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1 Introduction 

This document is submitted as part of Form C3 of the environmental permit variation. 

As part of the environmental permit variation for Line 2, the CA will review the permit in 

line with the primary BREF for the MC UK site, which is the BAT conclusions for the 

production of Large Volume Organic Chemicals (LVOC). The LVOC BAT conclusions are 

designed to be implemented in conjunction with the BAT conclusions for Common Waste 

Water and Waste Gas treatment/Management Systems in the Chemical Sector. This is 

therefore the horizontal BREF for the MC UK site.  

As a new installation, the Line 2 plant design should comply with all the BAT requirements 

outlined in the primary and horizontal BREFs. This document outlines how the current Line 

1 plant at MC UK Saltend complies with the relevant BAT criteria and how each BAT criteria 

will apply to Line 2.  

Existing infrastructure at the MC UK site, which is part of the Line 1 production plant has 

not been assessed but the compliance of the Line 1 with the BAT requirements is outlined 

for reference. Part of the existing infrastructure which has been considered within the 

permit variation as an air emission source is the tanker loading vent, which has been 

included because of the anticipated increase in frequency of use of tanker loading due to 

the addition of Line 2 and the potential loss of the existing disposal route to a neighbouring 

site. A BAT review for this existing infrastructure will be undertaken in due course, the 

focus of this document is the new Line 2 plant.  

Where BAT criterions are not applicable to the site, they have not been assessed.  
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2 Primary BREF Assessment  

2.1 BREF Assessment 
The compliance of Line 1 with the relevant criteria of the primary BREF is outlined in Table 

1 for reference, alongside a description of how each BAT criteria applies to the Line 2 

design.  
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Table 1 – Assessment of or primary BREF - BAT conclusions for the production of large volume organic chemicals 

BAT 
No. 

BAT Criterion Compliance for Line 1  Application of BAT within Line 2 Design   

Monitoring of emissions to air 

1 N/A to MC UK 

2 BAT is to monitor channelled emissions to air other than from 
process furnaces/heaters in accordance with EN standards and 
with at least the minimum frequency given in the table below. 
If EN standards are not available, BAT is to use ISO, national or 
other international standards that ensure the provision of data 
of an equivalent scientific quality. 

 

 

Continuous monitoring is performed for emission point A2, to assess the 
following parameters of the discharge from the methanol scrubber vent stack:  

• Pressure drop  

• Water make-up flows 

• Temperature of discharge gas 

• Temperature of scrubbing water 
 

Furthermore, methanol ppm measurements are checked daily during 
commissioning and every 6 months by Gas Chromatograph. Any blockages 
would be identified by frequent, routine inspections.  
A monitoring report for particulate matter from emission points A6a, A6b and 
A6c, which was submitted in 2013 in response to Improvement Condition 5, is 
provided in Appendix 1. The monitoring was performed by a MCERTS 
contractor using suitably trained individuals and certified 
equipment/methods. The monitoring was undertaken during maximum 
production rate and therefore, is considered to represent worst case 
emissions data. Result of the monitoring exercise demonstrate that both the 
concentration and mass release (over an hour reference period) are low.  
Particulate monitoring from A6c is not practical, as the level of uncertainty is 
too high for meaningful monitoring and as such annual mass limits are utilised 
as a surrogate method. The results from the monitoring of A6a and A6b are 
taken to determine a mass load of particulate emissions from A6c.  
 
Monitoring is not performed on the fluidised bed dryers emissions point A4, 
as this has been evaluated by our EA inspector and due to the physical size 
and layout of the emission point it has been deemed impractical to monitor. 
See attached CAR Report Ref: IC9.15 and subsequent mass balance data 
supplied to the Environment Agency Ref: EA Acetic Acid emission 20140211. 

Relevant aspects for Line 2:  

• CO emissions from thermal oxidiser should be monitored at least every 
month in line with EN 15058 

• Dust emissions should be monitored at least every month in line with 
EN 13284-1 

• Emissions of VOC should be monitored at least every month in line with 
EN 12619 

• NOx emissions should be monitored at least every month in line with 
EN 14792 

 
The channelled emissions to air from the Line 2 plant will be subject to 
monitoring as follows.  
 
The Thermal oxidiser stack design includes emissions monitoring points and 
associated platform. A contract will be established with a monitoring 
company as the project progresses. The new thermal oxidiser will treat 
waste gases from both lines. 
 
The emissions from the fluidised bed dryer FL2-600 are being reviewed to 
consider the implementation of monitoring points to monitor acetic acid 
and particulates.  
 
As for Line 1, it is not practical to monitor emissions and where this is the 
case, calculated annual mass limits will be utilised as a surrogate method. 
This is relevant for the following emissions: 
- Particulates at A9 a/b Packing area bag filters FL2-661 and FL2-672 



Technical Standards Page 5 of 29  November 2022
  Version 5 Issue 3 

BAT 
No. 

BAT Criterion Compliance for Line 1  Application of BAT within Line 2 Design   

 
Emissions to air 

3-6 N/A to MC UK 

Emissions to air from the use of SCR or SNCR 

7 N/A to MC UK 

Emissions to air from other processes/sources 

8 In order to reduce the load of pollutants sent to the final waste 
gas treatment, and to increase resource efficiency, BAT is to 
use an appropriate combination of the techniques given below 
for process off-gas streams: 

a) Recovery and use of excess or generated hydrogen 
b) Recovery and use of organic solvents and unreacted 

organic raw materials 
c) Use of spent air 
d) Recovery of HCl by wet scrubbing for subsequent use  
e) Recovery of H₂S by regenerative amine scrubbing for 

subsequent use 
f) Techniques to reduce solids and/or liquid entrainment 

The MC UK process conforms to this criterion by utilising Technique b - 
Recovery and use of organic solvents and unreacted organic raw materials. In 
order to reduce the load of pollutants sent to the final waste gas treatment 
and to increase resource efficiency, the process includes the recovery of 
methanol and unreacted ethylene and VAM. This reduces the proportion of 
waste produced and reduces the quantities of raw materials used, as 
unreacted VAM/ethylene are reused. Additionally, in the pelletising area of 
the process plant, the air is extracted to a water scrubber to minimise 
emissions of methanol.  
The applicability of this technique may be restricted where the energy 
demand for recovery is excessive due to the low organic content, therefore, 
small volumes of emissions where the organic content is within allowable 
limits are emitted from the site. 

Refer to BAT assessment for routine emissions, which have been evaluated 
as part of the Line 2 design process such that the routine emissions to air 
generated through the production process at MC UK are appropriately 
handled in line with BAT guidance.  
 
Line 2 design incorporates BAT techniques as follows:  
b) Process includes the recovery of Methanol and unreacted ethylene and 
VAM. This reduces the proportion of waste produced and reduces the 
quantities of raw materials, as unreacted methanol, VAM and ethylene are 
reused. 
c) Spent air in SLL-2 may contain dust and trace of chemicals. It is not 
possible to re-use the spent air. Chemicals and dust in the spent air 
discharge to atmosphere are negligible and below allowable limit. 
f) Filters are provided in section 600 to reduce solid entrainment in gas 
emission to air. 
 

9 In order to reduce the load of pollutants sent to the final waste 
gas treatment, and to increase energy efficiency, BAT is to 
send process off-gas streams with a sufficient calorific value to 
a combustion unit. BAT 8a and 8b have priority over sending 
process off-gas streams to a combustion unit 

As 8b is utilised at the site (see above), the recovery and use of organic 
solvents has priority over sending process off-gas streams to a combustion 
unit.  
However, the production process creates a number of waste gas streams 
which cannot be re-used in the process and require disposal. These waste 
streams are generated from a number of sources, including:  
• Displacement and boil-off vapours from Vessels and Tanks 
• Heat Exchanger Vents 
• Nitrogen/Solvent vapours from Tank/Vessel Blanketing and breathing 
• Nitrogen from off-gas header continuous inert gas purge 
• Ethylene compressor seal purge 

Refer to BAT assessment for routine emissions, which have been evaluated 
as part of the Line 2 design process such that the routine emissions to air 
generated through the production process at MC UK are appropriately 
handled in line with BAT guidance.  
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BAT 
No. 

BAT Criterion Compliance for Line 1  Application of BAT within Line 2 Design   

Currently, these off-gas streams are collected in the off-gas header, which has 
a knock out pot for the removal of condensable liquids. These off-gases are 
sent onto MC UK flare header which collects purge gas from the 
reactor/compression circuit via the recycle gas tank.  
Small nitrogen flows are provided into the off-gas header and flare header to 
sweep flammable gases through into the INEOS flare system for disposal to 
atmosphere. Any combustible materials present in the MC UK waste gas 
stream are burnt in the INEOS flare stack.  

 
As part of the implementation of the Line 2 plant at the MC UK site, these 
gases will instead be sent to the new Thermal oxidiser unit which will be 
installed in line with the BAT assessment for routine emissions for the new 
Line 2 plant.   

10 In order to reduce channelled emissions of organic compounds 
to air, BAT is to use one or a combination of the techniques 
given below: 

a) Condensation 
b) Adsorption 
c) Wet scrubbing 
d) Catalytic oxidiser 
e) Thermal oxidiser 

The site conforms to this criterion using a combination of techniques. 
Predominantly, the reduction of channelled emissions of organic compounds 
to air is achieved through Technique a – Condensation. The off-gas streams 
are removed by reducing its temperature below its dew point so that the 
vapour liquefy. The off-gas stream will have 5 barg pressure at MC UK battery 
limit, at a temperature of 40oC and a dew point not greater than 25oC at 5 
barg.  
Recently, improvements have been made to the knock out pot condensation 
process, which is now recovered through the water extractive distillation 
(WED) column. The knock out plot flow is now recovered through the WED 
column at an average of 130 kg/day, the composition is on average: 
• Vinyl acetate 15% 
• Methanol 80% 
• Methyl acetate 2% 
• Acetic acid 1% 
• Water 2% 
When the water content of the waste organic stream is below 14%, it is sent 
to BP boiler for raising steam. When it is above 14%, as in the average 
composition for 2018, the waste is sent off site by tanker for recovery, which 
is also used to raise steam.   
Additionally, Technique c- Wet scrubbing is also utilised on site. Within the 
pellet formation area, a ventilation hood is in place with a ventilation 
scrubber using steam to reduce methanol emissions. Furthermore, the filter 
press is now not used so there is a reduced emission route. 
A thermal oxidiser unit is being installed as part of the Line 2 project and will 
also be used to treat the routine emissions from Line 1. 

Refer to BAT assessment for routine emissions, which have been evaluated 
as part of the Line 2 design process such that the routine emissions to air 
generated through the production process at MC UK are appropriately 
handled in line with BAT guidance.  
 
Line 2 design incorporates the following BAT techniques:  
a) Condensation - there are cooling system in all process sections to 
condensate hydrocarbon vapor and recycle back to process to reduce gas 
emission. The off-gas streams are removed by reducing its temperature 
below its dew point so that the vapour liquefy.  
c) Wet scrubbing - Within the pellet formation area, a ventilation hood is in 
place with a ventilation scrubber using steam to reduce methanol 
emissions. Refer to SLL-1 PID, 312AD14772 ,TW-480 methanol vapor 
removal from spent air. 
e) Thermal oxidiser incorporated into the Line 2 design for routine 
emissions (and will also treat the waste gases from line 1). 

11 In order to reduce channelled dust emissions to air, BAT is to 
use one or a combination of the techniques given below: 

a) Cyclone 
b) Electrostatic precipitator 
c) Fabric filter 
d) Two-stage dust filter 
e) Ceramic/metal filter 
f) Wet dust scrubbing 

A combination of the techniques described are utilised at the site to reduce 
dust emissions to air. This includes Technique a – Cyclone, Technique c – 
Fabric filter and Technique f – Wet dust scrubbing, which are utilised within 
the drying of the pelletised EVOH polymer. The EVOH pellets are sent to the 
fluidised bed dryer as wet pellets and are partially dried by heated air that is 
discharged to atmosphere via cloth filters. The pellets are then conveyed by 
nitrogen to the hopper dryers. In the hopper dryers, the pellets are dried by 
heated nitrogen. The nitrogen is circulated by blowers through water 
scrubbers to condense moisture and organics. Within the EVOH polymer 

Line 2 design incorporates the following BAT techniques to reduce 
channelled dust emissions to air:  
a) cyclone provided to reduce dust emissions 
c) Fabric filter provided to reduce dust emissions 
f) Wet dust scrubbing utilised in the drying of the pelletised EVOH polymer. 
The EVOH pellets are sent to the fluidised bed dryer as wet pellets and are 
partially dried by heated air that is discharged to atmosphere via cloth 
filters. The pellets are then conveyed by nitrogen to the hopper dryers. In 
the hopper dryers, the pellets are dried by heated nitrogen. The nitrogen is 
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BAT 
No. 

BAT Criterion Compliance for Line 1  Application of BAT within Line 2 Design   

warehouse, where the transport of product generates dust, fabric filters are 
utilised to remove caustic dust. 

circulated by blowers through water scrubbers to condense moisture and 
organics.  
 
Furthermore, the under water cutting technology utilised within the Line 2 
design generates spherical pellets which produce less dust, thereby 
minimising the generation of dust at source.  

12 N/A to Line 2 – No acid gas emissions 

13 In order to reduce emissions to air of NOX, CO, and SO2 from a 
thermal oxidiser, BAT is to use an appropriate combination of 
the techniques given below. 

a) Removal of high levels of NOx precursors from the 
process off-gas stream 

b) Choice of support fuel 
c) Low-NOx burner (LNB)  
d) Regenerative thermal oxidiser (RTO) 
e) Combustion optimisation 
f) Selective catalytic reduction (SCR) 
g) Selective non-catalytic reduction (SNCR) 

For the existing Line 1 plant, there is no thermal oxidiser operating currently. 
However, the thermal oxidiser to be installed for the new Line 2 will also be 
used treat the waste gases from Line 1. 

The thermal oxidiser unit will utilise natural gas as the support fuel.  
Th combustion stage will be optimised by controlling the temperature at 
950 deg. C, by modulating the flow of the supplement fuel and the waste 
gas flow. An oxygen analyser will be used to maintain a minimum oxygen 
concentration in the flue gas.  
 
 

Emissions to water 

14 In order to reduce the waste water volume, the pollutant loads 
discharged to a suitable final treatment (typically biological 
treatment), and emissions to water, BAT is to use an 
integrated waste water management and treatment strategy 
that includes an appropriate combination of process-
integrated techniques, techniques to recover pollutants at 
source, and pretreatment techniques, based on the 
information provided by the inventory of waste water streams 
specified in the CWW BAT conclusions. 

Refer to horizontal BREF assessment for BAT conclusions for Common Waste 
Water and Waste Gas treatment / Management Systems in the Chemical 
Sector.  
See table 2 for full assessment of this criterion. 
 
 

As for Line 1, the horizontal BREF assessment for BAT conclusions for 
Common Waste Water and Waste Gas treatment / Management Systems in 
the Chemical Sector will cover the requirements for waste water.  
 

Resource efficiency 

15 In order to increase resource efficiency when using catalysts, 
BAT is to use a combination of the techniques given below: 

a) Catalyst selection 
b) Catalyst protection  
c) Process optimisation  
d) Monitoring of catalyst performance 

To conform to this criterion and to increase resource efficiency when using 
catalysts, Technique a - Catalyst selection has been utilised by the site. The 
catalyst utilised at the site has recently changed from caustic to sodium 
methylate due to greater efficiency in catalysing the polymerisation reaction.  
 
However, sodium methylate does not strictly meet the definition of a catalyst, 
as it is used up in the reaction and is not regenerated and therefore, is not 
reusable. Therefore, sodium methylate should be accurately classified as a 
reagent, rather than a catalyst and this criterion is not relevant to the site.  

The Line 2 process will utilise sodium methylate, but this does not strictly 
meet the definition of a catalyst, as it is used up in the reaction and is not 
regenerated. Therefore, sodium methylate should be accurately classified 
as a reagent, rather than a catalyst and this criterion is not relevant to the 
site. 

16 In order to increase resource efficiency, BAT is to recover and 
reuse organic solvents. Description: Organic solvents used in 
processes (e.g. chemical reactions) or operations (e.g. 
extraction) are recovered using appropriate techniques (e.g. 
distillation or liquid phase separation), purified if necessary 
(e.g. using distillation, adsorption, stripping or filtration) and 
returned to the process or operation. The amount recovered 
and reused is process-specific. 

The philosophy of the MC UK plant is to recover and reuse organic solvents 
wherever possible. Organic solvents used in process or operations are 
recovered, to be reused.  
Methanol is recovered after the alcoholysis process, through two distillation 
columns, the pure methanol stream being stored and reused. Furthermore, 
vinyl acetate and methanol azeotropic solution is recovered and directly 
recycled to the polymerisation reaction. Any remaining solution is fed to the 
WED column to separate methanol from vinyl acetate, before both are 
recycled.  

Methanol is recovered after the alcoholysis process, through two 
distillation columns, the pure methanol stream being stored and reused. 
Furthermore, vinyl acetate and methanol azeotropic solution is recovered 
and directly recycled to the polymerisation reaction. Any remaining solution 
is fed to the WED column to separate methanol from vinyl acetate, before 
both are recycled. 
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BAT 
No. 

BAT Criterion Compliance for Line 1  Application of BAT within Line 2 Design   

Residues 

17 In order to prevent or, where that is not practicable, to reduce 
the amount of waste being sent for disposal, BAT is to use an 
appropriate combination of the techniques given below: 

a) Addition of inhibitors to distillation systems 
b) Minimisation of high-boiling residue formation in 

distillation systems 
c) Material recovery 
d) Catalyst and adsorbent regeneration 
e) Use of residues as fuel 

The following techniques are utilised to reduce the amount of waste being 
sent for disposal from the MC UK site. In the first instance Technique c – 
Material recovery is utilised to reduce the amount of waste. Within the 
process this includes the recovery of solvents, by-products and starting 
materials. As outlined in BAT 16, organic solvents are recovered and recycled. 
Furthermore, methyl acetate is recovered as a by-product of the alcoholysis 
process through distillation and sold to BP as feedstock. Additionally, 
unreacted vinyl acetate and ethylene from the polymerisation reaction are 
recovered and re-inserted into the polymerisation reaction.  
Additionally, Technique e – Use of residuals as a fuel is utilised for the waste 
organics stream is utilised at the site. If the water content of the waste 
organics stream is sufficiently low (below 14%), then the stream shall be 
transferred to FB8, to be used as fuel. If water content in the waste organic 
stream is higher than this, will be tankered off and used as fuel offsite. A small 
waste organics purge stream is also sent to the existing raising unit where it is 
used as secondary liquid fuel. 

Line 2 design incorporates the following BAT techniques:  
b) Solvent recovery effectively minimises high boiling residue formation. 
Solvent recovered as much as possible in the process, and a small purge of 
high boilers go to waste organics VE-008 
c) Material recovery – reduces the amount of waste generated by Line 2. 
Within the process this includes the recovery of solvents, byproducts and 
starting materials. As outlined in BAT 16, organic solvents are recovered 
and recycled. Furthermore, methyl acetate is recovered as a byproduct of 
the alcoholysis process through distillation and sold to BP as feedstock. 
Additionally, unreacted vinyl acetate and ethylene from the polymerisation 
reaction are recovered and reinserted into the polymerisation reaction. 
e) If the water content of the waste organics stream VE-008 is sufficiently 
low (below 14%), then the stream shall be transferred to SB8, to be used as 
fuel. If water content in the waste organic stream is higher than this, will be 
tankered off and used as fuel offsite. 

