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Assessment of Indicative BAT for The Inorganic Chemicals Sector (EPR 4.03) 

Guidance 
Section No. 

Requirement Demonstration of Operating to BAT Requirements 

1. Managing Your Activities 

1.1 Environmental Performance Indicators 
Monitor and benchmark your environmental 
performance and review this at least once a year. 

LCM implements and maintains an Environmental Management System (EMS) 
certified to ISO14001:2015 requirements. The EMS is assessed every 6 months by BSi 
against the Certification Assessment Plan with a strategic review every 3 years. 
Nonconformities, recommendations for improvement and observations identified by 
them are recorded and completed within required timeframes. 

Under EMS procedure ‘QEP 6.2.1 - QEMS Objectives Procedure’ environmental 
objectives are set annually and monitored and reviewed six-monthly by senior 
management. A previous environmental objective achieved was the installation of a 
KOH wet scrubber for the abatement of HF. This will now also be utilised in the varied 
activity. LCM has also set and met targets in previous years for energy and waste 
reduction. 

The proposed new site activity is currently under development, and at each stage of 
the commissioning process will be continually reviewed, and improvements made as 
necessary, to optimise the process. It should also be noted that the intended activity 
is part of a €17m European funded project (Secure European Critical Rare Earth 
Elements - SecREEts) aimed at securing a viable and integrated European supply chain 
for rare earth permanent magnets. These materials are critical to achieving the 
transition to green energy nationally, and for meeting the European target for climate 
neutrality by 2050. 

As part of the existing environmental permit requirements LCM reports 
environmental indicators (particulate and HF emissions, energy, water and raw 
material usage) to the Environment Agency annually and carries out an environmental 
review of the site at intervals of every 5 years.  
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1.2 Accident Management 
 

The LCM site is not a COMAH site and the quantities of all hazardous substances kept 
on site are regularly monitored using a spreadsheet to ensure that COMAH limits are 
not approached. It is intended that the quantities of HF kept on site as part of this 
activity will be kept under 5 tonnes; in practice quantities stored will be in the range 
1.2 – 1.7 tonnes. 

A HAZOP report (attached) and process risk assessments have been undertaken for 
the new HF Fluidised Bed process. Measures to reduce risk of accidents are also 
outlined in the Supporting Information document (v6-HF Variation Application - 
Supporting Information) submitted with the variation application. 

The site also has an Emergency Response Plan which is reviewed annually by the 
Managing Director in conjunction with the site Health & Safety Officer (last updated 
April 2021). This describes potential emergency situations and details the protocols 
for actions to be taken in emergency situations, including drills and exercises. An 
Emergency Response Procedure (QEP 8.2) is also included within the EMS and this 
provides for annual testing of emergency response using test practice exercises.  

An ‘Explosive & Highly Flammable Materials’ folder is available for Emergency Services 
in the Site Security Cabin.  This was updated in 2020 and was approved by the Fire 
Service, on a regular visit in February 2020. This contains relevant information for the 
Fire Service such as a list of explosive and flammable materials on site, their locations, 
the site plan and MSDS’s. 

1.3 Energy Efficiency 
 

The plant design optimises energy efficiency in the following ways: 

The fluidisation technology utilised in the rare earth reactor provides a high heat 
transfer due to the effective mixing of particles and gas. Heat transfer in a fluidised 
bed reactor is approximately 5-10 times higher than a conventional packed bed 
reactor, and energy consumption can thereby be reduced up to 50%. 

The mixing box mechanism saves energy by removing the need to for a high-capacity 
evaporator (heater) to bring the HF to the high operating temperatures needed (up to 
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500oC). The mixing box utilises heat transfer between the high temperature Argon 
and the low temperature HF. 

In addition, the reactor, evaporator, and pipes that convey the hot gases to the 
reactor are insulated. 

