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The European Union review BREF’s on an ongoing basis. Following issue of an updated BREF,
member states have 4 years to implement revised BAT into IE licence conditions and ELV’s.

In 2015, the refinery was requested to make a submission to the EPA who were part of the
technical working group reviewing the BREF document for the Management of Tailings. The
exercise allowed the refinery an opportunity to provide a view of what techniques should be
considered BAT to prevent or reduce environmental impacts from extractive waste
management. Detailed information was also provided on the following topics: general
information on waste management, classification of waste, waste handling, water management,
closure and after care, energy and materials consumption, control of emissions to air and water,
noise and odour control, site selection, design and construction, monitoring and risk
management.

In addition, a number of techniques were submitted as candidates for BAT, which have since
been incorporated in the draft BREF for Management of Tailings and Waste Rock in Mining
issued by the European Commission in 2016 [6]:

1. The use of mud farming machinery, namely amphirolls (Archimedes screw tractors), to
densify and dry the bauxite residue layers (thereby reducing the footprint generation of the
residue) and the use of that same machinery to enhance the exposure of the residue layers to
atmospheric carbon dioxide (to reduce the liquid phase alkalinity in the bauxite residue and
thereby reduce its pH) ensures that bauxite residue continues to remain a Non Hazardous
residue (farmed red mud). This is discussed further in Section 4.1 below.

2. The use of an automated sprinkler supply and distribution network to dampen the BRDA
surface quickly and efficiently to avoid surface dust emissions, as shown in Figure 4 below.

Figure 4. Automated sprinkler network operating on BRDA.

It is noteworthy that the 2009 BREF for Management of Tailings includes reference the
refineries existing implementation of BAT techniques:

1. Direct vegetation of bauxite residue via reduction of pH by ploughing and weathering,
application of washed sand for texture and structure, amendment with gypsum to reduce
exchangeable soda and addition of an organic nutrient , This has been demonstrated in
dedicated remediated areas which exhibit properties analogous to native soils taken from
adjacent grasslands. It has been shown that plant nutrient contents are within typical ranges
grasslands.
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2. Neutralisation, clarification and sludge thickening of BRDA run-off effluent water. In a wet
climate there is a surplus of BRDA run-off water to be disposed. Operation of a
neutralisation and clarification system ensures that surplus water can be efficiently treated
and disposed of thereby avoiding the need to accumulate a large water inventory.

4.1 Mud Farming

Mud farming is a mechanical plant technique to further process and densify bauxite residue
layers following deposition in the BRDA and it also facilitates the atmospheric carbonation of
the bauxite residue, reducing its alkalinity. Archimedes Screw Tractors or commonly called
amphirolls (see Figure 5 below) are used to plough and densify the bauxite residue by
compressing the residue layer as well as increasing the residue surface area to enhance
atmospheric drying.

Figure 5. Amphirolling of bauxite residue.

The weight and dynamic movement of the scrolls through the residue squeezes out residual fluid
/water thereby densifying and increasing the solids contents. The drying of the residue is
enhanced by the increase in surface area of the residue resulting from the ploughed furrows and
ridges. The increase in the surface area increases evaporation from the residue as well as
increasing the contact area for the residual alkalinity in the residue layer with the atmospheric
carbon dioxide - thereby carbonating and reducing the alkalinity and pH of the residue. In
addition a low ground pressure bulldozer (see Figure 6 below) is used to grade out the ploughed
furrowed surfaces of the residue prior to the placement of the next layer of fresh residue paste.

Figure 6. Bulldozing of carbonated bauxite residue.
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The moisture content within the farmed red mud range from 26% to 38%, whilst the values
within the non-farmed red mud range from 31% to 49%. Thus moisture content reduces. The
dry density of red mud increases from 15.5kN/m3 in the unfarmed layers to 16.8kN/m3 in the
farmed layers thereby increasing the density of the residue. The undrained shear strength of the
residue has increased from values at 2% strain of 3kPa to 68kPa in unfarmed layers to 3kPa to
129kPa in farmed layers. Therefore the strength, density and stability of bauxite residue
increases with mud farming by amphirolling. In addition the pH of farmed red mud is reduced
to < 11.5.