Other than normal operating conditions 

18 In order to prevent or reduce emissions from equipment 
malfunctions, BAT is to use all of the techniques given below: 

a) Identification of critical equipment 
b) Asset reliability programme for critical equipment 
c) Back-up system for critical equipment 

This criterion is relevant to the ethylene compressor and relief valves. 
Technique a – Identification of critical equipment has been utilised for the 
ethylene compressor. The ethylene compressor Failure Mode Effects Analysis 
(FMEA) identifies all equipment critical to the protection of the environment.  
Technique b – Asset reliability programme for critical equipment is in use 
across the site. Standard operating procedures are in place, as well as 
preventative maintenance programmes, monitoring, recording or incidents 
and continual improvements.   
Technique c – We have recently reviewed our definition of what is SECE 
(Safety & Environmentally Critical Equipment). Using the revised definition 
this has been used to identify all S&E critical equipment. This project has just 
commenced.  

The processes in place for Line 1, to identify and establish reliability 
programmes for critical equipment will apply to the Line 2 plant once 
operational. The selection of equipment for inclusion in Line 2 will ensure 
adequate reliability by compliance with appropriate design codes and 
standards, in line with industry best practice.  
  

19 In order to prevent or reduce emissions to air and water 
occurring during other than normal operating conditions, BAT 
is to implement measures commensurate with the relevance 
of potential pollutant releases for:  

(i)  start-up and shutdown operations;  
(ii)  other circumstances (e.g. regular and extraordinary 

maintenance work and cleaning operations of the 
units and/or of the waste gas treatment system) 
including those that could affect the proper 
functioning of the installation. 

The following provisions are made to reduce emissions to air and water 
during shutdown operations. Waste minimisation plans are in place and 
include measures that ahead of shutdown inventories will be minimised. 
There are no composition issues as the scrubber is only offline when the plant 
is offline and there are no alternative routes. The vents are washed and 
drained ready for shutdown and the wash is captured, sent to the column and 
onto the Yorkshire Water Waste Water Treatment Works (YW WWTW). The 
reactor vessel is vented to flare for shutdown, this is the normal route but 
more ethylene is used.  
Procedures are in place for both Plant Shutdown and Start up and all 
Environmental protection measures are commissioned prior to any Start up. 
Shutdown Maintenance Planning Meetings consider minimising the effects on 
the Environment and shutdown Review meetings are held post every SDM to 
learn lessons. The Site Aspects and Impacts Register considers Specific 
Shutdown Activities 

Refer to BAT assessment for non-routine emissions, which considers other 
than normal operating conditions in line with appropriate BAT techniques, 
have been evaluated as part of the Line 2 design process.  
 
Waste minimisation plans are in place and include measures that ahead of 
shutdown inventories will be minimised. The vents are washed and drained 
ready for shutdown and the wash is captured, sent to the column and 
onto the Yorkshire Water Waste Water Treatment Works (YW WWTW).  
Procedures are in place for both Plant Shutdown and Start up and all 
Environmental protection measures are commissioned prior to any Start 
up. 
Shutdown Maintenance Planning Meetings consider minimising the effects 
on the Environment and shutdown Review meetings are held post every 
SDM to learn lessons. The Site Aspects and Impacts Register considers 
Specific Shutdown Activities 

BAT Conclusions for Lower Olefins Production  

20-23 N/A to MC UK 

BAT Conclusions for Aromatics Production  

24-30 N/A to MC UK 
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BAT 
No. 

BAT Criterion Compliance for Line 1  Application of BAT within Line 2 Design   

BAT Conclusions for Ethylbenzene and Styrene Monomer Production  

31-44 N/A to MC UK 

BAT Conclusions for Formaldehyde Production  

45-47 N/A to MC UK 

BAT Conclusions for Ethylene Oxide and Ethylene Glycols Production  

48-55 N/A to MC UK 

BAT Conclusions for Phenol Production  

56-60 N/A to MC UK 

BAT Conclusions for Ethanolamines Production  

61-63 N/A to MC UK 

BAT Conclusions for Toluene Disocyanate (TDI) and Methylene Diphenyl Disocynate (MDI) Production 

64-74 N/A to MC UK 

BAT Conclusions for Ethylene Dichloride and Vinyl Chloride Monomer Production  

75-85 N/A to MC UK 

BAT Conclusions for Hydrogen Peroxide Production  

86-89 N/A to MC UK 
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3 Horizontal BREF Assessment  

3.1 BREF Assessment 
The compliance of Line 1 with the relevant criteria of the horizontal BREF is outlined in 

Table 2 for reference, alongside a description of how each BAT criteria applies to the Line 2 

design.  
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Table 2 – Assessment of horizontal BREF - BAT conclusions for common waste water and waste gas treatment/management systems in the chemical sector 

BAT 
No. 

BAT Criterion Compliance for Line 1  Assessment of Line 2 design compliance 

Environmental Management Systems  

1 In order to improve the overall environmental performance, BAT is to implement and 
adhere to an environmental management system (EMS) that incorporates all of the 
following features: 
(i) commitment of the management, including senior management; 
(ii) an environmental policy that includes the continuous improvement of the 
installation by the management; 
(iii) planning and establishing the necessary procedures, objectives and targets, in 
conjunction with financial planning 
and investment; 
(iv) implementation of procedures paying particular attention to: 

(a) structure and responsibility;  
(b) recruitment, training, awareness and competence;  
(c) communication;  
(d) employee involvement;  
(e) documentation;  
(f) effective process control;  
(g) maintenance programmes;  
(h) emergency preparedness and response;  
(i) safeguarding compliance with environmental legislation; 

(v) checking performance and taking corrective action, paying particular attention to: 
(a) monitoring and measurement (see also the Reference Report on Monitoring 

of emissions to Air and Water from IED installations — ROM);  
(b) corrective and preventive action;  
(c) maintenance of records;  
(d) independent (where practicable) internal or external auditing in order to 

determine whether or not the EMS conforms to planned arrangements and 
has been properly implemented and maintained; 

(vi) review of the EMS and its continuing suitability, adequacy and effectiveness by 
senior management; 
(vii) following the development of cleaner technologies; 
(viii) consideration for the environmental impacts from the eventual 
decommissioning of the plant at the design stage of a new plant, and throughout its 
operating life; 
(ix) application of sectoral benchmarking on a regular basis; 
(x) waste management plan (see BAT 13). 
Specifically for chemical sector activities, BAT is to incorporate the following features 
in the EMS: 
(xi) on multi-operator installations/sites, establishment of a convention that sets out 
the roles, responsibilities and coordination of operating procedures of each plant 
operator in order to enhance the cooperation between the various operators; 
(xii) establishment of inventories of waste water and waste gas streams (see BAT 2). 

The MC UK management system is designed to meet the Environment 
Management Standard ISO 14001 and has completed the transition to 
the updated ISO 14001:2015.  An external audit of the management 
system against ISO 14001 takes place every 6 months. The management 
system will also satisfy the requirements of the COMAH regulations and 
other essential business needs. Employees are selected on the basis of 
qualifications and experience.  They are required to have proven 
competence to operate, and improve the management of the MC UK 
Installation. 
 
The certificate provided demonstrates that the MC UK EMS complies 
with ISO 14001:2015. In order to evidence compliance with all features 
(i) to (xiv) of the BAT conclusion, the relevant aspects of the MC UK 
EMS, which is incorporated into an overarching Safety, Quality and 
Environmental Management System, are mapped into the table below.   
Table 3 Mapping of features against MC UK EMS  

No. Reference to MC UK EMS 

i) SQE Manual Section 5.1 outlines MC UK senior 
management accountability and commitment to EMS.  

ii) SQE Manual Sections 5.1 and 6.2 demonstrate continual 
improvement of EMS by management. 

iii) SQE Manual Section 5.3 and 7.1 describe the 
arrangements in place to coordinate expenditure with 
the procedures, objectives and targets of the 
management system.  

iv) The SQE manual describes throughout the procedures in 
place to implement to EMS, the aspects required are 
referenced in the following:  
(a) Section 5.3, 6.2 and 6.3 
(b) Section 7.1, 7.2 and 7.3 
(c) Section 7.4 
(d) Section 5.4 
(e) Section 7.5 
(f) Section 8.1 
(g) Section 7.1.1 and 7.1.2 
(h) Section 8.2 
(i) Section 5.1, 6.1.3 and 9.1.2 

The same EMS will apply to Line 2, hence refer to 
Line 1 compliance description.  
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BAT 
No. 

BAT Criterion Compliance for Line 1  Assessment of Line 2 design compliance 

v) SQE Manual Section 5.1 describes continual monitoring 
performed by leadership team, who are also responsible 
for taking corrective action.  
SQE Manual Section 6.2 describes how objectives are 
used to monitor performance.  
SQE Manual Section 7.1.2 describes the monitoring and 
measuring resources.  
SQE Manual Section 7.1.3 demonstrates the traceability 
of measurements.  
SQE Manual Section 9.2 describes the internal audit 
process.  

vi) SQE Manual Section 5.1 describes the process in place 
for senior management to review the EMS and ensure 
its continuing suitability, adequacy and effectiveness.  

vii) SQE Manual Section 7.1.2 describes how the latest 
technologies will be applied whenever possible.  

viii) SQE Manual Section 6.1.1 outlines how the 
environmental impacts of new plant/projects are 
considered.  

ix) SQE Manual Section 6.1.2.2 demonstrates the 
application of incident investigations (shared learnings) 
and safety alerts from third parties, to ensure all 
hazards are identified and minimised to an acceptable 
risk level.  

x) SP703 Disposal of Waste provides the overarching 
guidance for the management of all waste created on 
site. Using the guidance all departmental managers are 
responsible for waste minimisation within their areas of 
control. 
Any disposal of waste will only be considered when 
prevention, minimisation, recycling or recovery is not 
reasonably practicable.  

xi) This feature is not applicable to the MC UK site. 

xii) The inventory of waste water and gas as described in 
BAT 2 is referenced in Section 6.1.2.1 of the SQE Manual 
and provided as an Appendix.   

xiii) Not a part of the EMS, odour management is considered 
as described in response to Query 7 CWW WGT BAT 
conclusions 20 and 21.  

xiv) Not a part of the EMS, noise management is considered 
as described in response to Query 7 CWW WGT BAT 
conclusions 22 and 23. 

 
 

2 In order to facilitate the reduction of emissions to water and air and the reduction of 
water usage, BAT is to establish and to maintain an inventory of waste water and 
waste gas streams, as part of the environmental management system (see BAT 1), 
that incorporates all of the following features:  
(i) information about the chemical production processes, including:  

The site have an inventory of waste water streams and waste gas 
streams which contains all information relevant to this criterion. This 
includes information about the chemical production process and the 
source of waste gas/water streams. The average parameters of the 

As part of the transfer of Line 2 from the project 
team to the operational phase, the inventory of 
waste water streams and waste gas streams 
generated for Line 1, will be updated to include Line 
2.  
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(a) chemical reaction equations, also showing side products; 
(b) simplified process flow sheets that show the origin of the emissions;  
(c) descriptions of process-integrated techniques and waste water/waste gas 

treatment at source including their performances;  
(ii) information, as comprehensive as is reasonably possible, about the characteristics 
of the waste water streams, such as:  

(a) average values and variability of flow, pH, temperature, and conductivity;  
(b) average concentration and load values of relevant pollutants/parameters and 

their variability (e.g. COD/TOC, nitrogen species, phosphorus, metals, salts, 
specific organic compounds);  

(c) data on bioeliminability (e.g. BOD, BOD/COD ratio, Zahn-Wellens test, 
biological inhibition potential (e.g. nitrification));  

(iii) information, as comprehensive as is reasonably possible, about the 
characteristics of the waste gas streams, such as:  

(a) average values and variability of flow and temperature;   
(b) average concentration and load values of relevant pollutants/parameters and 

their variability (e.g. VOC, CO, NOX, SOX, chlorine, hydrogen chloride);  
(c) flammability, lower and higher explosive limits, reactivity;  
(a) (d) presence of other substances that may affect the waste gas treatment 

system or plant safety (e.g. oxygen, nitrogen, water vapour, dust). 

waste gas and water streams are also outlined as comprehensively as 
possible.  
 
This document shall facilitate the reduction of emissions to water/air 
and the reduction of water usage.  
 

Monitoring  

3 For relevant emissions to water as identified by the inventory of waste water streams 
(see BAT 2), BAT is to monitor key process parameters (including continuous 
monitoring of waste water flow, pH and temperature) at key locations (e.g. influent 
to pretreatment and influent to final treatment). 

This criterion is met by the on-line monitoring on both effluent streams. 
S1 
The trade effluent flow is routed directly from the manufacturing areas 
by above ground pipework systems into an above ground trade effluent 
vessel (VE-080).  The contents of the trade effluent vessel are pumped 
at a constant flow rate (controlled by a flow control valve) of ~1728 
m3/day via a dedicated pipe to YW WWTW. 
A TOC analyser, pH meter and temperature gauge are installed on the 
waste water stream.  If the quality of the waste water is outside the 
agreed specification the tank outlet valve is automatically closed and it 
is diverted to the adjacent above ground effluent holding tank (TA-080).  
Under normal circumstances the contents of this tank can be bled back 
slowly into the trade effluent discharge tank (VE-080) to ensure by 
mixing and dilution the effluent remains within the agreed specification.  
S1 Continuous monitoring of: 

• pH 

• TOC 

• Flow 

• Temperature 
Plus, the following are measured on a 24hour composite and also 
regular Spot samples 

• Flow m3/day   1723 max 

• Settled COD (kg/day)  2500 max 

• Settled COD (mg/l)                4000 max 

• Settleable solids (mg/l)  300 max 

• Methanol mg/l   100 max 

• pH                   10.0 max 

• pH                    5.5 min 

Line 2 will utilise the same effluent streams as Line 
1: S1 to YW WWTW and E1 to PX Aquarius.  
 
As such, the monitoring outlined for Line 1 will also 
be relevant to Line 2. With the additional effluent 
generated by Line 2, the total emissions at each 
point have been reviewed to ensure they meet the 
requirements of BAT.  
 
At emission point S1, there is continuous monitoring 
of pH, TOC, flow and temperature.  
 
At emission point E1, there is continuous monitoring 
of pH and TOC. The inclusion of flow and 
temperature monitoring arrangements at E1 is 
under discussion with the EA, following an 
improvement condition received for the current Line 
1 operations. Following the resolution of these 
discussions, the Line 2 emissions will be subject to 
the same monitoring arrangements as those for Line 
1 at E1.  
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• Temperature °C   43.3 max 
 
E1 

E1 Continuous monitoring of: 
pH                                               9.0 max    
pH                                              6.0 min     
TOC mg/l                                             50 max  
 
At E1, waste water emission point to pX Aquarius, there is continuous 
monitoring of pH and TOC.  
MC UK have assessed the feasibility of introducing flow and 
temperature monitoring at E1. The monitoring of flow at E1 may be 
possible utilising existing equipment and this is to be evaluated further 
to consider practicality. Monitoring of temperature at E1 would require 
significant modification to the existing infrastructure and the downtime 
associated with this.  
The E1 emission point flows to pX Aquarius, where it is collected in a 
tank with effluent steams from other sites. The tank contents are then 
pumped to Humber outfall. There is in-line TOC, pH and temperature 
monitoring with an auto divert on the outflow to Humber outfall. If any 
of the parameters exceed consent limits, the waste water is sent to the 
divert tanks. This prevents the emission to the Humber exceeding a 
temperature of 43 deg.C and the pH must be within the 6- 9 range. The 
flow from the pX Aquarius storage tank to the Humber outfall is 
determined by the pumping rate, one pump = 500 m3/hr and two 
pumps = 800 m3/hr.  
Although there is not, currently, continuous monitoring of flow or 
temperature at the E1 emission point, temperature is continuously 
monitored within the pX Aquarius system before outfall to Humber. This 
prevents waste water exceeding 43 deg.C using an automatic diversion 
system. Hence, the temperature of emissions to a water body are 
already continuously monitored by the existing infrastructure. The 
potential to introduce temperature monitoring at the E1 emission point 
will be evaluated further by MC UK, however, it is anticipated that the 
cost of such a measure will exceed the potential environmental benefit 
gained, as temperature monitoring is already performed downstream of 
the emission point.  
In terms of flow monitoring, the outflow from the pX Aquarius tank is 
determined by the pumping rate and as such, the flow rate of emissions 
to a water body can be controlled in this way. The potential to utilising 
existing monitoring equipment for TOC to monitor flow rates at E1 will 
be evaluated further by MC UK. If this is possible, this should be 
implemented as a low-cost and simple measure to utilise existing site 
infrastructure to strengthen compliance with BAT.  
If it is not possible to utilise existing site equipment in this way, the 
potential to introduce flow monitoring at E1 should be evaluated 
further, as for temperature monitoring. 

4 BAT is to monitor emissions to water in accordance with EN standards with at least 
the minimum frequency given below. If EN standards are not available, BAT is to use 

The two indirect emission routes from the MC UK site are emissions 
points S1 to YW WWTW and E1 to PX Aquarius. The only 

Line 2 will utilise the same effluent streams as Line 
1: S1 to YW WWTW and E1 to PX Aquarius.  
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ISO, national or other international standards that ensure the provision of data of an 
equivalent scientific quality. 

 

substance/parameters applicable to the waste water streams are Total 
Organic Carbon (TOC), Chemical oxygen demand (COD) and Total 
Suspended Solids (TSS).  
 
The current permit includes monitoring of pH and TOC at E1. At E1, 
waste water emission point to pX Aquarius, there is continuous 
monitoring TOC, as such daily monitoring of TOC or COD is not 
considered necessary. 
Due to the current operational arrangements, it is not possible to take a 
sample from the transfer to pX Aquarius at E1. Therefore, the daily 
monitoring of TSS at E1 is not feasible. The potential to perform 
monitoring of TSS at the classification pit has been identified as a viable 
alternative to sampling at E1. Although the classification pit is not the 
only route to the E1 emission point, it is considered the more likely 
source of suspended solids and as such, should be a priority in terms of 
monitoring TSS. Sampling is already performed for the classification pit 
twice per shift, therefore, introducing TSS monitoring into this regime 
would be a simple measure to introduce and implement. In contrast, 
making the significant alterations required in order to take samples at 
E1 would be complex and require substantial modification to 
infrastructure. Hence, daily monitoring of TSS at the classification pit is 
considered a viable alternative to daily monitoring of TSS at E1. 
 
S1 requirements are not included on the Permit currently, since the 
Variation, but are undertaken in an Agreement with Yorkshire Water. 
S1 Continuous monitoring of: 

• pH 

• TOC 

• Flow 

• Temperature 
Plus, the following are measured on a 24hour composite and also 
regular Spot samples 
Flow m3/day   1723 max 
Settled COD (kg/day)  2500 max 
Settled COD (mg/l)  4000 max 
Settleable solids (mg/l)  300 max 
Methanol mg/l   100 max 
pH     10.0 max 
pH    5.5 min 
Temperature °C   43.3 max 
 

 
As such, the monitoring outlined for Line 1 will also 
be relevant to Line 2. With the additional effluent 
generated by Line 2, the total emissions at each 
point have been reviewed to ensure they meet the 
requirements of BAT.  
 
At emission point S1, there is continuous monitoring 
of pH, TOC, flow and temperature.  
 
At emission point E1, there is continuous monitoring 
of pH and TOC. The inclusion of flow and 
temperature monitoring arrangements at E1 is 
under discussion with the EA, following an 
improvement condition received for the current Line 
1 operations. Following the resolution of these 
discussions, the Line 2 emissions will be subject to 
the same monitoring arrangements as those for Line 
1 at E1.  
 
 

5 BAT is to periodically monitor diffuse VOC emissions to air from relevant sources by 
using an appropriate combination of the techniques I-III or, where large amounts of 
VOC are handled, all of the techniques I-III.  