At a corporate level, environmental objectives relating to energy efficiency have been 
set and achieved in prior years. In 2016-2017 investment was made to change the 
factory lighting from standard bulbs to LED fittings. This resulted in a reduction in 
energy usage on site by 50MWh and a reduction in kWh per kg of product shipped. In 
conjunction awareness was raised amongst production staff to ensure that redundant 
machinery is turned off.  Optimisation of energy use is integrated into technical 
instructions which specify optimal melting temperatures for furnaces. A failure to 
adhere to such parameters results in off-specification material, identified through 
routine analysis and customer feedback.  

In 2020 an assessment of options for using solar energy on site was undertaken and 
quotes for ground and roof-based systems obtained. This objective has been kept 
open but postponed due to the resource requirements. 

1.4 Efficient use of raw materials and water 
 

Water use in this process is minimal. No water is used in the processing of the raw 
materials and the cooling / heat exchange system employed is a recirculatory system 
(using water and glycol). Water is also not used for cleaning; the plant is cleaned 
between batches using an Argon purge. 

Opportunities for improving efficiency of water use on site are continuously reviewed 
as part of LCM’s commitment to environmental improvement under its EMS. 
Greywater has been collected on site since inception and is used in the effluent 
treatment process that serves other production lines. An environmental objective set 
in 2020 (CD214) is assessing the practical and financial feasibility of using greywater to 
replace mains water in site toilets and for furnace cooling. 

The high cost of the input raw materials (rare earth oxides) motivates a process 
design with a target to achieve 99% conversion into product (rare earth fluorides) 
with no waste. The fluidising gases (HF and Ar) are recirculated to optimise their use 
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and the resultant flue gas emitted is predominantly evaporated water (with < 0.5 
mg/m3 HF). No solid waste is produced from this process. All particulate is captured 
by the cyclone and returned into the plant; any excess, unreacted oxide is reused 
within the process. 

Raw material purity is strictly assessed and ensured by the sampling and analysis of 
raw materials as part of procedure ‘MAT 107 (4) Raw Material Evaluation’ within 
LCM’s ISO 9001:2015 quality management system. 

1.5 Avoidance, recovery and disposal of wastes 
 

As noted above, no solid waste is produced from this process, all unreacted oxide is 
reused within the process. 

Waste potassium hydroxide solution arises from the capture of the HF emissions by 
the wet scrubber and is consigned off-site as hazardous waste. 

The reuse of process waste back into manufacturing is built into operational 
procedures, across all production lines at LCM, due to the high value of the input raw 
materials.  There are dedicated, labelled bins for dross waste located on the factory 
floor and the recycling of process waste is included in training and works instructions. 
Other recycling and reuse activities on site are described in section 6 of the 
Supporting Information document (v6-HF Variation Application - Supporting 
Information) originally submitted with the variation application. 

2. Operations 

2.1 Design of a new process 
 

The design of the new plant (both the HF Fluidised Bed Reactor and the HF storage 
facility) has been managed through the existing site quality, health, safety and 
environmental procedures. This consists of two elements: the HAZOP study (including 
operational risk assessment) and the evaluation of environmental aspects and 
impacts. 

The HAZOP study is recorded in the attached ‘HAZOP report - Fluoride Plant & HF 
storage facility’. The key steps in the study include understanding normal, and other 
operating modes of the plant, identifying potential environmental and safety hazards 
associated with these modes, establishing safeguards and remedial measures 
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required to be incorporated into plant design, and the need for additional abatement 
measures and/or operating procedures.  

Since the process is still in development and has not yet been commissioned, the 
design and HAZOP study are under continual review. The process will be reviewed 
prior to each upscaling event until it reaches its full production. On current timescales 
the HF plant will be installed in August-September 2021 and commissioning will be 
undertaken during October-November 2021. 

Any new proposed process is evaluated for potential environmental aspects and 
impacts in accordance with QEMS procedure ‘QEP 6.1.2 - Environmental Aspects 
Evaluation Procedure’ and recorded on ‘QER 6.1.2 - Register of Significant 
Environmental Aspects’. The environmental aspects are referred to in section 8 of the 
Supporting Information document and are listed on the Register of Significant 
Environmental Aspects as follows: Storage and use of HF on site (4.10), generation of 
hazardous liquid waste (13.1), HF emissions (4.1, 5.2), procurement of raw materials 
(1.1, 1.2), energy use (4.2), storage of hazardous product (7.1, 8.1) – the numbers in 
brackets reference the record of the aspect on the Register. 

