
Attachment C2_1 

Supporting Evidence 

Question  
1a EPR/FP3139FN/V013 pre-application discussion 
1b EPR/FP3139FN 
1c Essar Oil UK 

Stanlow Refinery 
Oil Sites Road 
Ellesmere Port 
Cheshire 
CH65 4HB 

2a Substantial Variation 
2b This application relates to the proposed solution for Essar Oil UK’s derogation to BAT 

34 (CDU4 NOx). To address BAT 34, the CDU4 main crude distillation furnaces (F201 
A/B/C) will be replaced with a new furnace (F204). The new furnace will be fitted with 
low NOx burners, which will reduce overall NOx emissions from CDU4 below BAT. 
 
This furnace was planned to be installed in the 2022 CDU4 maintenance turn around. 
The turn around has now been delayed until September 2023. For this reason, this 
application includes a derogation application until 30/09/2023.  
 

2 Table 1 
 

Name Installation 
schedule 1 
references 

Description of the installation activity Proposed changes 
document reference 

Stanlow 
Manufacturing 
Complex 

Section 1.2 
Part A(1)(d) – 
refining crude 
oil 

Replacement of main crude distillation furnaces on 
the CDU4 plant with a single furnace, which 
incorporates low-NOx burners to address BAT 34.  

Attachment C2_2 CD4 
Furnace Replacement 
Permit Application 

 
 

3a Relevant Individual (Company): Essar Oil UK Ltd  
 
T4099 Release / Release to Manchester Ship Canal 
Name of the court where the case was dealt with: Chester 
Date of the conviction: 27th October 2015 (sentence) 
Offence and penalty set: 
T20141063 
Offence:  Contravening a condition of an Environmental permit contrary to Regulation 
38(2) of the Environmental permitting (England and Wales) Regulations 2010  
Penalty: Fine of £297,284 
T20150142  
Offence: Contravening two conditions of an Environmental permit contrary to 
Regulation 38(2) of the Environmental permitting (England and Wales) Regulations 
2010  
Penalty: Fine of £200,000 (£100,000 per count). 
Plus total costs of £40,000 
 
F202 
Prosecuting Authority: Health and Safety Executive (HSE) 
Name of the court where the case was dealt with: Liverpool  



Date of the conviction: 24/03/2016 (pleaded guilty), 03/04/2017 (sentencing) 
Offence and penalty set: 
Offence: Breach of Regulation 4 of the Control of Major Accident Hazards (COMAH) 
Regulations 1999 
Penalty: Fine £1, 650,000 
Plus costs of £57,644.80 
 

3d The Essar Oil UK HSE-MS (Health, Safety & Environment – Management System) is 
premised on the basis that effective management of health, safety, environment and 
major accident hazards, is based on a systematic approach with appropriate 
governance structures set in place and that every employee has clearly defined and 
unambiguous accountabilities that must be met to achieve that objective.  
 
The Essar Oil UK HSE-MS is in the process of being updated in line with the Guidance 
on Meeting Expectations of EI Process safety management framework, 2013 and will 
be titled the Essar Oil Management System (EOMS). 
 
The current EOUK HSE-MS provides the management system that delivers the site 
wide environmental policy. This is described by Section 5 – Environmental Guidelines 
and Procedures. Section 5 contains detail on the following topics: 
 

 Regulatory requirements 
 Aspect Registers 
 Environmental Risk Assessment 
 Environmental Incidents 
 Emergency Procedures ad Response 
 Spill Management 
 Objectives and Target 
 Environmentally Critical Task and Roles 
 Communication 
 Monitoring and Measurement 
 Waste Management 
 Sustainable Development 
 Biodiversity 
 Audit 
 Management Review 
 Records 

 
EOUK’s HSE Management System is hierarchical and its content aligns the ten 
elements set out in ISO 14001 (2015) and the ISO 45001. The HSE-MS has been 
accredited to ISO 14001 since 1999. 
 
The structure of the EOMS contains Policies, Elements and Management Standards, 
which establish mandatory requirements. Requirements at any level of the framework 
must meet and support the requirements at higher levels.  
 
The EOUK Policies, Elements and Management Standards are mandatory and apply to 
all company controlled sites and activities.  
 
The EOMS is based on the continual improvement methodology of “Plan-Do-Check-
Act”. The aspects of the continual improvement loop (PDCA) are executed through a 



set of Elements which interpret, support and provide further details to the 
requirements of the overriding HSE Policies. 
 
Element 20 details Environment and Sustainability Management within the EOMS – 
which deals with specific Environmental Management practices.  However many of the 
policies and procedures which are part of the Environmental Management system are 
detailed in other elements of the EOMS e.g. Emergency Procedures and Response is 
detailed in Element 16: Visitors, Security, Emergency Preparedness and Response. 
 

5a See attached Site Plan (Attachment C2_13) 
5c Non-technical summary 

 
This application relates to the proposed solution for Essar Oil UK’s derogation to BAT 
34 (CDU4 NOx). To address BAT 34, the CDU4 main crude distillation furnaces (F201 
A/B/C) will be replaced with a new furnace (F204), which will incorporate low-NOx 
burners. As well as reducing NOx emissions, the new furnace will allow 100% gas firing, 
and therefore reduce emissions of SOx and Particulate Matter (PM). The existing 
vacuum furnace, F202, will be retained, however the capability of burning liquid fuel 
will also be removed when F204 is installed. F204 will be more energy efficient than 
the existing furnaces F201 A/B/C, and will be designed to permit future 100% 
hydrogen firing. The proposed new furnace will not alter the throughput of the CDU4 
plant. The existing stack will be demolished, and replaced with a shorter, less visually 
prominent, stack. Dispersion modelling has been carried out to assess the impact of 
the proposed new CDU4 furnace and stack. From a human health perspective, 
dispersion modelling showed that the maximum offsite NO2, SO2, PM10 and PM2.5 
Process Contributions (PCs) for the proposed CDU4 furnace stack are screened out as 
insignificant at all locations. From an ecological perspective, the dispersion modelling 
showed that the NO2 PCs for the proposed CDU4 furnace stack are screened out as 
insignificant at all ten of the designated conservation areas. For the proposed CDU4 
combined furnace stack, the maximum SO2 Predicted Environmental Concentrations 
(PECs) are below the critical level at all ten designated conservation areas. This 
modelling was compared to dispersion modelling for the current CDU4 furnace stack, 
and the conclusion of the assessment is that there is no significant change to the 
impact at sensitive receptors due to the new furnace and stack. 
 
This application also includes a request for derogation from BAT-associated emission 
levels for NOx emissions to air from a gas fired combustion unit (CDU4).  These are 
given under BAT conclusion BAT 34 of the BREF for the Refining of Mineral Oil and Gas. 
Essar cannot comply with the BAT-AELs currently due to the technical characteristics 
of the installation.  
 
Essar is unique because the age and configuration of the refinery on the site makes it 
more technically difficult and costly to comply.  The reasons for this include the 
following: 

 CDU4 furnaces were installed in the early 1970s with no emission limits 
specified in design 

 High hydrogen content of Refinery Fuel Gas increases NOx formation 
 High air preheat increases NOx formation 

In order to close this deviation to BAT 34, Essar Oil UK Ltd is installing a new furnace to 
replace the three existing atmospheric crude oil furnaces (as described in this permit 



application). The new furnace will be fitted with low-NOx burners, which will reduce 
overall NOx emissions from CDU4 below BAT. This is the best technical solution to 
address BAT. 
 
The installation of the new furnace can only take place as part of a unit turnaround, 
which typically take place every 4 years, and which was planned for Q3 2022. However, 
due to the general investment cycle for the installation the next CDU4 turnaround has 
been delayed until 2023. Previously the site turnaround events for the major fuels train 
of the refinery (including CD4 crude distiller, CCU2 catalytic cracking unit and Plat3 
platinum gasoline reforming unit) have been completed as a single turnaround event. 
Learning from the 2018 refinery turnaround event showed that attempting to execute 
a turnaround event for the whole refinery leads to difficulties in obtaining suitably 
skilled workers, and thus the ability to execute the event in a safe manner. For this 
reason, the site turnaround events are being split such that OMC (CCU and associated 
units) will be completed separately to ODP (CDU4, Platformer, HDS2 and associated 
units). Splitting the block reduces the number of individuals needed at the same time, 
thus allowing control of the HSE implications of that decision.  
 
Following the decision to split the turnaround events, it was planned that the OMC 
turnaround would be completed in Q1 2022 and the ODP turnaround would be 
completed in Q3 2022. 
 
Due to the impacts of COVID on the availability of labour and materials and on the cash 
flow of the business, it has been necessary to delay the OMC TA from Q1 2022 until Q3 
2022. This then consequentially pushes the ODP TA into 2023.  
 
Essar therefore requests a time-limited derogation to 30/09/2023, which is the earliest 
date by which the furnaces will be shutdown to enable the furnace replacement. 
 
Meeting the BAT AEL within the time period specified within the previous derogation 
granted within EPR/FP3139FN/V009 (by 31/12/2022) would lead to disproportionately 
higher costs compared to the environmental benefits.  
 
The Cost Benefit Analysis submitted as part of the derogation application 
EPR/FP3139FN/V009 demonstrated that the cost of bringing the turnaround forward 
would be disproportionate to the environmental benefit of doing so. 
  
Dispersion modelling of NOx emissions to air from the CDU4 furnace stack was carried 
out by Cambridge Environmental Research Consultants Ltd (CERC), to assess the 
impact of this derogation. The modelling was carried out using ADMS 5 software. The 
reports for the Dispersion Modelling are attached as Attachments C2_9, 10 and 12. 
The input data and assumptions used are described in Attachment C2_8. The 
modelling is described in detail in Attachment C2_3. The conclusion of the modelling is 
that when the current CDU4 stack NOx is modelled, the results are screened out as 
insignificant at all human health and ecological receptors in the vicinity of the site. The 
current CDU4 stack was modelled alongside all NOx emissions from the Stanlow 
Refinery, and the results showed that CDU4 is not a major source of refinery NOx 
emissions at modelled offsite locations. This was compared to the impact when the 
proposed CDU4 furnace and stack is installed, and this showed no significant change to 
the short and long term predicted environmental concentrations at sensitive human 
health and ecological receptors.  



 
EOUK are therefore not aware of any adverse environmental impact from emissions at 
current levels, or any factors that would change the impact of these emissions during 
the period of the proposed derogation. 
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CDU4 Furnace Replacement  Permit Application 
11. Introduction 

This application relates to the proposed solution for Essar Oil UK’s derogation to BAT 34 (CDU4 NOx). This solution is 
planned to be implemented during the next CDU4 turnaround, in October 2023 (Attachment C2_3). 

This document details the proposed changes to the furnace arrangement at CDU4, and how this will affect the 
emissions from the furnace. This document contains information required for questions 2, 3, 5 and 6 of form C3. 

2. Summary 
The CDU4 main crude distillation furnaces (F201A/B/C) require installation of low-NOx burners in order to comply with 
BAT 34 regulatory requirements. Upgrading the existing furnaces with low-NOx burners, along with carrying out 
refractory repairs that are required, would cost in excess of £20 million, but would leave an over 46-year-old furnace 
with a relatively low energy efficiency (87.1%). In addition, the existing furnaces also require some firing of liquid fuel 
at high throughputs – this has a high carbon intensity compared to refinery fuel gas, and can result in increased SOx 
and Particulate Matter (PM) emissions. Therefore, Essar Oil UK has decided that, along with installing low-NOx burners 
on the CDU4 furnaces, F201A/B/C will be replaced with a new furnace, F204.  

The new furnace will have a number of improvements over the current furnace arrangement: 

 Allow 100% gas firing, saving 11,500 TPA of CO2 – and reducing emissions of SOx and PM 
 Improve energy efficiency to 91.7% by improving stack heat recovery and reducing excess air – this will save 

an additional 16,600 TPA of CO2 
 Be designed to permit future 100% hydrogen firing. This will allow the furnace to take advantage of the HyNet 

project proposed for the Stanlow Manufacturing Complex, and eliminate CO2 – offering a potential total 
reduction of 242,000 TPA of CO2. 

The proposed new furnace will help Essar Stanlow's transformation in readiness for a Net Zero future. 

The principal scope of the project is the installation of a new 118MW, 4 cell, single firebox Crude Furnace (F204), with 
convection bank located above the radiant section. This project is an investment to the site of £45 million. 

Along with the replacement furnace, the existing stack will be decommissioned, and will be replaced with a less visually 
prominent stack.  

The new furnace F204 will be located on an available brownfield plot to the west of the existing one, enabling the 
maximisation of pre-construction work with the majority of turnaround work related to tie-ins. The existing vacuum 
furnace F202 will be retained and uncoupled from the existing furnaces F201A/B/C, which will be redundant. All flue 
gas will be routed to the new stack, with the existing stack being demolished on completion of the project. 

In addition to the main scope, the following elements will be required to connect the new furnace to the existing plant: 

 A process pipe rack to route the partially vaporised crude to the Atmospheric Crude Column C-201 and pre-
flashed crude to the furnace  

 A utilities pipe rack 
 Site preparation, foundations, roads and process deck 
 Electrical and control systems infrastructure 
 Safeguarding and instrumentation works 
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33. Current and Proposed Situations 
3.1. CDU4 Process Description 

CDU4 was designed built in the late 1970s by Shell. The purpose of CDU4 is to distil crude oil at rates up to 30,000 
tonnes per day into its various components ranging from fuel gas (consisting of mainly methane and ethane 
hydrocarbons), LPG, Naphtha, Kerosene, Gas Oil and Residue. The process has a treating section for removing sulphur 
compounds to produce high purity sweetened propane and butane. It also has a super-fractionation section producing 
C5 and C6 streams for use in the blending of finished gasoline fuel. 

The complex is capable of processing 80-100% pure/blended crude oil, 0-20% long residue feedstock (indigenous or 
imported), which are pumped to CDU4 from tanks. CDU4 can also reprocess between 0 to 5% of selected products. 
The products requiring reprocessing originate from both within CDU4 and from other units on site. 

CDU4 products are sent to OMS for final storage before export or intermediate storage before processing on 
downstream units. Some products can also be sent to secondary processing units directly.  

 C3s are sent to OMS storage spheres.  
 C4s are sent to the Hydro Fluoric acid Alkylation unit (HFA).  
 C5s and C6 are sent to OMS storage tanks before use in finished gasoline fuel  
 nC6 can be combined into the Naphtha stream. Naphtha is sent either to OMS for intermediate storage before 

processing on Platformer 3 or it can be sent to the Platformer directly.  
 Kerosene is sent for further processing in KMT2, it can also be sent directly to HDS2 before being blended into 

finished Diesel or it can be sent to a Sour Kerosene storage tank to be treated at a later date.  
 Gas Oils are sent to OMS for intermediate storage before further processing on Hydro Treating units.  
 Long residue is sent to CCU from CDU4, either directly or via intermediate storage.  
 Water effluent produced by CDU4 is sent to the PDAF for treatment. 

Between 16,000 and 30,000 tonnes per day of Crude Oil is supplied to CDU4 crude charge pumps, P201A/B, from the 
Oil Movements crude storage facilities. The feed pumps, P201A/B deliver the feed to the primary heat exchanger train 
at ambient temperature and 20 barg. It is then heated by exchange with other process streams to around 120-140 °C 
for desalting. 

The crude is desalted in two electric desalting vessels V101 and V103, in series, operating at approximately 15 barg. 

On leaving the second-stage desalter, V103, the crude feed is heated to about 180-200 °C in the secondary heat 
exchanger train by exchange with further process streams and then flashed in the pre-flash vessel, V201, which is at 
approximately 3 barg. This generates approximately 5-15% wt vapours consisting of light hydrocarbons and water. The 
flashed vapours are fed to the main fractionating column C201. 

The pre-flashed feed from the bottom of V201 is pumped through the tertiary heat exchanger train and is heated to 
around 210-230 °C. The crude then enters the furnace convection banks F203A/B, where the crude is heated to 
approximately 270 °C. The crude enters the atmospheric furnaces, F201A/B/C where it is heated to 310-345 °C before 
entering the main atmospheric fractionation column, C201. 

Intermediate residue, which is produced as the bottom fraction from the main atmospheric fractionation column C201 
is heated in F202 to approximately 300 °C before entering the vacuum distillation column C202. 

A major change in process conditions occurs in the unit’s furnaces. F201A/B/C and F202 take crude / intermediate 
residue liquid respectively. The furnaces increase the temperature of the process fluid and generate a two-phase flow, 
which is then then fed to C201 and C202 by F201 and F202, respectively. 

The design of the furnaces F201A/B/C, F202 and their associated control schemes are essentially identical: they are all 
forced draft with six oil and six gas burners, remotely started from the Central Control Room and utilising flame 
detection.  
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The CDU4 furnaces are permitted to operate either on gas firing or on liquid/multi fuel firing and there are separate 
Emission Limit Values (ELVs) contained within the permit for each condition. CDU4 furnaces are permitted to carry out 
liquid/multi fuel firing in the following circumstances: 

 Standby liquid fuel may be used for periods of up to 240 hours per calendar year in accordance with Section 6 
of ‘IED Chapter III Protocol for Multi-fuel Firing Refinery Combustion Plants granted a Permit prior to 7th 
January 2013’. 

 If the liquid firing is less than 10% of the calorific input and complies with gas firing ELVs, then this is deemed 
as gas firing under the BREF interpretation document. 

 There is currently an additional agreement in place with the EA (Attachment C2_4) since 21/10/21 to enable 
CDU4 to burn greater than 10% fuel oil as fuel in CDU4, provided the furnaces remain compliant with the gas 
firing ELVs. This was requested by Essar Oil UK due to the increased price of natural gas. 

Figure 1 below shows a process flow diagram for the current operation of the CDU4 plant.  

 
Figure 1: Current CDU4 block diagram 

Figure 2 shows flow schemes of the current CDU4 furnace arrangement. 
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Figure 2: Flow scheme of current CDU4 furnace arrangement
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3.2. CDU4 Future Process Description 
As described above, the principal scope of the project is the installation of a new 118MW, 4 cell, single firebox Crude 
Furnace (F204), with convection bank located above the radiant section. The furnace is designed in accordance with: 

 Shell DEP 31.24.00.30-Gen “Fired Heaters (amendments/supplements to API STD 560)” 
 BAT 34 – “Prevent or reduce NOx emissions to air from the combustion units” 
 BAT 4 – “Monitor emissions to air and key process parameters” 
 BAT 2 -  “Use energy efficiently” 

The new furnace F204 will replace the existing crude oil furnaces F201A/B/C. As detailed in Figure 3 below, the process 
flow diagram does not change significantly following the installation of the new furnaces. 

 
Figure 3: Future CDU4 block diagram 

The furnace arrangement is detailed in Figure 4 below. 
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Figure 4: Flow scheme of future CDU4 furnace arrangement 

Both F204 and F202 are forced draft and gas fired. The furnace F204 consists of the sections F204A (radiant cell) and 
F204B (convection bank). An example layout of a furnace with radiant cell and convection bank is shown in Figure 5 
below. 

The combustion air for F204 is fed by combustion air fan K210A/B. The combustion air is preheated by heat exchange 
with F204B flue gas in air preheater E270. 

An MP Steam Air Pre-heater, E269, will preheat the combustion air using low pressure (LP) steam. This also ensures 
that the minimum temperature requirements for E270 are met to prevent low metal temperatures, which would cause 
increased corrosion due to liquid drop-out. F204B flue gas is routed directly to the new stack via induced draft flue gas 
fan K211. 
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Figure 5: Example layout of a furnace with radiant cell and convection bank 

 

F204 will be fitted with low-NOx burners, these are ‘Zeeco Ultra-Low NOx emissions’ burners, model GLSF (Round 
Flame, “Free Jet”). There will be a total of 12 burners fitted in F204, these will be floor mounted and will be vertically 
upfired. The low-NOx burners are designed in accordance with DEP 31.24.00.30-Gen (for which API STD 560 is the 
basis), and API STD 535 (which covers the design and operation of low-NOx burners, specifically). 

Zeeco (burner manufacturer) have carried out burner tests – see Attachment C2_5. Using fuel cases that are 
reasonably representative of normal and high hydrogen refinery fuel gas, the burners achieved NOx concentrations 
ranging from 37 to 47 mg/Nm3.  The burners are supplied with a guarantee of a NOx emission concentration ≤ 100 
mg/Nm3. Table 1 shows the guaranteed emission concentrations for F204.  

Table 1 – F204 guaranteed emission concentrations (mg/Nm3) 

Parameter F204 Guaranteed Emission Concentration (mg/Nm3) 
NOx 100 
SO2  (Based on a Sulphur in fuel gas concentration of 
3000 ppm – the maximum used for design purposes) 

485 

Particulate Matter 5 
CO 50 
Unburnt Hydrocarbon 5 

 

The design basis of F204 is based on a future CDU4 operating case of total crude throughput of 31,000 tonnes per day 
(a 10% increase from current rate constraints). This equates to a design rate of F204 that is higher than that of 
F201A/B/C (28,000 tonnes per day). However, this application will not increase crude throughput on the CDU4 plant. 
There are bottlenecks elsewhere on the CDU4 plant that would need to be addressed before the throughput on the 
plant could be increased. This includes hydraulic constraints on columns on the CDU4 plant (although a detailed 
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debottlenecking study would need to be completed to understand this fully). Therefore, crude throughputs on the 
CDU4 plant will remain unchanged when the new furnace is installed. 

The new furnace will be 100% gas fired – and will be supplied by a mixture of refinery fuel gas and natural gas. The 
existing supply of fuel oil to F202 will be isolated such that there will be no capability to burn liquid fuel on CDU4 
following the project installation. 

