants of the process are countless 
modification technologies (2), who turn ARR into benign, safe, useable, but not inert raw 
material (the model assumes that such methods and resulting ARR were approved by authorities 
for use in communal and industrial applications). 
Contributions to the sustainable future of an alumina refinery (3) include: ARR raw materials; 
expert knowledge in handling and transport of ARR; industrial know-how and credibility; 
public relations capabilities; sponsorship and corporative philanthropy; corporative 
management (as generator and owner of ARR); infrastructure; and research and development 
capabilities. Such contributions fully fit into categories of corporative ethics, public 
responsibility and corporative social responsibility (CRS) and reactions, and all of them are 
foundations of contemporary practices of business sustainability and reporting. Advantages of 
an alumina refinery from these contributions (4) include: decreased long-term responsibility for 
management of ARR and monitoring; decreased expenses relating with maintenance and 
management of this obligation, and in turn improved balance as well; remediation of own 
contaminated locations, including renewal of ARR pollution; increased importance within 
industry, government and society; and good will. Contribution of government agencies for 
sustainable future (5) including: licensing and approval of environmental protection 
programmes; financing of projects through state subventions and remediation funds; 
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possibilities for better connection with public relation agencies; data and statistics; compliance 
surveillance. Governments also have a comprehensive list of abandoned and neglected ARR 
facilities, as well as of abandoned and neglected mines in relation to protection of the 
environment (especially mines due concession rights) that were transferred to government’s 
control and surveillance and for which the governments are responsible. 
Many of those abandoned sites are located in the USA (e.g. 1322 sites in the area of Superfund) 
and more than 50,000 waste heaps, abandoned mining sites in the whole of Australia that are 
under state control (Liu and Wu 2012, 1241) have been contaminated and need to be removed 
again. In many cases modified ARR is well adapted for this taks. Use of government agencies 
(6) from the contributions to sustainable future include: decreased long-term responsibility;
decreased expenses relating to long-term management and monitoring of abandoned ARR and
other polluted sites; potential transformation into agricultural land that can be reused; better
public relations and better perception of authorities by the society.

Picture 3. Sustainability framework (part B), identifying leading stakeholders for processing of ARR 
(Authors) 

Contributions to sustainable future of technological solutions and service providers (7) include: 
technological knowledge, especially in relation to economic and efficient methods for 
modification of ARR in preparation for reuse; production expertise in relation with ARR 
product development, quality control and assurance, as well as the knowledge on chemical 
mixing and packing, and delivery of products; evidence of success in marketing and application 
of modified ARR and a user database through which ARR can be applied; research capabilities 
and access to market data; study case and other technical documentation, including material 
safety datasheets (MSDS); plants and equipment adequate for delivery of ARR in different 
forms, including as fertilizer, poweder or pellet; expertise in application, such as control system 
processes for direct adding and filtering; expertize on project management and implementation. 
Examples of technological solutions by a service provider who works on metal renewal from 
ARR, remediation of the environment and waste treatment who use ARR include Orbite 
Aluminae in Canada and Virotec in Australia (Fergusson 2014, 115-118). Advantages of 
technological solutions from service providers and contributions to sustainable ARR future (8) 
include: increased commercial possibilities and growth of business: access to grants and 
competitions; access to wide spectrum of environmental projects; project documents and 
extended technical capabilities; extended client base and commercial feedback; increased 
market capitalisation. 
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Contribution to sustainable future of the owner and/or manager of contaminated sites and waste 
producers, except from companies that can have use of reuse of ARR in the production of 
cement products, or in other added value applications (9), include: efficient treatment of a series 
of gas, liquid and solid waste suitable for ARR recycling and/or reuse; decreased short and 
long-term obligation; decreased risk of non-compliance and fines by environmental agencies; 
and a potential for waste sites – turn from “sites of expense” into a “profit centres”. Advantages 
of such types of companies (10) include: decreased (hazardous) waste; best industrial practices 
for management and processing of waste and remediation of contaminated sites; source of raw 
materials as a raw material for other industrial products, such as production of concrete, bricks 
and blocks, ceramics, geopolymers, plaster, plaster and aggregates; decreased fines and other 
violations; and agreement with the government on permanent site closure. 
In Picture 3, the media (11), including web, printed and broadcast media, as in general 
communication area, so through special industrial media channels, have an important role in 
contributing to and creating sustainable future for ARR reuse. That role is increasingly 
recognized as a key element in assessing the sustainability of corporate responsibility. 
Contribution of the media include: factual and informational communication with the public, 
government and industry on ARR reuse projects and other initiatives for reuse of industrial 
waste; factual and informative communication on sustainable development; as  well as 
exchange of information and opinions through internet forums and blogs. The media can have 
benefits from sustainable future (12) by receiving information on sustainable development 
initiatives and environmental projects from the industry, government and the public, by that 
increasing their intellectual capital and credibility in the society, which leads to better good will 
towards the medie.  
Contributions by socially responsible investors to the sustainable future (13) include the 
possibility to invest and participate in investments that can be environmentally acceptable, that 
can also be gained, with high return by companies that contribute to the well-being of the 
society; investment can be made by socially responsible investment funds, corporative and 
private investors, or private benefactors. Socially responsible investors have use of the 
sustainable future (14) by ensuring return on investment and participating in socially and 
environmentally responsible investments. 
Contribution to the sustainable future by the environmental protection advisers and engineers, 
industrial associations and independent third parties, such as civilian contracts (15) include: 
participation in projects of engineers and environmental protection experts; significant 
extension of the clients and peer network; analytical capabilities of certified laboratories; and 
transport of products by transport companies. Advantages of environmental protection 
consultants and engineers, contractors, industrial associations and independent third parties (16) 
include: higher expertise in the industry; increased employment and business opportunities; 
increased expertise and exposure to a large number of projects; increased access to client and 
peer networks through business synergies; increased business opportunities and extended client 
base; increased member base for industrial organisations; possibilities for research and 
advisory; opportunity for interaction and work with other experts from the industry; honour. 
Contributions of the scientific and research community to the sustainable future (17) include: 
participation of independent researchers who can test advantages and results of sustainable 
growth in ARR; participation of cooperative research centres (CRC), that have both significant 
research skills and resources, as well as significant connections with the industry and the 
government; access to international, reviewed magazines; and exposure to scientific and joint 
project and initiatives. Advantages for the scientific and research community (18) include: 
access to wide spectrum of environmental protection projects at leading scientific and 
technology events; data on the environment and sustainable growth; expertise and research 
possibilities; and increased knowledge capital. 
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Picture 4. Sustainability framework (Part C), benefits of using modified ARR in different industries 
(Authors) 

