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Nowadays, at the European scale, a fast-growing need for raw materials is observed. At the same
time, the industrial processes implementing the whole raw materials value chain, developed
several solutions, aiming at the sector’s circular economy initiatives and sustainability
reinforcement. In the case of the aluminium industry, there is an increasing need for aluminium
products globally, indicating the increasing production trend for this material. Taking into account
the principles of circular economy and sustainability that are currently adopted by the European
industries, and the European low potential, for instance for rare earth elements, it is important to
manage the wastes or by-products generated from the Bayer process. Various studies have been
conducted for the valorization of red mud / bauxite residue with significant technological
breakthroughs. Nevertheless, the successful valorization of this waste / by-product ought to take
into consideration, apart from the technological advances, also the current economic / legislative
/ environmental / social and other frameworks. For this reason, the current study investigates the
abovementioned conditions of four countries in East — Southeast Europe: Bosnia and
Herzegovina, Greece, Hungary, and Montenegro. Following the review and analysis of countries’
status-quo, the major strengths and obstacles to the sustainable utilization of this commodity are
presented, using Strengths, Weaknesses, Opportunities, and Threats or else SWOT Analysis.
According to the evaluation, all four countries present significant potential for red mud / bauxite
residue valorization. For the two countries, Greece, and Bosnia and Herzegovina, which currently
have active aluminium production, long-term valorization solutions appear to be more suitable,
while for Montenegro and Hungary, short-term solutions focused on environmental relief could
be more appropriate to deal with this emerging issue.

Keywords: Red mud, Bauxite residue, SWOT analysis, Sustainability, Environmental
management.

1. Introduction

Red Mud or Bauxite Residue (RM / BR) is the major by-product, generated in the aluminium
industry through the leaching of bauxite ores at the Bayer process step. RM disposal is considered
a techno-economical problem for the aluminium industry, causing environmental harm. On a
global scale, RM disposal is calculated at 2.7 billion tonnes, with an increase of 120 million tonnes
per year [1]. Those factors influence the need to explore a better solution.

The increasing global aluminium demand indirectly affects RM generation. It is highlighted that

to produce 1 tonne of aluminium, almost 2 tonnes of alumina are needed, generating 1 to
2.5 tonnes of RM / tonne of alumina [2-9]. According to World Mining Data, during the last
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decade, increasing trends were recorded for aluminium production worldwide (approx. 30 % from
2011 to 2015, and 9 % from 2015 to 2019) [2-7]. By the 2030’s, RM production increases are
expected, given that the growth of aluminium demand is forecasted to 40 % [11]. For the 2040’s,
RM production is possible to reach 8 billion tonnes, in line with International Aluminium Institute
[12]. The aforementioned play an important role in affecting RM generation.

The effects of increasing RM quantities, in combination with the material’s environmental
impacts, highlight the need to address this issue. The most common practice of RM handling and
management by the aluminium industries was lagoons until the 1980’s, recently replaced with dry
stacking [13]. Material’s high pH values ranging from 10.5 — 12.5, the possible alkali seepage
into underground water, the large-scale land uses, the dams’ instability, and the alkaline airborne
dust impact, enhance this view [14]. The Ajka disaster, which occurred at the aluminium refinery
in Hungary in 2010, points out the requirement to implement a more suitable solution. As a result
of the dam’s collapse, the death of 10 people and chemical burns by the flood, etc. were caused,
as well environmental impacts, such as land and water contamination in the adjacent areas [15-
16]. As stated by Gelencsér et al. [17]:

“This catastrophic industrial accident has been unprecedented in the 120-year-long history of
the Bayer process.”

Considering the industrial accident and in an effort to prevent similar catastrophic consequences,
the efficient treatment or even valorization of RM / BR is one of the focal points of aluminium
industry research and development (R&D) activities. Nevertheless, the stakeholders’
management to adopt technical solutions should also encounter other non-technical aspects such
as the economic / legislative / environmental / social framework of each involved country. Within
this frame, this paper attempts to map the status-quo of the countries in East-Southeast Europe:
Bosnia and Herzegovina, Greece, Hungary, and Montenegro. Simultaneously, to ensure the
optimal receptiveness for new technological solutions, SWOT tool was used for managing
countries potential [18].

SWOT tools have examined the mining sector’s sustainability in the Balkans. The Greek SWOT
analysis by Nikolaou and Evangelinos dealt with the strengths and challenges faced by the
country’s Mining and Metal (M&M) industry when adopting environmental management
practices [19]. SWOT/Gap analysis was also conducted to examine the mineral raw materials
resource efficiency of six East-Southeastern countries within the Balkans for the growth of
regions’ economies [20]. Focusing on Bulgarian SWOT, it examined the general frame of the
country’s mining industry and its potential was addressed for additional valorization [21]. In the
current study, RIS-RESTORE, funded by the EIT-Raw materials, is under the priority axis of RM
valorization for the four countries. Results included the helpful and harmful factors from the
internal and external environment. The total SWOT analysis is the cornerstone for the
forthcoming roadmaps’ creation in RIS-RESTORE, to develop new plans in the final stage
(Figure 4).

2. Status-Quo

As a starting point, the geographic distribution of RM / BR sites for Bosnia and Herzegovina
(Birac, and Dobro Selo), Montenegro (Podgorica), Hungary (Ajka, Almasfizito-AF I-VII,
Neszmely-AF VIII, Mosonmagyarovar), and Greece (St. Athanasios) represented in Figure 1. The
produced material’s quantities are larger than 65 million tonnes, in alignment with the RIS-
RESTORE. Moreover, the countries’ current aluminium and alumina production were examined
compared to the global players (Figure 2).
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In conclusion, the specification of the non-technical features for material valorization has a
significance on the required, sustainable management strategies. Roadmaps creation is going to
promote decision-making process, taking into consideration the referred non-technical
characteristics, as well.
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