F204 has a design energy efficiency of 91.7%, which is an improvement on the design energy efficiency of the existing 
crude furnaces F201A/B/C (87.1%). This increase in energy efficiency is due to the following design factors: 

 Energy efficient burners  
 Improved control systems and instrumentation – which enable the furnace to operate at optimised fuel/air 

ratios 
 Electrically-driven fans (used to supply combustion air) 
 Improved design for energy recovery – the furnace is designed to optimise air-preheating etc.  

One of the design cases for F204 is 100% hydrogen firing, therefore the furnace sizing and radiation/convection 
sections are all specified for hydrogen firing. Changes to the burners are likely to be required when the HyNet project 
is implemented (as the burn characteristics of hydrogen are different to that currently), along with some changes to 
instrumentation.  

As part of the replacement furnace project, the existing stack will be decommissioned, and will be replaced with a less 
visually prominent stack. The existing stack, which is 143 m tall, was designed as part of the original design of CDU4 
(1970s) and is designed based on the emission rates for 100% oil firing. The new stack, which will be 72 m tall, has 
been designed using design standards for gas firing (Shell DEP 31.24.00.30-Gen (for which the basis is API STD 560), 
Sections 6 and 13). The existing stack is made of concrete and due to the age and design requires significant 
maintenance investment in order to ensure ongoing integrity (current requirement is £1M investment for the next 4 
years of operation). Due to the height and the colour (brown), the existing stack is prominent on the local skyline. The 
new stack will be made of metal, which will have a positive impact on the ongoing maintenance costs, and will be 
painted white. The height reduction and change in stack colour will reduce the visual impact of the stack. 

Drawings showing the existing and future furnace location and visual impact are attached as Attachment C2_6.  

Reports detailing the progress of the furnace project have been submitted to the Environment Agency as part of the 
conditions detailed within EPR/FP3139FN IC 47. These reports are attached as Attachment C2_7. 

A planning application was submitted to Cheshire West and Chester Council on 4th February 2022. The proposal was 
not subject to an Environmental Impact Assessment under Council Directive 85/337/EEC.  

44. Permit Changes 
The changes to Table S3.1(a) ‘Point source emissions to air’ from Essar Stanlow’s EPR permit (EPR/FP3139FN) for 
emission point REF-A-2 resulting from this permit application are summarised in Table 2 below. 
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Table 2 – Changes to Table S3.1(a) ‘Point source emissions to air’ from Essar Stanlow’s EPR permit (EPR/FP3139FN) for emission point REF-A-2 resulting from this permit application 

Table S3.1(a) Point source emissions to air – emission limits and monitoring requirements shall apply from 30 September 2023 [ref 1] 
Emission point ref. & 
location 

Source Parameter Limit (including unit) Reference Period Monitoring 
Frequency 

Monitoring standard 
or method 

Requirements for gas firing 
REF-A-2 
Crude Distillation Unit 
4 (CDU-4) 
(X, Y coordinates 
343884, 37486) 

LCP 139: CDU-4 
furnaces: 
F204 
F202 
Note 13 

F202 Note 12 
Gas fired with back-
up non-commercial 
liquid fuels 
222.5 MWth 

Sulphur dioxide 35 mg/Nm3 
 
(1000 mg/Nm3 
LCP-Chapter III IED) 
Subject to refinery 
bubble Notes 12 & 14 

Calendar monthly mean 
of validated hourly 
averages 

Continuous BS EN 14181 

Sulphur dioxide 1000 mg/Nm3 
LCP-Chapter III IED 

Daily mean of validated 
hourly averages 
 

Continuous BS EN 14181 

Sulphur dioxide 1000 mg/Nm3 
LCP-Chapter III IED 

95% of validated hourly 
averages within a 
calendar year 
 

Continuous BS EN 14181 

REF-A-2 
Crude Distillation Unit 
4 (CDU-4) 
(X, Y coordinates 
343884, 37486) 

LCP 139: CDU-4 
furnaces: 
F204 
F202 
Note 13 

F202 Note 12 
Gas fired with back-
up non-commercial 
liquid fuels 
222.5 MWth 

Oxides of nitrogen 
(NO and NO2 
expressed as NO2) 

200 mg/Nm3 
Notes 2a & 10 
 
(300 mg/Nm3 
LCP-Chapter III IED ) Note 2a 

Subject to refinery 
bubble Note 12 & 14 

Calendar monthly mean 
of validated hourly 
averages 

Continuous BS EN 14181 

Oxides of nitrogen 
(NO and NO2 
expressed as NO2) 

330 mg/Nm3 
Note 2 

LCP-Chapter III IED 

Daily mean of validated 
hourly averages 

Continuous BS EN 14181 

Oxides of nitrogen 
(NO and NO2 
expressed as NO2) 

600 mg/Nm3 
Note 2 

LCP-Chapter III IED 

95% of validated hourly 
averages within a 
calendar year 
 

Continuous BS EN 14181 

REF-A-2 
Crude Distillation Unit 
4 (CDU-4) 

LCP 139: CDU-4 
furnaces: 
F204 

Dust 5 mg/Nm3 
Note 2 

LCP-Chapter III IED 

Calendar monthly mean 
of validated hourly 
averages 

Continuous BS EN 14181 
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(X, Y coordinates 
343884, 37486) 

F202 
Note 13 

F202 Note 12 
Gas fired with back-
up non-commercial 
liquid fuels 
222.5 MWth 

 
Dust 5.5 mg/Nm3 

Note 2 

LCP-Chapter III IED 

Daily mean of validated 
hourly averages 

Continuous BS EN 14181 

Dust 10 mg/Nm3 
Note 2 

LCP-Chapter III IED 

95% of validated hourly 
averages within a 
calendar year 
 

Continuous BS EN 14181 

Requirements for liquid/multi-fuel firing 
REF-A-2 
Crude Distillation Unit 
4 (CDU-4) 
(X, Y coordinates 
343955, 374890) 

LCP 139: CDU-4 
furnaces: 
F201 A, B, C 
F202 
Note 13 

F202 Note 12 
Gas fired with back-
up non-commercial 
liquid fuels 
222.5 MWth 

Sulphur dioxide 600 mg/Nm3 
 
(1000 mg/Nm3 
LCP-Chapter III IED)Note 3 

Subject to refinery 
bubble Notes 12 & 14 

Calendar monthly mean 
of validated hourly 
averages 

Continuous BS EN 14181 

Sulphur dioxide 1000 mg/Nm3 

Note 3 
LCP-Chapter III IED 

Daily mean of validated 
hourly averages 

Continuous BS EN 14181 

Sulphur dioxide 1000 mg/Nm3 

Note 3 
LCP-Chapter III IED 

95% of validated hourly 
averages within a 
calendar year 
 

Continuous BS EN 14181 

REF-A-2 
Crude Distillation Unit 
4 (CDU-4) 
(X, Y coordinates 
343955, 374890) 

LCP 139: CDU-4 
furnaces: 
F201 A, B, C 
F202 
Note 13 

F202 Note 12 
Gas fired with back-
up non-commercial 
liquid fuels 
222.5 MWth 

Oxides of nitrogen 
(NO and NO2 
expressed as NO2) 

450 mg/Nm3 
Notes 2a & 9 
 
(450 mg/Nm3 
LCP-Chapter III IED )  
Notes 2a and 3 

Subject to refinery 
bubble Note 12 & 14 

Calendar monthly mean 
of validated hourly 
averages 

Continuous BS EN 14181 

Oxides of nitrogen 
(NO and NO2 
expressed as NO2) 

495 mg/Nm3 
Note 3 

LCP-Chapter III IED 

Daily mean of validated 
hourly averages 

Continuous BS EN 14181 
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Oxides of nitrogen 
(NO and NO2 
expressed as NO2) 

900 mg/Nm3 
Note 3 

LCP-Chapter III IED 

95% of validated hourly 
averages within a 
calendar year 
 

Continuous BS EN 14181 

REF-A-2 
Crude Distillation Unit 
4 (CDU-4) 
(X, Y coordinates 
343955, 374890) 

LCP 139: CDU-4 
furnaces: 
F201 A, B, C 
F202 
Note 13 

F202 Note 12 
Gas fired with back-
up non-commercial 
liquid fuels 
222.5 MWth 
 

Dust 50 mg/Nm3 
Note 3 

LCP-Chapter III IED 

Calendar monthly mean 
of validated hourly 
averages 

Continuous BS EN 14181 

Dust 55 mg/Nm3 
Note 3 

LCP-Chapter III IED 

Daily mean of validated 
hourly averages 

Continuous BS EN 14181 

Dust 100 mg/Nm3 
Note 3 

LCP-Chapter III IED 

95% of validated hourly 
averages within a 
calendar year 
 

Continuous BS EN 14181 

REF-A-2 
Crude Distillation Unit 
4 (CDU-4) 
(X, Y coordinates 
343884, 37486) 

LCP 139: CDU-4 
furnaces: 
F204 
F202 
222.5 MWth 

Carbon Monoxide 100 mg/Nm3 Monthly mean Continuous BS EN 14181 
Nickel (Ni) 
Antimony (Sb) 
Vanadium (V) 
Liquid/multi fuel firing only 

- - Once every six 
months 
and after 
significant 
changes to the 
unit 

BS EN 14385 or 
analysis based on 
metals content in the 
in 
the fuel 

Oxygen - - Continuous as 
appropriate to 
reference 

BS EN 14181 

Water vapour - - Continuous as 
appropriate to 
reference 

BS EN 14181 

Stack gas 
temperature 

- - Continuous as 
appropriate to 
reference 

Traceable to national 
standards 

Stack gas pressure - - Continuous as 
appropriate to 
reference 
 

Traceable to national 
standards 
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Note 2 
Note 2a 
Note 3 
Note 9 
 
Note 10 
Note 12 
 
Note 13 
 
Note 14 

Section 6 II of the MFF Protocol applies. 
The lower BAT AEL limit shall apply to furnaces F201 A, B, C following completion of IC43 in Table S1.3 of this permit. 
These Emission Limit Values apply only when back up liquid fuels are used in accordance with condition 2.3.3 and Section 6 II of the MFF Protocol. 
For existing units < 100 MW firing fuel oil with a nitrogen content higher that 0.5% (w/w) or with liquid firing > 50% or using air preheating values up to 450 
mg/Nm3 may occur. 
For an existing unit using high air pre-heat (i.e. > 200 C) or with H2 content in the fuel gas higher that 50% the upper end of the BAT-AEL range is 200 mg/Nm3. 
Compliance via the site emissions bubble as set out in Table S3.1(d) of this permit, shall be subject to written approval for IC50 & IC51 in Table S1.3 of this 
permit. 
The BREF for the Refining of Mineral Oil & Gas sets BAT AELs for individual combustion units. The operator shall demonstrate by calculation that the relevant 
limits are met by each combustion unit/individual furnace. 
Compliance with the emission limit value for this unit can be achieved through inclusion of the unit in the BREF air emissions bubble for NOx and SO2. When 
complying with the emission limit through the air emissions bubble; the emission concentration from the emission point shall not exceed the monthly mean 
value specified in the brackets. Demonstration of compliance with the Chapter III IED backstop limits is required. 
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55. Emissions and Environmental Impact Assessment 
The measured emissions from the furnace are as detailed below. The new furnace will have a positive impact on all 
emissions from the combined CDU4 furnace stack.  

5.1. NOX Emissions 
NOx emissions from the CDU4 combined furnace stack will be reduced as a result of the new furnaces. The design of 
the new CDU4 furnace includes low-NOx burners, which will allow CDU4 to comply with BAT-34. The change in the NOx 
emissions is detailed in Table 4, the basis of calculation for emissions from F204 and F202 is detailed in Attachment 
C2_8.  

5.2. SOX emissions 
SOx emissions from the CDU4 combined furnace stack will be reduced as a result of the removal of the oil burning 
capability from CDU4 furnaces – as described in more detail in Section 3.  

Liquid fuel oil has a higher sulphur content than fuel gas, so therefore the total furnace stack sulphur emissions are 
increased compared to firing 100% gas, even if liquid fuel combustion is optimised to remain within the gas emissions 
limits. The new furnace F204 will not have the capability to burn fuel oil and the fuel oil burning capability will be 
removed from F202 following implementation of the project, therefore the combined SOx emissions from the new 
CDU4 furnace stack will be lower than the existing emissions. 

Note: for SOx scenarios, three concentrations of sulphur in fuel gas were evaluated: a representative average 
concentration (1060 ppm), a typical value for sustained periods of running with high sulphur fuel gas (1250 ppm), and 
the peak sulphur in fuel gas value observed from fuel gas analysis (which is an extreme worst-case value) (2000 ppm). 
These concentrations were based on analysis of fuel gas sulphur sample data for 2019-2020.  

The change in the SOx emissions is detailed in Table 4, and the basis of calculation for emissions from F204 and F202 
detailed in Attachment C2_8.  

5.3. Particulates/Dust Emissions 
It is expected that particulate emissions will be reduced as a result of removal of the oil burning capability from CDU4 
furnaces. It is recognised across industry that fuel oil firing results in increased dust emissions. As described in Section 
3, CDU4 stack emissions are required to remain within the fuel gas emissions limits when burning fuel oil. However, 
even when operating within these limits, it can be observed that the average dust emissions are increased when fuel 
oil firing is ongoing (see Figure 6 below). 

 
Figure 6: CDU4 dust emissions (2021) 
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There will be no oil firing capability on CDU4 (F204 and F202) following the installation of the project.  

There is currently no suitable data available for particulate emissions for the post project conditions (CDU4 F204 
construction). For this reason, the emissions have been modelled using maximum permissible emission limits for both 
the current and future scenarios. Based on the existing dust emissions, this is known to be a conservative position. 

5.4. Metals Emissions  
It is expected that metals emissions will be reduced as a result of removal of the oil burning capability from CDU4 
furnaces. Fuel oil can contain heavy metals, and it is for this reason that the furnace stack is required to be tested for 
Nickel, Antimony and Vanadium during periods of liquid or multi-fuel firing.  

5.5. Current and Future Stack Parameters and Emissions 
Table 3 presents the location of the current and proposed CDU4 stacks, along with emission parameters, and Table 4 
presents the emission rates for both stacks (for SOx, NOx and PM).   

Attachment C2_8 explains how the data in Table 3 and Table 4 was calculated.  

Table 3: Source details and emission parameters 

Source Name Location Height 
(m) 

Diameter 
(m) 

Velocity 
(m/s) 

Temperature 
(°C) X Y 

Current CDU4 
Furnace Stack 343951 374892 143 3.71 9.05 220 

Proposed CDU4 
Furnace Stack 343884 374867 72 3.85 7.90 220 

 

Table 4: Emission rates (g/s) 

Source Name Sulphur in fuel 
gas scenario SO2  NOx  

Particulates  
(PM10 and PM2.5)Note 1 

Current CDU4 Furnace Stack 

Average  
(1060 ppm) 15.85 

13.0 0.22 High  
(1250 ppm) 17.06 

Peak  
(2000 ppm) 22.09 

Proposed CDU4 Furnace 
Stack 

Average  
(1060 ppm) 8.77 

4.7 0.21 High  
(1250 ppm) 10.00 

Peak  
(2000 ppm) 15.10 

Note 1: Total Particulate Matter assumed to be both 100% PM10 and 100% PM2.5, as a worst case. 

As can be seen from the table above, the emission rates of all pollutants will be reduced when the new CDU4 furnace 
is installed.  

5.6. Dispersion Modelling 
As part of the replacement furnace project, the existing stack will be decommissioned, and will be replaced with a less 
visually prominent stack. The existing stack, which is 143 m tall, was designed as part of the original design of CDU4 
(1970s) and is designed based on the emission rates for 100% oil firing. The new stack, which will be 72 m tall, has 
been designed using design standards for gas firing (Shell DEP 31.24.00.30-Gen (for which the basis is API STD 560), 
Sections 6 and 13). 
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As detailed in Section 5.5, the absolute emissions from the CDU4 stack will reduce following implementation of the 
project. Due to the change in stack height, it was identified as a requirement to carry out dispersion modelling for the 
existing and future cases in order to identify any environmental impact.  

To understand this impact in detail, Cambridge Environmental Research Consultants Ltd. (CERC) were commissioned 
by EOUK to carry out dispersion modelling to assess the impact of the proposed new CDU4 furnace and stack. CERC’s 
modelling for the new furnace uses the same methodology as a site model that was developed to model the Stanlow 
SOx emissions affecting the local Air Quality Management Area (AQMA) at Thornton-le-Moors in 2016, and uses ADMS 
5 software. The modelling was split into three parts:  

5.6.1. Dispersion Modelling Part 1 – CDU4 stack individual impacts  
The existing and proposed CDU4 stacks were both modelled individually (see Attachment C2_9). Three pollutants were 
modelled: NOx, SOx and Particulate Matter (PM). All three pollutants were modelled from a human health perspective, 
and NOx and SOx were also modelled from an ecological perspective. This model used meteorological data from the 
years 2016 – 2020.  

From a human health perspective, the dispersion modelling showed that, when modelled individually, the maximum 
offsite NO2, SO2, PM10 and PM2.5 Process Contributions (PCs) for both the current CDU4 furnace stack and the proposed 
CDU4 combined furnace stack, are screened out as insignificant at all locations. This is the case for all years and all 
scenarios, as they are less than 1% of the long-term and 10% of the short-term objective in each case. 

From an ecological perspective, the dispersion modelling showed that, when modelled individually, the NO2 PCs for 
both the current CDU4 furnace stack and the proposed CDU4 combined furnace stack are screened out as insignificant 
at all ten of the designated conservation areas. This is the case for all years, as the annual average PCs are less than 1 
% of the critical level of 30 μg/m3 and the daily average PCs are less than 10 % of the critical level of 75 μg/m3.  

For both the current CDU4 furnace stack and the proposed CDU4 combined furnace stack, and for all three sulphur in 
fuel gas scenarios, the maximum SO2 Predicted Environmental Concentrations (PECs) are below the critical level at all 
ten designated conservation areas. 

The conclusion of the assessment is that there is no significant change to the impact at sensitive receptors due to the 
new furnace and stack. 

5.6.2. Dispersion Modelling Part 2 - Cumulative SOx Emissions 
The second part of the modelling considered emissions of SOx from all relevant sources on the Stanlow site, following 
installation of the new CDU4 furnace and stack. The purpose of this assessment was to assess the impact on the SOx 
profile of the local area following installation of the new CDU4 furnace and stack (see Attachment C2_10).  

There is an existing Air Quality Management Zone for SOx located at Thornton-le-Moors. Several cumulative SOx 
models of refinery emissions have been completed by CERC, which were used to identify that the refinery was the 
main source of SOx emissions at Thornton-le-Moors and to establish the main causes of the SOx emissions within the 
refinery sources. The main cause of the SOx emissions was identified to be due to emissions from the CO Boiler. 

Significant work has taken place at the refinery to address the emissions of SOx from the refinery, in order to reduce 
the number of exceedances of the 15 minute health objective at Thornton-le-Moors. These are detailed in the attached 
report ‘SO2 Air Quality Objective (IC52)’ (Attachment C2_11). These have resulted in significant reductions in SOx, 
which are detailed in Figure 7 below. 
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Figure 7: Exceedances of the Public Health Air Quality Objective for SO2 (2014-2021) 

The SOx cumulative model was only carried out for the emissions following installation of the new furnace and stack. 
This was because the system has already been extensively modelled and monitored for the existing SOx emissions and 
therefore the comparison with existing data was deemed suitable. As detailed in Part 1, the current and future SOx 
emissions from CD4 are screened out as insignificant in all locations. 

The SOx impact was modelled from both a human health and ecological perspective. This model used meteorological 
data from the years 2015 – 2019 (as this model was completed in 2020).  As explained in Section 5.2, for all SOx 
scenarios, three concentrations of sulphur in fuel gas were evaluated: a representative average concentration (1060 
ppm), a typical value for sustained periods of running with high sulphur fuel gas (1250 ppm), and the peak sulphur in 
fuel gas value observed from fuel gas analysis (which is an extreme worst-case value) (2000 ppm).  

From a human health perspective, for all three sulphur in fuel gas scenarios, and for all five years of meteorological 
data, the modelling did not show exceedances of any of the three SO2 objectives at any offsite location.  

The modelling for 2016 showed that the PC to the 99.9th percentile of 15-minute average concentrations is 263 μg/m3, 
which is very close to the objective value of 266 μg/m3. When the estimate of background concentration is taken into 
account, the PEC is equal to the objective value. This highest concentration occurs to the south west of the stacks, 
close to the site boundary. The PCs to the other percentiles are also elevated for 2016.  

It is known from the source data that 2016 contained particularly elevated levels of SOx emissions from the CO Boiler 
and therefore the increased SOx emissions in this year are most likely attributable to this. This is borne out in the 
elevated number of exceedances of the 15 minute public health objective (70) recorded in Thornton le Moors in 2016, 
which were deemed to be as a result of CO Boiler SOX emissions. As detailed above, improvements have been made 
to the refinery, which have reduced the CO Boiler impact compared to that experienced in 2016. This is evidenced by 
the reduced number of exceedances of the 15 minute public health objective recorded in 2019, 2020 and 2021. 
Therefore it is reasonable to expect that future years cumulative results would be lower than 2016. 

The cumulative SOX model including the future CD4 stack emissions showed that the maximum predicted offsite 
concentrations were not significantly affected by the different sulphur in fuel gas cases modelled for the proposed 
CDU4 furnace and stack. This demonstrates that the change in the CDU4 furnace and stack do not negatively impact 
the SO2 concentration measured at ground level. 