I. sniffing methods (e.g. with portable instruments according to EN 15446) 
associated with correlation curves for key equipment; 

II. optical gas imaging methods;  
III. calculation of emissions based on emissions factors, periodically validated 

(e.g. once every two years) by measurements. 

MC UK has developed management plans to avoid causing nuisance 
from fugitive releases and the site has not received any complaints 
about noise or odour since start up in 2004. 
A description of the monitoring performed in line with US EPA 21 and 
42, including the methodology utilised, is provided in Appendix 2. The 
emission levels calculated are provided in Appendix 3. The 6 monthly 
maintenance of the monitoring is outlined in Appendix 4. 

The monitoring of fugitive emissions of VOC will be 
the same as those in place for the current Line 1 
plant, once the Line 2 plant becomes operational.  
This includes the monitoring performed in line with 
US EPA 21/42, which will be updated to 
accommodate Line 2. The calculated emissions levels 
will be updated as part of the handover process 
from the project to operational teams. 
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6 BAT is to periodically monitor odour emissions from relevant sources in accordance 
with EN standards. 

It is not anticipated that under normal operating conditions that odours 
emanating from the MC UK site will impact offsite individuals. There 
have never been any complaints from external parties in relation to 
odours but there is a procedure in place to handle such occurrences. 
 
The odour thresholds of materials present on the MC UK Saltend site are 
as follows:  

• Acetic acid – 1 ppm 1 

• Ammonia – 1.1 ppm 2 

• Ethylene – 270 ppm 3 

• Methanol – 4.26 ppm4 

• Methyl acetate – 1.7 ppm 5 

• Vinyl Acetate - 0.12 ppm 6 
 
During normal operating conditions it is not anticipated that workers on 
the MC UK site would be exposed to concentrations above these odour 
threshold values.  
 
The potential sources of odorous emissions at the site are:  

• Fugitive emissions  

• Emissions during normal operations 

• Emergency releases such as an emergency relief or loss of 
containment event 

 
The quantity of fugitive emissions would not be sufficient to produce 
concentrations that would be of concern in terms of odour. 
Furthermore, the site has a number of measures in place to reduce and 
minimise fugitive emissions as far as reasonably practicable.  
During normal operations, the majority of emissions from the MC UK 
plant are sent to the common vent header and onto flare. Where there 
are vents direct to atmosphere they are positioned at high level and 
would be predicted to disperse at high level and/or, the emissions 
produced are not anticipated to cause an odour concern as the 
concentrations involved are minimal.  
 
Emergency releases are the only conditions under which there may be 

As for Line 1, it is not anticipated that the quantity of 
fugitive emissions would be sufficient to produce 
concentrations that would be of concern in terms of 
odour. Furthermore, the site has a number of 
measures in place to reduce and minimise fugitive 
emissions as far as reasonably practicable.  

 
During normal operations, the routine emissions 
from Line 2 (and Line 1 also) will be sent to the 
Thermal Oxidiser unit for treatment. Where there 
are vents direct to atmosphere they are positioned 
at high level and would be predicted to disperse at 
high level and/or, the emissions produced are not 
anticipated to cause an odour concern as the 
concentrations involved are minimal.  

 
Emergency releases are the only conditions under 
which there may be sufficient concentrations for 
odour to be a concern. However, they would be 
highly infrequent events and there are a range of 
measures in place to prevent, control and mitigate 
major accident events. In terms of emergency relief 
cases, they are routed to a common vent at high 
level, such that the potential to impact people is 
minimised. Furthermore, during an emergency event 
the response arrangements in place at the MC UK 
would act to minimise the exposure of onsite and 
offsite people to the release. This shall include the 
sheltering of onsite personnel within toxic refuges, 
thereby minimising exposure to odorous emissions. 
It is not considered reasonable to implement an 
odour management plan when the only foreseeable 
route to odorous exposure are emergency releases 
and there are no odour issues identified for normal 
operating conditions.   

 
 

 

1 Journal of the Air Pollution Control Association (2012). Odor Threshold Determinations of 53 Odorant Chemicals. Accessed online: https://www.tandfonline.com/doi/pdf/10.1080/00022470.1969.10466465  
2 D. Cawthon, D. Hamlin, A Steward, C Davis, F Cavender & P Goad, 2009, Field studies on the ammonia odor threshold based on ambient air-sampling following accidental releases, Toxicological & Environmental Chemistry, 91:4, 597-604, DOI: 
10.1080/02772240802358469. Accessed online: https://www.tandfonline.com/doi/abs/10.1080/02772240802358469   [last accessed 26/04/2021] 
3 N. K. Erraguntla, Texas Commission on Environmental Quality, 2008, Ethylene. Accessed online: https://www.env.go.jp/council/10dojo/y104-28/mat03_1-7.pdf [last accessed 26/04/2021] 
4 NAS/COT Subcommittee for AEGLs, 2005, Interim Acute Exposure Guidelines (AEGLs) Methanol. Accessed online: https://www.epa.gov/sites/production/files/2014-07/documents/methanol_interim4_february2005_c.pdf [last accessed 26/04/2021] 
5 Chemical Book, Methyl Acetate product description, 2019. Accessed online: https://www.chemicalbook.com/ChemicalProductProperty_DE_CB9167443.htm [last accessed 26/04/2021] 
6 Committee on Acute Exposure Guideline Levels; Committee on Toxicology; Board on Environmental Studies and Toxicology; Division on Earth and Life Studies; National Research Council. 
Washington (DC), 2013, Acute Exposure Guideline Levels for Selected Airborne Chemicals. Accessed online: https://www.ncbi.nlm.nih.gov/books/NBK201474/#:~:text=The%20odor%20of%20vinyl%20acetate,AIHA%201989%3B%20EPA%201992). [last 
accessed 26/04/2021] 
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sufficient concentrations for odour to be a concern. However, they are 
highly infrequent events and there are a range of measures in place at 
the MC UK site to prevent, control and mitigate major accident events 
as demonstrated in the COMAH safety report. In terms of emergency 
relief cases, they are routed to a common vent at high level, such that 
the potential to impact people is minimised. Furthermore, during an 
emergency event the response arrangements in place at the MC UK 
would act to minimise the exposure of onsite and offsite people to the 
release. This shall include the sheltering of onsite personnel within toxic 
refuges, thereby minimising exposure to odorous emissions. It is not 
considered reasonable to implement an odour management plan when 
the only foreseeable route to odorous exposure are emergency releases 
and there are no odour issues identified for normal operating 
conditions.   
 
As part of the management of change process, the potential for a 
modification to cause odour issues is considered. For any new 
equipment or process at MC UK, this would identify any potential odour 
issues and ensure they are thoroughly considered and effectively 
managed.  

Emissions to water   

7 In order to reduce the usage of water and the generation of waste water, BAT is to 
reduce the volume and/or pollutant load of waste water streams, to enhance the 
reuse of waste water within the production process and to recover and reuse raw 
materials. 

MC UK is committed to energy efficiency and this includes limiting the 
amount of waste water produced on site. High pressure HP steam is 
supplied to NGUK from the power station. Steam is used on site at four 
different pressures High (HP) Medium (MP), Low (LP) and Low (LLP). HP 
steam is used direct to the methanol column reboiler. MP steam is 
generated by reducing the pressure of the incoming HP steam and is 
used as the heating medium in a number of heat exchangers. LP and LLP 
steam are generated from high pressure steam condensate from the 
heat exchangers supplied by the MP and LP steam respectively. 
Condensate from the heat exchangers supplied by the LP and LLP steam 
is collected and cooled using cooling water and then transferred to the 
site demin water tank. This is used in the process in the strand forming, 
extraction column and methanol scrubber as well as been used as the 
temperature medium in the reactor jacket. 
The water from the methanol scrubber is recycled within the plant as 
demin water added to the WED column and water added to the strand 
forming area. 
Minor steam traps from steam tracing go direct the classification pit. 
To reduce the steam usage on site the original plant design uses the 
methanol vapour from the methanol column as a heating medium for 
other heat exchangers on site. This philosophy has been continued with 
recent modifications that utilise waste heat from the condensate system 
to pre heat streams to various distillation columns. 
The main uses of water on site are in strand forming and the methanol 
scrubber, which are optimised for efficiency to prevent the waste of 
water. Furthermore, the number of polymer grade changes in the 
reaction vessel has been reduced, which incurs a lower washing 
frequency of the vessel between changes and therefore reduces the 

As for Line 1, water usage within Line 2 will be 
minimised as far as practicable in line with process 
optimisations.  
 
Additionally, the under water cutting technology 
selected for pellet generation within the Line 2 
design will act to minimise the potential for mould 
within the closed water system, thereby, minimising 
the production of waste water and cleaning 
requirements.  
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usage of water. Raw materials are recovered and reused after each 
reaction. 

8 In order to prevent the contamination of uncontaminated water and to reduce 
emissions to water, BAT is to segregate uncontaminated waste water streams from 
waste water streams that require treatment. 

The conformity to this criterion is ensured by maintaining segregation of 
contaminated waste water on site. The two effluent collection sumps 
are only pumped offsite after assessment for contamination. Any 
effluent outside of the ‘clean effluent’ specification agreement with PX 
would be sent to YW WWTW for treatment. If the effluent is also 
outside of the specification for YW WWTW it is collected in the waste 
water holding tank TA-080, which is then diluted before sending to YW 
WWTW. The separate effluent streams are colour coded on the site, to 
prevent contamination. 

The Line 2 design incorporated a new, dedicated 
classification pit for Line 2, separating the waste 
streams from each Line. The contents of the Line 2 
classification pit will only pump offsite after 
assessment for contamination. Any effluent outside 
of the ‘clean effluent’ specification agreement with 
PX would be sent to YW WWTW for treatment. If the 
effluent is also outside of the specification for YW 
WWTW it is collected in the waste water holding 
tank TA-080, which is then diluted before sending to 
YW WWTW. The separate effluent streams are 
colour coded on the site, to prevent contamination. 

9 In order to prevent uncontrolled emissions to water, BAT is to provide an appropriate 
buffer storage capacity for waste water incurred during other than normal operating 
conditions based on a risk assessment (taking into account e.g. the nature of the 
pollutant, the effects on further treatment, and the receiving environment), and to 
take appropriate further measures (e.g. control, treat, reuse). 

The site has a range of buffer storage facilities available to contain 
waste water incurred during other than normal operating conditions 
and prevent uncontrolled emissions to water.  
There is continuous on-line monitoring of the two aqueous effluent 
streams leaving the site which are only pumped out after assessment 
for contamination. The classification pit will provide containment of any 
contaminated waste water with a capacity of 180 m3. A high level alarm 
is fitted to the Line 1 classification pit and should it be overwhelmed, 
the effluent will overflow to the Line 2 classification pit. Manual transfer 
to the holding tank TA-080 (1700 m3) or the firewater lagoon is also 
available to contain the contaminated effluent. If waste water is outside 
of the YW WWTW specifications it is collected in the waste water 
holding tank (TA-080). Ultimately TA-080 disposal is via dilution to YW 
WWTW.  
Additionally, the dilute aqueous methanol tank TA-011, smooths 
demand on the methanol column and can provide interim storage. The 
interim storage of contaminated rainwater would be in the storm water 
pit, with available capacity in the classification pit if required, before 
transfer to PX.  

The new Line 2 classification pit will provide 
containment of any contaminated waste water. A 
high level alarm is provided to the new classification 
pit and should it be overwhelmed, the effluent will 
overflow to the Line 1 classification pit. Manual 
transfer to the existing tank TA-080 (1700 m3) or the 
firewater lagoon is also available to contain the 
contaminated effluent.  

10 In order to reduce emissions to water, BAT is to use an integrated waste water 
management and treatment strategy that includes an appropriate combination of the 
techniques in the priority order given below. 

a) Process-integrated techniques 
b) Recovery of pollutants at source 
c) Waste water pre-treatment 
d) Final waste water treatment  

Only pH correction prior to transfer to YW WWTW for final treatment. Only pH correction prior to transfer to YW WWTW 
for final treatment. 

11 In order to reduce emissions to water, BAT is to pretreat waste water that contains 
pollutants that cannot be dealt with adequately during final waste water treatment 
by using appropriate techniques. 

Waste water pretreatment is carried out to protect the final waste 
water treatment plant in the form of pH adjustment, temperature 
monitoring and flow control to ensure waste water is within YW WWTW 
specifications and to kill bacteria.  

Line 2 will utilise the same effluent routes as Line 1, 
hence the pretreatment will be as that for Line 1.  

12 In order to reduce emissions to water, BAT is to use an appropriate combination of 
final waste water treatment techniques.  
- Preliminary and primary treatment 

a) Equalisation 
b) Neutralisation 

To reduce emissions to water, a combination of final waste water 
treatment techniques are utilised at the MC UK site. This includes the 
preliminary and primary treatment of neutralisation, which is 
undertaken to ensure the pH of the effluent is within the specification 
range for acceptance at YW WWTW (between 5.5 and 10.0).  

Line 2 will utilise the same effluent routes as Line 1, 
E1 to Px and S1 to YW WWTW.  
 
The impact of the addition of Line 2 to the site and 
the effluent streams will be reviewed to ensure that 
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c) Physical separation eg. Screens, sieves etc 
- Biological treatment (secondary treatment)  

d) Activated sludge process  
e) Membrane bioreactor 

- Nitrogen removal 
f) Nitrification/denitrification 

- Phosphorus removal 
g) Chemical precipitation 

- Final solids removal  
h) Coagulation and flocculation 
i) Sedimentation 
j) Filtration (sand filtration, microfiltration etc)  
k) Flotation 

Final waste water treatment is carried out as part of an integrated waste water 
management and treatment strategy (see BAT 10).  
 
The BAT-associated emission levels (BAT-AELs), for emissions to water apply to 
indirect emissions to a receiving water body via pX/YW WWTW. The BAT-AELs apply 
at the point where the emission leaves the installation. 

 

There are two indirect aqueous discharges from the MC UK site, these 
are;  
1. Clean process to PX Aquarius, for final emission to the Humber  
2. Dirty trade effluent to YW WWTW for treatment prior to emission 
Both of these effluent streams must comply with the BAT-associated 
emission levels (BAT-AELs), from the CWWTW BAT conclusions, outlined 
in the table below. Either the BAT-AEL for TOC or the BAT-AEL for COD 
applies7.  
Table 4 BAT-AELs for emissions to a receiving water body 

Parameter BAT-AEL (yearly 
average) 

Total organic carbon (TOC) 10 – 33 mg/L 

Chemical oxygen demand (COD) 30 – 100 mg/L 

Total suspended solids (TSS) 5 – 35 mg/L 

 

1. Clean process to PX Aquarius 

Effluent to PX Aquarius must be within strict specifications agreed 
between MC UK and PX Aquarius. This ensures that waste water 
emitted to a receiving water body complies with BAT-AELs. Waste water 
routed to PX originates from the classification pit and stormwater pit. 
The maximum allowable COD from the classification pit is 50 mg/L and 
from the stormwater pit is 20 mg/L, as outlined in the environmental 
permit.  
Effluent with COD levels exceeding these values will not be transferred 
to PX and therefore, emissions to PX Aquarius will be well within the 
100 mg/L COD limit.  
Table 5 Yearly average calculations for TOC to PX Aquarius 

Parameter 2014 2015 2016 2017 Yearly 
Average 

TOC (mg) 7.99E+08 3.01E+09 3.43E+09 2.13E+09 2.34E+09 

Volume of 
effluent each 
year (L) 

5.30E+07 1.41E+08 1.73E+08 8.38E+07 1.13E+08 

TOC per year 
(mg/L) 

15.1 21.4 19.9 25.4 20.8 

 
Furthermore, as outlined in Table 5 the yearly average TOC for effluent 
to PX Aquarius is 20.8 mg/L, which is well within the upper limit of 33 
mg/L as shown in Table 4 above. Reduction factors are not taken into 
account within this average figure, as the effluent to PX Aquarius does 
not receive any treatment before emission.  

the adequate treatment is performed offsite, such 
that the allowable emission levels to a water body 
will not be exceeded by MC UK effluent.  
 

 
 

 

7 BAT conclusions for Common Waste Water and Waste Gas treatment/Management Systems in the Chemical Section, 9th June 2016, Official Journal of the European Union 
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2. Trade effluent to Saltend YW WWTW 

‘Dirty’ effluent which is outside the specification for transfer to PX 
Aquarius is transferred to the Yorkshire Water Waste Water Treatment 
Works (YW WWTW), to receive treatment prior to emission to the River 
Humber. The effluent sent to YW WWTW must also fall within 
specifications, as agreed by YW WWTW and effluent outside of this will 
be contained on site and removed via tanker for disposal.  
The Saltend YW WWTW handles large volumes of waste water from a 
number of sources. More than half of the waste water sent to YW 
WWTW originates from trade discharges, the rest is from household 
waste. At the Saltend YW WWTW the waste stream is passed through 
lamella settling tanks with chemical dosing to remove solids/waste 
organics and a secondary treatment process to biologically remove the 
remaining contaminants. Trade effluent to YW WWTW relies on 
treatment to ensure the effluent emitted complies with BAT-AELs. 
During 2015-2016, the Saltend YW WWTW underwent significant 
process improvement works, resulting in the plant achieving an average 
COD value of 82 mg/L and 85% COD removal8.  
For the waste stream to the Saltend YW WWTW, the BAT-AEL for COD 
levels is used in place of the TOC BAT-AEL, due to a greater availability 
of data. 
The average annual COD concentration released from the MC UK site 
indirectly to water, via the Saltend YW WWTW, can be calculated by 
taking the annual COD mass release from MC UK and dividing this by the 
annual flow into the YW WWTW. 
The annual flow into the Saltend YWWWTW is 65,700,000,000 L, of 
which less than 1% originates from the MC UK site, as outlined in Table 
6 below9.  
Table 6 Contribution of MC UK to YW WWTW Annual Flow 

Volume of Effluent 
from MC UK to YW 
WWTW (L/yr) 

Annual Flow 
into YW 
WWTW L/yr 

Percentage of flow at 
YW WWTW originating 
from MC UK 

3.43E+08 6.57E+10 0.52% 

 
As outlined in Table 6, the trade effluent from MC UK contributes less 
than 1% towards the total volume of wastewater handled at the YW 
WWTW. The COD levels in the waste stream from the MC UK site are 
provided in Table 7 and on their own, they would exceed the BAT-AEL 
maximum limit. However, these values do not account for the 
concentration of the MC UK effluent within the total flow into YW 

 
 

 

8 Saltend WwTW – successfully delivering an £18m project in a compressed timescale by innovative and collaborative techniques to achieve significant process improvements (2017), Gary Booth, John Clayton, Nicola Henderson, Sam Carroll & Stewart Evans, 
available online at: http://www.waterprojectsonline.com/case_studies/2017/yorkshire_saltend_2017.htm ( accessed 14/11/18) 
9  TVUK-ENV–0021, Water Emission information for H1, Tricoya Saltend EPR application, March 2018,  
TT Environmental Ltd, available online at: https://consult.environment-agency.gov.uk/psc/hu12-8ds-tricoya-ventures-uk-limited/supporting_documents/Supporting%20Document%20%20Water%20Emission%20Inputs%20to%20H1.pdf (accessed 22/11/18) 

http://www.waterprojectsonline.com/case_studies/2017/yorkshire_saltend_2017.htm
https://consult.environment-agency.gov.uk/psc/hu12-8ds-tricoya-ventures-uk-limited/supporting_documents/Supporting%20Document%20%20Water%20Emission%20Inputs%20to%20H1.pdf
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WWTW, or the treatment performed at the Saltend YW WWTW prior to 
emission.  
Hence, within Table 7, the annual COD mass release to the YW WWTW is 
calculated by multiplying by the annual effluent flow. The annual COD 
mass release is then divided by the total volume of flow into the YW 
WWTW, to calculate the COD concentrations at the YW WWTW. The 
treatment performed at the Saltend YW WWTW is then accounted for 
using the COD reduction factor of 85%, to calculate the indirect COD 
emissions from MC UK to the Humber via the YW WWTW. The emission 
levels calculated are well within the BAT-AEL maximum limit of 100 
mg/L.  
Table 7 Yearly average calculations from COD from MC UK to the YW WWTW 

Parameter 2014 2015 2016 2017 Yearly 
Average 

COD in MC UK 
flow to YW 
WWTW (mg/L) 

1052.5 1150.6 1198.6 986.9 1097.2 

COD mass 
release to YW 
WWTW (mg) 

3.48E+11 3.20E+11 4.30E+11 3.62E+11 3.66E+11 

COD into YW 
WWTW (mg/L)  

5.30 4.87 6.54 5.50 5.57 

COD emitted to 
Humber 
following 
treatment 
(mg/L) 

0.79 0.73 0.98 0.83 0.84 

 
Furthermore, the overall annual emission COD value from the Saltend 
YW WWTW to the River Humber is 82 mg/L, which is within the 
allowable BAT-AEL.  
In addition to COD, the Total Settable Solids (TSS) within the MC UK 
trade effluent stream are also monitored and the levels are presented in 
Table 8.  
Table 8 Yearly average calculations for TSS to YW WWTW 

Parameter 2014 2015 2016 2017 Yearly Average 

TSS (mg/L) – 
without treatment  

36.7 46.6 59.1 52.0 
 

48.6 

TSS (mg/L) – with 
YW WWTW 
treatment 

14.7 18.7 23.7 20.8 19.4 

 
Applying a reduction factor of 60 %, at stated as the average solids 
removal by the lamella settling tanks, the emitted TSS yearly average 
falls within the allowable BAT-AEL2.  
 