This technique is also practised in Alumina refineries in Jamaica, Ukraine and Western
Australia.

4.2 Automated Sprinkler System

A DCS (Distributed Control System) controlled sprinkling system is installed in the BRDA to
control and prevent fugitive dust emissions. Treated BRDA run-off water at 1000 kPa delivery
pressure (650 m*/hr) is distributed to 21 separate sprinkler rows each with up to 13 fixed point
sprinkler heads. Only one row operates at a time, in sequence, on timed cycles. When
pressurised the sprinkler heads rotate to deliver 360 degree water coverage. Sprinkler times can
be adjusted by a Control Room Operator (CRO) by adjusting a set point within the control
system. Controls are transmitted through a wireless interface. Valve and sprinkler status are
visible to the CRO. Alarms on water flow and pressures are incorporated into the control
system. Automated reduction of the supply pressure during valve changes to eliminate water
hammer are also incorporated. Key performance data (supply quantity, pressure, locations) are
automatically recorded in the Process Information (PI) database for historical reference.

The fully automated sprinkling system with instantaneous remote on/off ensures full control of
sprinkling water coverage. This facilitates night-time sprinkling when evaporation is minimised
which reduces the consumption of sprinkling water. The entire BRDA surface is (re)wetted
within 4 hours in one complete sprinkling system sequence. During sustained high temperatures
and dry windy weather continuous 24 hour sprinkling can be implemented. In the refinery,
sprinkling water is recycled rainwater run-off from the BRDA surface which would otherwise
have been disposed to the river under IE licence.

This technique is also practised in Western Australia.
4.3 Implementation of BAT in New Installations

The refinery is legally required to implement BAT in new projects and gradually implement
BAT in existing operations. By way of example, in 2015 the refinery undertook a project to
convert a heavy fuel oil (HFO) storage tank (45,000 tonne capacity) into a tank suitable for
storage of caustic. Since the refinery installed 2 gas boilers in 2014 the need for this HFO
storage tank no longer existed as no HFO consumption is expected on a regular basis. The
conversion to a caustic storage tank facilitated the delivery of caustic from North America in
high volume vessels. This was a strategic project since the European supply of caustic has
reduced significantly in recent years and there is caustic soda production in North America.

The original scope of the project was to refurbish the tank by confirming integrity of floor,
removing heating coils, installing insulation and supply/discharge piping, line and test bund,
hydrostatically test the tank and remove redundant equipment associated with HFO. However,
on review of BAT techniques the scope was altered to include the installation of a new floor
which allowed the incorporation of a leak detection system. In addition a full membrane lined
bund was installed. The Emissions from Storage BREF (2006) [7] outlines the BAT
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requirements on storage. These include a full membrane lined bund which has 110% storage of
rated capacity (overflow point) and a leak detection system under the tank floor.

Figure 7 below illustrates the caustic storage and associated membrane lined bund.

Of the total project costs, 40% of the expenditure was required to achieve compliance with BAT
requirements.

4.4 Implementation of Energy Management System

BAT for energy efficiency is to implement and maintain an energy management system,
identify the aspects of an installation that influence energy efficiency by carrying out an audit,
identify opportunities to optimise energy recovery, establish energy efficiency indicators,
optimise energy efficiency when planning a new installation, seek to optimise the use of energy
between more than one process or system and carry out maintenance to optimise energy
efficiency.

In 2016 the refinery achieved certification to 1SO50001:2011. In doing so, the refinery has
committed to the following in order to maintain the refinery as best in class in terms of energy
efficiency as well as making a significant contribution to energy conservation:

e Continual improvement in energy efficiency
Established objectives and performance targets for energy efficiency

o Established purchasing and maintenance procedures which support the purchase of
energy efficient products and services

o Energy is a key consideration at the design stage of projects and modifications
Cooperate with Government bodies to improve energy efficiency at a national level.