89

56

70

36

66

10

21

22 1 0
9

25 22

8
3

2014 2015 2016 2017 2018 2019 2020 2021

An
nu

al
 N

um
be

r o
f E

xc
ee

da
nc

es
 o

f t
he

 1
5 

m
in

ut
e 

O
bj

ec
tiv

e
Exceedances of the Public Health Air Quality Objective for SO2 

(15 minute mean SO2 objective of 266ug/m3 for 15 minutes) 

Thornton-le-Moors (includes TLM & relocated TLP site)

Elton

Public Health Objective (no more than 35 exceedances in a year)



 March 2022 

18 
 

Source apportionment was carried out as part of the cumulative SOx modelling, which corroborated the fact that, as 
has been previously identified, the determining factor for SO2 emissions in the AQMA is the CO Boiler stack. The source 
apportionment of the model including the future CD4 stack is shown below in Figure 8, the source apportionment 
carried out in 2016 as part of the refinery SOx model for the AQMA investigation is shown below in Figure 9.  

Separate work is ongoing to reduce the SO2 impact of the CO Boiler stack (as detailed in Attachment C2_11).  

 
Figure 8: 99.73rd percentile of hourly average SO2 concentrations, peak sulphur in fuel gas concentration (a worst case value, 2000 ppm), 2016 
meteorological data (2022 cumulative model – proposed CDU4 furnace and stack)1 

                                                           
1 The monitoring station TLM has been removed since the 2016 model was completed. 
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Figure 9: Existing source apportionment (2016 cumulative model – current CDU4 furnace and stack) 

A comparison of Figures 8 and 9 above (i.e. source apportionment for cumulative model for CDU4 new furnace and 
stack installation compared to that with the current CDU4 furnace) shows that that CDU4 is an existing minor source 
of SOx from the Stanlow refinery, and remains a minor source of SOx following implementation of the project for the 
local areas.  

From an ecological perspective, the modelled annual average SO2 PECs are below the critical level of 20 μg/m3 for all 
of the designated conservation areas. It was observed that there was minimal variation in the impact at the designated 
conservation areas due to the change in sulphur in fuel gas scenario used for the modelling.  

In conclusion, the cumulative model with the proposed CDU4 furnace and stack does not show any exceedances of 
the PECs at sensitive human health and ecological receptors. The model corroborates the existing data that CDU4 is 
not the main driver for the SOx emissions on the local receptors at Elton and Thornton-le-Moors. 

5.6.3. Dispersion Modelling Part 3 – Cumulative NOX Emissions 
The third part of the modelling considered emissions of NOx from all relevant sources on the site, both before and 
after installation of the proposed CDU4 furnace and stack (Attachment C2_12). The purpose of this assessment was to 
show both the current and future impact of NOx emissions at sensitive receptors in the local area. The NOx impact was 
modelled from both a human health and ecological perspective. This model used meteorological data from the years 
2016 – 2020. 

5.6.3.1. Existing Scenario 
Human Health Impacts 

From a human health perspective, the results of the full site NOx model including the current CDU4 furnaces are 
detailed below. In each case where Predicted Environmental Concentrations (PECs) were calculated, the background 
level was taken to be that measured at Liverpool Speke in 2019 – 19.5 μg/Nm3.  

 Annual (Long term) Objective  
The modelled PCs for all sensitive receptors are not within the level defined as insignificant (<1% of the long-
term objective), however all PCs are equivalent to 5% or lower of the long-term objective. The maximum 
predicted offsite PECs are below the air quality objective at the sensitive receptor sites. The maximum 
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predicted annual average NO2 PEC is 21.4 μg/Nm3, 54% of the air quality objective of 40 μg/Nm3, calculated at 
the Swiss Road residential receptor using meteorological data for the year 2017. 

 Hourly (Short term) Objective 
The maximum predicted 99.79th percentile of hourly average NO2 PCs are screened out for all receptors for all 
five years of meteorological data, except for the Poole Lane residential receptor. At the Poole Lane residential 
receptor, the maximum 99.79th percentile of hourly average NO2 PEC is 61 μg/Nm3, 31% of the air quality 
objective. 
 

Ecological Impacts 

From an ecological impact perspective, the results of the full site NOx model including the current CDU4 furnaces are 
detailed below. In each case where Predicted Environmental Concentrations (PECs) were calculated, the background 
level was taken to be that estimated at the location. 

 Annual (Long term) Objective  
o The maximum predicted annual average NO2 PCs are screened out as insignificant at the River Dee 

and Bala Lake.  
o At the remaining designated sites, the annual average NO2 PECs are below the critical level of 30 

μg/Nm3. 
 Daily (Short term) Objective 

o The daily average NO2 PCs are screened out as insignificant for Midland Meres, Mosses Ramsar, River 
Dee and Bala Lake.  

o At the Gowy Meadows and Ditches LWS, the maximum daily average NO2 PECs calculated for 2019 
and 2020 meteorological conditions exceed the critical level of 75 μg/Nm3 (2019 is 87μg/Nm3, 2020 is 
77μg/Nm3). The maximum daily average PEC calculated for the 2016, 2017 and 2018 meteorological 
weather conditions are below the critical level of 75μg/Nm3.  

o At the remaining designated sites, the maximum daily average NO2 PECs are below the critical level.  

5.6.3.2. Future Scenario 
For the cumulative full site NOx model with the new CDU4 furnace and stack arrangement, there are very slight changes 
to the Human Health and Ecological impacts from the existing situation. These changes are only very small due to the 
small individual impact of CD4 NOX in both scenarios (insignificant impact). 

Human Health impacts 

 Annual (Long term) Objective 
o Following the installation and commissioning of the new F204 furnace the maximum predicted annual 

average NO2 PEC is reduced by 0.1 μg/Nm3 (1% of the air quality objective), calculated at the Swiss 
Road residential receptor using meteorological data for the year 2017. 

 Hourly (Short term) Objective  
o Following the installation and commissioning of the new F204 furnace the maximum predicted off-

site 99.79th percentile of hourly averages for NO2 PECs remains the same vs. the existing case.  

Ecological Impacts 

 Annual (Long term) Objective  
o Following the installation and commissioning of the new F204 furnace the maximum predicted annual 

average NO2 PCs remain screened out as insignificant at the River Dee and Bala Lake.  
o Following the installation and commissioning of the new F204 furnace there is a reduction of 1% in 

the annual average NO2 PEC at Mersey Estuary calculated for one of the five years of meteorological 
conditions. 
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o Following the installation and commissioning of the new F204 furnace there is a reduction of 1% in 
the annual average NO2 PECs at Frodsham and Helsby and Ince Marshes LWS and Midland Meres and 
Mosses Ramsar calculated for two of the five years of meteorological conditions. 

o At the remaining designated sites, there is no change in the annual average NO2 PECs following the 
installation and commissioning of the new F204 furnace. 

 Daily (Short term) Objective 
o Following the installation and commissioning of the new F204 furnace the daily average NO2 PCs 

remain screened out as insignificant for the sites at Midland Meres and Mosses, and River Dee and 
Bala Lake.  

o Following the installation and commissioning of the new F204 furnace there are significant reductions 
in the NO2 PEC calculated using the meteorological conditions for 2019 at the Gowy Meadows and 
Ditches (56%), Frodsham and Helsby and Ince Marshes (20%) and Stanney Wood (25%) locations. 

o At these locations there are variations in the NO2 PECs calculated using the other years’ (2016, 2017, 
2018 & 2020) meteorological conditions of the magnitude +1% to -5%. 

o At the Gowy Meadows and Ditches LWS, the maximum daily average NO2 PECs calculated using the 
2020 meteorological conditions remains unchanged following the installation and commissioning of 
the new F204 furnace, exceeding the critical level of 75 μg/Nm3 (77μg/Nm3).  

o Following the installation and commissioning of the new F204 furnace the maximum daily average 
NO2 PECs for Mersey Estuary (SPA, Ramsar, SSSI), Whitby Park (LNR), Hoblane Ponds (LWS), Jack’s 
Wood (LWS) and Shropshire Union Canal (LWS) show variations of the magnitude +1% to -5% in the 
NO2 PECs for all years. 

The results of this modelling demonstrates that the installation and commissioning of the new F204 furnace will have 
a slight positive impact on the offsite NOx measurements. This is only a slight impact due to the relatively small 
individual impact of CD4 NOx emissions (both current and future situations are screened out as insignificant) and 
therefore the relatively small contribution of CD4 NOx to site NOx emissions. The relative site NOx contributors are 
described in detail in Attachment C2_3. 

Summary 

In summary, when assessing the impact of the new F204 furnace and associated new stack the dispersion modelling 
results show that the maximum offsite NO2, SO2, PM10 and PM2.5 PCs are screened out as insignificant at all locations 
(for all years). From an ecological perspective, the dispersion modelling showed that, when modelled individually, the 
NO2 PCs for the proposed CDU4 combined furnace stack are screened out as insignificant at all ten of the designated 
conservation areas (for all years). For the proposed CDU4 combined furnace stack, and for all three sulphur in fuel gas 
scenarios, the maximum SO2 Predicted Environmental Concentrations (PECs) are well below the critical level at all ten 
designated conservation areas, this is unchanged from the current impact of the existing CD4 furnace stack.  

 The full site SOx and NOx models that were completed, along with source apportionment, demonstrate that the 
proposed CDU4 furnace and stack have a positive or neutral impact on SOx and NOx PECs at sensitive receptors for 
human health and ecologically designated sites. 

These results demonstrate that the environmental impact of the proposed CDU4 furnace and associated new stack is 
comparable to that of the current CDU4 furnace at ground level. 

Modelling to assess nitrogen and acid deposition rates against critical loads, for each of the ten designated 
conservation areas in the vicinity of the site, is ongoing. This is expected to be completed 29/04/22, and will be 
submitted as an attachment to this permit application.  
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66. Attachments 
Attachment C2_3: Derogation from BAT-AELs for NOx from CDU4 Furnaces, Essar Oil UK, February 2022 

Attachment C2_4: Letter from Environment Agency – ref ‘21/10/2021/ESSAR’ 

Attachment C2_5: Burner Firing Test Report, Document number ‘4505537687-00341-1_A1’  

Attachment C2_6: Drawings showing existing and future furnace visual impact 

Attachment C2_7: Reports detailing the progress of the furnace project, submitted to the Environment Agency as part 
of the conditions detailed within EPR/FP3139FN IC 47. 

Attachment C2_8: Confidential - EOUK BAT 34 Dispersion Modelling Data and Assumptions 

Attachment C2_9: Dispersion modelling assessment for proposed replacement furnace, Essar Stanlow Refinery: CDU4 
furnace stack comparison – all receptors 

Attachment C2_10: Dispersion modelling assessment for proposed replacement furnace, Essar Stanlow Refinery: 
Cumulative assessment for SO2 

Attachment C2_11: Essar Stanlow IC52 Report October 2021 

Attachment C2_12: Dispersion modelling assessment of emissions of nitrogen oxides, Essar Stanlow Refinery 

7. References 
[1] Environment Agency, “Stanlow Manufacturing Complex Permit Number EPR/FP3139FN”, Variation 
EPR/FP3139FN/V010, 27/01/20 
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Derogation from BAT-AELs for NOx 
from CDU4 Furnaces 

1 Summary 
This document comprises a request for derogations from BAT-associated emission levels for NOX 

emissions to air from a gas fired combustion unit.  These are given under BAT conclusion BAT 34 of 
the BREF for the Refining of Mineral Oil and Gas [ref 1, 2]. 

The scope of this derogation is to cover non-compliance with the following BAT-AELs referenced in 
BAT 34: 

Emission Point BAT-AEL derogations requested 
REF-A-2 Crude Distillation Unit 4  NOx 

 

Essar cannot comply with these BAT-AELs due to technical characteristics of the installation.   

Essar is unique because the age and configuration of the refinery on the site makes it more 
technically difficult and costly to comply.  Specific details for this are described later in this document, 
but include the following reasons: 

 CDU4 furnaces were installed in the early 1970s with no emission limits specified in design 
 High hydrogen content of Refinery Fuel Gas increases NOx formation 
 High air preheat increases NOx formation 

In order to close this deviation to BAT 34, Essar Oil UK Ltd is installing a new furnace to replace the 
three existing atmospheric crude oil furnaces. The new furnace will be fitted with low-NOx burners, 
which will reduce overall NOx emissions from CD4 below BAT.  

The installation of the new furnace can only take place as part of a unit turnaround, which typically 
take place every 4 years, and which was planned for Q3 2022. However, due to the general investment 
cycle for the installation the next CD4 turnaround has been delayed until 2023.  

The best technical solution is to install low-NOx burners, but this can only be done during a refinery 
turnaround.  These typically take place every 4 years. 

Essar requests a time-limited derogation to 30/09/2023, which is the earliest date by which the 
furnaces will be shutdown to enable the furnace replacement.   
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2 Overview of the Site and Installation 
Stanlow Manufacturing Complex, which is situated south of the Mersey estuary near Ellesmere Port, 
has origins dating back to 1924. During the intervening years, the refinery has grown in size and 
complexity.  

Stanlow plays a strategic role in the national economy, producing over 16% of the UK’s road transport 
fuels, with an annual production of over 4.4 billion litres of diesel, 3 billion litres of petrol and 2 billion 
litres of jet fuel, supplying product into Manchester, Liverpool, Leeds Bradford, Birmingham 
International, Cardiff and Bristol airports.   

Stanlow is a major regional employer with approximately 740 staff, additional contractors on site, and 
further people employed indirectly through the extended value chain, significantly contributing to the 
local economy.  

The company is a major supplier in North West England with customers including most of the leading 
retail brands operated by the international oil companies and the hypermarkets, together with the 
region’s trains and buses. The refinery also plays an important part in Britain’s petrochemical industry, 
providing key feedstocks such as toluene, propylene and ethyl benzene.  

There are two Crude Distillation Units (CDU) at Stanlow: CDU3 and CDU4.  CDU3 is currently 
mothballed.  CDU4 was commissioned in 1973.  The CDU4 LCP consists of four furnaces: F201A (58.9 
MW), F201B (58.9 MW), F201C (49 MW) and F202 (53.3 MW).  These are used to heat crude oil and 
intermediate residue for fractionation.  Fractional distillation or “fractionation” is the key unit 
operation within a crude distillation unit, where the crude oil is distilled into different fractions or 
components.  This takes a significant amount of heat, supplied by the furnaces.  Each furnace has the 
capability to burn both oil and gas.  The furnaces are started up on oil and typically run on 100% gas 
during normal operation, although liquid firing may be required, for example as fouling builds up over 
the operating run in the period prior to a turnaround (TA).   

NOx emissions are minimised by burning 100% gas when possible, and optimising furnace operation 
in terms of excess O2 control.  No other NOx reduction measures are employed on these furnaces.  This 
LCP is included in a NOx emissions bubble.  

The CDU4 furnaces share feed and support services (e.g. air supply, fuels, electricity), and they exhaust 
via a common stack and CEMS.   
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3 Scope of derogation 
The scope of this derogation is to cover non-compliance with BAT-AELs referenced in BAT 34 and BAT 
57.   

The site uses an integrated emissions management technique (BAT 57) to assess overall emissions 
from the site (the “refinery bubble”), rather than to assess emissions on a unit-by-unit basis.  This 
derogation is written on this basis.       

 

3.1 BAT 34 
BAT 34. In order to prevent or reduce NOX emissions to air from the combustion units, BAT is to use 
one or a combination of the techniques given below.  

I. Primary or process-related techniques, such as:   

Technique Description Applicability 
(i) Selection or treatment of fuel 

(a) Use of gas to replace 
liquid fuel 

Gas generally contains less 
nitrogen than liquid and its 
combustion leads to a lower level 
of NOx emissions. 
See Section 1.20.3 

The applicability may be limited by 
the constraints associated with the 
availability of low sulphur gas fuels, 
which may be impacted by the 
energy policy of the Member State 

(b) Use of low nitrogen 
refinery fuel oil (RFO) 
e.g. by RFO selection or 
by hydrotreatment of 
RFO 

Refinery fuel oil selection favours 
low nitrogen liquid fuels among the 
possible sources to be used at the 
unit. Hydrotreatment aims at 
reducing the sulphur, nitrogen and 
metal contents of the fuel. See 
Section 1.20.3 

Applicability is limited by the 
availability of low nitrogen liquid 
fuels, hydrogen production and 
hydrogen sulphide (H2S) treatment 
capacity (e.g. amine and Claus 
units)  

(ii) Combustion modifications 
(a) Staged combustion:  

— air staging  
— fuel staging 

See Section 1.20.2 Fuel staging for mixed or liquid 
firing may require a specific burner 
design 

(b) Optimisation of 
combustion 

See Section 1.20.2 Generally applicable 

(c) Flue-gas recirculation See Section 1.20.2 Applicable through the use of 
specific burners with internal 
recirculation of the flue-gas. The 
applicability may be restricted to 
retrofitting external flue-gas 
recirculation to units with a 
forced/induced draught mode of 
operation 

(d) Diluent injection See Section 1.20.2 Generally applicable for gas 
turbines where appropriate inert 
diluents are available 

(e) Use of low-NOx burners 
(LNB) 

See Section 1.20.2 Generally applicable for new units 
taking into account, the fuel-
specific limitation (e.g. for heavy 
oil). For existing units, applicability 
may be restricted by the 
complexity caused by site-specific 
conditions e.g. furnaces design, 
surrounding devices. In very 
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specific cases, substantial 
modifications may be required. 
The applicability may be restricted 
for furnaces in the delayed coking 
process, due to possible coke 
generation in the furnaces. In gas 
turbines, the applicability is 
restricted to low hydrogen content 
fuels (generally < 10 %) 

 

II. Secondary or end-of-pipe techniques, such as: 

Technique Description Applicability 
(i) Selective catalytic reduction 
(SCR)  

See Section 1.20.2  Generally applicable for new units. 
For existing units, the applicability 
may be constrained due to the 
requirements for significant space 
and optimal reactant injection 

(ii) Selective non-catalytic 
reduction (SNCR)  

See Section 1.20.2  Generally applicable for new units. 
For existing units, the applicability 
may be constrained by the 
requirement for the temperature 
window and the residence time to 
be reached by reactant injection 

(iii) Low temperature oxidation  See Section 1.20.2  The applicability may be limited by 
the need for additional scrubbing 
capacity and by the fact that ozone 
generation and the associated risk 
management need to be properly 
addressed. The applicability may 
be limited by the need for 
additional waste water treatment 
and related cross- media effects 
(e.g. nitrate emissions) and by an 
insufficient supply of liquid oxygen 
(for ozone generation). For existing 
units, the applicability of the 
technique may be limited by space 
availability 

(iv) SNOx combined technique  See Section 1.20.4  Applicable only for high flue-gas 
(e.g. > 800 000 Nm3/h) flow and 
when combined NOx and SOx 
abatement is needed 

 

BAT-associated emission levels: See Table 9, Table 10 and Table 11. 

Table 10 

BAT-associated emission levels for NOx emissions to air from a gas-fired combustion unit, with the 
exception of gas turbines 

Parameter Type of Combustion BAT-AEL (monthly average) mg/Nm3  
NOx expressed as NO2 Gas firing 30-150 

for existing unit (1) 
  30-100 
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For new unit 
(1) For an existing unit using high air pre-heat (i.e. > 200 oC) or with H2 content in the fuel gas higher than 50 %, 

the upper end of the BAT-AEL range is 200 mg/Nm3. 
 

Table 11 

BAT-associated emission levels for NOX emissions to air from a multi-fuel fired combustion unit 
with the exception of gas turbines 

Parameter Type of Combustion BAT-AEL (monthly average) mg/Nm3  
NOx expressed as NO2 Multi-fuel fired combustion unit 30-300 for existing unit (1)(2) 

(2) For existing units < 100 MW firing fuel oil with a nitrogen content higher than 0,5 % (w/w) or with liquid firing 
> 50 % or using air preheating, values up to 450 mg/Nm3 may occur.  

(3) The lower end of the range can be achieved by using the SCR technique. 
 

4 Derogation Criteria 
This derogation is applied for based on the technical characteristics of the installation.   

Meeting the BAT AEL within the time period specified within the derogation granted within 
EPR/FP3139FN/V009 would lead to disproportionately higher costs compared to the environmental 
benefits.   

The DEFRA guidance note ‘Industrial emissions directive Guidance on Part A installations’ details the 
criteria required for the justification for a derogation from the ELVs. These include: 

Technical characteristics: Ref 20 

 The general investment cycle for a particular type of installation 
 The practicability (particularly bearing in mind Health & Safety and other relevant legal 

obligations) of interrupting the activity so as to install improved emission control upon the 
pollutant(s) 

 The configuration of the plant on a given site, making it more difficult and costly to comply 

These criteria apply to Stanlow in the following way: 

‘The configuration of the plant on a given site, making it more difficult and costly to comply’ 
The age and configuration of CD4 make it more technically difficult and costly to comply.   

CDU4 was commissioned in 1973.  The CDU4 furnaces were not designed to meet any emission limits.  
NOX emissions are dependent on fuel type, fuel nitrogen or hydrogen content, combustion equipment 
design and operating conditions.   

The CDU4 furnaces have the capability to burn both oil and gas and they typically operate on majority 
refinery fuel gas (RFG) (>80%) during normal operation.   

RFG has a high hydrogen content, which increases NOx emissions (see section 6.1 for more details).  
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The air supply to each furnace is preheated as an energy efficiency measure, which also increases NOx 
emissions (see section 6.1 for more details). 

Each furnace is fitted with conventional burners (i.e. not low-NOx burners).   No other NOx reduction 
measures are employed on these furnaces. 
 