Waste   

13 In order to prevent or, where this is not practicable, to reduce the quantity of waste 
being sent for disposal, BAT is to set up and implement a waste management plan as 
part of the environmental management system (see BAT 1) that, in order of priority, 

Site Procedure, SP 703 Disposal of Waste provides the overarching 
guidance for the management of all waste created on site. Using the 
guidance all departmental managers are responsible for waste 
minimisation within their areas of control. 

The disposal of waste procedure will apply to Line 2 
as it does for Line 1.  
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ensures that waste is prevented, prepared for reuse, recycled or otherwise 
recovered. 

Any disposal of waste will only be considered when prevention, 
minimisation, recycling or recovery is not reasonably practicable. SP703 
Disposal of waste is attached. 

14 In order to reduce the volume of waste water sludge requiring further treatment or 
disposal, and to reduce its potential environmental impact, BAT is to use one or a 
combination of the techniques given below. 

a) Conditioning 
b) Thickening/dewatering 
c) Stabilisation 
d) Drying 

N/A to MCUK N/A to MCUK 

Emissions to air 

15 In order to facilitate the recovery of compounds and the reduction of emissions to 
air, BAT is to enclose the emission sources and to treat the emissions, where possible 

The emissions sources at MC UK are captured as far as possible. This 
enables the recovery and re-use of compounds, to reduce the load of 
pollutants sent to the final waste gas treatment and to increase 
resource efficiency. Waste gas streams which cannot be re-used in the 
process are collected in the off-gas header.  

Waste process off-gas and other routine emissions 
containing VOC from the Line 2 process are sent to 
thermal oxidiser for treatment. This treatment will 
be extended to Line 1 also. 

16 In order to reduce emissions to air, BAT is to use an integrated waste gas 
management and treatment strategy that includes process-integrated and waste gas 
treatment techniques. 

The MC UK plant utilises process integrated techniques to recover and 
re-use organic solvents and unreacted organic raw materials. In order to 
reduce the load of pollutants sent to the final waste gas treatment and 
to increase resource efficiency, the MC UK process includes the recovery 
of methanol and unreacted ethylene and VAM. This reduces the 
proportion of waste produced and reduces the quantities of raw 
materials used, as unreacted VAM/ethylene are reused. 
The off-gas steams which are collected in the off-gas header, pass 
through a knock out pot to remove condensable liquids.  

The Line 2 plant utilises process integrated 
techniques to recover and re-use organic solvents 
and unreacted organic raw materials. In order to 
reduce the load of pollutants sent to the final waste 
gas treatment and to increase resource efficiency, 
the MC UK process includes the recovery of 
methanol and unreacted ethylene and VAM. This 
reduces the proportion of waste produced and 
reduces the quantities of raw materials used, as 
unreacted VAM/ethylene are reused. 
 

17 In order to prevent emissions to air from flares, BAT is to use flaring only for safety 
reasons or non-routine operational conditions (e.g. start-ups, shutdowns) by using 
one or both of the techniques given below. 

a) Correct plant design 
b) Plant management 

Currently, the waste gases collected in the off-gas header are sent onto 
MC UK flare header which collects purge gas from the 
reactor/compression circuit via the recycle gas tank. Small nitrogen 
flows are provided into the off-gas header and flare header to sweep 
flammable gases through into the INEOS flare system for disposal to 
atmosphere. Any combustible materials present in the MC UK waste gas 
stream are burnt in the INEOS flare stack.  
 
Over recent years, the quantity of off-gas sent to flare has been 
significantly reduced through plant efficiencies. The operational 
improvements have minimised as far as practicable, the load of gases 
send to flare for combustion.  
 
As part of the addition of Line 2 to the site, a thermal oxidation unit will 
be added to the site and this will be used to treat the routine emissions 
from both Line 1 and Line 2.  
 
Refer to the BAT assessment for non-routine emissions for provisions 
for non-routine conditions following the implementation of Line 2.  

Refer to BAT assessment for non-routine emissions.  

18 In order to reduce emissions to air from flares when flaring is unavoidable, BAT is to 
use one or both of the techniques given below. 

a) Correct design of flaring devices 

The application of aspect a) is limited, as the INEOS flare is an existing 
flare in continuous operation.  
 

Refer to BAT assessment for non-routine emissions.  
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b) Monitoring and recording as part of flare management Over recent years, the quantity of off-gas sent to flare has been 
minimised through plant efficiencies. The operational improvements 
have minimised as far as practicable, the load of gases send to flare for 
combustion.  
 
The off-gas flow from MC UK to the INEOS flare is monitored. Flare 
reports are shared with INEOS and every 6 months totals are shared 
with the EA.  
 
Recording of flaring events is outside of MC UK control, as the flare is 
the responsibility of INEOS. 
 
Refer to the BAT assessment for non-routine emissions for provisions 
for non-routine conditions following the implementation of Line 2. 

19 In order to prevent or, where that is not practicable, to reduce diffuse VOC emissions 
to air, BAT is to use a combination of the techniques given below. 
- Techniques related to plant design 

a) Limit the number of potential emission sources 
b) Maximise process-inherent containment features 
c) Select high-integrity equipment (see the description in Section 6.2) 
d) Facilitate maintenance activities by ensuring access to potentially leaky 

equipment 
- Techniques related to plant/equipment construction, assembly, and 

commissioning 
e) Ensure well-defined and comprehensive procedures for plant/equipment 

construction and assembly. This includes using the designed gasket stress for 
flanged joint assembly (see the description in Section 6.2) 

f) Ensure robust plant/equipment commissioning and handover procedures in 
line with the design requirements 

- Techniques related to plant operation 
g) Ensure good maintenance and timely replacement of equipment 
h) Use a risk-based leak detection and repair (LDAR) programme (see the 

description in Section 6.2) 
i) As far as it is reasonable, prevent diffuse VOC emissions, collect them at 

source, and treat them 

MC UK utilises a number of techniques, to prevent or where that is not 
practicable, reduce diffuse VOC emissions to air.  
 
For an existing plant, such as that at MC UK, the applicability of 
techniques (a) to (d) may be restricted due to operability requirements. 
However, the MC UK plant design does limit the number of potential 
emissions sources as far as practicable in line with technique (a). 
Furthermore, the plant design maximises process-inherent containment 
as far possible, high integrity equipment is utilised as required and the 
maintenance programme in place incorporates preventative 
maintenance and monitoring to identify any loss of containment.  
 
MC UK apply techniques (e) and (f) to plant or equipment construction, 
assembly and commissioning. There are well-defined and 
comprehensive procedures in place for plant/equipment construction 
and assembly and there are robust commissioning and handover 
procedures for new equipment/plant.  
 
The inspection and maintenance process in place at the site ensures the 
integrity of equipment and prevents issues such as corrosion leading to 
a fault or mechanical failure, which could cause a loss of containment. 
The asset reliability programme in place at MC UK, ensures that the 
correct maintenance philosophy is applied to each asset on a risk basis, 
considering the potential consequences of asset failure.  
 
As far as it is reasonably practical diffuse VOC emissions are prevented 
though the integrity of equipment, containment systems, the asset 
reliability programme and the maintenance process in place at MC UK.  
 

The Line 2 design ensures minimum source of diffuse 
VOC emissions and the Line 2 plot plan has been 
developed taking into account accessibility for 
maintenance, inspection and operations. 
 
For the Line 2 project, the EPC contractor will have 
flange torquing procedures, these will be reviewed 
by MC UK Engineering. NDT, Hydro testing and leak 
testing will be carried out prior to the introduction 
of process material.  

 
Commissioning procedures will be written and 
executed based on the Line 1 procedures, 
operational experience and equipment vendor 
information.  

 
The existing Line 1 asset reliability programme will 
be expanded to include the new Line 2 equipment. 
The inspection and maintenance intervals will be 
added to the Line 1 process as per the equipment 
manufacturers recommendations.  
 

20 In order to prevent or, where that is not practicable, to reduce odour emissions, BAT 
is to set up, implement and regularly review an odour management plan, as part of 
the environmental management system (see BAT 1), that includes all of the following 
elements: 

(i) a protocol containing appropriate actions and timelines; 
(ii) a protocol for conducting odour monitoring; 

It is not anticipated that under normal operating conditions that odours 
emanating from the MC UK site will impact offsite individuals. There 
have never been any complaints from external parties in relation to 
odours but there is a procedure in place to handle such occurrences. 
 

As for Line 1, it is not anticipated that the quantity of 
fugitive emissions would be sufficient to produce 
concentrations that would be of concern in terms of 
odour. Furthermore, the site has a number of 
measures in place to reduce and minimise fugitive 
emissions as far as reasonably practicable.  
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(iii) a protocol for response to identified odour incidents; 
(iv) an odour prevention and reduction programme designed to identify the 

source(s); to measure/estimate odour exposure; to characterise the 
contributions of the sources; and to implement prevention and/or 
reduction measures. 

The associated monitoring is in BAT 6. 

The odour thresholds of materials present on the MC UK Saltend site are 
as follows:  

• Acetic acid – 1 ppm 10 

• Ammonia – 1.1 ppm 11 

• Ethylene – 270 ppm 12 

• Methanol – 4.26 ppm13 

• Methyl acetate – 1.7 ppm 14 

• Vinyl Acetate - 0.12 ppm 15 
During normal operating conditions it is not anticipated that workers on 
the MC UK site would be exposed to concentrations above these odour 
threshold values.  
 
The potential sources of odorous emissions at the site are:  

• Fugitive emissions  

• Emissions during normal operations 

• Emergency releases such as an emergency relief or loss of 
containment event 

 
The quantity of fugitive emissions would not be sufficient to produce 
concentrations that would be of concern in terms of odour. 
Furthermore, the site has a number of measures in place to reduce and 
minimise fugitive emissions as far as reasonably practicable.  
 
During normal operations, the majority of emissions from the MC UK 
plant are sent to the common vent header and onto flare. Where there 
are vents direct to atmosphere they are positioned at high level and 
would be predicted to disperse at high level and/or, the emissions 
produced are not anticipated to cause an odour concern as the 
concentrations involved are minimal.  
 
Emergency releases are the only conditions under which there may be 
sufficient concentrations for odour to be a concern. However, they are 
highly infrequent events and there are a range of measures in place at 
the MC UK site to prevent, control and mitigate major accident events 
as demonstrated in the COMAH safety report. In terms of emergency 
relief cases, they are routed to a common vent at high level, such that 

 
During normal operations, the routine emissions 
from Line 2 will be sent to the Thermal Oxidiser unit 
for treatment (the thermal oxidiser will also be used 
to treat waste gases from Line 1). Where there are 
vents direct to atmosphere they are positioned at 
high level and would be predicted to disperse at high 
level and/or, the emissions produced are not 
anticipated to cause an odour concern as the 
concentrations involved are minimal.  

 
Emergency releases are the only conditions under 
which there may be sufficient concentrations for 
odour to be a concern. However, they would be 
highly infrequent events and there are a range of 
measures in place to prevent, control and mitigate 
major accident events. In terms of emergency relief 
cases, they are routed to a common vent at high 
level, such that the potential to impact people is 
minimised. Furthermore, during an emergency event 
the response arrangements in place at the MC UK 
would act to minimise the exposure of onsite and 
offsite people to the release. This shall include the 
sheltering of onsite personnel within toxic refuges, 
thereby minimising exposure to odorous emissions. 
It is not considered reasonable to implement an 
odour management plan when the only foreseeable 
route to odorous exposure are emergency releases 
and there are no odour issues identified for normal 
operating conditions.   

 
 

 

10 Journal of the Air Pollution Control Association (2012). Odor Threshold Determinations of 53 Odorant Chemicals. Accessed online: https://www.tandfonline.com/doi/pdf/10.1080/00022470.1969.10466465  
11 D. Cawthon, D. Hamlin, A Steward, C Davis, F Cavender & P Goad, 2009, Field studies on the ammonia odor threshold based on ambient air-sampling following accidental releases, Toxicological & Environmental Chemistry, 91:4, 597-604, DOI: 
10.1080/02772240802358469. Accessed online: https://www.tandfonline.com/doi/abs/10.1080/02772240802358469   [last accessed 26/04/2021] 
12 N. K. Erraguntla, Texas Commission on Environmental Quality, 2008, Ethylene. Accessed online: https://www.env.go.jp/council/10dojo/y104-28/mat03_1-7.pdf [last accessed 26/04/2021] 
13 NAS/COT Subcommittee for AEGLs, 2005, Interim Acute Exposure Guidelines (AEGLs) Methanol. Accessed online: https://www.epa.gov/sites/production/files/2014-07/documents/methanol_interim4_february2005_c.pdf [last accessed 26/04/2021] 
14 Chemical Book, Methyl Acetate product description, 2019. Accessed online: https://www.chemicalbook.com/ChemicalProductProperty_DE_CB9167443.htm [last accessed 26/04/2021] 
15 Committee on Acute Exposure Guideline Levels; Committee on Toxicology; Board on Environmental Studies and Toxicology; Division on Earth and Life Studies; National Research Council. 
Washington (DC), 2013, Acute Exposure Guideline Levels for Selected Airborne Chemicals. Accessed online: https://www.ncbi.nlm.nih.gov/books/NBK201474/#:~:text=The%20odor%20of%20vinyl%20acetate,AIHA%201989%3B%20EPA%201992). [last 
accessed 26/04/2021] 

https://www.tandfonline.com/doi/pdf/10.1080/00022470.1969.10466465
https://www.tandfonline.com/doi/abs/10.1080/02772240802358469
https://www.env.go.jp/council/10dojo/y104-28/mat03_1-7.pdf
https://www.epa.gov/sites/production/files/2014-07/documents/methanol_interim4_february2005_c.pdf
https://www.chemicalbook.com/ChemicalProductProperty_DE_CB9167443.htm
https://www.ncbi.nlm.nih.gov/books/NBK201474/#:~:text=The%20odor%20of%20vinyl%20acetate,AIHA%201989%3B%20EPA%201992
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the potential to impact people is minimised. Furthermore, during an 
emergency event the response arrangements in place at the MC UK 
would act to minimise the exposure of onsite and offsite people to the 
release. This shall include the sheltering of onsite personnel within toxic 
refuges, thereby minimising exposure to odorous emissions. It is not 
considered reasonable to implement an odour management plan when 
the only foreseeable route to odorous exposure are emergency releases 
and there are no odour issues identified for normal operating 
conditions.   
 
As part of the management of change process, the potential for a 
modification to cause odour issues is considered. For any new 
equipment or process at MC UK, this would identify any potential odour 
issues and ensure they are thoroughly considered and effectively 
managed.  

21 In order to prevent or, where that is not practicable, to reduce odour emissions from 
waste water collection and treatment and from sludge treatment, BAT is to use one 
or a combination of the techniques given below.  

The criterion is not applicable to the activities performed at the MC UK 
site, as no waste water collection or treatment takes place on site. 

The criterion is not applicable to the activities 
performed at the MC UK site, as no waste water 
collection or treatment takes place on site. 

22 In order to prevent or, where that is not practicable, to reduce noise emissions, BAT 
is to set up and implement a noise management plan, as part of the environmental 
management system (see BAT 1), that includes all of the following elements: 

(i) a protocol containing appropriate actions and timelines; 
(ii) a protocol for conducting noise monitoring; 
(iii) a protocol for response to identified noise incidents; 
(i) (iv) a noise prevention and reduction programme designed to identify the 

source(s), to measure/estimate noise exposure, to characterise the 
contributions of the sources and to implement prevention and/or 
reduction measures. 

It is not anticipated that under typical operating conditions that noise 
emanating from the MC UK site will impact members of the general 
public. There have never been any complaints from external parties in 
relation to noise but there is a procedure in place to handle such 
occurrences. 
 
Noise surveys have been carried out for the MC UK site and noise risk 
assessments are regularly reviewed, as outlined in MC UK Site Rule No. 
407 and as required by The Control of Noise at Work regulations 2005. 
As a result of the noise risk assessments performed, a number of 
hearing protection measures are in place at the MC UK site. This 
includes the use of hearing protection devices when entering noise 
designated areas, which are identified through noise mapping and 
indicated by the green hearing protection boundary and signage. 
Training is also provided on the hearing protection measures in place.  
 
As part of the management of change process, the potential for a 
modification to cause noise issues is considered. For any new 
equipment or process at MC UK, this would identify any potential issues 
in relevant to noise emissions and ensure they are thoroughly 
considered and effectively managed.  
 

The site standard for noise management will be 
applied to the Line 2 plant and the equipment 
selected within the design. A noise survey will be 
carried out as part of the 
construction/commissioning phase of the Line 2 
project.  

23 In order to prevent or, where that is not practicable, to reduce noise emissions, BAT 
is to use one or a combination of the techniques given below. 

a) Appropriate location of equipment and buildings 
b) Operational measures  
c) Low-noise equipment 
d) Noise-control equipment 
e) Noise abatement 

The application of technique (a) to the MC UK site is limited, as for an 
existing site the relocation of equipment or buildings would incur 
excessive costs in terms of the benefit achieved.  
 
Similarly, technique (c) would only be relevant to MC UK if equipment 
were new or being replaced.  
 
The potential benefit of implementing technique (e) is considered 
limited, as outlined in response to BAT 22 above, it is not anticipated 

The site standard for noise management will be 
applied to the Line 2 plant and the equipment 
selected within the design. A noise survey will be 
carried out as part of the 
construction/commissioning phase of the Line 2 
project.  
Operationally, the Line 2 will adopt the same 
measures as Line 1, techniques (b) and (d) - a 
combination of operator measures and noise-control 
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that significant noise emissions emit from the MC UK site to external 
parties. Within the MC UK site, hearing protection is required within the 
noise designated areas but outside of these areas, no additional 
protection is required as noise levels are sufficiently low.  
 