The total energy consumption of the refinery has continuously reduced over the past 20 years
(with the exception of the 2009 global economic crisis). The best ever steam efficiency
performance was achieved in 2016.

5. Combustion Plant ELV’s under 1ED and Large Combustion Plant Directive
Three heavy fuel oil (HFO) boilers provided steam energy for the refinery from start-up. Since
2014 these HFO boilers have been predominantly offline since the plant converted to 100% gas

consumption following installation of the gas boilers, installation of a combined heat and power
plant (CHP) in 2007 and conversion of calciners from HFO to gas in 2011.
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The 3 HFO boilers were licensed before the first Large Combustion Plant Directive came into
force in 1987. This resulted in them being designated ‘Existing plant” under the Directive and
therefore subject to less onerous ELVs than more modern ‘“New’ large combustion plant. Under
the 2001 revised Large Combustion Plant (LCP) Directive existing boilers had three options for
continued operation from 1st Jan 2008:

1. Comply with the new ELVs of 1700 mg/nm® SOx, 450 mg/nm® NOx and 50 mg/nm®
particulates

2. Maintain the pre-LCP Directive ELV’s but limit operating time to <20,000 hours
between Jan 1% 2008 and December 31% 2015 inclusive and then de-commission the
boilers.

3. Participate in a National Emission Reduction Plan (NERP) during period 1% January
2008 to 31% December 2015.

Enabled by the CHP project AAL participated in the NERP scheme with the following annual
mass emission ELV’s achieved: 4,140 tpy SOx, 1,095 tpy NOx and 123 tpy particulates.

Under the Industrial Emissions Directive the ELVs that apply to the HFO boilers since 1
January 2016 are: 200 mg/nm® SOx, 150 mg/nm® NOx and 20 mg/nm? particulates. However,
the HFO boilers were not capable of being modified to guarantee compliance with these new
ELV’s. Similar to the revised LCP Directive the IE Directive also provided two other options
for compliance:

1. Maintain the existing pre IED ELVs but limit operating time to 17,500 hours after
1% January 2016 and decommission the boilers after 17,500 hours of operation or by
December 31* 2023 whichever comes first.

2. Enter a Transitional National Plan whereby the annual mass emissions limits would
reduce linearly from 2016 to 2019.

The refinery has adopted the first option outlined above. Once the 17,500 operating hours (or
December 31% 2023) derogation has been exhausted the boilers must be decommissioned or re-
conditioned as new plant. If re-conditioned they will have to perform at the new EU standards
that apply at that time.

6. Future of the Industrial Emissions Licence:

It is anticipated that in future years there will be greater emphasis on sustainability, in particular
on the circular economy. In this regard, AAL is part of two EU funded consortia tasked with
developing economic solutions for the bulk re-use of bauxite residue. Considerable interest has
been expressed already by large cement manufacturers who are actively seeking ways of
reducing their carbon footprint. This is a much more positive development than in times past, as
now multiple industries are coming together to develop more synergistic solutions.

7. Conclusions

The EU plays a crucial role in developing policy and legislation to protect the environment,
relating to such aspects as air, water, waste, resources, energy, climate change and
sustainability. As a member state, the Irish Government have provided authority to the EPA, set
up since 1993, to regulate key activities so they do not harm the environment, in accordance
with EU legislation.
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AAL have been licenced by the EPA since 1998, undergoing a number of licence revisions
before issue of the IEL in 2014. This licence (P0035-06) has been recognised by the EPA as the
most stringent licence in Ireland. The Industrial Emissions Directive has led to a number of
significant changes for the refinery operations, including mandatory implementation of BAT
and limited operation followed by decommissioning of HFO boilers.

It is the mission of the refinery to to improve continuously in the area of environment
management. This is evidenced by the successful transition to energy generation from gas.

It is anticipated that there will be a greater emphasis on the circular economy in future
legislation.
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