 ‘The general investment cycle for a particular type of installation’: 
‘The practicability (particularly bearing in mind Health & Safety and other relevant legal obligations) 
of interrupting the activity so as to install improved emission control upon the pollutant(s)’ 

CDU4 offline maintenance takes place within a turnaround event, which typically takes place every 4 
years. A Refinery TA is a multimillion pound event scheduled based on required inspection 
frequencies.  It is best practice to minimise the number of shutdowns and start-ups of major refinery 
units as these operations incur increased flaring and water emissions and can act as initiating events 
for major accident hazards. Shutdowns of major refinery units also have a significant business impact. 

In order to close this deviation to BAT 34, Essar Oil UK Ltd is installing a new furnace to replace the 
three existing atmospheric crude oil furnaces. The new furnace will be fitted with low-NOx burners, 
which will reduce overall NOx emissions from CD4 below BAT. The installation of the new furnace can 
only take place as part of a unit turnaround, which typically take place every 4 years. Due to the 
refinery turnaround cycles, at the time of the original derogation [ref 7] the earliest this could be done 
was the 2022 TA.   

The Cost Benefit analysis submitted as part of the derogation application EPR/FP3139FN/V009 
demonstrated that the cost of bringing the turnaround forward would be disproportionate to the 
environmental benefit of doing so.   

Due to the general investment cycle for the installation, the next CD4 turnaround has been delayed 
until 2023. The reason for the delay to the turnaround is detailed below. 

Previously the site turnaround events for the major fuels train of the refinery (including CD4 crude 
distiller, CCU2 catalytic cracking unit and Plat3 platinum gasoline reforming unit) have been completed 
as a single turnaround event. Learning from the 2018 refinery turnaround event showed that 
attempting to execute a turnaround event for the whole refinery leads to difficulties in obtaining 
suitably skilled workers, and thus the ability to execute the event in a safe manner. For this reason the 
site turnaround events are being split such that OMC (CCU and associated units) will be completed 
separately to ODP (CDU4, Platformer, HDS2 and associated units). Splitting the block reduces the 
number of individuals needed at the same time, thus allowing control of the HSE implications of that 
decision.  

Following the decision to split the turnaround events, it was planned that the OMC turnaround would 
be completed in Q1 2022 and the ODP turnaround would be completed in Q3 2022. 

Due to the impacts of COVID on the availability of labour and materials and on the cash flow of the 
business, it has been necessary to delay the OMC TA from Q1 2022 until Q3 2022. This then 
consequentially pushes the ODP TA into 2023.  
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5 Duration of proposed derogation 
A time-limited derogation is requested, until 30/09/2023. The CD4 turnaround will start on or before 
28/09/2023, the unit will then remain non-operational and under maintenance until start up following 
the turnaround event. CD4 will be compliant with BAT 34 after the turnaround event as the new 
furnace will be operational. 

The minimum time to complete the project to comply with BAT-AELs is greater than the remainder of 
the 4 years available since the BAT conclusions were published.  
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6 Assessment of Current Operations 

6.1 Techniques used 
BAT 34 lists techniques that can be used to prevent or reduce NOx emissions from combustion units.  
Some of these are already in use:  

6.1.1 I (i) (a) Use of gas to replace liquid fuel 
F201A/B/C and F202 are dual fuel furnaces, each fitted with 6 oil and 6 gas burners.  They were 
designed to burn the following fuels: 

 Liquid fuel 
 Refinery Fuel Gas (RFG) 

RFG is a residue of the refining process.  RFG is used as a fuel for combustion plant across the refinery.  
Any excess RFG must be flared, therefore the refinery maximises the amount of RFG that is burned to 
reduce liquid fuel firing.   

During the period Aug 2014 – Feb 2022, CD4 furnaces burnt 100% fuel gas for 60 of the 91 months. 
Duel fuel firing (fuel gas (>80%)  and fuel oil firing) has been used in the remaining 31 months for both 
operational reasons and due to the economic impact of high natural gas prices. 

Liquid fuel firing is also required during start-up.  The BAT-AELs apply to normal operation, and do not 
apply during start-up and shutdown.  

 

6.1.2 I (ii) (b) Optimisation of combustion 
Section 1.20.2 of the BAT Conclusions [ref 2] says: 

“Based on permanent monitoring of appropriate combustion parameters (e.g. O2, CO content, 
fuel to air (or oxygen) ratio, unburnt components), the technique uses control technology for 
achieving the best combustion conditions” 

We monitor the following parameters: 

 O2 in flue gas from each furnace (also including critical alarm for low excess O2) 
 Air/fuel ratio 

Combustion conditions are controlled to control the furnace outlet temperature at a desired value 
whilst maintaining safe firing conditions i.e. to avoid sub-stoichiometric combustion.  In addition, 
excess air is minimised to maximise efficiency. 

The furnaces do use Best Available Techniques; however, these are not sufficient to meet the BAT-
AELs.  There are a number of reasons for this: 

 RFG contains high levels of hydrogen (June 2018 – February 2022 average was 60.6% v/v).  
Hydrogen burns readily producing a hot flame leading to high NOx emissions when either RFG 
or blends containing RFG are fired.  This effect is recognised in the BREF [ref 1, section 
4.10.2.1].  Adjustment factors for NOX emissions as a function of hydrogen content are 
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provided within the BREF [ref 1, Figure 4.31].  Use of fuel gas with a hydrogen content of 60% 
gives a NOx multiplying factor of ~1.6.  However, the BREF does not give a means for this factor 
to be applied, meaning that the ELV is artificially low for this case. 
 

 It is acknowledged in the BREF that air preheating typically increases the production of NOX.  
Adjustment factors for NOX emissions as a function of preheated air temperature are provided 
within the BREF [ref 1, Figure 4.35].  The combustion air to the furnaces passes through a 
Liquid Coupled Air Preheater (LCAP), which increases the temperature to typically ~ 260 °C.  
This gives a NOx multiplying factor of ~1.9.  However, the BREF does not give a means for this 
factor to be applied, meaning that the ELV is artificially low for this case.   

 

6.2 Compliance with BAT-AELs 
The CDU4 furnaces have the capability to fire refinery fuel gas and liquid fuel, however they are 
predominantly gas fired.  The BAT-AEL for NOx emissions from a gas fired combustion plant is 
200 mg/Nm3, for an existing unit with H2 content in the fuel gas higher than 50%.  The BAT-AEL is a 
monthly average limit.   

The CDU4 monthly average NOx emissions from 2021 are provided in Table 6.1.  Note that IED [ref 5] 
Annex V, Part 3 allows a Confidence Interval (CI) to be subtracted from the validated measurement.  
For NOx this is 20% [ref 5, Annex V, Part 3].  The results below are shown with and without the 
subtraction. 

Month Monthly Average NOx (mg/Nm3) 
 Normalised result Minus 20% Confidence interval 
Jan 2021 314 251 
Feb 2021 324 259 
Mar 2021 314 252 
Apr 2021 311 248 
May 2021 201 161 
Jun 2021 321 257 
Jul 2021 300 240 
Aug 2021 309 247 
Sep 2021 255 204 
Oct 2021 255 204 
Nov 2021 288 231 
Dec 2021 279 223 
Average 289 231 

Table 6.1: CDU4 NOx emissions 2021 

Table 6.1 shows that NOx emissions exceeded the BAT-AEL of 200 mg/Nm3 for 11 months in 2021, 
assuming that the CI can be deducted.  Emissions in 2020 were similar to 2021: average NOx was 
282 mg/Nm3, or 226 mg/Nm3 after deduction of CI.  

Since the original derogation application [ref 7], NOx emissions from CDU4 have reduced due to the 
change in operation of the CDU4 plant. The average NOx emitted from the CDU4 plant for previous 
years is as follows: 
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Year Annual Average NOx (mg/Nm3)
Normalised result Minus 20% Confidence interval

2016 423 339
2017 446 357
2018 143Note 1 114.4Note 1

2019 296 237
2020 282 226
2021 289 231

Table 6.2: CDU4 NOx emissions – Annual Average
Note 1 – 2018 results are not considered representative due to impact of unit turnaround and analyser 
reliability issues.  

Table 6.1 and 6.2 show the NOx emissions from CDU4 stack, however Essar Oil UK uses an integrated 
emissions management technique for Stanlow (i.e. “refinery bubble”) to assess overall emissions from 
the site, rather than to assess emissions from CDU4 individually.  Figure 6.1 shows NOx emissions from 
the refinery bubble over a 3 year period (January 2019 – December 2021):

Figure 6.1:  NOx bubble emissions 01/2019 – 12/2021 vs proposed bubble BAT-AEL 

Figure 6.1 shows that emissions from the NOx bubble were mostly below the proposed bubble BAT-
AEL of 311 mg/Nm3 before the 20% confidence interval was applied, and were consistently below the 
bubble BAT-AEL when the 20% confidence interval was applied (as agreed with EA).
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Note that the agreement following the original derogation for CDU4 [ref 7] was to take into account 
one of the four CDU4 furnaces in the refinery bubble (Table 6.1 uses this methodology). Figure 6.1 
takes into account all four CDU4 furnaces, it is expected that Stanlow would be able to comply with 
the current Refinery NOX bubble limit including all CD4 furnaces for the duration of the derogation.    

6.3 Why can’t we comply by 2022? 
It is not possible to confirm that CDU4 can consistently meet the BAT-AEL with the existing burners.  
Low-NOx burners will be installed in the new furnace, which can only be done during a refinery 
turnaround.   As described in Section 5, due to the general investment cycle for the installation, the 
timing for the CDU4 turnaround has been delayed until September 2023. 

 

6.4 Proposed emission limits 
The following emission limits are proposed in place of the BAT-AEL for this BREF cycle: 

Parameter Unit Current ELV Proposed ELV 
NOx – gas firing mg/Nm3 300 300 
NOx – back-up liquid fuel 
firing 

mg/Nm3 450 450 

Table 6.2: CDU4 current/proposed ELVs 

The Permit [ref 3] specifies: 

“Back up liquid fuel firing is allowed for 240 hours per calendar year as described in section 6 
of the MFF Protocol.” 

A small amount of liquid fuel was fired from October 2021.  This was agreed with the EA on the basis 
that emissions would remain in line with the current gas firing limits (1000 mg/Nm3 SOx; 300 mg/Nm3 
NOx; 5 mg/Nm3 dust).      

 

6.5 Impact of derogating from BAT-AELs 
In order to assess the impact of derogating from the BAT AEL for NOx, dispersion modelling of NOx 
emissions to air from the CDU4 furnace stack was carried out by Cambridge Environmental Research 
Consultants Ltd (CERC). The modelling was carried out using ADMS 5 software. The reports for the 
Dispersion Modelling are attached as Attachments C2_9, C2_10 and C2_12. The input data and 
assumptions used are described in Attachment C2_8. 

The following scenarios were modelled: 

1. The existing CD4 stack was modelled individually. The NO2 impact was modelled from both a 
human health and ecological perspective. This model used meteorological data from the years 
2016 – 2020.  
 

2. Emissions of NO2 from all relevant sources currently on the Stanlow site were modelled. The 
purpose of this assessment was to show impact of CDU4 NOx emissions as part of the site 
cumulative emissions. The NO2  impact was modelled from both a human health and ecological 
perspective. This model used meteorological data from the years 2016 – 2020. 
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This environmental risk assessment only considers NOx emissions, as this is the parameter for which 
the derogation application is being made. As part of the application for the new furnace, stack 
modelling has been carried out for NO2, SO2 and PM2.5/PM10. This is detailed in section C2_2. 

Sensitive human health receptors were identified in the vicinity of the modelled stacks. These have 
been chosen as representative receptors in each wind direction.  

Sensitive receptors for the protection of vegetation and ecosystems were identified within a 10km 
range of the modelled stacks 

The identified sensitive receptors are detailed in the modelling reports. 

Modelled concentrations at each of the receptors were compared against the following objective 
values: 

UK Air Quality Objectives for the Protection of Human Health 

Substance  Limit value (μg/m3) Reference period and allowed exceedances 
NO2 200 Hourly mean not to be exceeded more than 18 times a year 

(modelled as 99.79th percentile) 
40 Annual mean 

 

Critical levels for the Protection of Vegetation and Ecosystems 

Substance  Limit value (μg/m3) Reference period and allowed exceedances 
NO2 30 Annual mean 

75 Daily mean 
 

As detailed in EA guidance ‘Air emissions risk assessment for your environmental permit’, process 
contributions (PC) were screened out as insignificant if the long-term PC was less than 1% of the 
objective value, and PCs were screened out as insignificant if the short-term PC was less than 10% of 
the objective value. 

In the event that the short-term or long-term PCs were not screened out, the Predicted Environmental 
Concentration (PEC) was calculated. For long-term objectives, the PEC is calculated by adding the PC 
to the estimated background concentration. For short-term objectives, the PEC is calculated by adding 
the PC to twice the estimated background concentration.  

Results 

CDU4 Existing Furnace Stack NO2 Emissions 

Human Health 

From a human health perspective, the dispersion modelling showed that, when modelled individually, 
the maximum offsite NO2 Process Contributions (PCs) for the current CDU4 furnace stack are screened 
out as insignificant at all locations. This is the case for all years and all scenarios, as they are less than 
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1% of the long-term objective of 40 μg/m3 and 10% of the short-term objective of 200 μg/m3 in each 
case. 

Ecological 

From an ecological perspective, the dispersion modelling showed that, when modelled individually, 
the NO2 PCs for the current CDU4 furnace stack are screened out as insignificant at all ten of the 
designated conservation areas. This is the case for all years, as the annual average PCs are less than 1 
% of the critical level of 30 μg/m3 and the daily average PCs are less than 10 % of the critical level of 
75 μg/m3.  

Cumulative Refinery model NO2 Emissions 

Human Health 

From a human health perspective, the results of the full site NOx model including the current CDU4 
furnaces are detailed below. In each case where Predicted Environmental Concentrations (PECs) were 
calculated, the background level was taken to be that measured at Liverpool Speke in 2019 – 19.5 
μg/Nm3.  

 Annual (Long term) Objective  
The modelled PCs for all sensitive receptors are not within the level defined as insignificant 
(<1% of the long-term objective), however all PCs are equivalent to 5% or lower of the long-
term objective. The maximum predicted offsite PECs are well below the air quality objective 
at the sensitive receptor sites. The maximum predicted annual average NO2 PEC is 21.4 
μg/Nm3, 54% of the air quality objective of 40 μg/Nm3, calculated at the Swiss Road residential 
receptor using meteorological data for the year 2017. 

 Hourly (Short term) Objective 
The maximum predicted 99.79th percentile of hourly average NO2 PCs are screened out for all 
receptors for all five years of meteorological data, except for the Poole Lane residential 
receptor. At the Poole Lane residential receptor, the maximum 99.79th percentile of hourly 
average NO2 PEC is 61 μg/Nm3, 31% of the air quality objective. 

Ecological 

From a human health perspective, the results of the full site NOx model including the current CDU4 
furnaces are detailed below. In each case where Predicted Environmental Concentrations (PECs) were 
calculated, the background level was taken to be that estimated at the location. 

 Annual (Long term) Objective  
o The maximum predicted annual average NO2 PCs are screened out as insignificant at 

the River Dee and Bala Lake.  
o At the remaining designated sites, the annual average NO2 PECs are below the critical 

level of 30 μg/Nm3. 
 Daily (Short term) Objective 

o The daily average NO2 PCs are screened out as insignificant for Midland Meres, 
Mosses Ramsar, River Dee and Bala Lake.  

o At the Gowy Meadows and Ditches LWS, the maximum daily average NO2 PECs 
calculated for 2019 and 2020 meteorological conditions exceed the critical level of 75 
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μg/Nm3 (2019 is 87μg/Nm3, 2020 is 77μg/Nm3). The maximum daily average PEC 
calculated for the 2016, 2017 and 2018 meteorological weather conditions are below 
the critical level of 75μg/Nm3.  

o At the remaining designated sites, the maximum daily average NO2 PECs are below 
the critical level.  

Impact of Furnace Replacement Project on Cumulative Refinery NOx model 

Due to the small individual impact of the CDU4 furnace stack (PCs due to existing and future stack 
emissions are both insignificant), the modelling results following the installation of the new furnace 
with the low-NOx burners and subsequent reduction of emissions are not significantly different from 
the results detailed above. 

Individual contributions due to both the existing and new furnace stacks are screened out as 
insignificant for human health and environmental receptors. 

For the cumulative full site NOx model with the new CDU4 furnace and stack arrangement, there are 
very slight changes to the Human Health and Ecological impacts from the existing situation. These 
changes are only very small due to the small individual impact of CD4 NOx in both scenarios 
(insignificant impact). 

Human Health impacts 

 Annual (Long term) Objective 
o Following the installation and commissioning of the new F204 furnace the maximum 

predicted annual average NO2 PEC is reduced by 0.1 μg/Nm3 (1% of the air quality 
objective), calculated at the Swiss Road residential receptor using meteorological data 
for the year 2017. 

 Hourly (Short term) Objective  
o Following the installation and commissioning of the new F204 furnace the maximum 

predicted off-site 99.79th percentile of hourly averages for NO2 PECs remains the same 
vs. the existing case.  

Ecological Impacts 

 Annual (Long term) Objective  
o Following the installation and commissioning of the new F204 furnace the maximum 

predicted annual average NO2 PCs remain screened out as insignificant at the River 
Dee and Bala Lake.  

o Following the installation and commissioning of the new F204 furnace there is a 
reduction of 1% in the annual average NO2 PEC at Mersey Estuary calculated for one 
of the five years of meteorological conditions. 

o Following the installation and commissioning of the new F204 furnace there is a 
reduction of 1% in the annual average NO2 PECs at Frodsham and Helsby and Ince 
Marshes LWS and Midland Meres and Mosses Ramsar calculated for two of the five 
years of meteorological conditions. 

o At the remaining designated sites, there is no change in the annual average NO2 PECs 
following the installation and commissioning of the new F204 furnace. 

 Daily (Short term) Objective 



15  March 22 
 

o Following the installation and commissioning of the new F204 furnace the daily 
average NO2 PCs remain screened out as insignificant for the sites at Midland Meres 
and Mosses, and River Dee and Bala Lake.  

o Following the installation and commissioning of the new F204 furnace there are 
significant reductions in the NO2 PEC calculated using the meteorological conditions 
for 2019 at the Gowy Meadows and Ditches (56%), Frodsham and Helsby and Ince 
Marshes (20%) and Stanney Wood (25%) locations. 

o At these locations there are variations in the NO2 PECs calculated using the other 
years’ (2016, 2017, 2018 & 2020) meteorological conditions of the magnitude +1% to 
-5%. 

o At the Gowy Meadows and Ditches LWS, the maximum daily average NO2 PECs 
calculated using the 2020 meteorological conditions remains unchanged following the 
installation and commissioning of the new F204 furnace, exceeding the critical level 
of 75 μg/Nm3 (77μg/Nm3).  

o Following the installation and commissioning of the new F204 furnace the maximum 
daily average NO2 PECs for Mersey Estuary (SPA, Ramsar, SSSI), Whitby Park (LNR), 
Hoblane Ponds (LWS), Jack’s Wood (LWS) and Shropshire Union Canal (LWS) show 
variations of the magnitude +1% to -5% in the NO2 PECs for all years. 

The results of this modelling demonstrates that the installation and commissioning of the new F204 
furnace will have a slight positive impact on the offsite NOx measurements. This is only a slight impact 
due to the relatively small individual impact of CD4 NOx emissions (both current and future situations 
are screened out as insignificant) and therefore the relatively small contribution of CD4 NOx to site 
NOx emissions. The relative site NOx contributors are detailed below.  

Source Apportionment 

Source apportionment was carried out for the worst case meteorological conditions (2017), which 
identified that the most significant sources of NOX on the local area (as measured at Thornton Le 
Moors and Elton) from the refinery as the CO Boiler and HPBH. CDU4 NOX emissions currently make 
up approximately 15% of emissions from site at the Elton monitoring station, and approximately 2% 
of emissions at the Thornton-le-Moors monitoring station. In post project, CDU4 will make up 10% of 
emissions from site at both the Elton and Thornton-le-Moors monitoring stations. Management of 
NOX emissions from CO Boiler have been considered as part of IC 42 –BAT conclusion 27.  

Figures 6.2 to 6.5 show the source apportionment for both the current and proposed CDU4 stack 
scenarios in the cumulative site NOx model.  
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Figure 6.2: Annual average NOx concentrations (2017) – current CDU4 scenario 

 

Figure 6.3: Annual average NOx concentrations (2017) – proposed CDU4 scenario 



17  March 22 
 

 

Figure 6.4: 99.79th percentile of hourly average NOx concentrations (2017) – current CDU4 scenario 

 

Figure 6.5: 99.79th percentile of hourly average NOx concentrations (2017) – proposed CDU4 scenario 
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Summary 

In summary, for the current CDU4 furnace stack from a human health perspective, the dispersion 
modelling results show that for both cases the maximum offsite NO2, SO2, PM10 and PM2.5 PCs are 
screened out as insignificant at all locations (for all years). From an ecological perspective, the 
dispersion modelling showed that, when modelled individually, the NO2 PCs for the current CDU4 
furnace stack are screened out as insignificant at all ten of the designated conservation areas (for all 
years).  

The full site NOx model, including source apportionment, demonstrates that for sensitive receptors 
for human health, all NOx PECs are below the objective values for all meteorological conditions for the 
short term and long term objectives. For sensitive ecological receptors, all long term (annual) PECs are 
below the objective values for all meteorological conditions. Nine of the sensitive receptors have short 
term PECs below the objective values, however there are PECs above the objective threshold for two 
of the modelled years at Gowy Meadows and Ditches.  