The approach to noise management at the MC UK site is best described 
by techniques (b) and (d). A combination of operator measures and 
noise-control equipment are utilised to ensure that onsite personnel are 
not exposed to excessive noise levels.  

equipment are utilised to ensure that onsite 
personnel are not exposed to excessive noise levels. 
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4 Conclusions 

This assessment was undertaken to ensure the Line 2 design conforms with all the BAT 

requirements of the primary and horizontal BREFs. Criteria which are not relevant to the 

process and substances at the site have been discounted. For those Criteria which are 

relevant to the Line 2 plant, an assessment of the Line 2 design has been made to 

determine compliance.  
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1 Introduction 

This Best Available Technique (BAT) assessment will consider the routine emissions from 

the MC UK Line 2 process plant and evaluate the available technologies to minimise impact 

upon the environment. The assessment will utilise the BAT reference (BREF) documents to 

identify industry best practice on the treatment of emissions, to be applied at MC UK.  

1.1 Background  
At the MC UK Saltend site, the existing production plant is referred to as ‘Line 1’. A project 

to install a second production line at the site is currently under development, which is 

referred to as ‘Line 2’.  

For the existing Line 1 plant, the routine emissions are routed to the Ineos flare.  

For the new Line 2 installation, the path for routine emissions will be determined by 

reference to BREF documents and industry best practice.  

1.2 Scope 
This BAT assessment will consider the emissions from the future Line 2 plant only. The BAT 

requirements for a new installation will be distinct from that for the existing plant.  

Dependent upon the findings of the BAT assessment, there may be opportunity to review 

the treatment path for Line 1 routine emissions but this must take into consideration the 

additional cost of retrospectively upgrading.  

This BAT assessment refers only to the routine emissions anticipated during normal 

operation of Line 2 plant, the BAT assessment for non-routine emissions from the Line 2 

plant will be provided as a separate document for clarity.  

Furthermore, this assessment focuses on the predominate routine emissions from the Line 

2 process plant which will consist of VOCs. Other sources of routine emissions include 

tanker loading of effluent and particulates, from pellet formation and packaging, which will 

be considered as the Line 2 design develops.  
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2 Methodology  

The assessment for routine emissions from Line 2, will follow the process summarised 

below, to determine the optimal BAT technology.  

 

Figure 1 BAT Assessment process summary 

The steps of the BAT assessment process are in line with the methodology proposed within 

the BAT referenced documents (BREFs).  
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3 Step 1: Description of waste gas streams 

The first step of the BAT assessment process is to determine the nature of the waste gas 

stream(s) to be treated. By understanding the typical compositions and conditions of the 

routine emissions, the most appropriate BAT technology for treatment may be selected.  

This BAT assessment will consider all of the potential sources of routine emissions from the 

Line 2 process. There are a range of routine emissions from Line 2. Due to the activities 

performed at the site, the predominate waste gas stream generated from the Line 2 

process plant is Volatile Organic Chemicals (VOCs), including ethylene, Vinyl Acetate, 

Methyl Acetate and Methanol.  

As the emissions data is not yet available for the future Line 2 plant, the equivalent routine 

emissions data from Line 1 has been utilised to estimate the anticipated emissions. This is 

considered a reasonable assumption and the anticipated operation of Line 2 will be 

equivalent to that of the current Line 1 plant and the emissions generated are predicted to 

be broadly similar. Over time the gas flow of the routine emissions will vary, as such the 

average values will be stated based on the trend of the actual emissions from Line 1 as 

shown in Figure 2. The normal case of average day-to-day emissions and the maximum 

case of reactor depressurisation have been determined by examining the Line 1 emissions 

trends.  

 

Figure 2 Trend of actual offgas flow rates for MC UK Line 1 
 

The anticipated gas flows and the composition of the routine emissions from the Line 2 

plant are outlined in Table 1 below.   
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Table 1 Anticipate emissions from Line 2 including gas flow and composition 

 Gas flow 
(Nm3/hr) 

Composition of off-gas stream by molar fraction 
Ethylene Methanol  Vinyl 

Acetate 
Methyl 
Acetate 

Nitrogen  Oxygen Water 

Normal 
case 

200 0.442 0.026 0.012 0.003 0.489 0.005 0.024 

Maximum 
case 

300 0.98 0.01 0 0 0.01 0 0 

 

The off-gas treatment network for Line 2 is provided below in Figure 3, showing the 

sources of routine emissions.  

 
Figure 3 Line 2 Routine emissions off gas treatment network  
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4 Step 2: Identification of BAT Techniques 

In order to identify the BAT techniques relevant to the routine emissions from Line 2, the 

relevant BREF document must be identified. Due to the operations performed within the 

Line 2 process, the primary BREF is the Production of LVOCs1. This document outlines 

industry best practice for the operations performed at sites such as MC UK, including the 

treatment of waste gas emissions.  

The primary BREF document describes the BAT techniques typically used to treat waste gas 

emissions from production process such as Line 2.  The primary BREF refers out to the 

horizontal BREF (Common Waste Water & Waste Gas Treatment/Management systems in 

the chemical sector)2 for additional detail on the techniques and the philosophy of a BAT 

treatment approach. 

Whilst the production of polymers BREF3  has some general guidance on polymerisation 

reactions which are relevant to MC UK Line 2, largely this document is not relevant to the 

site as BREF covers only the most common polymerisation reactions within industry and 

this does not include the polymerisation reaction performed at MC UK. 

The BREF documents describe a range of techniques that may be used in line with BAT, to 

minimise waste gas emissions through either recovery or abatement. The available 

technologies can be spilt into two categories:  

• Process-integrated techniques 

• End-of-pipe treatment 

Within the philosophy of applying BAT techniques, it is preferable to utilise process-

integrated techniques to minimise the generation of gases at source. Examples of process-

integrated techniques which may be implemented to minimise waste gas emissions 

include:  

• Creation of new synthesis pathways 

• Use of purer or even different feedstocks and process agents 

• Use of purer or different fuels 

• Optimisation of process steps 

• Improvement of plant technology, process control and reaction sequence 

• Technical adaptations to the process 

• Improvement of the use of catalysts and/or solvents 

• Recycling of auxiliaries (e.g. washing water, inert gases, solvents, and catalysts) 

• Immediate recycling of residues during the process 

• Use of residues as raw material for other production processes 

 
1  Best Available Techniques (BAT) Reference Document for Production of LVOC, 2017, last accessed on 
09/07/20 from https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/JRC109279_LVOC_Bref.pdf 
2 Best Available Techniques (BAT) Reference Document for Common Waste Water and Waste Gas 
Treatment/Management Systems in the Chemical Section, 2016, last accessed on 09/07/20 from 
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/CWW_Bref_2016_published.pdf 
3 Best Available Techniques (BAT) Reference Document for Production of Polymers, 2007, last accessed on 
09/07/20 from https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/pol_bref_0807.pdf 

https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/JRC109279_LVOC_Bref.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/CWW_Bref_2016_published.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/pol_bref_0807.pdf
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• Use of residues for energy generation 

Once the generation of waste gases has been minimised as far as practicable by 

implementing process-integrated techniques , recovery techniques should be considered 

next and finally, abatement at end-of-pipe treatment as the final choice.  

The following table is a simplified recreation of a table from the CWW BREF report, 

illustrating how different BAT techniques are relevant for different pollutants.   

Table 2 Waste gas treatment techniques and the relevant pollutant 
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Recovery and abatement for VOCs and inorganic compounds 

Membrane separation       X  

Condensation      X  

Cryocondensation      X  

Adsorption     X X X 

Wet gas scrubber (water)     X X X 

Wet gas scrubber (alkaline)     X X X 

Wet gas scrubber (alkaline oxidative)       X 

Wet gas scrubber (acidic)     X X X 

Abatement for VOCs and inorganic compounds 

Biofiltration     X X X 

Bioscrubbing     X X X 

Biotrickling     X X X 

Moving-bed trickling filter     X X X 

Thermal Oxidation    X  X X 

Catalytic oxidation      X X 

Ionisation      X X 

Photo/UV Oxidation      X X 

Recovery and abatement for particulates 
Settling chamber/ gravitational separator X X X X    

Cyclone X X X X    

Electrostatic precipitator  X X X X    

Wet dust scrubber X X X X    

Fabric filter X  X X    

Ceramic and metal filter X  X X    

Catalytic filtration X X X X  X  

Two-stage dust filter X  X X    

Absolute (HEPA) filter X  X X    

High-efficiency air filter  X      

Mist filter  X      

Recovery and abatement for inorganic compounds 

Dry alkali injection     X   

Semi-dry alkali injection     X   

Wet lime injection     X   

SNCR     X   

SCR     X   

NSCR     X   

Wet gas scrubber for NOx     X   

Flaring 
Flaring      X X 
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Based on this table from the BREF, the relevant techniques for each pollutant type can be 

identified. For the routine emissions from Line 2 as summarised in Section 3 the 

predominate pollutant type is organic gas/vapours. Hence, the BAT techniques applicable 

to the treatment of organic gas/vapours will be considered further. The techniques 

applicable to other pollutant types are ruled out at this stage.  

As this BAT assessment is considering the routine emissions from Line 2, the use of flaring 

is not appropriate as this technology is reserved for non-routine emissions (as stated in 

BAT 17 of the horizontal BREF2).  

As outlined in the horizontal BREF, the aim of the selection process is to find a cost 

effective treatment method which will provide optimal environmental performance. The 

prioritisation of implementing waste gas treatment techniques, in line with BAT, should 

follow the hierarchy outlined below.  

  

Figure 4 Hierarchy of waste gas treatment techniques 
 

The priority should be implementing process-integrated techniques to minimise the waste 

gas load. After this, the recovery of substances should be considered such that the material 

may be re-used in the process or recycled for other purposes. Then, the recovery of energy 
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by sending sufficiently calorific waste gas loads to combustion units should be evaluated, 

to improve energy efficiency. The final category of technique to consider are end-of-pipe 

abatement, to reduce the pollutant load of the emissions. 
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5 Step 3: Assess Relevance of BAT Techniques 

5.1 Process-integrated techniques 
In line with the BAT approach outlined in the BREF documents and summarised in Section 4 

above, the use of process integrated techniques will be prioritised. The following table 

outlines some examples of process-integrated techniques and considers their applicability 

to MC UK Line 2. 

Table 3 Summary of process-integrated techniques and their applicability to Line 2 

Process-Integrated Technique Applicability to MC UK Line 2 

Creation of new synthesis pathways This is not feasible for the Line 2 process 

Use of purer or even different 
feedstocks and process agents 

This is not feasible for the Line 2 process 

Use of purer or different fuels This is not applicable to the Line 2 process 

Optimisation of process steps All potential improvements against the Line 1 
process will be implemented for Line 2  

Improvement of plant technology, 
process control and reaction 
sequence 

All potential improvements against the Line 1 
process will be implemented for Line 2  

Technical adaptations to the process All potential improvements against the Line 1 
process will be implemented for Line 2  

Improvement of the use of catalysts 
and/or solvents 

The same solvents and catalysts will be used in 
the Line 2 process, as for Line 1 to prevent the 
duplicated for bulk storage facilities.  

Recycling of auxiliaries (e.g. washing 
water, inert gases, solvents, and 
catalysts) 

The recycling of auxiliaries will be implemented 
as far as practicable for Line 2 

Immediate recycling of residues 
during the process; 

The immediate recycling of residues during the 
process will be implemented within the Line 2 
process as far as practicable.  

Use of residues as raw material for 
other production processes (product 
integration within and/or outside 
the location); 

Residues from Line 2 will be utilised as raw 
materials for other production processes as far 
as practicable.  

Use of residues for energy 
generation 

Where applicable, residues from Line 2 will be 
utilised for energy generation.  

 

As far as practicable process-integrated techniques will be incorporated into the Line 2 

design to improve efficiency and minimise the generation of waste.  

5.2 Recovery and abatement techniques  
From the long list of BAT techniques for waste gas treatment provided in Table 2, those 

relevant to the treatment of organic and inorganic vapours will be taken forward for 

further assessment.  
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The list of techniques relevant to the VOC routine emissions from Line 2 is as follows:  

• Membrane separation  

• Condensation  

• Cryocondensation 

• Adsorption  

• Wet gas scrubber 

• Biofiltration  

• Bioscrubbing 

• Biotrickling 

• Thermal Oxidation  

• Catalytic Oxidation  

• Ionisation  

• Photo/UV Oxidation   
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6 Step 4: Short List of Relevant BAT  

Each of the BAT techniques identified in the short list of relevant technologies will be 

considered in turn, to identify if they would be a suitable technology to apply to Line 2.  

The assessment process will consider the following attributes of the techniques as outlined 

in the horizontal BREF2: 

• Abatement efficiency (VOCs)  

• Application limitations 

• Advantages  

• Disadvantages  

• Cost implications 

The aim of this process is to identify any limitations of the techniques, to ensure that they 

are compatible with the characteristics of the Line 2 routine emissions. 

6.1.1 Membrane Separation 

The following details on the use of membrane separation for the treatment of emissions 

have been extracted from the CWW BREF.  

Description  Membrane separation of gases takes into account the selective 
permeability of organic vapours when permeating through a 
membrane. Organic vapours have a considerably higher permeation 
rate than oxygen, nitrogen, hydrogen or carbon dioxide (10 to 100 
times higher. The waste gas stream is compressed and passed over 
the membrane. The enriched permeate can be recovered by 
methods such as condensation or adsorption, or it can be abated, 
e.g. by catalytic oxidation. The process is most appropriate for 
higher vapour concentrations. Additional treatment is, in most 
cases, needed to achieve concentration levels low enough to 
discharge.  

Abatement 
efficiency (VOCs) 

Up to 99.9% 

Application 
limitations 

Waste gas flow: dependent on membrane surface area, capacities 
of 2,100 - 3,000 Nm3/h 
Ambient temperature 
Pressure: dependent on membrane material ~3.5 bar (up to 100 
with inorganic membranes) 
Dust content: very low (dust can damage the membrane surface) 
Pressure drop: 1-10 bar 

Advantages  • The reuse of raw material is possible  

• The operation in itself is simple; little maintenance is required  

• No waste generated by the process 

Disadvantages • Subsequent work-up and/or treatment step is necessary 

• Explosion risk  

• Only suitable for large – fixed – upstream vapour volumes 
because of potential safety issues with inlet compressor 

Cost implications Investment costs: €345,000 for a 200Nm3/hr treatment system 
Operating costs: <€50 per 1,000 Nm3/hr 
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Membrane separation is considered a viable technology for the Line 2 routine emissions, 

due to the composition of nitrogen and VOCs within the waste gas stream. The waste gas 

flow limitations of this technology are higher than the typical flow rates from Line 2, as 

such compression of the gas stream may be required to meet requirements. Other than  

this, the application of membrane separation suitable for the Line 2 routine emissions and 

will be considered further.  

6.1.2 Condensation 

The following details on the use of condensation for the treatment of emissions have been 

extracted from the CWW BREF.  

Description  Elimination of solvent vapours from a waste gas steam by reducing its 
temperature below its dew point 

Abatement 
efficiency 
(VOCs) 

Up to 99% depending on configuration  

Application 
limitations 

Typical gas flow: 100 – 100,000 Nm3/h 
Temperature: 50 – 125 deg.C 
Pressure: atmospheric 
Dust concentration in waste gas: <50mg/Nm3 

Advantages  • Compact and robust technology  

• Good process handling 

• Downstream treatment facilities are relieved of high loads and can 
therefore, be operated more economically 

• Solvent recovery possible 

Disadvantages • The amount of cooling water required can be an issue 

• Efficiency considerably dependent on gas flow rate and 
composition 

• Subsequent work-up and/or treatment step necessary 

Cost 
implications 

Investment costs (per 1,000 Nm3/h): € 7,500 – 15,000 

 

Condensation is a highly effective technique for the recovery of VOCs, such as solvent 

vapours, from a waste gas stream. Based on the application limitations and abatement 

efficiency this technique is relevant to the Line 2 routine emission stream and will be 

carried forward to the short list.  

6.1.3 Adsorption  

The following details on the use of adsorption for the treatment of emissions have been 

extracted from the CWW BREF.  

Description  Heterogeneous reaction in which gas molecules are retained on a 
solid or liquid surface (adsorbent) that prefers specific compounds 
to other and thus removes them from effluent streams.   

Abatement 
efficiency (VOCs) 

80 – 99% 
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Application 
limitations 

Typical gas flow: 100 – 100,000 Nm3/h 
Temperature: 15 – 80 deg.C 
Pressure: 0.1 – 2 MPa 
VOC content: Maximum 25% LEL 
Dust content: Low to prevent obstruction 

Advantages  • High efficiency for VOC removal and recovery 

• Simple and robust technology  

• High saturation level of the adsorbent 

• Simple installation and simple maintenance 

• Suitable for discontinuous processes 

Disadvantages • Particulates in the waste gas stream can cause problems 

• Mixtures can cause a fast bleeding of the bed 

• May not be suitable for very high VOC concentrations 

• Not suitable for wet gases 

• Risk of bed fires 

Cost implications Investment costs (per 1,000 Nm3/h): € 10,000 – 50,000 
Annual operating costs (per 1,000 Nm3/h): Low, just purchase of 
adsorbent 

 

Although adsorption can be an effective tool for removing VOCs from waste gas streams, 

the application of this technique is limited to streams with lower VOC concentrations. As 

the routine emissions from the Line 2 plant will comprise of high concentrations of VOCs, 

the effectiveness of this technology may be limited. Furthermore, one of the predominate 

components within the waste gas stream is ethylene, which would not readily adsorb.  

The use of adsorption also raises concerns about the used absorbent at the end of lifetime, 

which may need to be disposed of as waste.  

Overall, due to the nature of the off gas stream considered with a predominant load of 

ethylene and the high concentrations involved, the use of adsorption is not considered 

viable.  

6.1.4 Wet Gas Scrubber 

The following details on the use of wet gas scrubber for the treatment of emissions have 

been extracted from the CWW BREF.  
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Description  Wet scrubbing (or absorption) is a mass transfer between a soluble 
gas and a solvent – often water – in contact with each other. 
Physical scrubbing is preferred for chemical recovery, whereas 
chemical scrubbing is restricted to removing and abating gaseous 
compounds. Physicochemical scrubbing takes an intermediate 
position. The compound is dissolved in the absorbing liquid and 
involved in a reversible chemical reaction, which enables the 
recovery of the gaseous compound.  
The major waste gas treatment applications of scrubbing processes 
are:  
- the removal of gaseous pollutants, such as hydrogen halides, SO2, 
ammonia, hydrogen sulphide (H2S) or volatile organic solvents; 
 - the removal of dust with certain types of scrubbers. 

Abatement 
efficiency (VOCs) 

Between 50 - 99% 

Application 
limitations 

Gas flow: Dependent on the type of wet gas scrubber technology 
used, 50 - 500,000 Nm3/hr 
Temperature: 5 - 80 deg.C 
Pressure: Atmospheric 
Pressure drop: 4-8 mbar 

Advantages  • Wide range of uses 

• Very high abatement efficiency can be achieved 

• Compact installation thanks to a favourable ratio between 
capacity and device volume 

• Simple and robust technology 

• Simple maintenance 

• Only few wear-sensitive components 

• Can handle flammable and explosive gases/dusts with little risk 

• Can also cool hot gas streams (quencher) 

• Can be constructed in modules 

Disadvantages • Water or diluted chemicals are required for the replacement of 
the purged water and the evaporation losses 

• Waste water due to replacement of scrubbing liquid needs 
treatment 

• Conditioning agents (e.g. acids, bases, oxidants, softeners) are 
required for many applications 

• Dust, separated as sludge, needs to be treated either for reuse 
or for disposal operations 

• For roof fitting, support structures are needed 

• Sensitive to corrosion. For outdoor fitting, frost protection is 
needed (depending on climate) 

• Packing material sensitive to clogging because of dust or grease 

• Collected particulates may be contaminated and may not be 
recyclable 

• Off-gas may require reheating to avoid visible (steam) plume 
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Cost implications Investment costs (per 1,000 Nm3/hr): Fibrous packing €460-1,380, 
Packed-bed € 6,730-34,700, Implingement plate €1,390-7,480, 
Spray towers €540-2,350 
Annual operating costs (per 1,000 Nm3/hr): Fibrous packing €770-
16,100, Packed-bed € 9,940-30,900, Implingement plate €1,600-
44,900, Spray towers €850-30,000 

 

Wet gas scrubbing is an effective technique for abating VOCs and is applicable to a wide 

range of waste gas streams. Considering the nature of the Line 2 routine emissions, the use 

of this technology would be appropriate to remove pollutants within the waste gas stream 

and should be considered further.  