Contributions of the public to sustainable future (19) include: participation of non-
governmental organisations (NGOs), environmentalist, interested citizens and action groups in 
the community; and clarification of the “public will” through community forums, workshops 
and meetings of local communities. Benefits for the public (20) include: increased access to 
useful public sites that had no value before; decreased long-term responsibility for the 
environment; decreased responsibility of the state; better employment opportunities; improved 
education opportunities and better knowledge on the environment. 
As state above, there is a wide spectrum of industries and applications that could have benefit 
from reusing modified ARR for waste processing and dumps, and in some cases they can 
produce a product that can be reused from processed waste. They include: agriculture and 
gardening;  production of concrete and special cement products; sewage treatment plants; 
composting plants; dumps; mining sites and industries, such as lead and zinc smelting plants, 
gas lines, companies working on preservation of wood, quarries, production companies and 
companies for galvanic coating; procedures for neutralization and remediation of soil; 
operations for producing gas from goals and other oil and gas companies, bio-refineries,  coal 
power plants, steel mills (Fergusson 2014, 12). 
Picture 4 shows an example of a six industry model (A-F) that can benefit from the application 
of modified ARR and/or products made from it, and shows potential interactions between them. 
Concretely, Picture 4 suggest how the flow of waste that treated by ARR in one industry can 
be reused as an input for utilisation in another industry. Also, it summarises the sustainable 
results of each industry since it relates to the waste treated by ARR. Picture 4 predicts that the 
input of modified and/or neutralised ARR (21) is in all six application areas, and they are: 
Application A. agriculture; Application B. sewage treatment plants; Application C. composting; 
Application D. waste dumps; Application E. mining sites; and Application F. industrial waste. 
For example, when applied in agriculture (A), it shows that ARR helps in retention of moisture, 
retention of phosphates in biologically available form, incites growth of plants by adding macro 
and micro nutrients, helps in separating from the soil heavy metals that could be harmful for 
plants and trees, which leads to better yields due to better retention of moisture and healthier 
conditions (22). Similarly, when they are applied in sewage treatment plants (STP) (B), it shows 
that products from ARR decrease phosphate, nitrogen, biological oxygen demand (BOD), 
chemical oxygen demand (COD), heavy metals and E. Coli in communal wastewaters, as well 
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as decreasing the volume of biosolids and decrease need for other chemicals, such as flocculants 
and polymers, during processing of biosolids, while leads to better processing results and 
decreased amount of waste (23). 
When ARR is applied to STP, processed biosolids have returned value as a fertilisers in 
agriculture and gardening, and on mining sites; processed biosolids can also be used in 
composting plants, and treated biosolids can be placed on dumps without long-term negative 
effects on dumps in relation to non-processed biotoxins. Moreover, treated communal 
wastewater has a potential value as recycled water for use in agriculture and composting plants, 
and on mining sites, although some worrying research shows that treated waste and biosolids 
may not be so benign as though before (Hendricks and Pool 2012, 290). 
When ARR is added into green and household waste used in composting (C), this application 
results in higher composting temperatures, faster decomposition of compost and it higher 
quality (25). Treated compost can be used as a fertilised both in agriculture and in restoration 
of mines. When solid waste depots (D), such as construction waste and debris, acidic sulphate 
soils, contaminated soil and other flows of solid waste, such as biosolids after being treated at 
the dump, those solid materials can be re-classified (i.e. from “hazardous” or “low level 
hazardous” to “clean material”, which decreases dumping costs), or the probability of long-
term contamination can be decreases, including creating a contaminated discharge; under any 
conditions, dumps can create methane for reuse or resale (24) (Rubinos and Spagnoli and Barral 
2013, 440). There is a large number of flows of gas, liquid and solid waste being generated at 
mining sites (E), including waste rocks, tailings, wastewaters and fugitive emissions. For 
example, when gas emissions are treated with modified ARR, they do not result in greenhouse 
gases or contamination of the atmosphere. Depending on the type of waste, processed mining 
wastewaters can be similarly released into the local receiving environment. Such restoration 
programmes also incite growth of grass and trees, including restoration of abandoned mining 
sites, which results in restored ore deposits and clean, sustainable environment (26) (Fergusson 
2014, 12-17). 
There is also a large number of flows of gas, liquid and solid wastes being generated in most of 
industries (F), many of which can be adjusted for processing by modified ARR. For example, 
processed gas emissions do not result in creating greenhouse gases or contamination of the 
atmosphere (Hutson and Attwood 2008, 285). Depending on the type of waste, processed 
industrial wastewaters can also be released into the sewers as "trade waste", and some processed 
solids can be used in composting, or be moved to a dump in a re-classified form, which 
decreases expenses of solid waste transport. The result of this industrial waste initiative is 
general decrease in waste and cleaner, more sustainable society and environment (27) 
(Kalamanda 2016, 165-177). 