The source apportionment shows that CDU4 is not the major source of refinery NOx emissions at the 
modelled offsite locations. Comparison with the modelled emissions following the installation of the 
furnace project shows no significant change to the short and long term human health PECs at sensitive 
receptors, no significant change to the long term PECs at ecologically sensitive receptors and no 
significant change in 47/50 of the modelled short term scenarios. These modelling results corroborate 
the source apportionment exercise by showing that the change to the CDU4 emissions does not make 
a significant change on local receptors.  

Based on these modelling results Essar Oil UK do not consider that the proposed derogation would 
cause any significant pollution to the environment.  
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7 Solutions Considered 
The Refinery BREF [ref 1] describes a number of techniques for NOx control and abatement.  Not all of 
these techniques are appropriate to the CDU4 furnaces.  The Refinery BREF [ref 1], Table 4.45 shows 
NOx control and abatement techniques to be considered for fired heaters: 

Type of techniques Fired Heaters 
Primary measures (control techniques): Low-NOx burners  

Ultra-low-NOx burners 
Reburning 

Secondary measures (abatement techniques): 
 

SCR 
SNCR 

Table 7.1: NOx Control and Abatement Techniques for Fired Heaters [ref 1, Table 4.45] 

Considering this, the following techniques have been assessed in more detail: 

1. Use of gas to replace liquid fuel 
2. Low-NOx burners 
3. Staged combustion (reburning) 

7.1 Use of Gas to Replace Liquid Fuel 
RFG is a waste product of refining and its availability is limited by refinery operations.  Refinery 
operations are already optimised to maximise RFG combustion and prevent flaring.  A small amount 
of liquid fuel has been fired from October 2021.  This was agreed with the EA on the basis that 
emissions would remain in line with the current gas firing limits (1000 mg/Nm3 SOx; 300 mg/Nm3 NOx; 
5 mg/Nm3 dust).    

Monitoring of the NOx emissions from the CD4 furnace when firing 100% gas show that this is not 
sufficient to reduce the NOx emissions to below the BAT AELs. 

Use of liquid fuel is already minimised, therefore further reduction is not possible. The new furnace 
(as detailed in 7.3 and in Attachment C2_2) will not have the facility to burn liquid fuel – thereby 
establishing gas firing as the sole mode of operation. Cost benefit analysis has therefore not been 
completed for this option. 

7.2 Staged Combustion 
Fuel staging, also called reburning, is based on the creation of different zones in the furnace by the 
staged injection of fuel and air. The aim is to reduce NOx emissions, which have already been formed, 
back into nitrogen. This technique adds to the flame cooling, a reaction by which organic radicals assist 
in the breakdown of NOx. 

The BREF [ref 1] provides the following information on staged combustion: 

“Achievable levels are <200 mg/Nm3 NO2 equivalent, especially for gas firing, for which the 
lowest levels are more easily achievable.” 

Cross-media effects: “Additional energy consumption (estimated at around 15 %, without any 
complementary energy recovery).” 
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“This technique is applied at the furnace or boiler level but it is strongly connected with the 
burner technique. It is widely used for gas firing. For mixed or liquid firing, a specific burner 
design is required.” 

Implementation of staged combustion would require the burners to be replaced, in which case 
low-NOx burners would be installed.  Low-NOx burners will reduce NOx emissions below BAT AELs, 
therefore staged combustion would not be required.   

Cost benefit analysis has not been completed for this option. 

7.3 Install Low-NOx burners in the 2023 Turnaround 
Low-NOx burners have the aim of reducing peak temperatures, reducing the oxygen concentration in 
the primary combustion zone, and reducing the residence time at high temperatures, thereby 
decreasing thermally formed NOx.   

The BREF [ref 1] provides the following information on performance: 

“When successfully implemented, low-NOx burners can achieve NOx reduction performances 
of 40 – 60 % for gaseous fuels and 30 – 50 % for liquid fuels compared to conventional burners 
of the same thermal capacity.” 

“Based on the TWG 2008 data collection questionnaires (see Table 4.46), the following ranges 
have been reported from operational data at some EU-27+ refineries:  

 65 – 150 mg/Nm3 for gas-fired in all cases, except for one old retrofit where a value of 
253 mg/Nm3 was observed;”  

The installation of low-NOx burners will allow the CDU4 emissions to meet the BAT-AEL of 200 
mg/Nm3.  A project has been developed to replace the three existing atmospheric crude furnaces with 
a single replacement furnace. This furnace will have low-NOx burners installed and therefore will be 
compliant with the BAT-AEL values. 

Detail regarding the new furnace design and capabilities is contained within attachment x. 

Reports detailing the progress of the furnace project have been submitted to the Environment Agency 
as part of the conditions detailed within EPR/FP3139FN IC 43. These reports are attached as 
Attachment C2_7. 

 Cost benefit analysis for this option is provided (see Appendix 1, option 1 “Proposed Derogation”). 

7.4 Shutdown Refinery at end December 2022 to Install Low-NOx Burners 
This option is based on shutting the refinery down in December 2022 to install low-NOx burners on all 
four furnaces. The CDU4 turnaround is planned for 30th September 2023 and due to the requirements 
for detailed turnaround planning activities, availability of specialist contractors and labour, and parts 
for the other maintenance work due to take place in the turnaround event it would not be possible to 
bring the event forward to earlier than the planned start date. 
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Therefore, the refinery would need to remain shut down for a period of 9 months until the turnaround 
is scheduled to begin. It is not possible for the refinery to run for an extended period without CDU4 
operating; therefore, in order to comply by end December 2022 the whole refinery would need to be 
shut down from 01/01/2023. 

The refinery would therefore be shut down from end December 2022 until end September 2023, i.e. 
for 9 months.   

This option is included as the BAT-AEL option in the cost benefit analysis.  This is seen as the only 
option that could achieve the BAT-AELs by December 2022.   

Cost benefit analysis for this option is provided (see Appendix 1, option 2 “BAT-AEL”).    

For more details on the figures used in the cost benefit analysis see Appendix 1. 

8 Cost Benefit Analysis Summary 
Three options were considered in the Cost Benefit Analysis (CBA) calculation: 

1. Business As Usual (BAU) – i.e. no change to existing operation. CDU4 furnaces F201A/B/C and 
F202 are fitted with conventional burners.  They have capability to fire gas and oil.  Oil firing 
is minimised.  NOx emissions are sometimes within the BAT-AEL but can exceed it. 
 

2. Proposed Derogation – install low-NOx burners on F201A/B/C during the 2023 CDU4 TA. New 
burners should be able to meet BAT-AEL for NOx emissions. 
 

3. BAT-AEL – shut down Stanlow Refinery at end December 2022, until new furnace F204 is 
installed with low-NOx burners to replace F201A/B/C as part of the 2023 CDU4 TA. 
 

The results of the Environment Agency CBA tool’s (see Appendix 1) sensitivity and scenario analyses 
are shown in the table below: 

 

The rankings of the different options from the CBA tool are as follows: 

1. Proposed derogation 
2. BAT-AEL 
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EOUK consider that the cost of the BAT-AEL option (i.e. shut down Stanlow Refinery at end December 
2022, until install low-NOx burners on F201A/B/C during the 2023 CDU4 TA) is grossly disproportionate 
compared to the environmental benefit achieved, based on the NPV of this option being between -
211 and -215.  

The environmental impact from derogating from the NOx BAT-AEL is considered to be low (which is 
discussed in more detail in Section 6.5).  

9 Proposed Solution 

9.1 Scope of Project 
The proposed solution is to install low-NOx burners on three of the CDU4 furnaces 
(F201A/F201B/F201C/F202) in the 2023 TA.  It is not necessary to install low-NOx burners on the 4th 
furnace, as emissions from the refinery bubble are compliant when one furnace is included. For 
operational reasons, furnaces F201A/F201B/F201C will also be replaced in the 2023 TA with a single 
furnace.  

 

9.2 Future Operation 
Three of the four CDU4 furnaces (F201A/F201B/F201C/F202) would operate using low-NOx burners 
with emissions within the BAT-AEL of 200 mg/Nm3. This would reduce NOx emissions from the 
“refinery bubble” sufficiently that the total site emissions are equal to or lower than the emissions 
that would be achieved through a unit-by-unit application of the BAT-AELs.  

 

9.3 Environmental Impact 
It is anticipated that low-NOx burners will meet the BAT-AEL.   

Again, it should also be noted that we are not aware of any adverse environmental impact from 
emissions at current levels. 
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Appendix 1. Further information on Cost Benefit Analysis 

1 Business As Usual 
NOx emissions are based on 2021 reported NOx concentrations and annual emissions: 

 Total annual NOx emissions  = 326.64 t [ref 6] 
 NOx emissions per furnace = 326.64 / 4 = 81.66 t 
 NOx emissions for 3 furnaces  = 81.66 × 3 = 244.98 t 
 Average NOx emissions concentration = 289 mg/Nm3 [see Table 6.1] 

2 Option 1 – Proposed derogation   
It is assumed for the cost benefit analysis that low-NOx burners will be installed on three of the four 
CDU4 furnaces. In reality, furnaces F201A/B/C will be replaced for operational reasons (in addition to 
having low-NOx burners installed – however, only the cost of the low-NOx burners have been included 
in the CBA).  

The CBA uses the following costs: 

 Low-NOx burners = £2.8M per furnace (assuming same quoted cost as low-NOx burners for 
HPBH) 

 Total cost = 2.8 x 3 = £8.4M – installed on 3 furnaces (F201A/B/C) in September 2023 

NOx emissions are calculated based on guaranteed emission limits for the replacement furnace for 
F201A/B/C and EPR limits for F202 – 189 mg/Nm3 overall1: 

 NOx emissions per furnace   = 81.66 t per furnace 
 Average NOx concentration   = 289 mg/Nm3 
 Future NOx concentration   = 189 mg/Nm3  
 NOx emissions with Low-NOx burners = 81.66 × 189 / 289 = 53.4 t per furnace 
 Future NOx emissions   = 3 × 53.4 = 160.2 t 

The NOx emissions profile is based on the following: 

Period NOx emissions (t) Comments 
Jan – Sep 2023 244.98 Business as usual NOx 

emissions (see “Business as 
Usual” above) 

1st Oct – 4th Nov 2023 0 CDU4 Block TA (planned 
duration 35 days) 

5th Nov – 31st Dec 2023 = 160.2 * 57/365 
= 25.0 

I.e. operating at future NOx 
emission limit of 160.2 
t/annum for the remaining 57 

                                                           
1 This assumes that the NOx concentration from the replacement furnace will be 100 mg/Nm3 (i.e. the 
guaranteed value). Zeeco (burner manufacturer) have carried out burner tests – see Attachment C2_5. Using 
fuel cases that are reasonably representative of normal and high hydrogen refinery fuel gas, the burners 
achieved NOx concentrations ranging from 37 to 47 mg/Nm3. However, 100 mg/Nm3 has been used in the CBA 
in order to be conservative.  
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days of 2023 (see “Option 1 – 
Proposed Derogation” above) 

Table A.2.1: Determination of NOx emissions – Proposed derogation 

3 Option 2 – BAT-AEL  
The BAT-AEL option is based on shutting down the refinery at end December 2022 to install low-NOx 
burners on three of the four CDU4 furnaces, until the planned CDU4 block TA start date of 30/09/2023.     

The cost is based on the cost of doing the work plus the cost to the business of shutting the refinery 
down for the duration.  The duration of the shutdown would be 9 months.    

The CBA uses the following costs for emission control: 

 Low-NOx burners = £2.8M per furnace  
 Total cost = £2.8M × 3 = £8.4M – installed on 3 furnaces (F201A/B/C) in September 2023 

The gross margin loss for a 9 month period, starting in January 2023, is estimated to be $480 million 
USD for a full shutdown case. This is based on the latest price set (from June 2021). This estimate does 
not include the impact of having to import material to honour marketing contracts – so therefore this 
would be a conservative estimate of the cost of the 9 month shutdown. 

Based on an exchange rate of $1.36/£1, this is equivalent to £352.9 million.  

The CBA uses the following costs for a refinery shutdown: 

Period Cost (£M) Comments 
Jan – Sep 2023 353 Refinery shutdown 9 months 

 

The NOx emissions profile is based on shutting the refinery down at the end of December 2022 for 9 
months and restarting at the future NOx emission limit (see “Option 1 – Proposed Derogation” above): 

Period NOx emissions (t) Comments 
Jan – Sep 2023 0 Refinery shutdown 9 months 
1st Oct – 4th Nov 2023 0 CDU4 Block TA (planned 

duration 35 days) 
5th Nov – 31st Dec 2023 = 160.2 * 57/365 

= 25.0 
I.e. operating at future NOx 
emission limit of 160.2 
t/annum for the remaining 57 
days of 2023 (see “Option 1 – 
Proposed Derogation” above) 

Table A.3.1: Determination of NOx emissions – BAT-AEL option 

Note that there would also be a significant impact on UK fuel supply and on the local economy, to 
which Stanlow makes a significant contribution. 
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Appendix 2. Cost Benefit Analysis  
 Business as usual 
 Option 1 – Proposed Derogation – Install Low-NOx burners in the 2023 Turnaround  
 Option 2 – BAT-AEL – Shut down Refinery at end December 2022 to Install Low-NOx Burners  
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Derogation from BAT-AELs for NOx 
from CDU4 Furnaces 

1 Summary 
This document comprises a request for derogations from BAT-associated emission levels for NOX 

emissions to air from a gas fired combustion unit.  These are given under BAT conclusion BAT 34 of 
the BREF for the Refining of Mineral Oil and Gas [ref 1, 2]. 

The scope of this derogation is to cover non-compliance with the following BAT-AELs referenced in 
BAT 34: 

Emission Point BAT-AEL derogations requested 
REF-A-2 Crude Distillation Unit 4  NOx 

 

Essar cannot comply with these BAT-AELs due to technical characteristics of the installation.   

Essar is unique because the age and configuration of the refinery on the site makes it more 
technically difficult and costly to comply.  Specific details for this are described later in this document, 
but include the following reasons: 

 CDU4 furnaces were installed in the early 1970s with no emission limits specified in design 
 High hydrogen content of Refinery Fuel Gas increases NOx formation 
 High air preheat increases NOx formation 

In order to close this deviation to BAT 34, Essar Oil UK Ltd is installing a new furnace to replace the 
three existing atmospheric crude oil furnaces. The new furnace will be fitted with low-NOx burners, 
which will reduce overall NOx emissions from CD4 below BAT.  

The installation of the new furnace can only take place as part of a unit turnaround, which typically 
take place every 4 years, and which was planned for Q3 2022. However, due to the general investment 
cycle for the installation the next CD4 turnaround has been delayed until 2023.  

The best technical solution is to install low-NOx burners, but this can only be done during a refinery 
turnaround.  These typically take place every 4 years. 

Essar requests a time-limited derogation to 30/09/2023, which is the earliest date by which the 
furnaces will be shutdown to enable the furnace replacement.   
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2 Overview of the Site and Installation 
Stanlow Manufacturing Complex, which is situated south of the Mersey estuary near Ellesmere Port, 
has origins dating back to 1924. During the intervening years, the refinery has grown in size and 
complexity.  

Stanlow plays a strategic role in the national economy, producing over 16% of the UK’s road transport 
fuels, with an annual production of over 4.4 billion litres of diesel, 3 billion litres of petrol and 2 billion 
litres of jet fuel, supplying product into Manchester, Liverpool, Leeds Bradford, Birmingham 
International, Cardiff and Bristol airports.   

Stanlow is a major regional employer with approximately 740 staff, additional contractors on site, and 
further people employed indirectly through the extended value chain, significantly contributing to the 
local economy.  

The company is a major supplier in North West England with customers including most of the leading 
retail brands operated by the international oil companies and the hypermarkets, together with the 
region’s trains and buses. The refinery also plays an important part in Britain’s petrochemical industry, 
providing key feedstocks such as toluene, propylene and ethyl benzene.  

There are two Crude Distillation Units (CDU) at Stanlow: CDU3 and CDU4.  CDU3 is currently 
mothballed.  CDU4 was commissioned in 1973.  The CDU4 LCP consists of four furnaces: F201A (58.9 
MW), F201B (58.9 MW), F201C (49 MW) and F202 (53.3 MW).  These are used to heat crude oil and 
intermediate residue for fractionation.  Fractional distillation or “fractionation” is the key unit 
operation within a crude distillation unit, where the crude oil is distilled into different fractions or 
components.  This takes a significant amount of heat, supplied by the furnaces.  Each furnace has the 
capability to burn both oil and gas.  The furnaces are started up on oil and typically run on 100% gas 
during normal operation, although liquid firing may be required, for example as fouling builds up over 
the operating run in the period prior to a turnaround (TA).   

NOx emissions are minimised by burning 100% gas when possible, and optimising furnace operation 
in terms of excess O2 control.  No other NOx reduction measures are employed on these furnaces.  This 
LCP is included in a NOx emissions bubble.  

The CDU4 furnaces share feed and support services (e.g. air supply, fuels, electricity), and they exhaust 
via a common stack and CEMS.   
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3 Scope of derogation 
The scope of this derogation is to cover non-compliance with BAT-AELs referenced in BAT 34 and BAT 
57.   

The site uses an integrated emissions management technique (BAT 57) to assess overall emissions 
from the site (the “refinery bubble”), rather than to assess emissions on a unit-by-unit basis.  This 
derogation is written on this basis.       

 

3.1 BAT 34 
BAT 34. In order to prevent or reduce NOX emissions to air from the combustion units, BAT is to use 
one or a combination of the techniques given below.  

I. Primary or process-related techniques, such as:   

Technique Description Applicability 
(i) Selection or treatment of fuel 

(a) Use of gas to replace 
liquid fuel 

Gas generally contains less 
nitrogen than liquid and its 
combustion leads to a lower level 
of NOx emissions. 
See Section 1.20.3 

The applicability may be limited by 
the constraints associated with the 
availability of low sulphur gas fuels, 
which may be impacted by the 
energy policy of the Member State 

(b) Use of low nitrogen 
refinery fuel oil (RFO) 
e.g. by RFO selection or 
by hydrotreatment of 
RFO 

Refinery fuel oil selection favours 
low nitrogen liquid fuels among the 
possible sources to be used at the 
unit. Hydrotreatment aims at 
reducing the sulphur, nitrogen and 
metal contents of the fuel. See 
Section 1.20.3 

Applicability is limited by the 
availability of low nitrogen liquid 
fuels, hydrogen production and 
hydrogen sulphide (H2S) treatment 
capacity (e.g. amine and Claus 
units)  

(ii) Combustion modifications 
(a) Staged combustion:  

— air staging  
— fuel staging 

See Section 1.20.2 Fuel staging for mixed or liquid 
firing may require a specific burner 
design 

(b) Optimisation of 
combustion 

See Section 1.20.2 Generally applicable 

(c) Flue-gas recirculation See Section 1.20.2 Applicable through the use of 
specific burners with internal 
recirculation of the flue-gas. The 
applicability may be restricted to 
retrofitting external flue-gas 
recirculation to units with a 
forced/induced draught mode of 
operation 

(d) Diluent injection See Section 1.20.2 Generally applicable for gas 
turbines where appropriate inert 
diluents are available 

(e) Use of low-NOx burners 
(LNB) 

See Section 1.20.2 Generally applicable for new units 
taking into account, the fuel-
specific limitation (e.g. for heavy 
oil). For existing units, applicability 
may be restricted by the 
complexity caused by site-specific 
conditions e.g. furnaces design, 
surrounding devices. In very 
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specific cases, substantial 
modifications may be required. 
The applicability may be restricted 
for furnaces in the delayed coking 
process, due to possible coke 
generation in the furnaces. In gas 
turbines, the applicability is 
restricted to low hydrogen content 
fuels (generally < 10 %) 

 

II. Secondary or end-of-pipe techniques, such as: 

Technique Description Applicability 
(i) Selective catalytic reduction 
(SCR)  

See Section 1.20.2  Generally applicable for new units. 
For existing units, the applicability 
may be constrained due to the 
requirements for significant space 
and optimal reactant injection 

(ii) Selective non-catalytic 
reduction (SNCR)  

See Section 1.20.2  Generally applicable for new units. 
For existing units, the applicability 
may be constrained by the 
requirement for the temperature 
window and the residence time to 
be reached by reactant injection 

(iii) Low temperature oxidation  See Section 1.20.2  The applicability may be limited by 
the need for additional scrubbing 
capacity and by the fact that ozone 
generation and the associated risk 
management need to be properly 
addressed. The applicability may 
be limited by the need for 
additional waste water treatment 
and related cross- media effects 
(e.g. nitrate emissions) and by an 
insufficient supply of liquid oxygen 
(for ozone generation). For existing 
units, the applicability of the 
technique may be limited by space 
availability 

(iv) SNOx combined technique  See Section 1.20.4  Applicable only for high flue-gas 
(e.g. > 800 000 Nm3/h) flow and 
when combined NOx and SOx 
abatement is needed 

 

BAT-associated emission levels: See Table 9, Table 10 and Table 11. 

Table 10 

BAT-associated emission levels for NOx emissions to air from a gas-fired combustion unit, with the 
exception of gas turbines 

Parameter Type of Combustion BAT-AEL (monthly average) mg/Nm3  
NOx expressed as NO2 Gas firing 30-150 

for existing unit (1) 
  30-100 
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For new unit 
(1) For an existing unit using high air pre-heat (i.e. > 200 oC) or with H2 content in the fuel gas higher than 50 %, 

the upper end of the BAT-AEL range is 200 mg/Nm3. 
 