6.1.5 Biofiltration 

The following details on the use of biofiltration for the treatment of emissions have been 

extracted from the CWW BREF.  

Description  Biofiltration: The waste gas stream is passed through a bed of 
organic material (such as peat, heather, compost, root wood, tree 
bark, peat, compost, softwood and different kinds of combinations) 
or some inert material (such as clay, activated carbon, and 
polyurethane), where it is biologically oxidised by naturally 
occurring microorganisms into carbon dioxide, water, inorganic salts 
and biomass.  

Abatement 
efficiency (VOCs) 

75-95% 

Application 
limitations 

Would have to enclosed biofilter due to UK climate (frost) 
Gas flow: 11-200,00 Nm3/hr  
Pressure: atmospheric 
Pressure drop: 5-20 mbar 
Oxygen content near ambient level, relative humidity >95% 
VOC concentration: 200-2,000 mg/Nm3 

Advantages  • Low investment and operating costs 

• Simple construction 

• In combination with adsorption and absorption, also suitable 
for barely soluble compounds 

• High efficiency for biodegradable compounds, e.g. odorous 
substances 

• Low amount of waste water (percolate water) and waste 
material 

Disadvantages • Dried-out peat and compost filter beds are difficult to rewet 

• Relatively bulky design 

• Poisoning and acidification of the biomass must be prevented 

• Fluctuations in the waste gas stream conditions have a 
significant impact on performance 

• Packing is sensitive to dust clogging 

• Limited control (including pH) 

• Energy consumption where cooling of the incoming gas is 
necessary 
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Cost implications Investment costs (per 1000Nm3/hr): €8,000 - 14,000 
Operating cost (per 1000Nm3/hr): €740-1480 

 

Although biofiltration may be used to abate VOCs, this technology is not well suited to the 

UK climate. Due to the cold temperatures experienced in the UK during winter, an enclosed 

biofilter would be required, increasing the cost and complexity of the system. Furthermore, 

the technology is relatively bulky and would require a significant footprint on the MC UK 

Saltend plot where space is limited.   

The predominate component of the Line 2 routine emissions is typically ethylene, which is 

not a readily biodegradable compound. As such, the abatement efficiency of biofiltration 

would be limited for the Line 2 waste gas stream.  

Due to these restrictions of the technology and a limited abatement efficiency, this 

technology is not considered viable for the Line 2 off gas stream.  

6.1.6 Bioscrubbing 

The following details on the use of bioscrubbing for the treatment of emissions have been 

extracted from the CWW BREF.  

Description  Bioscrubbing combines wet gas scrubbing (absorption) and 
biodegradation; the scrubbing water contains a population of 
microorganisms suitable to oxidise noxious gaseous compounds. 
The microorganisms are suspended in water. Hence, the conditions 
to use bioscrubbers are: 
 -  the existence of the possibility to wash out the waste gas 
constituents; 
 -  the washed-out constituents must be biodegradable under 
aerobic conditions. 

Abatement 
efficiency (VOCs) 

80-90% 

Application 
limitations 

Gas flow: 1,000-3,000 Nm3/hr per m2 of column surface 
Temperature: 15-40 deg.C 
Pressure: Atmospheric 
Pressure drop: 2-5 mbar 
VOC concentration in waste gas (mg/Nm3): 100-1,000 

Advantages  • High concentrations of easily degradable compounds can be 
abated owing to high microbial conversion 

• High concentrations of compounds containing sulphur, chlorine, 
and/or nitrogen can be abated by controlling the pH 

• Peak emissions can be controlled better than with a biofilter or 
biotrickling filter 
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Disadvantages • Biomass builds up, needs to be disposed of as waste and can 
result in blockage of the circulating water 

• Primarily suited for easily soluble compounds, poorly soluble 
compounds are more difficult to abate 

• Compounds must be biologically degradable 

• Fluctuations, e.g. changing concentrations and flow in the gas 
stream, have a significant impact on performance 

• Percolate water needs treatment 

Cost implications Investment costs (per 1,000Nm3/hr): €6,000 - 20,000 
Operating costs (per 5,000Nm3/hr): €5-10 

 

The Line 2 routine emissions will fluctuate in gas flow and composition, which is not well 

suited to this technology. Furthermore, the predominate pollutants within the Line 2 gas 

stream is ethylene which will not readily wash out or biodegrade. As such, the abatement 

efficiency of this technique will be limited and it will not be considered further for Line 2.  

6.1.7 Biotrickling 

The following details on the use of biotrickling for the treatment of emissions have been 

extracted from the CWW BREF.  

Description  Similar to bioscrubbing, except microbes are fixed on supporting 
elements.  
In a biological trickle-bed reactor, an aqueous phase is continuously 
circulated through a bed of inert material. This packing can consist 
of irregular bulk material, such as rings, saddles, etc. or of 
structured packing. The surface properties should be such that the 
biofilm adheres to it firmly. The pollutants in the waste gas and the 
oxygen are absorbed by the water phase and transported to the 
biofilm, where the biological transformation takes place. The quality 
of the mass transfer from the gas to the liquid phase and the 
elimination performance of the reactor essentially depend on the 
wetted surface area of the packing.  

Abatement 
efficiency (VOCs) 

70-99% 

Application 
limitations 

Flow: 1,000 - 500,000 Nm3/hr 
Temperature: 15-40deg.C 
Pressure: atmospheric 
Pressure drop: 1-10 mbar 
VOC Concentration in waste gas: 400-4,000 mg/Nm3 
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Advantages  • Biodegradation of absorbed compounds 

• Suitable for medium concentrations of acidifying compounds 
which contain sulphur, chlorine and nitrogen 

• Small pH corrections are possible 

• Low pressure drop 

• Average investment and operating costs 

• Compact construction and reasonable space requirements 

• Low energy consumption and thus limited CO2 emissions 

• Little use of additives 

• Better reliability than a biofilter 

Disadvantages • Fluctuations in intake air stream conditions (type and 
concentration of pollutants) have a significant impact on 
effectiveness 

• Poorly soluble compounds are more difficult to abate 

• High concentrations of toxic and acidifying substances should 
be prevented 

• The biomass can obstruct the packing 

• More complex to construct than a biofilter 

• Production of waste water, depending on the compounds 
abated 

Cost implications Investment costs (per 1,000Nm3/hr): €10,000-30,000 
Operation costs: minimal 

 

As for bioscrubbing, the fluctuation in the composition and flow rate of the Line 2 routine 

emissions will limit the effectiveness of this technique for use on Line 2 stream. The 

predominate pollutant within the Line 2 emissions will be ethylene which is poorly soluble, 

making it difficult to abate using this technology. Therefore, the abatement efficiency of 

this technique will be limited for Line 2 and it will not be considered further.  

6.1.8 Thermal Oxidiser 

The following details on the use of thermal oxidiser for the treatment of emissions have 

been extracted from the CWW BREF.  

Description  The heating of a mixture of contaminants with air or oxygen above 
its autoignition point in a combustion chamber and maintaining it at 
a high temperature for sufficient time to complete combustion to 
carbon dioxide and water.  

Abatement 
efficiency (VOCs) 

98 – 99.9% 

Application 
limitations 

Typical gas flow: 900 – 86,000 Nm3/h 
Temperature: 980 – 1,200 deg.C 
Pressure: atmospheric 
VOC Concentration in waste gas: <25% LEL 
Dust concentration in waste gas: <3% 

Advantages  • Simple principle and consistent performance 

• Reliable in operation 

• Process integration of waste heat or steam generation is 
possible 
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Disadvantages • Emissions of CO and NOx generated by combustion process 

• High emergency demand and ongoing running costs 

• Additional fuel needed, at least for start-up operations and VOC 
concentrations below auto-ignition point.  

Cost implications Investment costs (per 1,000 Nm3/h): € 10,000 – 40,000 
Annual operating costs (per 1,000 Nm3/h): €25,600 – 48,100 
Annual consumables (per 1,000 Nm3/h): €24,000 – 45,000 
Cost-effectiveness (per tonne of pollutant per year):  € 470 – 3,850 

 

Thermal oxidation is a highly effective technology for the abatement of VOCs from a waste 

gas stream. This technique is suitable for the conditions of the Line 2 routine emissions and 

will be subject to further evaluation.  

6.1.9 Catalytic Oxidiser 

The following details on the use of catalytic oxidiser for the treatment of emissions have 

been extracted from the CWW BREF.  

Description  Catalytic oxidisers operate in a very similar way to thermal oxidisers, 
with the main difference being that the gas, after passing through 
the flame area, passes through a catalyst bed. The catalyst has the 
effect of increasing the oxidation reaction rate, enabling 
conversion at lower reaction temperatures than in thermal 
oxidation units. Catalysts, therefore, also allow smaller oxidisers to 
be used.  
The waste gas is heated by auxiliary burners to approximately 300–
500 °C before entering the catalyst bed. The maximum design waste 
gas temperature of the catalyst is typically 500–700 °C. There are 
low-temperature catalysts that work at temperatures of 200– 250 
°C. 

Abatement 
efficiency (VOCs) 

95-99% 

Application 
limitations 

Gas flows: 1,200 - 90,000 Nm3/hr 
Temperature: 300-500 before catalyst, 500-700 after catalyst 
Pressure: atmospheric 
Pressure drop: 10-50 mbar 
Dust concentration: <3 mg/Nm3 
VOC Concentration in waste gas: <25% LEL 



BAT Assessment   Page 22 of 29  February 2022 
MC UK Line 2 Routine Emissions  Version 2 Issue 1 

Advantages  • More compact than thermal oxidisers 

• Requires lower temperatures (i.e. less energy consumption 
required, less isolation required, lower risk of fire) and less 
additional fuel than thermal oxidisers 

• Little or no NOX produced from atmospheric fixation (about 20–
30 % of the amount formed by thermal oxidation) 

• CO in the waste gas stream is simultaneously abated by the 
catalyst 

• Good, constant and reliable performance is possible 

• Recuperative and regenerative oxidation have a high thermal 
efficiency, with the effect of lower extra fuel consumption and 
lower carbon dioxide emission 

• Process integration of residual heat or steam generation is 
possible 

• Little or no insulation requirements 

• Reduced fire hazards compared with thermal oxidation 

Disadvantages • Higher investment costs than with thermal oxidation 

• Lower efficiency in VOC destruction than thermal oxidation 

• System sensitive to changes in the energy content of the waste 
gas 

• Risk of dioxin formation, when chlorinated compounds are 
present in the waste gas 

• All catalysts susceptible to poisoning agents, fouling agents and 
activity suppressants 

• Particulates must often be removed first 

• Spent catalyst that cannot be regenerated may need to be 
disposed of 

Cost implications Investment costs (per 1000Nm3/hr): €10,000 - 80,000 
Annual operating costs(per 1,000Nm3/hr): €2,500-20,000 

 

Catalytic oxidation is a similar approach to thermal oxidation and can also provide highly 

effective abatement of VOCs. The use of catalytic oxidation is considered applicable to the 

Line 2 routine emissions and will be taken forward to the short list.  

6.1.10 Ionisation 

The following details on the use of ionisation for the treatment of emissions have been 

extracted from the CWW BREF.  

Description  The air or the incoming gas flow is led through a reaction chamber 
where it is submitted to a very strong electrical field (20–30 kV) 
generated by electrodes, causing ions, free electrons, radicals and 
other highly reactive particles to be formed. The highly reactive 
compounds cause the decomposition and (partial) oxidation of the 
pollutants present in the incoming gas. The most active particles in 
this process are the N, O and OH radicals. They are formed of 
nitrogen (N2), oxygen (O2) and water (H2O).  

Abatement 
efficiency (VOCs) 

80-99.9% 
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Application 
limitations 

Waste gas flow: 20 - 200,000 Nm3/hr 
Temperature: 20-80 
Pressure: atmospheric 
Relatively low amounts of dust 
Ionisation is primarily suited for gas streams with a low energy level 
(low concentrations of VOCs) because of the low energy 
consumption compared to thermal oxidisers 

Advantages  • Low energy consumption compared to thermal oxidisers (for 
gas streams with low-energy levels) 

• Very compact 

• May be turned on and off at will (almost no start-up time) 

• Relatively simple operation 

• Not sensitive to variations in the gas stream 

• The ionisation process takes place at a low temperature 

• When operating in bypass, not sensitive to dust 

Disadvantages • Electricity consumption 

• Test installation is preferred for the proper evaluation of 
situation-specific effects and possible removal efficiency 

• Only suitable for VOC removal when the system is applied 
directly to the gas stream 

• Risk of electromagnetic radiation. This risk is limited when the 
casing is made of metals 

Cost implications Investment costs (per 1,000Nm3/hr): up to €50,000 
Operating costs: 3-5% of investment costs 

 

Although ionisation may be effective at decomposing or oxidising the pollutants within the 

Line 2 routine emissions, due to the high energy levels of the waste gas stream (high VOC 

concentrations) this technology is not well suited to the Line 2 emissions. As such, this 

technique has been ruled out for use on Line 2.  

6.1.11 Photo/UV Oxidation 

The following details on the use of photo/UV oxidation for the treatment of emissions have 

been extracted from the CWW BREF.  

Description  The incoming waste gas stream is led through a reaction chamber and 
radiated with UV waves (100–280 nm). This radiation causes the 
decomposition of the undesired compounds. This decomposition takes 
place in two ways: 
 - direct photolysis: compounds such as VOCs, NH3, H2S and amines 
are directly broken down by the radiation; 
 - oxidation by reactive oxygen radicals: the presence of highly reactive 
oxygen radicals oxidises compounds that are not broken down by 
direct photolysis and reaction products from the photolysis. 

Abatement 
efficiency 
(VOCs) 

95% 

Application 
limitations 

Waste gas flow: 2,000-58,000 Nm3/hr 
Temperature: <60 deg.C 
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Pressure: atmospheric 
VOC Concentration: <500 mg/Nm3 
Low dust concentrations (dust removal preferable) 

Advantages  • Compact and modular system 

• Close to no start-up time 

• Operation at low temperature 

• Low energy consumption 

• Noise-free 

Disadvantages • Not suitable for high concentrations of pollutants 

Cost 
implications 

Investment costs (per 1,000Nm3/hr): €5,000-7,000 
Operating costs (per kg VOCs abated): €3-25 

 

Photo/UV oxidation would be an effective tool for decomposing the VOC pollutants within 

the Line 2 waste gas stream. However, the high VOC concentrations within the Line 2 

routine emissions are anticipated to be too high for this technique to be effective. Hence, 

the application of this technology for Line 2 will not be considered further.  

6.1.12 Summary  

Based on the assessment of the BAT recovery and abatement techniques, the short list of 

technologies to be carried forward and considered further for use on the Line 2 routine 

emissions are as follows:  

• Membrane Separation 

• Condensation 

• Wet gas scrubber 

• Thermal Oxidiser 

• Catalytic Oxidiser 
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7 Step 5: Evaluation of each BAT technique 

The short list of BAT techniques applicable to the routine emissions from Line 2 identified 

in Section 5 will be evaluated further, to ensure the optimal BAT approach is selected.  

7.1 Membrane Separation 
The use of membrane separation has been investigated within the early works for Line 2, 

to consider the potential for ethylene recycling. This investigation evaluated the potential 

to use this technology to remove nitrogen from recovered ethylene stream, for reuse in 

the process. The conclusion of this work was that a high number of units would be required 

to meet the ethylene purity level necessary for reuse in Line 2. The waste gas stream would 

also need to be compressed before entering the membrane separation units. Installing a 

number of membrane separation units in series has both cost implications and the 

potential for process safety issues to arise due to blockages in the line.  

Membrane separation cannot be used to recover ethylene of a sufficient purity to be 

reused within the Line 2 process and as such, any ethylene recovery by this process may 

have to be treated as waste for disposal.  

Hence, the use of membrane separation for the removal of ethylene from the process off 

gas stream is not considered a viable approach due to the requirement to introduce 

potential process safety issues and excessive cost.  

7.2 Condensation 
This technology is already in use for the existing Line 1 plant, where condensers are used to 

reduce the solvent loading in the offgas streams and will be integrated into the Line 2, to 

recover materials for re-use. This will act to minimise the quantity of waste gas steam sent 

for treatment, produce an economic benefit through the re-use of materials and prevent 

the generation of waste.  

The selection of this technique is driven by process optimisation rather than environmental 

benefit. As such, condensation is already integrated into the Line 2 design and 

implementation of this technology have already been accepted for use in Line 2. The 

equipment sizing for the Line 2 plant have been reviewed against the mass balance and 

records of Line 1 plant performance, and optimised to maximise recycling of material.   

Within the Line 1 process and the Line 2 design, condensation is utilised through the 

process to regenerate methanol and vinyl acetate for re-use in the process and to form 

methyl acetate to be sold as a useful product. The use of this technology minimises the 

waste gas stream requiring treatment and ensures the productive use of reformed solvents 

and by-products.  

Another use of condensation throughout the Line 1 process and the Line 2 design are 

knock-out pots, which are utilised to remove entrained liquid droplets from waste gas 

streams.  
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The predominant pollutant within the waste gas stream after passing through the 

condensation stages of the process is ethylene. The potential to utilise condensation to 

recover ethylene has also been considered but has been ruled out as impractical, as this 

would require cryocondensation and high pressure, which would introduce new hazards to 

the site. From a process safety perspective the implementation of a complex system using 

cryo pipework and extreme pressure is not considered viable.  

As the use of condensation to minimise the solvent load within the Line 2 off-gas stream 

has already been accepted for implementation, the focus of this BAT assessment will be 

the residual pollutants within the stream after condensation. This will be predominately 

ethylene with small amounts of nitrogen and some residual vinyl acetate, methanol and 

methyl acetate.  

7.3 Wet Gas Scrubber 
Wet gas scrubbing is already utilised within the Line 1 plant where appropriate, for 

example the ventilation hood within the pellet formation area has a wet gas scrubber to 

reduce methanol emissions.  

Within the Line 2 design, wet gas scrubbers will be utilised on individual waste gas streams 

as appropriate. However, wet gas scrubber is not considered an appropriate technology of 

the Line 2 off-gas stream as the condensation processes will already remove the majority 

of the solvent load. Use of a wet gas scrubber would only act to remove residual solvent 

within the stream, with the predominate pollutant within the gas stream ethylene passing 

through.  

Theoretically a wet gas scrubber could be used to purify the stream to only ethylene and 

nitrogen, removing the residual vinyl acetate, methanol and methyl acetate but this would 

not be worthwhile considering the significant effort involved.  

7.4 Thermal Oxidiser 
In contrast to the above techniques, thermal oxidation would be a viable technology for 

the abatement of ethylene within the Line 2 off-gas stream. Through combustion, this 

technology can achieve very high destruction rates of ethylene, minimising the emissions 

of VOCs to atmosphere.  

There is also operational experience of thermal oxidiser units within the group, which 

should help to streamline the introduction of this technology.   

The use of a thermal oxidiser has the potential to conserve the energy within the off-gas 

stream, by using the heat of combustion to raise steam or generate hot water for use in 

the Line 2 plant.  