2.2 Storage and handling of raw materials, products, 
and wastes 
Storage and handling to minimise risks to safety 
and the environment, with due regard to known 
hazards. 

The raw material rare earth oxides are non-hazardous. Hazardous process 
components are the Neodymium Praseodymium Fluoride product, the HF gas, the 
potassium hydroxide used in the wet scrubber, and the potassium fluoride waste 
arising from it.  

The HAZOP study and COSHH risk assessments have been completed to identify and 
minimise the risks associated with the storage and handling of these elements. HF is 
delivered to the fluidised bed reactor via an automatic chemical transfer system 
which minimises human error (ACTS Operation Manual). Safeguards for the HF 
storage system include an audible / visual alarm, leak-proof cabinet for drums, inline 
pressure switch gauge, and gas detection devices in the cabinet to activate shutdown. 
Risk minimisation measures for the rare earth fluoride product include appropriate 
PPE, operational LEV, periodic occupational health testing for operatives. Mitigation 
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measures relating to the potassium hydroxide / fluoride arising from the wet scrubber 
include automatic dosing system and enclosed, sealed bunded containment. 

2.3 Plant systems and equipment 
Consider potential emissions and environmental 
impacts from all plant and ancillary equipment 
through a HAZOP study. Identify the need for built-
in system safeguards. 

The HAZOP study (attached) has identified, and quantified environmental and safety 
risks associated with both the Fluidised Bed Reactor and the HF storage system. This 
includes leak detection and corrosion monitoring; other built-in system safeguards are 
described in the HAZOP studies. The existing KOH wet scrubber forms an ancillary 
piece of equipment (for the abatement of HF gas), the details of which have been 
submitted within a previous permit variation application that has now been 
determined.  

2.4 Reaction stage 
Consider the chemistry and engineering options 
relevant at the reaction stage to minimise 
environmental impact and maximise raw material / 
resource use. 

Stoichiometry calculations have been used to achieve process optimisation and the 
target 99% conversion rate at the reaction stage, so minimising waste of both raw 
material oxides and HF gas. This is described in section 2 of the Supporting 
Information document.  

In addition, a mass balance calculation was performed (LCM-01-FBR-DO-009 Scrubber 
report - attached) to determine the optimum KOH flow through the existing wet 
scrubber to accommodate the additional load from the fluidised bed scrubber and 
ensure that the HF discharge to atmosphere is maintained at < 0.5 mg/m3.  There will 
be monitoring of HF from the stack (A5) during commissioning, as well as annual 
monitoring under the existing permit, to check levels. An MCERTS accredited 
contractor will be employed, and monitoring will be in accordance with Environment 
Agency Technical Guidance Note (Monitoring) M2. 

Disruptive gas flows through the system have been considered within the HAZOP 
study. 

2.5 Separation stage 
 

N/A 

2.6 Purification stage 
 

N/A 



 

 
7 

2.7 Chemical process controls 
Reaction conditions to ensure efficient conversion 
of raw material to product. 

As noted above, chemical process controls and operating parameters have been 
assessed during the process design and are described in section 2 of the previously 
submitted ‘Supporting Information’ document. 

2.8 Analysis 
Analyse components and concentrations of by-
products and waste streams to ensure appropriate 
treatment / disposal. 

The only by-products to the process are water and a negligible concentration of HF 
and Ar gases, all of which are removed from the reactor as flue gas, which then passes 
through the KOH wet scrubber. Prior to this the HF is recirculated to achieve process 
optimisation. 

3. Emissions and Monitoring 

3.1 Point source emissions to air 
Aim to prevent and minimise emissions at source, 
followed by consideration of appropriate 
abatement. 
 