Table 11 

BAT-associated emission levels for NOX emissions to air from a multi-fuel fired combustion unit 
with the exception of gas turbines 

Parameter Type of Combustion BAT-AEL (monthly average) mg/Nm3  
NOx expressed as NO2 Multi-fuel fired combustion unit 30-300 for existing unit (1)(2) 

(2) For existing units < 100 MW firing fuel oil with a nitrogen content higher than 0,5 % (w/w) or with liquid firing 
> 50 % or using air preheating, values up to 450 mg/Nm3 may occur.  

(3) The lower end of the range can be achieved by using the SCR technique. 
 

4 Derogation Criteria 
This derogation is applied for based on the technical characteristics of the installation.   

Meeting the BAT AEL within the time period specified within the derogation granted within 
EPR/FP3139FN/V009 would lead to disproportionately higher costs compared to the environmental 
benefits.   

The DEFRA guidance note ‘Industrial emissions directive Guidance on Part A installations’ details the 
criteria required for the justification for a derogation from the ELVs. These include: 

Technical characteristics: Ref 20 

 The general investment cycle for a particular type of installation 
 The practicability (particularly bearing in mind Health & Safety and other relevant legal 

obligations) of interrupting the activity so as to install improved emission control upon the 
pollutant(s) 

 The configuration of the plant on a given site, making it more difficult and costly to comply 

These criteria apply to Stanlow in the following way: 

‘The configuration of the plant on a given site, making it more difficult and costly to comply’ 
The age and configuration of CD4 make it more technically difficult and costly to comply.   

CDU4 was commissioned in 1973.  The CDU4 furnaces were not designed to meet any emission limits.  
NOX emissions are dependent on fuel type, fuel nitrogen or hydrogen content, combustion equipment 
design and operating conditions.   

The CDU4 furnaces have the capability to burn both oil and gas and they typically operate on majority 
refinery fuel gas (RFG) (>80%) during normal operation.   

RFG has a high hydrogen content, which increases NOx emissions (see section 6.1 for more details).  
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The air supply to each furnace is preheated as an energy efficiency measure, which also increases NOx 
emissions (see section 6.1 for more details). 

Each furnace is fitted with conventional burners (i.e. not low-NOx burners).   No other NOx reduction 
measures are employed on these furnaces. 
 
 ‘The general investment cycle for a particular type of installation’: 
‘The practicability (particularly bearing in mind Health & Safety and other relevant legal obligations) 
of interrupting the activity so as to install improved emission control upon the pollutant(s)’ 

CDU4 offline maintenance takes place within a turnaround event, which typically takes place every 4 
years. A Refinery TA is a multimillion pound event scheduled based on required inspection 
frequencies.  It is best practice to minimise the number of shutdowns and start-ups of major refinery 
units as these operations incur increased flaring and water emissions and can act as initiating events 
for major accident hazards. Shutdowns of major refinery units also have a significant business impact. 

In order to close this deviation to BAT 34, Essar Oil UK Ltd is installing a new furnace to replace the 
three existing atmospheric crude oil furnaces. The new furnace will be fitted with low-NOx burners, 
which will reduce overall NOx emissions from CD4 below BAT. The installation of the new furnace can 
only take place as part of a unit turnaround, which typically take place every 4 years. Due to the 
refinery turnaround cycles, at the time of the original derogation [ref 7] the earliest this could be done 
was the 2022 TA.   

The Cost Benefit analysis submitted as part of the derogation application EPR/FP3139FN/V009 
demonstrated that the cost of bringing the turnaround forward would be disproportionate to the 
environmental benefit of doing so.   

Due to the general investment cycle for the installation, the next CD4 turnaround has been delayed 
until 2023. The reason for the delay to the turnaround is detailed below. 

Previously the site turnaround events for the major fuels train of the refinery (including CD4 crude 
distiller, CCU2 catalytic cracking unit and Plat3 platinum gasoline reforming unit) have been completed 
as a single turnaround event. Learning from the 2018 refinery turnaround event showed that 
attempting to execute a turnaround event for the whole refinery leads to difficulties in obtaining 
suitably skilled workers, and thus the ability to execute the event in a safe manner. For this reason the 
site turnaround events are being split such that OMC (CCU and associated units) will be completed 
separately to ODP (CDU4, Platformer, HDS2 and associated units). Splitting the block reduces the 
number of individuals needed at the same time, thus allowing control of the HSE implications of that 
decision.  

Following the decision to split the turnaround events, it was planned that the OMC turnaround would 
be completed in Q1 2022 and the ODP turnaround would be completed in Q3 2022. 

Due to the impacts of COVID on the availability of labour and materials and on the cash flow of the 
business, it has been necessary to delay the OMC TA from Q1 2022 until Q3 2022. This then 
consequentially pushes the ODP TA into 2023.  
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5 Duration of proposed derogation 
A time-limited derogation is requested, until 30/09/2023. The CD4 turnaround will start on or before 
28/09/2023, the unit will then remain non-operational and under maintenance until start up following 
the turnaround event. CD4 will be compliant with BAT 34 after the turnaround event as the new 
furnace will be operational. 

The minimum time to complete the project to comply with BAT-AELs is greater than the remainder of 
the 4 years available since the BAT conclusions were published.  
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6 Assessment of Current Operations 

6.1 Techniques used 
BAT 34 lists techniques that can be used to prevent or reduce NOx emissions from combustion units.  
Some of these are already in use:  

6.1.1 I (i) (a) Use of gas to replace liquid fuel 
F201A/B/C and F202 are dual fuel furnaces, each fitted with 6 oil and 6 gas burners.  They were 
designed to burn the following fuels: 

 Liquid fuel 
 Refinery Fuel Gas (RFG) 

RFG is a residue of the refining process.  RFG is used as a fuel for combustion plant across the refinery.  
Any excess RFG must be flared, therefore the refinery maximises the amount of RFG that is burned to 
reduce liquid fuel firing.   

During the period Aug 2014 – Feb 2022, CD4 furnaces burnt 100% fuel gas for 60 of the 91 months. 
Duel fuel firing (fuel gas (>80%)  and fuel oil firing) has been used in the remaining 31 months for both 
operational reasons and due to the economic impact of high natural gas prices. 

Liquid fuel firing is also required during start-up.  The BAT-AELs apply to normal operation, and do not 
apply during start-up and shutdown.  

 

6.1.2 I (ii) (b) Optimisation of combustion 
Section 1.20.2 of the BAT Conclusions [ref 2] says: 

“Based on permanent monitoring of appropriate combustion parameters (e.g. O2, CO content, 
fuel to air (or oxygen) ratio, unburnt components), the technique uses control technology for 
achieving the best combustion conditions” 

We monitor the following parameters: 

 O2 in flue gas from each furnace (also including critical alarm for low excess O2) 
 Air/fuel ratio 

Combustion conditions are controlled to control the furnace outlet temperature at a desired value 
whilst maintaining safe firing conditions i.e. to avoid sub-stoichiometric combustion.  In addition, 
excess air is minimised to maximise efficiency. 

The furnaces do use Best Available Techniques; however, these are not sufficient to meet the BAT-
AELs.  There are a number of reasons for this: 

 RFG contains high levels of hydrogen (June 2018 – February 2022 average was 60.6% v/v).  
Hydrogen burns readily producing a hot flame leading to high NOx emissions when either RFG 
or blends containing RFG are fired.  This effect is recognised in the BREF [ref 1, section 
4.10.2.1].  Adjustment factors for NOX emissions as a function of hydrogen content are 
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provided within the BREF [ref 1, Figure 4.31].  Use of fuel gas with a hydrogen content of 60% 
gives a NOx multiplying factor of ~1.6.  However, the BREF does not give a means for this factor 
to be applied, meaning that the ELV is artificially low for this case. 
 

 It is acknowledged in the BREF that air preheating typically increases the production of NOX.  
Adjustment factors for NOX emissions as a function of preheated air temperature are provided 
within the BREF [ref 1, Figure 4.35].  The combustion air to the furnaces passes through a 
Liquid Coupled Air Preheater (LCAP), which increases the temperature to typically ~ 260 °C.  
This gives a NOx multiplying factor of ~1.9.  However, the BREF does not give a means for this 
factor to be applied, meaning that the ELV is artificially low for this case.   

 

6.2 Compliance with BAT-AELs 
The CDU4 furnaces have the capability to fire refinery fuel gas and liquid fuel, however they are 
predominantly gas fired.  The BAT-AEL for NOx emissions from a gas fired combustion plant is 
200 mg/Nm3, for an existing unit with H2 content in the fuel gas higher than 50%.  The BAT-AEL is a 
monthly average limit.   

The CDU4 monthly average NOx emissions from 2021 are provided in Table 6.1.  Note that IED [ref 5] 
Annex V, Part 3 allows a Confidence Interval (CI) to be subtracted from the validated measurement.  
For NOx this is 20% [ref 5, Annex V, Part 3].  The results below are shown with and without the 
subtraction. 

Month Monthly Average NOx (mg/Nm3) 
 Normalised result Minus 20% Confidence interval 
Jan 2021 314 251 
Feb 2021 324 259 
Mar 2021 314 252 
Apr 2021 311 248 
May 2021 201 161 
Jun 2021 321 257 
Jul 2021 300 240 
Aug 2021 309 247 
Sep 2021 255 204 
Oct 2021 255 204 
Nov 2021 288 231 
Dec 2021 279 223 
Average 289 231 

Table 6.1: CDU4 NOx emissions 2021 

Table 6.1 shows that NOx emissions exceeded the BAT-AEL of 200 mg/Nm3 for 11 months in 2021, 
assuming that the CI can be deducted.  Emissions in 2020 were similar to 2021: average NOx was 
282 mg/Nm3, or 226 mg/Nm3 after deduction of CI.  

Since the original derogation application [ref 7], NOx emissions from CDU4 have reduced due to the 
change in operation of the CDU4 plant. The average NOx emitted from the CDU4 plant for previous 
years is as follows: 
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Year Annual Average NOx (mg/Nm3)
Normalised result Minus 20% Confidence interval

2016 423 339
2017 446 357
2018 143Note 1 114.4Note 1

2019 296 237
2020 282 226
2021 289 231

Table 6.2: CDU4 NOx emissions – Annual Average
Note 1 – 2018 results are not considered representative due to impact of unit turnaround and analyser 
reliability issues.  

Table 6.1 and 6.2 show the NOx emissions from CDU4 stack, however Essar Oil UK uses an integrated 
emissions management technique for Stanlow (i.e. “refinery bubble”) to assess overall emissions from 
the site, rather than to assess emissions from CDU4 individually.  Figure 6.1 shows NOx emissions from 
the refinery bubble over a 3 year period (January 2019 – December 2021):

Figure 6.1:  NOx bubble emissions 01/2019 – 12/2021 vs proposed bubble BAT-AEL 

Figure 6.1 shows that emissions from the NOx bubble were mostly below the proposed bubble BAT-
AEL of 311 mg/Nm3 before the 20% confidence interval was applied, and were consistently below the 
bubble BAT-AEL when the 20% confidence interval was applied (as agreed with EA).
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Note that the agreement following the original derogation for CDU4 [ref 7] was to take into account 
one of the four CDU4 furnaces in the refinery bubble (Table 6.1 uses this methodology). Figure 6.1 
takes into account all four CDU4 furnaces, it is expected that Stanlow would be able to comply with 
the current Refinery NOX bubble limit including all CD4 furnaces for the duration of the derogation.    

6.3 Why can’t we comply by 2022? 
It is not possible to confirm that CDU4 can consistently meet the BAT-AEL with the existing burners.  
Low-NOx burners will be installed in the new furnace, which can only be done during a refinery 
turnaround.   As described in Section 5, due to the general investment cycle for the installation, the 
timing for the CDU4 turnaround has been delayed until September 2023. 

 

6.4 Proposed emission limits 
The following emission limits are proposed in place of the BAT-AEL for this BREF cycle: 

Parameter Unit Current ELV Proposed ELV 
NOx – gas firing mg/Nm3 300 300 
NOx – back-up liquid fuel 
firing 

mg/Nm3 450 450 

Table 6.2: CDU4 current/proposed ELVs 

The Permit [ref 3] specifies: 

“Back up liquid fuel firing is allowed for 240 hours per calendar year as described in section 6 
of the MFF Protocol.” 

A small amount of liquid fuel was fired from October 2021.  This was agreed with the EA on the basis 
that emissions would remain in line with the current gas firing limits (1000 mg/Nm3 SOx; 300 mg/Nm3 
NOx; 5 mg/Nm3 dust).      

 

6.5 Impact of derogating from BAT-AELs 
In order to assess the impact of derogating from the BAT AEL for NOx, dispersion modelling of NOx 
emissions to air from the CDU4 furnace stack was carried out by Cambridge Environmental Research 
Consultants Ltd (CERC). The modelling was carried out using ADMS 5 software. The reports for the 
Dispersion Modelling are attached as Attachments C2_9, C2_10 and C2_12. The input data and 
assumptions used are described in Attachment C2_8. 

The following scenarios were modelled: 

1. The existing CD4 stack was modelled individually. The NO2 impact was modelled from both a 
human health and ecological perspective. This model used meteorological data from the years 
2016 – 2020.  
 

2. Emissions of NO2 from all relevant sources currently on the Stanlow site were modelled. The 
purpose of this assessment was to show impact of CDU4 NOx emissions as part of the site 
cumulative emissions. The NO2  impact was modelled from both a human health and ecological 
perspective. This model used meteorological data from the years 2016 – 2020. 
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This environmental risk assessment only considers NOx emissions, as this is the parameter for which 
the derogation application is being made. As part of the application for the new furnace, stack 
modelling has been carried out for NO2, SO2 and PM2.5/PM10. This is detailed in section C2_2. 

Sensitive human health receptors were identified in the vicinity of the modelled stacks. These have 
been chosen as representative receptors in each wind direction.  

Sensitive receptors for the protection of vegetation and ecosystems were identified within a 10km 
range of the modelled stacks 

The identified sensitive receptors are detailed in the modelling reports. 

Modelled concentrations at each of the receptors were compared against the following objective 
values: 

UK Air Quality Objectives for the Protection of Human Health 

Substance  Limit value (μg/m3) Reference period and allowed exceedances 
NO2 200 Hourly mean not to be exceeded more than 18 times a year 

(modelled as 99.79th percentile) 
40 Annual mean 

 

Critical levels for the Protection of Vegetation and Ecosystems 

Substance  Limit value (μg/m3) Reference period and allowed exceedances 
NO2 30 Annual mean 

75 Daily mean 
 

As detailed in EA guidance ‘Air emissions risk assessment for your environmental permit’, process 
contributions (PC) were screened out as insignificant if the long-term PC was less than 1% of the 
objective value, and PCs were screened out as insignificant if the short-term PC was less than 10% of 
the objective value. 

In the event that the short-term or long-term PCs were not screened out, the Predicted Environmental 
Concentration (PEC) was calculated. For long-term objectives, the PEC is calculated by adding the PC 
to the estimated background concentration. For short-term objectives, the PEC is calculated by adding 
the PC to twice the estimated background concentration.  

Results 

CDU4 Existing Furnace Stack NO2 Emissions 

Human Health 

From a human health perspective, the dispersion modelling showed that, when modelled individually, 
the maximum offsite NO2 Process Contributions (PCs) for the current CDU4 furnace stack are screened 
out as insignificant at all locations. This is the case for all years and all scenarios, as they are less than 
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1% of the long-term objective of 40 μg/m3 and 10% of the short-term objective of 200 μg/m3 in each 
case. 

Ecological 

From an ecological perspective, the dispersion modelling showed that, when modelled individually, 
the NO2 PCs for the current CDU4 furnace stack are screened out as insignificant at all ten of the 
designated conservation areas. This is the case for all years, as the annual average PCs are less than 1 
% of the critical level of 30 μg/m3 and the daily average PCs are less than 10 % of the critical level of 
75 μg/m3.  

Cumulative Refinery model NO2 Emissions 

Human Health 

From a human health perspective, the results of the full site NOx model including the current CDU4 
furnaces are detailed below. In each case where Predicted Environmental Concentrations (PECs) were 
calculated, the background level was taken to be that measured at Liverpool Speke in 2019 – 19.5 
μg/Nm3.  

 Annual (Long term) Objective  
The modelled PCs for all sensitive receptors are not within the level defined as insignificant 
(<1% of the long-term objective), however all PCs are equivalent to 5% or lower of the long-
term objective. The maximum predicted offsite PECs are well below the air quality objective 
at the sensitive receptor sites. The maximum predicted annual average NO2 PEC is 21.4 
μg/Nm3, 54% of the air quality objective of 40 μg/Nm3, calculated at the Swiss Road residential 
receptor using meteorological data for the year 2017. 

 Hourly (Short term) Objective 
The maximum predicted 99.79th percentile of hourly average NO2 PCs are screened out for all 
receptors for all five years of meteorological data, except for the Poole Lane residential 
receptor. At the Poole Lane residential receptor, the maximum 99.79th percentile of hourly 
average NO2 PEC is 61 μg/Nm3, 31% of the air quality objective. 

Ecological 

From a human health perspective, the results of the full site NOx model including the current CDU4 
furnaces are detailed below. In each case where Predicted Environmental Concentrations (PECs) were 
calculated, the background level was taken to be that estimated at the location. 

 Annual (Long term) Objective  
o The maximum predicted annual average NO2 PCs are screened out as insignificant at 

the River Dee and Bala Lake.  
o At the remaining designated sites, the annual average NO2 PECs are below the critical 

level of 30 μg/Nm3. 
 Daily (Short term) Objective 

o The daily average NO2 PCs are screened out as insignificant for Midland Meres, 
Mosses Ramsar, River Dee and Bala Lake.  

o At the Gowy Meadows and Ditches LWS, the maximum daily average NO2 PECs 
calculated for 2019 and 2020 meteorological conditions exceed the critical level of 75 
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μg/Nm3 (2019 is 87μg/Nm3, 2020 is 77μg/Nm3). The maximum daily average PEC 
calculated for the 2016, 2017 and 2018 meteorological weather conditions are below 
the critical level of 75μg/Nm3.  

o At the remaining designated sites, the maximum daily average NO2 PECs are below 
the critical level.  

Impact of Furnace Replacement Project on Cumulative Refinery NOx model 

Due to the small individual impact of the CDU4 furnace stack (PCs due to existing and future stack 
emissions are both insignificant), the modelling results following the installation of the new furnace 
with the low-NOx burners and subsequent reduction of emissions are not significantly different from 
the results detailed above. 

Individual contributions due to both the existing and new furnace stacks are screened out as 
insignificant for human health and environmental receptors. 

For the cumulative full site NOx model with the new CDU4 furnace and stack arrangement, there are 
very slight changes to the Human Health and Ecological impacts from the existing situation. These 
changes are only very small due to the small individual impact of CD4 NOx in both scenarios 
(insignificant impact). 

Human Health impacts 

 Annual (Long term) Objective 
o Following the installation and commissioning of the new F204 furnace the maximum 

predicted annual average NO2 PEC is reduced by 0.1 μg/Nm3 (1% of the air quality 
objective), calculated at the Swiss Road residential receptor using meteorological data 
for the year 2017. 

 Hourly (Short term) Objective  
o Following the installation and commissioning of the new F204 furnace the maximum 

predicted off-site 99.79th percentile of hourly averages for NO2 PECs remains the same 
vs. the existing case.  

Ecological Impacts 

 Annual (Long term) Objective  
o Following the installation and commissioning of the new F204 furnace the maximum 

predicted annual average NO2 PCs remain screened out as insignificant at the River 
Dee and Bala Lake.  

o Following the installation and commissioning of the new F204 furnace there is a 
reduction of 1% in the annual average NO2 PEC at Mersey Estuary calculated for one 
of the five years of meteorological conditions. 

o Following the installation and commissioning of the new F204 furnace there is a 
reduction of 1% in the annual average NO2 PECs at Frodsham and Helsby and Ince 
Marshes LWS and Midland Meres and Mosses Ramsar calculated for two of the five 
years of meteorological conditions. 

o At the remaining designated sites, there is no change in the annual average NO2 PECs 
following the installation and commissioning of the new F204 furnace. 

 Daily (Short term) Objective 
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o Following the installation and commissioning of the new F204 furnace the daily 
average NO2 PCs remain screened out as insignificant for the sites at Midland Meres 
and Mosses, and River Dee and Bala Lake.  

o Following the installation and commissioning of the new F204 furnace there are 
significant reductions in the NO2 PEC calculated using the meteorological conditions 
for 2019 at the Gowy Meadows and Ditches (56%), Frodsham and Helsby and Ince 
Marshes (20%) and Stanney Wood (25%) locations. 

o At these locations there are variations in the NO2 PECs calculated using the other 
years’ (2016, 2017, 2018 & 2020) meteorological conditions of the magnitude +1% to 
-5%. 

o At the Gowy Meadows and Ditches LWS, the maximum daily average NO2 PECs 
calculated using the 2020 meteorological conditions remains unchanged following the 
installation and commissioning of the new F204 furnace, exceeding the critical level 
of 75 μg/Nm3 (77μg/Nm3).  

o Following the installation and commissioning of the new F204 furnace the maximum 
daily average NO2 PECs for Mersey Estuary (SPA, Ramsar, SSSI), Whitby Park (LNR), 
Hoblane Ponds (LWS), Jack’s Wood (LWS) and Shropshire Union Canal (LWS) show 
variations of the magnitude +1% to -5% in the NO2 PECs for all years. 