There are also negatives associated with thermal oxidiser units which should be 

considered, including the additional fuel supply required, the greenhouse gases generated, 

a high energy demand and positioning restrictions due to the potential to act as an ignition 

source.  
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Overall the environmental impact of a thermal oxidiser unit is considered positive, due to 

the VOCs abated within the Line 2 off-gas stream and the conservation of energy through 

the generation of steam/hot water.  

7.5 Catalytic Oxidiser 
Catalytic oxidation is a similar approach to thermal oxidation and as such, is considered a 

viable option of the abatement of the Line 2 off-gas stream.  

MC UK have discussed the potential use of catox for their off-gas stream with vendor.  

Typically, the catalytic oxidisers are smaller units than a thermal oxidiser and they operate 

at less extreme conditions due to the catalyst.  As such, there may be environmental 

benefit of implementing a catalytic oxidiser rather than a thermal oxidation unit.  

However, due to the use of a catalyst with the system there are additional complexities in a 

catalytic oxidisation unit. One of which is that the catalyst is sensitive to fluctuation in gas 

flow and compositions and that there is the potential for the catalyst to be poisoned. 

Eventually, the catalyst will come to the end of its lifecycle and will need to be disposed of.  

Considering the negative attributes of a catalytic oxidation system and the lower VOC 

abatement efficiency achieved, a thermal oxidation unit is assessed as preferable to a 

catalytic oxidiser.  
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8 Step 6: Selection of optimal BAT technique 

Based on the evaluation of each of the short-listed BAT techniques in Step 5 above, the 

optimal BAT approach for the routine emissions from the Line 2 plant have been selected.  

In line with BAT, the first stage of the BAT approach for the Line 2 routine emissions will be 

process-integrated techniques to minimise the generation of waste gas. As for the MC UK 

Line 1 plant, methanol and vinyl acetate will be recovered using condensation and re-used 

as far as possible. Vinyl acetate will also be recovered for use by another site.  

Knock-out pots will also be utilised to remove entrained liquids from the Line 2 off-gas 

stream.  

Following the condensation processes, the remaining Line 2 off gas stream will comprise of 

predominantly ethylene and nitrogen, with small amounts of residual vinyl acetate, 

methanol and methyl acetate. Due to the properties of ethylene, the treatment options 

available for abatement are limited.  

The use of cyrocondensation has been ruled out, based on excessive complexity, extreme 

operating conditions and the introduction of new hazards to the site.  

Wet gas scrubbers have also been evaluated for use on the Line 2 off-gas stream, but 

would not be effective at abating the predominant ethylene load within the emissions.  

Membrane separation has been considered as a potential treatment option, but it would 

require a several filter units in sequence and would not achieve sufficient purity to 

generate a useful product. As such this is not considered the optimal route for the Line 2 

routine emissions.  

The two viable options for abatement of ethylene within the off-gas stream are either 

thermal oxidation or catalytic oxidation. Due to compatibility with the Line 2 emissions, 

thermal oxidation is considered the optimal technology, to achieve high abatement 

efficiencies and avoid the complexities of a catalytic system. The thermal oxidation unit can 

also be utilised to raise steam or hot water for use on the MC UK site, thereby conserving 

the energy within the Line 2 emissions and exploiting the high energy content waste gas 

for a useful purpose.  

The proposed BAT approach for the routine emissions from Line 2 combine the following 

BAT techniques: 

• Condensation – the recovery and reuse of methanol, vinyl acetate and methyl acetate, 
and knock-out pots to remove entrained liquids from the waste gas stream.  

• Thermal oxidation – remaining off-gas stream after condensation processes to be sent 
to thermal oxidiser unit for combustion and heat generated to be used to raise 
steam/hot water.  
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9 Conclusion 

This BAT assessment has considered the available techniques to minimise the impact on 

the environmental from the Line 2 routine emissions. By reviewing the primary BREF 

document the appropriate BAT techniques have been identified and assessed for use on 

the Line 2 emissions. By considering the limitations of each of the available techniques, a 

short list of techniques applicable to the Line 2 routine emissions was generated and 

evaluated further. Following the evaluation process the BAT approach has been 

determined.  

Based on consideration of the BAT reference documents relevant to the MC UK Line 2 

process, the optimal approach for routine emissions have been identified as a combination 

of condensation processes to recover as much reactants and solvents as possible and a 

thermal oxidation unit to treat the residual emissions.  
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5.2 Non-routine emissions BAT assessment 



 

 

BAT and ALARP Assessment  
NGUK Saltend Line 2 Non-Routine Emissions  
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1 Introduction  

This Best Available Technique (BAT) assessment will consider the non-routine emissions 

from the NGUK Line 2 process plant and evaluate the available technologies to minimise 

impact upon the environment. The assessment will utilise the BAT reference (BREF) 

documents to identify industry best practice on the treatment of emissions, to be applied 

at NGUK.  

The assessment will consider both the safety and environmental impact of any potential 

treatment routes for non-routine emissions, to ensure that both the safety risk to people 

and the risk to the environment at ALARP.  

1.1 Background  
At the NGUK Saltend site, the existing production plant is referred to as ‘Line 1’. A project 

to install a second production line at the site is currently under development, which is 

referred to as ‘Line 2’.  

For the existing Line 1 plant, the non-routine emissions are routed to a cold vent.  

For the new Line 2 installation, the path for non-routine emissions will be determined by 

reference to BREF documents and industry best practice.  

1.2 Scope 
This BAT assessment will consider the emissions from the future Line 2 plant only. The BAT 

requirements for a new installation will be distinct from that for the existing plant.  

Dependent upon the findings of the BAT assessment, there may be opportunity to review 

the treatment path for Line 1 non-routine emissions but this must take into consideration 

the additional cost of retrospectively upgrading.  

This BAT assessment refers only to the non-routine emissions such as emergency relief, the 

BAT assessment for routine emissions from the Line 2 plant will be provided as a separate 

document for clarity.  
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2 Methodology  

The assessment for non-routine emissions from Line 2, will follow the process summarised 

below, to determine the optimal BAT technology.  

 

Figure 1 BAT Assessment process summary 

The steps of the BAT assessment process are in line with the methodology proposed within 

the BAT referenced documents (BREFs).  
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3 Description of waste gas streams 

The first step of the BAT assessment process is to determine the nature of the waste gas 

stream(s) to be treated. By understanding the typical compositions and conditions of the 

non-routine emissions, the most appropriate BAT technology for treatment may be 

selected.  

This BAT assessment will consider all of the potential sources of non-routine emissions 

from the Line 2 process. Largely this will comprise emergency relief cases of VOCs from the 

production plant. Another potential source of non-routine emissions is the ammonia 

chillers. The number of ammonia chillers on site will increase in line with the demands of 

Line 2, hence, the potential emissions will also increase.  

A further source of non-routine emissions could be a fault with the treatment technology 

for routine emissions from Line 2, requiring the routine emissions to be sent elsewhere.  

This potential emission source will be considered further as part of the BAT demonstration 

for routine emissions and the likelihood of such an event evaluated.  

The anticipated non-routine emissions from Line 2 are detailed in Table 1 below.  As the 

full detailed design is not yet available for Line 2, this information is based on the 

equivalent streams from Line 1. For each relief valve, there may be number of different 

relief scenarios with varying flow rates. They include external fire, cooling water failure, 

power failure and the standalone relief case. Of the various relief scenarios, the worst case 

flow rates and compositions are stated for each relief valve in the table below.  

Table 1 Anticipated non-routine emissions (relief cases) for Line 2 

Tag Protected 
equipment 

Set Pressure 
(bar) 

Relieving 
temperature 
(deg.C) 

Flowrate 
(kg hr-1) 

Composition (typically 
worst case) 

H7010 HE-701 5 126.1 23 Methanol/Methyl 
acetate - 225/75 

H7510RV HE-751 5 126.1 398 Methanol 

H8400RV HE-840 5 126.1 20 Methanol 

H8410RV HE-841 3.5 132.4 8,976 VAM 

T8200RV TW-820 3.5 132.4 13,292 VAM 

H8200RV HE-820 5 126.1 276 Methanol 

  MA-170 11 42 3,506 Ethylene 

  MA-170 31 42 3,506 Ethylene 

  MA-170 95 119 3,506 Ethylene 

  VE-090 3.5 132.8 13,923 VAM 

V1010RV VE-101 3.5 132.2 2,174 Methanol/VAM 12/88 

V1500RV VE-150     12,600 Ethylene 

V2020RV VE-202 5 126.1 65 Methanol 

V2010RV VE-201 3.5 115.5 1,510 Methanol 

H2500RV HE-250 5 126.1 19 Methanol 

H3020RV HE-302 10 150.5 42,600 Methanol 

T3020RV TW-302 10 465 42,600 Methanol 
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Tag Protected 
equipment 

Set Pressure 
(bar) 

Relieving 
temperature 
(deg.C) 

Flowrate 
(kg hr-1) 

Composition (typically 
worst case) 

V3500RV VE-350 3.5 115.5 26,259 Methanol 

T3500RV TW-350 10 150.8 14,620 Methanol 

L1700RV P-1074 99.6 58.48 30,471 Ethylene 

  MA-021 20.7 314.2 459 Ammonia 

  MA-021 20.7 56.35 4,163 Ammonia 

  MA-021 20.7 56.35 1,705 Ammonia 

  MA-021 20.7 314.2 497 Ammonia 

V4710RV VE-471 3.5 115.5 6,328 Methanol 

V4010RV VE-401 3.5 115.5 1,997 Methanol 

V0030RV VE-030 3.5 115.5 205 Methanol 

V1700RV VE-170     12,300 Ethylene 

R1010RV RE-101     112,000 Ethylene/VAM/Methan
ol 81.5/16.7/1.8 

T3010RV TW-301     4,600 Methyl Acetate/ 
Methanol 40/60 

T7010RV TW-701     13,337 Water/Methanol/ 
Methyl Acetate 
2.5/70/27.5 

T7500RV TW-750     46,204 Water/methanol 70/30 

T2010RV TW-201     20,453 Methanol/VAM/water 
54/13/33 

T8010RV TW-801     3,140 Methanol/VAM/water 

   Total 444,592   

 

Based on the anticipated emissions from Line 2 outlined in the table above, any treatment 

approach would need to be compatible with the following conditions:  

• Temperatures between 42 – 465 deg.C 

• Flow rates between 19 - 30,471 kg/hr 

• A range of materials and compositions, including methanol, vinyl acetate, ethylene, 
methyl acetate and ammonia 

The individual relief event with the largest singular flow rate is reactor blowdown, which 

would produce significant emissions of mostly ethylene which is highly flammable. Hence, 

this relief scenario will be taken as worst case within the BAT assessment in terms of a 

single relief event, due to the flow rate of anticipated emissions.  

3.1 Design Considerations 
The non-routine emissions from Line 2 comprise of the emergency relief streams. The 

primary objective of the emergency relief system is to act as a safety measure to relieve 

excessive pressure. As such, any route for the non-routine emission stream must not 

compromise the effectiveness of the emergency relief, to ensure the ongoing safe 

operation of the plant.  
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The design of the non-routine emission route must be capable of handling the range of 

flow rates of the various relief cases and the fluctuations in flow anticipated.  

In order to make the relief streams easier to handle., a number of the relief pathways are 

routed to a common vent header. The emergency vent network diagram in Figure 2 below 

outlines the relief cases which route to the common vent header.  The only potential 

common cause between relief cases identified is power failure, which has the potential to 

combine all relief events indicated with a red star in the diagram.  

 
Figure 2 NGUK Saltend Line 2 Emergency Vent Network  
 

The relief case from the reactor and separator are distinct, in that there may be a two 

phase flow from relief and entrained liquid would need to be removed prior to emission.  

Depending on the non-routine emissions treatment option selected it may not be 

worthwhile routing all relief streams to the common vent header. For example, if the 

height of a relief valve is similar to the height of a cold vent stack tip, there may be no 

benefit to route to the common vent header. This may be the case of the relief valves 

positioned at height (T3010RV, T7010RV, T7500RV, T2010RV and T8010RV).  

3.2 Frequency 
In all cases, emergency relief is considered the final line of defence and there will be a 

number of protection layers in place which would be used prior to emergency relief. 

Each of these emergency relief cases are low frequency events, which would only occur if 

other safety measures failed. Based on the operational experience of the Line 1 plant, they 

will not be routine emissions, but infrequent occurrences. Furthermore, each of the relief 
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cases are separate events and as such the flowrate of emissions would be limited in each 

case. The ‘total’ flowrate of all relief cases of 444,592 kg/hr is provided for reference only 

as it is not considered feasible for all relief scenarios to occur at once.  

The only common cause identified between relief events is power failure, which may lead 

to several simultaneous relief cases occurring at once. Other potential common causes 

such as external fire, have been considered but due to the design of the relief system, 

including drainage and segregation into distinct fire zones, are not considered feasible.  

Due to the independent protection layers in place, power failure placing a demand on the 

relief system is a very low frequency event. The power supply to site is effectively dual, in 

that Saltend power plant supply the site, but should there be a failure with the plant, the 

site is supplied by the grid via dual feeders. Should there be an issue on the main power 

grid, the site should get warning, in which time actions can be taken to protect from 

hazardous consequences. The only recorded loss of power incident at the site in over 15 

years of operation was due to an issue at the power plant and an error in the switch over 

to the grid supply.  

Should these systems fail to the point that the site loses incoming supply, “essential” loads 

can be isolated from the mains supply and powered by emergency diesel generators (DG). 

Additionally, the high temperature ESD on the reactor is designed to fail safe on power 

failure, resulting in the valves on the inhibitor dump tank opening, stopping the addition of 

initiator and initiating back-up cooling to stop the process. The inhibitor dump valves are 

normally air held closed and will spring open on loss of power. The system is SIL 2 rated, 

and the new reactor will be fitted with a similar system that will be fully independent of 

the system on the first reactor. The site DCS is also backed up by a UPS which gives the 

operators full sight of the events on site, with potential for manual intervention if required. 

Based on the above description, it can be considered that these are very unlikely events 

due to the number of independent failures required. Hence, the power failure scenario will 

be far less likely than a singular relief case.  
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4 Identification of BAT Techniques  

In order to identify the BAT techniques relevant to the non-routine emissions from Line 2, 

the relevant BREF document must be identified. Due to the operations performed within 

the Line 2 process and the nature of the relief cases, the primary BREF is the Production of 

LVOCs1.. This document outlines industry best practice for the operations performed at 

sites such as NGUK, including the treatment of waste gas emissions.  

The primary BREF document describes the BAT techniques typically used to treat waste gas 

emissions from production process such as Line 2.  The primary BREF refers out to the 

horizontal BREF (Common Waste Water & Waste Gas Treatment/Management systems in 

the chemical sector)2 for additional detail on the techniques and the philosophy of a BAT 

treatment approach. 

Whilst the production of polymers BREF3  has some general guidance on polymerisation 

reactions which are relevant to NGUK Line 2, largely this document is not relevant to the 

site as BREF covers only the most common polymerisation reactions within industry and 

this does not include the polymerisation reaction performed at NGUK. 

The BAT technologies described in the primary and horizontal BREFs, are aimed at focused 

treating the pollutants within routine emissions during normal operations. Hence, not all of 

the BAT techniques described in the BREF are directly relevant to non-routine emissions. 

However, as the technologies have the capacity to remove the pollutants contained in the 

non-routine streams, they have been considered for their applicability.  

The BREF documents describe a range of techniques that may be used in line with BAT, to 

minimise waste gas emissions through either recovery or abatement. The available 

technologies can be spilt into two categories:  

• Process-integrated techniques 

• End-of-pipe treatment 

Within the philosophy of applying BAT techniques, it is preferable to utilise process-

integrated techniques to minimise the generation of gases at source. Once the generation 

of waste gases has been minimised as far as practicable, the priority of the BAT techniques 

would be recovery and re-use of materials to minimise waste and finally abatement at end-

of-pipe treatment as the final choice.  

However, for emergency relief cases there is no potential to use process-integrated 

techniques to minimise the load and the applicability of recovery techniques is limited. The 

 
1  Best Available Techniques (BAT) Reference Document for Production of LVOC, 2017, last accessed on 
09/07/20 from https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/JRC109279_LVOC_Bref.pdf 
2 Best Available Techniques (BAT) Reference Document for Common Waste Water and Waste Gas 
Treatment/Management Systems in the Chemical Section, 2016, last accessed on 09/07/20 from 
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/CWW_Bref_2016_published.pdf 
3 Best Available Techniques (BAT) Reference Document for Production of Polymers, 2007, last accessed on 
09/07/20 from https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/pol_bref_0807.pdf 

https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/JRC109279_LVOC_Bref.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/CWW_Bref_2016_published.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/pol_bref_0807.pdf
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focus of emergency relief is to act as a safety measure to relieve excessive pressure and 

prevent explosion. Any techniques which have the potential to restrict the relief pathway 

could have serious safety consequences and should be avoided.  The use of BAT techniques 

to treat emergency relief emissions is limited to techniques which will not restrict the 

stream or the effectiveness of the pressure relief.  

The following table is a simplified recreation of a table from the CWW BREF report, 

illustrating how different BAT techniques are relevant for different pollutants.   

Table 2 Waste gas treatment techniques and the relevant pollutant 
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Recovery and abatement for VOCs and inorganic compounds 

Membrane separation       X  

Condensation      X  

Cryocondensation      X  

Adsorption     X X X 

Wet gas scrubber (water)     X X X 

Wet gas scrubber (alkaline)     X X X 

Wet gas scrubber (alkaline oxidative)       X 

Wet gas scrubber (acidic)     X X X 

Abatement for VOCs and inorganic compounds 

Biofiltration     X X X 

Bioscrubbing     X X X 

Biotrickling     X X X 

Moving-bed trickling filter     X X X 

Thermal Oxidation    X  X X 

Catalytic oxidation      X X 

Ionisation      X X 

Photo/UV Oxidation      X X 

Recovery and abatement for particulates 
Settling chamber/ gravitational separator X X X X    

Cyclone X X X X    

Electrostatic precipitator  X X X X    

Wet dust scrubber X X X X    

Fabric filter X  X X    

Ceramic and metal filter X  X X    

Catalytic filtration X X X X  X  

Two-stage dust filter X  X X    

Absolute (HEPA) filter X  X X    

High-efficiency air filter  X      

Mist filter  X      

Recovery and abatement for inorganic compounds 

Dry alkali injection     X   

Semi-dry alkali injection     X   

Wet lime injection     X   

SNCR     X   

SCR     X   

NSCR     X   

Wet gas scrubber for NOx     X   
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Technique 
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Flaring 
Flaring      X X 

 

Based on this table from the BREF, the relevant techniques for each pollutant type can be 

identified.  

Within the non-routine emissions from Line 2 as summarised in Section 3, the predominate 

pollutant type would be VOCs, as well as ammonia from the chillers. As such, the BAT 

techniques to be considered should be limited to those relevant for organic and inorganic 

vapours. The techniques applicable to other pollutant types are ruled out at this stage.  
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5 Assessment of Relevant BAT 

From the long list of BAT techniques for waste gas treatment provided in Table 2, those 

relevant to the treatment of organic and inorganic vapours will be taken forward for 

further assessment. This shortened list is as follows:  

• Membrane separation  

• Condensation  

• Cryocondensation 

• Adsorption  

• Wet gas scrubber 

• Biofiltration  

• Bioscrubbing 

• Biotrickling 

• Thermal Oxidation  

• Catalytic Oxidation  

• Ionisation  

• Photo/UV Oxidation   

Each of these technologies will be assessed for use on the Line 2 non—routine emissions, 

considering the nature of the relief cases as described in Section 3. Due to the 

characteristics of the relief cases identified, the technique must be applicable to variable 

streams, with potential high flow rate loads and highly infrequent emissions.  