HF emissions from the reaction stage are minimised firstly by process calculations 
performed in the design stage, which indicated the optimum input concentration of 
HF for reaction completion. This input concentration exceeds the stoichiometric value 
but ensures completion. Secondly, any excess HF is recirculated back into the reactor. 
It is only the flue gas remaining after this stage that flows into the wet scrubber for 
abatement treatment with KOH. 

The BREF on Common Waste Water and Waste Gas Treatment / Management 
Systems in the Chemical Sector,1 Table 1.2 (p.34) indicates an alkaline wet scrubber 
system as the primary application technique for the removal of inorganic gaseous 
compounds from waste gases. 

The HF emission testing results, submitted as part of the original variation application, 
indicate that the abatement meets the benchmark value for hydrogen fluoride 
emissions listed in Annex 1 to the BAT (0.5 mg/m3). Emissions testing has also been 
carried out in November 2020 and the test report is attached with this BAT 
assessment (Stack Emission Monitoring Report - Electrolysis A5). 

3.2 Point source emissions to water 
 

N/A 

3.3 Point source emissions to land 
 

N/A 

 
1 https://publications.jrc.ec.europa.eu/repository/handle/JRC103096.  

https://publications.jrc.ec.europa.eu/repository/handle/JRC103096
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3.4 Fugitive emissions 
Identify potential sources of fugitive emissions to 
air and implement procedures for remedial 
measures. 

The potential for leaks from both the HF fluidised bed reactor plant and the HF 
storage facility have been identified within the attached HAZOP study and assessed 
within the accompanying LCM Environmental Risk Assessment. 

Within the reactor plant safeguards include installation of an HF detector within the 
reactor body and automatic control (diverting flow to the wet scrubber) or shut-down 
procedures. Pressure and flow tests prior to start-up will be implemented to minimise 
the risk of such leaks, in addition to periodic maintenance checks. Identified remedial 
actions for the HF storage facility include a pressure indicator on the HF drums, check 
valves, consideration of compatible material choice for valves and seals, as well as 
remote access to the system HMI. 

3.5 Odour 
 

N/A – all raw materials for this process, including HF gas, are odourless. 

3.6 Noise and vibration 
 

There is anticipated to be no additional contribution to background noise levels, from 
this process, beyond the factory confines since the reactor plant is enclosed and is 
under cover within a purpose-built housing abutting the main factory building. 

During normal operation, no personnel are inside the reactor enclosure. Noise levels 
will require assessment during commissioning to decide if there is a need for hearing 
protection in the area during the discharge of product / maintenance. During the 
discharge process/maintenance the plant will be in safe mode, with no vibration 
system operational. 

3.7 Monitoring 
 

HF emissions from the process will be discharged through the existing KOH wet 
scrubber on site (emission point A5 on the previously submitted site plan). There are 
no other potentially hazardous emissions from this process. 

LCM already undertakes annual monitoring and reporting of HF emissions (from point 
A5) to the Environment Agency as part of existing activities prescribed under the 
current environmental permit. Monitoring and analysis are undertaken by an MCERTS 
accredited company (Socotec Ltd), in accordance with Environment Agency Technical 
Guidance Note (Monitoring) M2. The existing permit prescribes a consented limit of 
0.5 mg/m3. 
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Emissions from this point will also be monitored as part of commissioning activities to 
provide assurance that the mass balance calculation performed (LCM-01-FBR-DO-009 
Scrubber report) is correct and able to ensure the discharge emissions, contributed 
from this process, remain within consented limits. 

 

List of Attached Supporting Information: 

1. HAZOP report - Fluoride Plant & HF storage facility 

2. LCM-01-FBR-DO-009 Scrubber report 

3. Stack Emission Monitoring Report - Electrolysis A5 

4. HF Storage system description features 

5. Reactor Housing Drawings 

6. HF Delivery System Concept Proposal Drawings 

7. Liquid transfer Manual Issue 2 

8. Rare Earth Fluoride plant Operational Risk Assessment 

 

 