The results of this modelling demonstrates that the installation and commissioning of the new F204 
furnace will have a slight positive impact on the offsite NOx measurements. This is only a slight impact 
due to the relatively small individual impact of CD4 NOx emissions (both current and future situations 
are screened out as insignificant) and therefore the relatively small contribution of CD4 NOx to site 
NOx emissions. The relative site NOx contributors are detailed below.  

Source Apportionment 

Source apportionment was carried out for the worst case meteorological conditions (2017), which 
identified that the most significant sources of NOX on the local area (as measured at Thornton Le 
Moors and Elton) from the refinery as the CO Boiler and HPBH. CDU4 NOX emissions currently make 
up approximately 15% of emissions from site at the Elton monitoring station, and approximately 2% 
of emissions at the Thornton-le-Moors monitoring station. In post project, CDU4 will make up 10% of 
emissions from site at both the Elton and Thornton-le-Moors monitoring stations. Management of 
NOX emissions from CO Boiler have been considered as part of IC 42 –BAT conclusion 27.  

Figures 6.2 to 6.5 show the source apportionment for both the current and proposed CDU4 stack 
scenarios in the cumulative site NOx model.  
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Figure 6.2: Annual average NOx concentrations (2017) – current CDU4 scenario 

 

Figure 6.3: Annual average NOx concentrations (2017) – proposed CDU4 scenario 
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Figure 6.4: 99.79th percentile of hourly average NOx concentrations (2017) – current CDU4 scenario 

 

Figure 6.5: 99.79th percentile of hourly average NOx concentrations (2017) – proposed CDU4 scenario 
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Summary 

In summary, for the current CDU4 furnace stack from a human health perspective, the dispersion 
modelling results show that for both cases the maximum offsite NO2, SO2, PM10 and PM2.5 PCs are 
screened out as insignificant at all locations (for all years). From an ecological perspective, the 
dispersion modelling showed that, when modelled individually, the NO2 PCs for the current CDU4 
furnace stack are screened out as insignificant at all ten of the designated conservation areas (for all 
years).  

The full site NOx model, including source apportionment, demonstrates that for sensitive receptors 
for human health, all NOx PECs are below the objective values for all meteorological conditions for the 
short term and long term objectives. For sensitive ecological receptors, all long term (annual) PECs are 
below the objective values for all meteorological conditions. Nine of the sensitive receptors have short 
term PECs below the objective values, however there are PECs above the objective threshold for two 
of the modelled years at Gowy Meadows and Ditches.  

The source apportionment shows that CDU4 is not the major source of refinery NOx emissions at the 
modelled offsite locations. Comparison with the modelled emissions following the installation of the 
furnace project shows no significant change to the short and long term human health PECs at sensitive 
receptors, no significant change to the long term PECs at ecologically sensitive receptors and no 
significant change in 47/50 of the modelled short term scenarios. These modelling results corroborate 
the source apportionment exercise by showing that the change to the CDU4 emissions does not make 
a significant change on local receptors.  

Based on these modelling results Essar Oil UK do not consider that the proposed derogation would 
cause any significant pollution to the environment.  
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7 Solutions Considered 
The Refinery BREF [ref 1] describes a number of techniques for NOx control and abatement.  Not all of 
these techniques are appropriate to the CDU4 furnaces.  The Refinery BREF [ref 1], Table 4.45 shows 
NOx control and abatement techniques to be considered for fired heaters: 

Type of techniques Fired Heaters 
Primary measures (control techniques): Low-NOx burners  

Ultra-low-NOx burners 
Reburning 

Secondary measures (abatement techniques): 
 

SCR 
SNCR 

Table 7.1: NOx Control and Abatement Techniques for Fired Heaters [ref 1, Table 4.45] 

Considering this, the following techniques have been assessed in more detail: 

1. Use of gas to replace liquid fuel 
2. Low-NOx burners 
3. Staged combustion (reburning) 

7.1 Use of Gas to Replace Liquid Fuel 
RFG is a waste product of refining and its availability is limited by refinery operations.  Refinery 
operations are already optimised to maximise RFG combustion and prevent flaring.  A small amount 
of liquid fuel has been fired from October 2021.  This was agreed with the EA on the basis that 
emissions would remain in line with the current gas firing limits (1000 mg/Nm3 SOx; 300 mg/Nm3 NOx; 
5 mg/Nm3 dust).    

Monitoring of the NOx emissions from the CD4 furnace when firing 100% gas show that this is not 
sufficient to reduce the NOx emissions to below the BAT AELs. 

Use of liquid fuel is already minimised, therefore further reduction is not possible. The new furnace 
(as detailed in 7.3 and in Attachment C2_2) will not have the facility to burn liquid fuel – thereby 
establishing gas firing as the sole mode of operation. Cost benefit analysis has therefore not been 
completed for this option. 

7.2 Staged Combustion 
Fuel staging, also called reburning, is based on the creation of different zones in the furnace by the 
staged injection of fuel and air. The aim is to reduce NOx emissions, which have already been formed, 
back into nitrogen. This technique adds to the flame cooling, a reaction by which organic radicals assist 
in the breakdown of NOx. 

The BREF [ref 1] provides the following information on staged combustion: 

“Achievable levels are <200 mg/Nm3 NO2 equivalent, especially for gas firing, for which the 
lowest levels are more easily achievable.” 

Cross-media effects: “Additional energy consumption (estimated at around 15 %, without any 
complementary energy recovery).” 
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“This technique is applied at the furnace or boiler level but it is strongly connected with the 
burner technique. It is widely used for gas firing. For mixed or liquid firing, a specific burner 
design is required.” 

Implementation of staged combustion would require the burners to be replaced, in which case 
low-NOx burners would be installed.  Low-NOx burners will reduce NOx emissions below BAT AELs, 
therefore staged combustion would not be required.   

Cost benefit analysis has not been completed for this option. 

7.3 Install Low-NOx burners in the 2023 Turnaround 
Low-NOx burners have the aim of reducing peak temperatures, reducing the oxygen concentration in 
the primary combustion zone, and reducing the residence time at high temperatures, thereby 
decreasing thermally formed NOx.   

The BREF [ref 1] provides the following information on performance: 

“When successfully implemented, low-NOx burners can achieve NOx reduction performances 
of 40 – 60 % for gaseous fuels and 30 – 50 % for liquid fuels compared to conventional burners 
of the same thermal capacity.” 

“Based on the TWG 2008 data collection questionnaires (see Table 4.46), the following ranges 
have been reported from operational data at some EU-27+ refineries:  

 65 – 150 mg/Nm3 for gas-fired in all cases, except for one old retrofit where a value of 
253 mg/Nm3 was observed;”  

The installation of low-NOx burners will allow the CDU4 emissions to meet the BAT-AEL of 200 
mg/Nm3.  A project has been developed to replace the three existing atmospheric crude furnaces with 
a single replacement furnace. This furnace will have low-NOx burners installed and therefore will be 
compliant with the BAT-AEL values. 

Detail regarding the new furnace design and capabilities is contained within attachment x. 

Reports detailing the progress of the furnace project have been submitted to the Environment Agency 
as part of the conditions detailed within EPR/FP3139FN IC 43. These reports are attached as 
Attachment C2_7. 

 Cost benefit analysis for this option is provided (see Appendix 1, option 1 “Proposed Derogation”). 

7.4 Shutdown Refinery at end December 2022 to Install Low-NOx Burners 
This option is based on shutting the refinery down in December 2022 to install low-NOx burners on all 
four furnaces. The CDU4 turnaround is planned for 30th September 2023 and due to the requirements 
for detailed turnaround planning activities, availability of specialist contractors and labour, and parts 
for the other maintenance work due to take place in the turnaround event it would not be possible to 
bring the event forward to earlier than the planned start date. 
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Therefore, the refinery would need to remain shut down for a period of 9 months until the turnaround 
is scheduled to begin. It is not possible for the refinery to run for an extended period without CDU4 
operating; therefore, in order to comply by end December 2022 the whole refinery would need to be 
shut down from 01/01/2023. 

The refinery would therefore be shut down from end December 2022 until end September 2023, i.e. 
for 9 months.   

This option is included as the BAT-AEL option in the cost benefit analysis.  This is seen as the only 
option that could achieve the BAT-AELs by December 2022.   

Cost benefit analysis for this option is provided (see Appendix 1, option 2 “BAT-AEL”).    

For more details on the figures used in the cost benefit analysis see Appendix 1. 

8 Cost Benefit Analysis Summary 
Three options were considered in the Cost Benefit Analysis (CBA) calculation: 

1. Business As Usual (BAU) – i.e. no change to existing operation. CDU4 furnaces F201A/B/C and 
F202 are fitted with conventional burners.  They have capability to fire gas and oil.  Oil firing 
is minimised.  NOx emissions are sometimes within the BAT-AEL but can exceed it. 
 

2. Proposed Derogation – install low-NOx burners on F201A/B/C during the 2023 CDU4 TA. New 
burners should be able to meet BAT-AEL for NOx emissions. 
 

3. BAT-AEL – shut down Stanlow Refinery at end December 2022, until new furnace F204 is 
installed with low-NOx burners to replace F201A/B/C as part of the 2023 CDU4 TA. 
 

The results of the Environment Agency CBA tool’s (see Appendix 1) sensitivity and scenario analyses 
are shown in the table below: 

 

The rankings of the different options from the CBA tool are as follows: 

1. Proposed derogation 
2. BAT-AEL 
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EOUK consider that the cost of the BAT-AEL option (i.e. shut down Stanlow Refinery at end December 
2022, until install low-NOx burners on F201A/B/C during the 2023 CDU4 TA) is grossly disproportionate 
compared to the environmental benefit achieved, based on the NPV of this option being between -
211 and -215.  

The environmental impact from derogating from the NOx BAT-AEL is considered to be low (which is 
discussed in more detail in Section 6.5).  

9 Proposed Solution 

9.1 Scope of Project 
The proposed solution is to install low-NOx burners on three of the CDU4 furnaces 
(F201A/F201B/F201C/F202) in the 2023 TA.  It is not necessary to install low-NOx burners on the 4th 
furnace, as emissions from the refinery bubble are compliant when one furnace is included. For 
operational reasons, furnaces F201A/F201B/F201C will also be replaced in the 2023 TA with a single 
furnace.  

 

9.2 Future Operation 
Three of the four CDU4 furnaces (F201A/F201B/F201C/F202) would operate using low-NOx burners 
with emissions within the BAT-AEL of 200 mg/Nm3. This would reduce NOx emissions from the 
“refinery bubble” sufficiently that the total site emissions are equal to or lower than the emissions 
that would be achieved through a unit-by-unit application of the BAT-AELs.  

 

9.3 Environmental Impact 
It is anticipated that low-NOx burners will meet the BAT-AEL.   

Again, it should also be noted that we are not aware of any adverse environmental impact from 
emissions at current levels. 
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Appendix 1. Further information on Cost Benefit Analysis 

1 Business As Usual 
NOx emissions are based on 2021 reported NOx concentrations and annual emissions: 

 Total annual NOx emissions  = 326.64 t [ref 6] 
 NOx emissions per furnace = 326.64 / 4 = 81.66 t 
 NOx emissions for 3 furnaces  = 81.66 × 3 = 244.98 t 
 Average NOx emissions concentration = 289 mg/Nm3 [see Table 6.1] 

2 Option 1 – Proposed derogation   
It is assumed for the cost benefit analysis that low-NOx burners will be installed on three of the four 
CDU4 furnaces. In reality, furnaces F201A/B/C will be replaced for operational reasons (in addition to 
having low-NOx burners installed – however, only the cost of the low-NOx burners have been included 
in the CBA).  

The CBA uses the following costs: 

 Low-NOx burners = £2.8M per furnace (assuming same quoted cost as low-NOx burners for 
HPBH) 

 Total cost = 2.8 x 3 = £8.4M – installed on 3 furnaces (F201A/B/C) in September 2023 

NOx emissions are calculated based on guaranteed emission limits for the replacement furnace for 
F201A/B/C and EPR limits for F202 – 189 mg/Nm3 overall1: 

 NOx emissions per furnace   = 81.66 t per furnace 
 Average NOx concentration   = 289 mg/Nm3 
 Future NOx concentration   = 189 mg/Nm3  
 NOx emissions with Low-NOx burners = 81.66 × 189 / 289 = 53.4 t per furnace 
 Future NOx emissions   = 3 × 53.4 = 160.2 t 

The NOx emissions profile is based on the following: 

Period NOx emissions (t) Comments 
Jan – Sep 2023 244.98 Business as usual NOx 

emissions (see “Business as 
Usual” above) 

1st Oct – 4th Nov 2023 0 CDU4 Block TA (planned 
duration 35 days) 

5th Nov – 31st Dec 2023 = 160.2 * 57/365 
= 25.0 

I.e. operating at future NOx 
emission limit of 160.2 
t/annum for the remaining 57 

                                                           
1 This assumes that the NOx concentration from the replacement furnace will be 100 mg/Nm3 (i.e. the 
guaranteed value). Zeeco (burner manufacturer) have carried out burner tests – see Attachment C2_5. Using 
fuel cases that are reasonably representative of normal and high hydrogen refinery fuel gas, the burners 
achieved NOx concentrations ranging from 37 to 47 mg/Nm3. However, 100 mg/Nm3 has been used in the CBA 
in order to be conservative.  
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days of 2023 (see “Option 1 – 
Proposed Derogation” above) 

Table A.2.1: Determination of NOx emissions – Proposed derogation 

3 Option 2 – BAT-AEL  
The BAT-AEL option is based on shutting down the refinery at end December 2022 to install low-NOx 
burners on three of the four CDU4 furnaces, until the planned CDU4 block TA start date of 30/09/2023.     

The cost is based on the cost of doing the work plus the cost to the business of shutting the refinery 
down for the duration.  The duration of the shutdown would be 9 months.    

The CBA uses the following costs for emission control: 

 Low-NOx burners = £2.8M per furnace  
 Total cost = £2.8M × 3 = £8.4M – installed on 3 furnaces (F201A/B/C) in September 2023 
 The gross margin loss for a 9 month period, starting in January 2023, was estimated for a full 

shutdown case. This is based on the latest price set (from June 2021). This estimate does not 
include the impact of having to import material to honour marketing contracts – so therefore 
this would be a conservative estimate of the cost of the 9 month shutdown. 

The NOx emissions profile is based on shutting the refinery down at the end of December 2022 for 9 
months and restarting at the future NOx emission limit (see “Option 1 – Proposed Derogation” above): 

Period NOx emissions (t) Comments 
Jan – Sep 2023 0 Refinery shutdown 9 months 
1st Oct – 4th Nov 2023 0 CDU4 Block TA (planned 

duration 35 days) 
5th Nov – 31st Dec 2023 = 160.2 * 57/365 

= 25.0 
I.e. operating at future NOx 
emission limit of 160.2 
t/annum for the remaining 57 
days of 2023 (see “Option 1 – 
Proposed Derogation” above) 

Table A.3.1: Determination of NOx emissions – BAT-AEL option 

Note that there would also be a significant impact on UK fuel supply and on the local economy, to 
which Stanlow makes a significant contribution. 

 

  



26  March 22 
 

Appendix 2. Cost Benefit Analysis  
 Business as usual 
 Option 1 – Proposed Derogation – Install Low-NOx burners in the 2023 Turnaround  
 Option 2 – BAT-AEL – Shut down Refinery at end December 2022 to Install Low-NOx Burners  

 



The Environment Agency, Richard Fairclough House, Knutsford Road, Warrington, WA4 1HT
Customer services line: 08708 506 506
Email: enquiries@environment-agency.gov.uk

The Environment Agency, Richard Fairclough House, Knutsford Road, Warrington, WA4 1HT
Customer services line: 08708 506 506
Email: enquiries@environment-agency.gov.uk

Essar Oil (UK) Ltd
5th Floor
The Administration Building                                                  Our Ref: 21/10/2021/ESSAR
Stanlow Manufacturing Complex
Ellesmere Port                                                                      Date: 21 October 2021
Cheshire
CH65 4HB

For the attention of the Director(s) and/or Company Secretary

Dear Sir/Madam

ENVIRONMENTAL PERMITTING (ENGLAND AND WALES) REGULATIONS 2016
Site: Stanlow Manufacturing Complex, Ellesmere Port, Cheshire, CH65 4HB
Environmental Permit Reference: FP3139FN

I refer to your email on 22 September 2021, and subsequent correspondence received 
on 23 September 2021 and 8 October 2021, in which you requested authorisation to 
use liquid fuel in excess of 10 percent within the Crude Distiller 4 (CD4) fuel mix. The 
request was made by you due to the increase in the price of natural gas.

The Agency agrees to your request provided that the following requirements are met:

Emissions of oxides of nitrogen and sulphur dioxide from REF-A-2 shall not 
exceed the agreed refinery bubble.
Emissions of oxides of nitrogen and sulphur dioxide from REF-A-2 shall not 
exceed the emission limit values for gas firing within the environmental permit
Emissions of dust from REF-A-2 shall not exceed the emission limit values for
gas firing within the environmental permit 

The Agency will withdraw our position immediately if you do not comply with the 
emission limit values above or if we consider that the activities are causing or are likely 
to cause pollution of the environment or harm to human health. This may also result 
in enforcement action being taken against you 

We may also withdraw our position at any time if we no longer consider it reasonable 
for you to continue the use of liquid fuel in excess of 10 percent within the Crude 
Distiller 4 (CD4) fuel mix. In any case, this position will not extend beyond 31 
December 2022.

Yours faithfully

Daniel Gaskarth
Installations 
E-mail: daniel.gaskarth@environment-agency.gov.uk
Telephone: 020 302 50510
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A. TEST OBJECTIVE

This burner test was conducted to demonstrate the performance of Zeeco’s
GLSF-16 Round Flame “Free-Jet” operating under simulated field conditions
on the 20th and 21st of January 2021. The test was virtually witnessed via a
livestream video feed by Mr. Andy Bailey, Mr. Chris Beauchamp, Mr.
Mahmoud Mohamed, Mr. Jonathan Peters, Mr. William Entwistle, and Mr.
Ian Hallas of BIH, Mr. Juan Navas-Parejo, Mr. Kanishka Dhar, and Mr.
Bernard Timmer of Fluor, as well as Mr. Matt Meekin of Essar. The test was
witnessed in-person by Mr. Mike Coffee of Horizon Quality Services and Mr.
Tony Chan of Fluor. Data that was collected during this demonstration
appears in Section H. For clarity and readability of this report Zeeco has
reordered the test points to align with the combustion test procedure order.

B. TEST DESCRIPTION

The burner demonstration began with pilot stability points varying total air
pressure drop across the burner and varying fuel pressures on 100% propane
as the pilot fuel. Following the pilot stability points, the demonstration
continued with a Cold Burner Light-Off point on Test Fuel C (100% TNG)
with forced draft combustion air. The pilot was used for light off points and
shut off after the burner was lit.
 
Next, the burner was operated on Test Fuel C at Maximum heat release
(11.900 MW) while holding excess air at 6.9% O2 to simulate air velocity
which will be seen in the field. This point was numbered as test point 17.
 
Then, the burner was operated on Test Fuel C at Maximum (11.900 MW), CO
Breakthrough (increased fuel pressure until CO > 250 ppmv) , Normal (10.350
MW), Minimum (2.280 MW), and Absolute Minimum heat releases.
Minimum and Absolute Minimum were set with air for Normal air conditions
while decreasing fuel pressure until desired burner set point was achieved.
 
Then, the burner was operated on Test Fuel A at Maximum (11.900 MW), CO
Breakthrough (increased fuel pressure until CO > 250 ppmv), Normal (10.350
MW), Minimum (2.280 MW), and Absolute Minimum heat releases.
Minimum and Absolute Minimum were set with air for Normal air conditions
while decreasing fuel pressure until desired burner set point was achieved.
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Lastly, the burner was operated on Test Fuel B at Maximum (11.900 MW),
Normal (10.350 MW), Minimum (2.280 MW) heat releases. Minimum was
set with air for Normal air conditions while decreasing fuel pressure until
desired heat release was achieved.

CO probe measurements were recorded at Test Point #6. The CO probe data
is provided in Section H. All measurements were taken via the sight ports on
the East wall of Test Furnace #12.

During the test, the burner air door setting was recorded as “F/O” (FULL
OPEN), or as a number where between 0 and 8, where 8 is full open and 0 is
full closed.  Excess air was set at each point according to the approved test
procedure.

Noise data was recorded for Test Points #4, #6, #9, #10, #12, and #14 at a
distance of 1 meter from the burner plenum. Visible flame length and width
were recorded for all points. See Section H for the data collected during the
demonstration.

C. INSTALLATION

The GLSF-16 Round Flame “Free-Jet” Burner was installed vertically and
fired vertically up in Test Furnace #12. This is a single pass furnace 5.2 meters
in diameter and 11.3 meters tall. The furnace has 46 single pass water cooling
tubes from the bottom to the top of the heater to remove heat. The tubes were
covered with strips of insulation for the duration of the test. 
 
Emissions samples were measured at the base of the furnace stack, below the
stack damper. The floor and firebox temperatures were measured with
velocity thermocouples located approximately 0.3 meters and 9.1 meters
above the furnace floor, respectively. 
 
The combustion air temperature was measured in the transition duct before
the burner plenum.  Total pressure drop across the burner was measured as
the difference between the combustion air static pressure before entering the
burner plenum and the furnace draft.  Furnace draft was measured at the floor
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D. 
 

 
 

 

of the furnace next to  the burner. Combustion air  flow to  the burner was
controlled via VFD.

The combustion  air  was pre-heated  with  a natural gas fired  tube heat
exchanger. The hot side flue gas transfers  heat to  the fresh ambient air  via
multiple heat transfer tubes. For this particular test, the air pre-heater is limited
in  the capacity  and  is  unable to  pre-heat the combustion  air  to  the 230°C
design temperature. This is due to the amount of air required for this burner
duty. See Section E for additional info regarding conversion factors on air
preheat temperatures.