Table 3 Short list of BAT techniques and evaluation for Line 2 non-routine emissions 

Technique Evaluation of suitability for Line 2 non-routine emissions  

Membrane 
separation  

Flow rates of worst case relief cases would exceed the limits of this 
technology and the potential restriction of relief flow would be a 
concern from a process safety perspective.  
This technique will not be considered further.  

Condensation The use of condensation to recover pollutants from non-routine 
emissions is not considered worthwhile or feasible, considering the 
frequency at which they occur. The energy and effort involved in 
installing a condensation system would exceed the benefit of 
abating the infrequent VOC emissions. Furthermore, ethylene is 
predominant within the non-routine emissions and would not be 
abated through condensation. However, the use of knock-out pots 
to remove entrained liquids from the waste gas stream would be 
suitable and will be used for the relief stream from the reactor and 
separator.  

Cryocondensation The use of cyrocondensation to recover pollutants from non-routine 
emissions is not considered worthwhile or feasible, considering the 
frequency at which they occur. Although the predominant pollutant 
within the non-routine emissions, ethylene, could be abated utilising 
cryocondensation, this would require extreme conditions and would 
introduce new hazards to the site. As such, the implementation of a 
complex cryocondensation system to abate infrequent emissions is 
ruled out based on process safety concerns.  
This technique will not be considered further. 
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Technique Evaluation of suitability for Line 2 non-routine emissions  

Adsorption The high VOC concentrations of a number of the relief cases and the 
variation of non-routine emissions stream are not well suited to this 
technology.  
This technique will not be considered further. 

Wet gas scrubber  This technology may be used to remove the solvent load from 
emissions, however, the largest relief cases involve ethylene which 
would not be abated by this technology. Hence, the effectiveness of 
this technology for handling all the non-routine emissions identified 
would be limited.  
This technique will not be considered further. 

Biofiltration Flow rates of worst case relief cases would exceed the limits of this 
technology.  
This technique will not be considered further. 

Bioscrubbing Flow rates of worst case relief cases would exceed the limits of this 
technology.  
This technique will not be considered further. 

Biotrickling Flow rates of worst case relief cases would exceed the limits of this 
technology. 
This technique will not be considered further. 

Thermal 
Oxidation 

This technology requires a steady flow of fuel for combustion and 
therefore, would not be suited to the fluctuations and infrequency 
of emergency relief cases.  
This technique will not be considered further. 

Catalytic 
oxidation 

This technology requires a steady flow of fuel for combustion and 
therefore, would not be suited to the fluctuations and infrequency 
of emergency relief cases.  
This technique will not be considered further. 

Ionisation A number of the emergency relief cases comprise of significant 
concentrations of VOCs with a high energy level that would not be 
suited to this technology.  
This technique will not be considered further. 

Photo/UV 
Oxidation 

The flow rate and VOC concentrations of a number of emergency 
relief cases exceed the limitations of this technology.  
This technique will not be considered further. 

Flaring The use of flaring is restricted to either non-routine emissions or a 
requirement from a safety perspective. Flaring should be considered 
further for the flammable VOCs emissions. 

 

For both the relief stream from the reactor and separator a knock-out pot will be utilised to 

remove entrained liquid from the two-phase relief. The waste gas stream would then be 

treated in the same way as the other relief streams.  

From the short list of BAT techniques, the only option taken forward as a final treatment 

method for further consideration is flaring.  
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5.1 Flaring 
Within the range of flaring technologies, there are a number of different types of flare 

available, and a range of options have been considered by NGUK. The 4 types of flare 

considered are:  

1. Enclosed Ground Flare 

2. Multi Point Ground Flare 

3. Steam Assisted Elevated Flare 

4. Sonic Tip Elevated Flare 

The following table considers the attributes of each of the different types of flare 

technology as discussed with the vendor.   
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Table 4 Comparison of different flare types 
 Flare 
type 

Footprint Height Natural Gas 
Consumption 

Steam Consumption Noise  Back pressure 
on vent header 

Enclosed 
Ground 
Flare 

Large but the sterile area 
is contained within the 
unit due to the refractory 
lining. 

Discharge stack height to be 
determined but could be 30-
40 m 

Approx. 1.5 Nm3/h of 
natural gas per pilot, 
number of pilots 
depends on flowrate. 
Assume 15 for the 
flowrate 

Not required <80 dBa Low 

Multipoi
nt 
Ground 
Flare 

Larger than an Enclosed 
Ground Flare due to 
staging valves and burner 
layout. Sterile area as per 
Enclosed Ground Flare   

The burners are enclosed by a 
fence like enclosure, height to 
be determined but lower than 
an Enclosed Ground Flare 

As above Not required <80 dBa Low 

Steam 
Assisted 
Elevated 
Flare 

Smaller than ground flare 
but dependent on flare tip 
height to achieve sterile 
zone. 3 x Guy wires will be 
required at 120o spacing 
approx. 50 m from the 
flare base to anchor the 
unit 

Dependent on sterile zone to 
be achieved at flare base and 
proximity to other fixed 
equipment (i.e. Tanks). For 
the emergency figures quoted 
this could be around 90 m 

Approx. 1.5 Nm3/h of 
natural gas per pilot, 
3 pilots required for 
the flare tip 

0.5 t/hr of steam required for flare 
tip cooling, then for the smokeless 
operation we would require approx. 
half the amount of steam to the 
offgas flowrate to ensure no smoke 
was generated. For the emergency 
case we have this would become 
prohibitively expensive to have a 
smokeless operation as we would 
need in excess of 150 t/hr of steam. 
As the full emergency case would be 
an infrequent event, we would size 
the steam for a much lower flowrate 

<80 dBa Low (200 mbar 
has been used 
for the 
calculations) 

Sonic Tip 
Elevated 
Flare 

As per Steam Assisted 
Elevated Flare 

Would be lower than a steam 
assisted flare as the flames 
leave the tip at sonic velocity 
and are less affected by being 
flattened by the wind, this 
allows a smaller F-Factor to be 
used and as such lowers the 
overall height 

Approx. 1.5 Nm3/h of 
natural gas per pilot, 
2 pilots required for 
the flare tip 

Not required Approx. 
100 dBa 

0.6 to 1.0 bar 
(operating at 
less than 0.6 
barg at the tip 
would result in 
smoke 
generation 
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Due to the nature of the non-routine emissions from Line 2, which have highly variable 

flow rates and may incur large capacities for the biggest relief cases, the BREF documents 

suggest that an elevated flare would be preferable. The BREF documents also suggest that 

ground flares should not be used for waste gas streams containing toxic gases and that 

ground flares typically have a higher installation cost. For these reasons it is suggested that 

the most suitable option for Line 2 would be an elevated flare.  

5.2 Cold venting  
Although cold venting is not discussed as an option within the BREF documents, due to its 

applicability to relief cases this route will also be considered. From a process safety 

perspective, the simplest approach is preferable for relief pathways, to minimise the 

potential for restriction of flow and subsequent explosion.  

Whilst cold venting would not be considered for routine emissions that occur often during 

normal operations, for infrequent emergency relief cases it is considered a viable option, 

provided there are no safety concerns.   
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6 Evaluation of relevant BAT techniques 

The two relevant techniques carried forward from Section 5 to be evaluated further are 

flaring and cold venting.  

Cold venting would only be considered a viable option if there are no safety implications of 

direction emissions to the atmosphere. If there are any safety implications of cold venting, 

then flaring will be required. If there are no safety reasons for implementing flaring, then 

the overall environmental impact of flaring will be assessed to judge whether the 

implementation of a flare is worthwhile.  

6.1 Cold Venting 
Due to the infrequency of emergency relief events and the negative environmental impact 

of running a continuous flare, the potential to cold vent emissions has been considered. As 

discussed in API 5214, discharge of relief streams directly to atmosphere can often be the 

safest choice, due to the inherent simplicity and dependability of the system.  

In contrast to a flare which has physical space restrictions, a cold vent could be integrated 

into the Line 2 plot, provided the potential for stagnant zones in which flammable 

concentrations could accumulate are minimised. As available space is limited on the plot, 

this is a potential benefit of a cold venting system.    

Further engineering work would be required to determine the cost of installing the cold 

venting system required, however, running costs of a cold vent would be substantially 

lower than for a flare, which requires continuous methane supply.  

However, any emissions from a cold vent must be reviewed to ensure that there are no 

significant safety implications of emissions directly to atmosphere. For emissions from a 

cold vent it should be ensured that any flammable vapours disperse safely at high level and 

that there is no potential to expose personnel to toxic vapours.  

To assess whether cold venting of the flammable vapours would be viable from a safety 

perspective, modelling has been performed to assess the dispersion of emissions. If the 

modelling identifies potential safety implications, such as accumulation of flammable 

vapours at low levels or the exposure of workers to toxic vapours, then cold venting will be 

discounted as an option. 

 In order to assess the potential implications of cold venting a variety of relief cases were 

modelled as follow: 

• Power failure resulting in both reactors relieving simultaneously and LP headers of SLL1 
and SLL2 power failure scenarios. 

• Single reactor relief (either RE-101 or RE2-101) 

• Methanol Vaporiser H3020RV lift (large pure methanol release) 

• VE-940 RV list (small methanol release)  

 
4 API 521 Pressure-relieving and Depressuring Systems, 6th edition, January 2014 
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• TW-820 RV (VAM Release) 

These relief cases identified by NGUK encompass the worst case relief flowrates and 

compositions, in order to determine the viability of cold venting. This indicative modelling 

used available data from Line 1 on flow rates and compositions, to represent the potential 

relief scenarios from Line 2. 

Based on the existing cold venting within the Line 1 plant, the height of the cold vent has 

been assumed as 35 m, which would make the vent one of the tallest structures on the 

Line 2 plant.  

The relief scenarios modelled are as follows:  

Scenario Valve/ 
scenario 

Protected 
vessel 

Flow  
(T hr-1) 

Composition  Remarks 

Ethylene VAM Methanol 

1 R1010RV RE-101 112 0.815 0.167 0.018 4” blowdown, 
A grade 

2 R1010RV RE-101 38.9 0.815 0.167 0.018 3” blowdown, 
DC grade 

3 R1010RV & 
R21010RV 

RE-101/ 
RE2-101 

102 0.815 0.167 0.018 3” blowdown, 
A grade DC 
grade 

4 R1010RV & 
R21010RV 

RE-101/ 
RE2-101 

224 0.815 0.167 0.018 4” blowdown, 
A grade both 
reactors 

5 H3020RV HE-302 61.62 0 0 1  

6 V9400RV VE-940 1.164 0 0 1  

7 T8200RV TW-820 30.1 0 1 0  

Power failure cases 

8 R1 + L1 or 
R1 + L2 

N/A 246 0.276 0.166 0.381  

9 R1 + R2 + 
L2 

N/A 358 0.195 0.167 0.517  

10 R1 + R2 + 
L1 + L2 

N/A 433 0.274 0.189 0.433  

 

The modelling results show that the LFL envelope does not dip below 35 m in any of the 

cases modelled, hence there is minimal potential for stagnation and accumulation of 

flammable vapour. Due to the height of the cold vent and the dispersion of the flammable 

vapours at high level, there is no potential for the emissions to come into contact with an 

ignition source at ground level. Furthermore, the other tall structures on the NGUK are 

sufficient distance from the vent stack to be outside of the LFL envelope and as such, could 

not act as a potential ignition source.  

The results for the worst case flow rate of Scenario 10 involving both Line 1 and Line 2 

reactors and the Line 1 and Line 2 LP headers relieving simultaneously are provided below 

for illustration.  
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Figure 3 Power Failure Scenario (RE-101 & RE2-101 & LP Header Line 1 & 2 (D5 Weather) 

 

Figure 4 Power Failure Scenario (RE-101 & RE2-101 & LP Header Line 1 & 2 (F2 Weather) 
 

The modelling results are sensitive to inputs such as vent diameter and flow rates, with a 

lower release velocity being worst case, as the gas would not be forced upwards to the 

same extent as greater velocity releases. However, within the indicative modelling varying 

these conditions does not have a significant impact upon the findings and in all cases 

modelled, the emissions would be suitability dispersed at high level without accumulation. 

As such, from a flammability perspective the use of cold venting does not pose a safety 

risk.  

Due to the toxicity of methanol and the potential health effects of exposure to VAM, the 

potential toxic impact of emissions from the cold vent have also been considered. The 

modelling results show no toxic effects at a height of 1m, i.e. ground level where people 

are likely to be, for any of the relief cases modelled. There are walkways at height around 
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the Line 2 plant design where personnel may be located but the elevation of these 

walkways is sufficiently lower than the cold vent, such that the toxic footprints of releases 

from the vent would not reach. Furthermore, the results at a height of 35 m (the same 

height at the vent) show a very small toxic footprint which is limited to within around 1 m 

of the vent, which is an area that is not possible for people to be. Hence, no toxic effects 

upon personnel are anticipated from cold venting of non-routine emissions.  

The potential for vapour to cool, condense and rain out on emission from the vent tip has 

also been evaluated and is anticipated to be minimal due to disengagement and the 

implementation of knock-out pots prior to emission of the off gas stream. To minimise the 

risks associated with rainout, the proportion of methanol vapour within the off-gas stream 

should be reduced as far as possible.  

Based on the indicative modelling performed, there are no safety implications of cold 

venting either from a flammability or toxicity perspective. As such, cold venting of the non-

routine emissions does not pose any significant safety risk and is a viable option at NGUK.  

As a result of this conclusion, flaring of the Line 2 non-routine emissions is not required 

from a safety perspective, however, the potential environmental benefit of flaring will be 

evaluated.  

6.2 Flaring 
A common route for emergency relief is flaring. The primary BREF states that flaring should 

only be used for safety reasons or non-routine operations. Hence, flaring is relevant to the 

waste gas stream under consideration. Flaring should only be used if the environmental 

benefit outweighs the harm or if there is a requirement to flare due to safety concerns.  

Within Section 6.1 above, the conclusion of the indicative modelling performed is that 

flaring is not required from a safety perspective. However, the potential environmental 

benefit of flaring the VOC emissions will be considered to assess if this would motivate the 

use of a flare.  

The operation of a continuous flare involves the destruction of useful methane fuel and the 

generation of greenhouse gases. As such, the use of a continuous flare has negative 

impacts upon the environment. Any environmental benefit achieved from abatement of 

VOCs must outweigh the negative attributes of flare, to make the installation of the 

technology worthwhile. 

A flaring system can produce significant noise and has high installation and running costs. 

The total costs of a flaring system will depend on the exact design, but the polymer BREF3 

quotes a cost of between EUR 3 million to 5 million for an elevated flare and connecting 

lines (NGUK have received a quote for a flare meeting their requirements with a cost even 

greater than this).  The installation of a flare also has physical space restrictions, as a sterile 

zone is required surrounding the flare. There is limited plot space available on the NGUK 

site to accommodate these restrictions, and therefore, a new flare would have to be 
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located offsite but still within the Saltend Chemicals complex. All of these factors could be 

taken into account when evaluating the merit of a flare. 

The environmental benefit of a flare would comprise of the destruction of up to 99% of the 

VOCs within the waste gas stream. Over the lifetime of the flare, the benefit of abating the 

VOCs within the relief cases would need to be greater than the environmental harm of the 

greenhouse gases generated.  

The non-routine emissions from Line 2 comprise of the relief cases described in Section 3, 

which are all low frequency events. Although the emissions of VOCs may be significant 

considering the worst case event of reactor blowdown, this is a highly infrequent event. 

Running a continuous flare throughout the year with constant emissions of greenhouse 

gases, may not be worthwhile to abate highly infrequent relief events, even considering 

the potential high flow rate of some of the relief cases.  

Assuming the worst case natural gas demand of the flares considered in Table 4 of 

approximately 1.5 Nm3/h of natural gas per pilot, 3 pilots required for the flare tip and 

complete combustion of natural gas to CO₂, greenhouse emissions have been estimated as 

follows:  

1.5 Nm3/h x 3 = 4.5 Nm3/h of methane in.   1:1 molar ratio of methane to CO₂ 

4.5 Nm3/h x (44/16) = 12.375 Nm3/h   Density of CO₂ = 1.98 kg/m3 

Mass of CO₂ generated = 12.375 x 1.98 = 24.5027 kg/h 

Annual emissions of CO₂ from continuous flare: 214, 642 kg 

Annual emissions of 214,642 kg of carbon dioxide from the continuous flare will cause 

environmental harm.  

The total flowrate of all the individual relief cases summed together has been estimated at 

444,592 kg/hr. As such,  all of the singular relief cases would need to occur over a period of 

a year for the VOC emissions in a year to be greater than the CO₂ generated by the flare 

(assuming each relief event has a highly conservative duration of 30 minutes). As the 

frequency of each relief event is far lower than once a year, this is considered highly 

unlikely. Hence, the greenhouse gas emissions from a continuous flare are anticipated to 

be greater than the VOC emissions from emergency relief over a year period and the 

environmental harm is greater than the environmental benefit.  

The relief scenario initiated by power failure which combines a number of relief cases is 

also considered to be a low frequency event. Although the flowrate of emissions from a 

power failure relief event would be significant, due to the protection layers in place it 

would be a highly infrequent event and the potential for this emission source to be greater 

than continuous emissions from a flare over time is minimal.  

Overall, the environmental impact of greenhouse emissions from a continuous flare over 

many years would be greater than that from an infrequent relief case. Hence, the 
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environmental benefit from abatement does not outweigh the environmental harm of 

greenhouse emissions from continuous flare. As such, there is no requirement to 

implement a flare for the protection of the environment.  
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7 Conclusion 

The aim of the selection process is to find a cost-effective treatment method which will 

provide optimal environmental performance. For non-routine emissions which are 

infrequent release cases with variable process conditions and composition, the list of 

applicable BAT is limited. Only those techniques which can handle highly variable emission 

streams and accommodate signification mass flow over a short period are relevant for an 

emergency relief stream.  

Upon assessment of the available BAT technologies, the only applicable options for the 

Line 2 non-routine emissions are either flaring or cold venting.  

Typically, as described by the BREF documents, flaring is used to abate non-routine 

emissions. But any potential environmental benefits for a flare system should be 

considered against the environmental harm caused by a continuous flare and the 

associated running costs. Flaring should only be used if the environmental benefit 

outweighs the harm or if there is a requirement to flare due to safety concerns.  

The modelling performed for cold venting of emissions demonstrates that there are no 

safety implications of direct emissions to air, from either a flammability or toxicity 

perspective. Hence, the decision on which approach to use for non-routine emissions 

depends upon the overall environmental impact of a flare, as a flare is not required from a 

safety perspective.  

Operation of a continuous flare requires combustion of natural gas, a potential valuable 

product and would incur environmental harm due to the greenhouse gases produced. For 

there to be motivation to implement a flare from an environmental perspective, the 

environmental benefit achieved through abatement must outweigh the environmental 

harm of combustion products generated.  

As the relief cases are infrequent events, the benefit achieved through abatement of VOCs 

is not considered sufficient to outweigh the environmental harm of the greenhouse gases 

produced over the lifetime of the flare. Hence, there is not impetus to install a flare for the 

protection of the environment.  

As there are no safety or environment reasons to implement a flare, cold venting is 

considered the appropriate route for Line 2 non-routine emissions. Cold venting is the 

preferential technology from a process safety viewpoint and in terms of cost, due to the 

simplicity of the system. The indicative modelling performed has established that there are 

no safety implications associated with cold venting and that emission will disperse safety at 

high levels. In order to ensure that the risk posed by the non-routine emissions is ALARP, 

the FEED should ensure that the amount of methanol vapour within the final emissions is 

minimised as far as possible, in order to reduce the potential for rainout.  

If the frequency of emergency relief emissions from Line 2 were to be operationally greater 

than anticipated then this would be investigated and resolved, to ensure minimal impact 

upon the environment.  