CONCLUSION 

Alumina refinery residue is a dangerous waste in large quantities, which after a modification 
can have useful physical and chemical properties. Numerous important research studies have 
shown that ARR has a significant reuse value (Liu and Wu 2012, 4) (Traoré and Traoré and 
Diakité, 20), including its application in processing of waste waters and solids, production of 
cement products, restoration of metals, ceramics and remediation of contaminated sites. The 
alumina industry covered some of the ways to achieve this future by developing technological 
chard that started resolving the ARR issue, but further work is needed. This conclusion becomes 
very true if we take into consideration that most of roadmaps does not consider modification of 
ARR’s chemical properties, re-classifying it from “hazardous” waste to benign raw material, 
and only then reuse it in other industrial and environmental applications. A concerned society 
should not question the wisdom and fail to support modification of ARR, offering its reuse at 
the same time. 



Poslovne studije/Business Studies 2021. Volume 13, Issue 25-26, pp 199-214

213

Furthermore, current industrial plans aimed at the industry did not succeed in involving all 
relevant participants, or fully bear in mind wider consequences of developing the sustainable 
future of ARR. Such position results with less than reliable conclusions and results, and as a 
consequence the responsibility and trust of the industry are in question. Although all these 
conclusions are results are in most cases unjustified due to alumina industry’s efforts, we still 
can do something to achieve consensus on issued relating to sustainable future of alumina 
refinery residues. 
For those reasons, this paper develops a framework with the aim to encompass a more 
sophisticated approach to building sustainable future for the utilisation of ARR including in its 
basis the transparency, communication, education and building trust between participants. 
Although there is no special emphasis, the model presumes international standards, empirical 
research and reporting on sustainability. 
The model recognises that the expectations and motivation of participants will differ, but also 
recognises that those differences need to be recognised and clarified, and not neglected; 
attempts to include and understand differences needs to be supported, and attempts to 
understand a wider social and industrial landscape in which the programme is developed are 
considered to be critical for success of reuse of ARR in commercial and environmental 
applications. In fact, the framework is based on developing a network of concerned, educated 
and dedicated owners of the process and is based on the claim that commercial, regulatory and 
social alliances and synergies question and use in the best way, and not simply being led by a 
road sign from the alumina industry perspective. 
In that sense, the current framework is envisioned in such way that it results in constant learning 
and education of all participants, with basic supporters, drivers and owners of the process who 
take their own responsibility for leadership and key decisions in the project implementation. 
We have seen that ideal adopted in the leadership that Alcoa showed in Australia and other 
refineries all over the world, including RUSAL in Russia and Chinalco in China, where 
participants are actively trying to find wider used of alumina refinery residues in the wider 
industry and society. This is in the interest of the whole international community and long-term 
sustainability of the planet. The efforts such as Asia-Pacific Partnership on Clean Development 
and Climate and other initiatives of like-mined people that research and exploit useful 
possibilities to reuse alumina refinery residues need to be hailed. 
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