TEST RESULTS

See Section H for Test Data. See Section I for pictures taken during the test.
The burner operated  within  the customer’s specifications during  the
demonstration. For all current burner information, refer to the latest revision
of the general arrangement drawing, burner data  sheets  and  performance
curves.
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E. TEST PROCEDURE
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ZEECO COMBUSTION TEST DATA SHEET

PURCHASER NAME:   Boustead International Heaters

ADDRESS:   Europa House, Woodlands Court
Albert Drive, Burgess Hill
West Sussex, RH15 9TN

United Kingdom

+44 1444 237544
CUSTOMER CONTACT:   Mahmoud Kara

PURCHASER REFERENCE:   750/400

ZEECO JOB REFERENCE:   SO# 46251

OWNER / END USER:   Essar
   LOCATION OF JOBSITE:   Stanlow, UK

BURNER MODEL Round Flame, "Free-Jet"
BURNER MODEL NUMBER  16

Description of Change Revision  Issue #  Date BY:

Updated to include addendum 6 7 19-Jan-21 Sarah Weaver

Updated to include added noise measurement 5 6 18-Jan-21 Sarah Weaver

Updated to Correct Typographical Error  4 5 15-Jan-21 Sarah Weaver

Updated per Customer Comments 3 4 14-Jan-21 Sarah Weaver

Updated per Customer Comments 2 3 18-Dec-20 Sarah Weaver

Updated per Customer Comments 1 2 12-Nov-20 Sarah Weaver

Issued for Approval 0 1 24-Sep-20 Sarah Weaver

Confidential Property of Zeeco. To be returned upon request and used only in reference to contracts

or proposal of this company. Reproduction of this print or unauthorized use of this Document is prohibited.

Shop Order  SO# 46251 Quote No. 2019-10008PR-01

                             • Burners  Customer Boustead International Heaters Tag No. F-204

                             • Flares  End-User  Essar 

Type
Heater  

                             • Incinerators  Jobsite  Stanlow, UKRevision  6

                             • Fired Systems  Customer Reference: 750/400 Doc. Name 46251-4080

Engineer Sarah Weaver Page No. 1 of 5

Box heater with vertical tubes and common convection section
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ZEECO COMBUSTION TEST DATA SHEET

Units Gas 1 Gas 2  Gas 3

Test Fuel A B C

Fuel Gas Composition:

Tulsa Natural Gas Volume% 22% 8% 100%

Hydrogen Volume% 55% 85% 0%

Propane  Volume% 16% 7% 0%

Butane  Volume% 0% 0% 0%

Nitrogen Volume% 7% 0% 0%

CO₂ Volume% 0% 0% 0%

Lower Heating Value kJ/kg 46185 67260 48234

Lower Heating Value Btu/scf 724 469 922

Test Fuel Gas Temperature  °C Ambient Ambient Ambient

Elevation at Test Site (Tulsa), ASL  meters 221.6 221.6 221.6

Specific Gravity  SG  0.48 0.21 0.58

Molecular Weight 13.84 6.15 16.87

Correction factor for Temperature

Correction factor for Elevation

Correction factor for Test Fuels

Burner Conditions (Base):

Maximum Heat Release (H.R.) MW 11.900 11.900 11.900

Normal Heat Release (H.R.) MW 10.350 10.350 10.350

Minimum Heat Release (H.R.) MW 2.280 2.280 2.280

Turndown Required for Gas 5.2  5.2  5.2

Comb. Air Press. Drop for Test

Excess Combustion Air Level % 15% 15% 15%

Excess Combustion Oxygen Level

Combustion Air Temperature  °C  230 230 230

Test Fuel Gas Press. @ Max. H.R.

Test Fuel Gas Press. @ Norm. H.R.

Test Fuel Gas Press. @ Min. H.R.

Fuel Gas Temperature @ Jobsite  °C  20 20 15

Jobsite Elevation, ASL  meters 11.5 m 11.5 m 11.5 m

Predicted Flame Length @ Max H.R.

Notes:

The proposed test will be conducted at Zeeco's test facility located at the Coporate Headquarters in Broken Arrow, OK, USA.
Zeeco will use our Furnace #12 with the following characteristics:

Furnace Type: Vertical Cylindrical

Furnace Height 11.3m
TCD: 5.2m

Coil Configuration: (46) single pass water-cooling tubes, insulated accordingly for a target BWT +/- 93°C
at the design HR.

Confidential Property of Zeeco. To be returned upon request and used only in reference to contracts

or proposal of this company. Reproduction of this print or unauthorized use of this Document is prohibited.

Shop Order SO# 46251 Quote No. 2019-10008PR-01

                             • Burners  Customer Boustead International Heaters Tag No. F-204

                             • Flares  End-User  Essar 

Type 
Heater  

                             • Incinerators  Jobsite  Stanlow, UKRevision 6

                             • Fired Systems Customer Reference: 750/400 Doc. Name 46251-4080

Engineer Sarah Weaver  Page No. 2 of 5

Box heater with vertical tubes and common
convection section
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ZEECO COMBUSTION TEST DATA SHEET

Test Fuel J K L M

FUEL OIL DATA SHEET

Customer Fuel Oil Information

Lower Heating Value (LHV) Btu/#

Specific Gravity (SG) @  60°F

Atomizing Media

Atomizing Pressure  PSIG

Nitrogen wt%

Vanadium ppmw

Sulfur wt%

Catalyst Present

API Gravity @ 60°F

Test Fuel Oil Data:

Lower heating Value (LHV) Btu/gal

Lower heating Value (LHV) Btu/#

Specific Gravity (S.G.) @  60°F

Temperature  °F

API Gravity @ 60°F

Nitrogen wt%

Vanadium ppmw

Sulfur wt%

REQUIRED MEASUREMENTS

Fuel Pressure  YES  Oxygen YES

Fuel Temperature  YES  CO YES

Fuel Composition  YES  NO� YES

Steam Pressure  NO SO� NO

Steam Temperature  NO Particulate  NO

Steam Flow Rate  NO  NMHC  NO

Combustion Air Temperature  YES  UHC NO

Ambient Temperature  YES  Heat Flux  NO

Ambient Pressure  YES  Furnace Temp. YES

Humidity  YES  Visible Flame Length  YES

Furnace Draft (Air) YES  Visible Flame Width  YES

Burner Throat dP (Air) NO  Calibration Certs. NO

Total Burner dP (Air) YES  Noise Data YES

Confidential Property of Zeeco. To be returned upon request and used only in reference to contracts

or proposal of this company. Reproduction of this print or unauthorized use of this Document is prohibited.

Shop Order  SO# 46251 Quote No. 2019-10008PR-01

                             • Burners  Customer Boustead International Heaters Tag No. F-204

                             • Flares  End-User  Essar 

Type 
Heater  

                             • Incinerators  Jobsite  Stanlow, UKRevision 6

                             • Fired Systems Customer Reference: 750/400 Doc. Name 46251-4080

Engineer Sarah Weaver  Page No. 3 of 5

Box heater with vertical tubes and common
convection section
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ZEECO COMBUSTION TEST DATA SHEET

Notes & Clarifications from Zeeco Burner Data Sheets

4-1 The above listed UHC emissions are based upon UHC being defined as free "methane" as the result of incomplete combustion due

to the supplied combustion equipment as stated in these data sheets.

4-2 The above listed NMHC emissions are based upon NMHC being defined as free "propane" as the result of incomplete combustion due to

the supplied combustion equipment as stated in these data sheets.

4-3 The above listed Particulate emissions are based upon Particulate being defined as free "ethane" as the result of incomplete combustion

due to the supplied combustion equipment as stated in these data sheets.  This excludes ash, sand and heavy metals in the fuel oil.

4-4 NO X guarantees are based on the furnace temperature, combustion air temperature, excess combustion air and the fuel gas compositions

as specified the  Zeeco Burner Data Sheets.

4-5 The emissions guarantees above are for operation between maximum and normal heat release.

4-6 The emissions guarantees as stated above are based upon operation with the % excess air, temperature, furnace temperature,

and fuel temperatures as stated in these data sheets.

4-7 See Notes & Clarifications section for more information concerning noise emissions.

4-8 See Notes & Clarifications section for more information concerning the above emissions guarantees.

4-9 Zeeco takes exception to any SO   X guarantees since SO   X production is based upon the amount of Sulfur in the fuel stream and the

equilibrium conditions in the furnace.

4-10 The above listed predictions & guarantees are based on the lower heating value 'LHV' of the fuel(s).

4-11

4-12 All CO, UHC, Particulate and NMHC emissions guarantees are based on the furnace local temperature at the burner being above 1150°F (621°C).

General Notes & Clarifications for Combustion Test

4-12 The furnace temperature will be +/- 200°F (93.3°C) @ maximum liberation of the design furnace temperature stated in the Burner Data Sheets.

4-13 When the combustion air temperature is listed at values less than 150°F (65.6°C), ambient combustion air will used for the combustion test.

4-14 The fuel gas compositions are blended with mixtures of Tulsa Natural Gas (TNG), hydrogen (H2) and propane (C3H8) for most fuel gases to

match the specific gravity and lower heating value (LHV) of the actual fuel gas composition. For more information concerning the combustion

test fuels, please refer to sheet 1 of 5 of this Zeeco Combustion Test Data Sheet.

4-15 When the fuel gas temperature is listed at values less than 150°F (65.6°C), the respective fuels will be tested at temperatures at ambient

conditions.

4-16 The required combustion air pressure drop will be corrected for operation at the combustion test site (altitude and temperature).

4-17 The required fuel gas temperature will be corrected for actual fuel temperature.

4-18 The NO  X Emissions will be corrected to the furnace temperature for the actual furnace at the jobsite.

4-19 The fuel bound nitrogen level if firing liquid fuels will be corrected for the actual fuel used at the jobsite.

Confidential Property of Zeeco. To be returned upon request and used only in reference to contracts

or proposal of this company. Reproduction of this print or unauthorized use of this Document is prohibited.

Shop Order  SO# 46251 Quote No. 2019-10008PR-01

                             • Burners  Customer Boustead International Heaters  Tag No. F-204

                             • Flares  End-User  Essar Type Heater 

                             • Incinerators  Jobsite  Stanlow, UKRevision  6

                             • Fired Systems Customer Reference: 750/400 Doc. Name 46251-4080

Engineer Sarah Weaver Page No. 4 of 5

All ppmv and/or mg/Nm3 guarantees are corrected to 3% O2 dry basis.

Box heater with vertical tubes and common
convection section
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ZEECO COMBUSTION TEST DATA SHEET

750/400Customer Reference:Sarah WeaverProject Engineer:

EssarEnd User Name:12Test Furnace:

750/400Customer P. O. #:TBDTest Engineer:

SO# 46251Zeeco Shop Order #:TBDTest Date:

Gas HR  Fuel Test Test Point Description  Oil HR  Fuel NoiseCOComb. Air  Excess 

MW Gas Point MMBtu/hr Oil ProbeTempAir  

TBD *Note 1 1 Pilot Stability (Vary Fuel Pressure) 00 230TBD 

TBD *Note 1 2 Pilot Stability (Vary Draft) 00 230TBD 

TBD TNG  3 Cold Burner Light-Off 00 230TBD 

11.90 A 4 Maximum Heat Release  00 23015% 

TBD A 5 CO Breakthrough  00 230TBD 

10.35  A 6 Normal Heat Release  00 230  15% X

2.28 A 7 Minimum Heat Release  00 230TBD 

TBD A 8 Absolute Minimum Heat Release  00 230TBD 

0 230TBD 0 0.00  A 8 

0 230TBD 0 0.00  A 8 

11.90 B 9 Maximum Heat Release  0 23015%

230TBD 0 TBD B 10 CO Breakthrough  

10.35  B 10 Normal Heat Release  0 23015%

2.28 B 11 Minimum Heat Release  0 230TBD

230TBD 0 TBD B 12 Absolute Minimum Heat Release  

0 230TBD0 0.00  B 12 

0 230TBD0 0.00  B 12 

11.90 C 12 Maximum Heat Release  00 23015%

TBD C 13 CO Breakthrough  00 230TBD

10.35  C 14 Normal Heat Release  00 23015%

2.28 C 15 Minimum Heat Release  00 230TBD

TBD C 16 Absolute Minimum Heat Release  00 230TBD

0 230TBD0 0.00  0 16 

0 230TBD0 0.00  0 16 

0 23015%0 0.00  0 17 Maximum Heat Release  

0 230TBD0 TBD 0 18 CO Breakthrough  

X

X

X

X

X

X

X

X0 23015%0 0.00  0 19 Normal Heat Release  

0 230TBD0 0.00  0 20  Minimum Heat Release  

0 230TBD0 TBD 0 21 Absolute Minimum Heat Release  

0 230TBD0 0 0 21 

Note 1:   Pilot fuel is 100% Propane

Confidential Property of Zeeco. To be returned upon request and used only in reference to contracts

or proposal of this company. Reproduction of this print or unauthorized use of this Document is prohibited.

2019-10008PR-01Quote No. SO# 46251 Shop Order 

                             • Burners  F-204Tag No.Boustead International Heaters Customer 

                             • Flares  Essar  End-User  

Type 

Heater

                             • Incinerators  RevisionStanlow, UKJobsite  6

                             • Fired Systems Doc. Name 46251-4080750/400Customer Reference: 

Page No. 5 of 5Sarah Weaver Engineer 

Box heater with vertical tubes and common

convection section
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ZEECO NOx Emissions 

**Consult with Burner Engineering Department for any questions or clarifications**

• Burners
• Flares
• Thermal Oxidizers
• Vapor Control
• Aftermarket: Parts, Service & Engineered Solutions

ZEECO, INC.

22151 East 91st Street
Broken Arrow, OK 74014 USA

Ph: +1-918-258-8551
sales@zeeco.com

In order to compare measured NOx values, they must be corrected for furnace temperature, percent O2 in the

furnace, and combustion air temperature.

Furnace Temperature and O2 Level Corrections

To correct NOx to a set furnace temperature and O2 level, using industry accepted method:

��������	� × 
(���		���� −400)

(������	� −400)
×

(21−��������� ��)

(21− �!"#��� ��)
=�����		����  %& � '() �*

 

Pre-Heat Air Temperature Correction

To correct NOx to a set combustion air temperature, using empirical data from testing: (C.F. = Correction Factor)

�.,.����� =0.9564 − 00.0511 ×1������ 100
2 3

4
�
2 5+ 00.09564 ×1������ 100

2 35 

�.,.7�8�9��=0.9564 − :0.0511 ×;�7�8�9�� 100
2 <

4
�
2 =+ 00.09564 ×;�7�8�9�� 100

2 <5 

�.,.�>?= 
�.,.7�8�9��

�.,.�����
 

�����		����  %& �@ABCDEF
=��������	�  × �.,.�>?

Test Point 12 Example: Correcting NOx measured for furnace temperature, O2 level and Pre-heat air temperature.

 Guarantee Temperature: 1617.8 F  Recorded Temperature: 1709 F 

 Guarantee O2: 3% Recorded O2: 3.0% 

 Guarantee Combustion Air Temperature: 446 F  Recorded Combustion Air Temperature: 303 F 

Recorded NOx: 11.5 [ppmv]

 

�.,.����� =0.9564 − ;0.0511 ×G303
1002 I

4
�
2 <+ 10.09564 ×G303

1002 I3 =1.1572

�.,.7�8�9��=0.9564 − ;0.0511 ×G446
1002 I

4
�
2 <+ 10.09564 ×G446

1002 I3 =1.2750 

�.,.�>?= 
1.2750

1.1572
=1.1018

11.5 × 
(1617.8−400)

(1709 −400)
×

(21−3)

(21−3)
 ×1.1018 =�����		����  %& 4L4M.NO '() P% �*

�����		����  %& 4L4M.NO '() P% �*'() �>? =11.8 [SSTU] =24.2 TW/�T
P 
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F. TEST FUELS
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48312 0.59 22 8 100

119888  0.07 55  85 0

46340 1.52 16 7 0

0 0.97 7 0 0

100 100 100

725.9 469.3  931.5  0.0  0.0

46185  67260  48234

0.48 0.21 0.59 0.00  0.00

13.87 6.16 17.03  0.00  0.00

0.59

0.07

1.52

2.01

0.97

0.59

0.62

0 0 0

BURNER TEST FUELS

FUEL C
(VOL %) 

FUEL B LHV
(KJ/KG)

NATURAL GAS 

GAS FUELS  
S.G. FUEL A  

NITROGEN  

HYDROGEN  

PROPANE  

SP. GR. 

MW 

TOTAL  

LHV (BTU/SCF) 

LHV (KJ/KG) 

(VOL %)

NATURAL GAS 

GAS FUELS
S.G.

NITROGEN

NATURAL GAS 

STEAM

HYDROGEN

PROPANE

BUTANE

SP. GR.

MW

TOTAL

LHV (BTU/SCF)

LHV (KJ/NM^3)
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G. AIR DOOR INDICATOR
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H. TEST DATA
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Customer Units

Heat Release MW 

Fuel Gas Temperature  C 

Combustion Air Temperature  C 

Ambient Air Temperature  C 

Barometric Pressure  mm Hg 

Furnace Draft mm W.C. 7.9 - 8.1 7.9 - 8.1 8.1 - 8.4 8.9 - 9.1 8.9 - 9.1 9.7  - 9.9 15.7  -16.0 20.3 - 21.6

Total Δ Pressure  mm W.C. 30.5  -33.0 30.5  -33.0 30.5  -33.0 73.7  -76.2  73.7  -76.2  73.7  -76.2  55.9 -58.4 116.8  -119.4

NOx  mg/Nm3 Corr. to 3% & 881 C  

Firebox Temperature  C 

Floor Temperature  C 

Visible Flame Length m 2.7 - 3 7.3 - 7.6

Visible Flame Width m 0.6 - 0.9 2.4 - 2.7

- - - - - - 

- - - - - - 

Customer:  Boustead International Heaters Shop Order #: 46251

End User:  Essar Test Engineer: JLO

Burner Style: GLSF-16 Round Flame "Free-Jet" Test Date: 20 January, 2021

Fuel Gas Pressure kPa  69.0 48.3 103.4 69.0 48.3 103.4 20.7  

- -Nitrogen %  - - - - - - 

Pilot was shut-off after light-off per customer request

GENERAL NOTES:

771.7  771.4771.7  

- - - - - - 49 614

38  892

771.7  771.7  

- - - - - - 

-Point Point Point Point Point Point Off 

17

NOx  mg/Nm3 Test Test Test Test Test Test 

Cold 6.9

CO   mg/Nm3 Stability Stability Stability Stability Stability Stability 

Light 26.4

Burner 

Oxygen % (Dry Basis) Pilot Pilot Pilot Pilot Pilot Pilot 

EMISSIONS DATA

F/O  F/O  F/OAir Door Setting F/O  F/O  F/O  F/O  F/O  

771.7  771.7  771.7  

79 78 76

1 1

Relative Humidity %  80 80 80 80 79 

1 1 1 1 1 1 

221 105292 294 294 166  164 170 

COMBUSTION AIR

FUEL GAS DATA

144.1

16  16  16  16  16  16  2 

- 3.949

4

- - - - - 11.900

-- 

Hydrogen %  - - - - - - - -

Natural Gas %  - - - - - - 100 100

FUEL GAS

Fuel Gas Blend NG NG

Propane %  

BURNER TEST DATA SHEET

Test Point #  1A  1B  1C  2A 2B  2C 

100 100 100 100 100 100 

3 17*

Page 19 of 62



Customer Units

Fuel Gas Temperature  C 

Combustion Air Temperature  C 

Ambient Air Temperature  C 

Barometric Pressure  mm Hg 

Furnace Draft mm W.C. 18.8  -20.1 18.8  -20.1 18.3 -19.1 15.5  -15.7  14.2 -14.5  19.8  -20.6  19.8  -20.3 19.1 -19.8  15.7  -16.0 15.5  -15.7

Total Δ Pressure  mm W.C. 73.7  -76.2  73.7  -76.2  58.4 -61.0 58.4 -61.0 58.4 -61.0 78.7  -81.3 78.7  -81.3 66.0 -68.6  66.0 -68.6  66.0 -68.6

NOx  mg/Nm3 Corr. to 3% & 881 C  

Firebox Temperature  C 

Floor Temperature  C 

Visible Flame Length m 8.2  - 8.5  10.1 -10.4 7.9 - 8.2  2.1 - 2.4 1.2  - 1.5  8.5  - 8.8 10.1 -10.4 7.3 - 7.6 1.8  - 2.1 1.5  - 1.8

Visible Flame Width m 2.4 - 2.7 2.7 - 2.9 2.1 - 2.4 0.6  - 0.8  0.6  - 0.8  2.4 - 2.7 2.7 - 2.9 2.1 - 2.4 0.6  - 0.8  0.6  - 0.8

Customer:  Boustead International Heaters Shop Order #: 46251

End User:  Essar Test Engineer: JLO

Burner Style: GLSF-16 Round Flame "Free-Jet" Test Date: 21 January, 2021

6.2

FUEL GAS DATA

Heat Release MW 10.350 1.710

144.1 168.9 

7 7 7- - - Nitrogen %  - 

Fuel Gas Pressure kPa  

10.350 2.280 1.612 11.900 13.222 

GENERAL NOTES:

11.900 13.103 

761.7  

Pilot was shut-off after light-off per customer request

761.7  761.7  

Natural Gas %  100 100 100 100 100 22 22 

FUEL GAS

NG NG RFG  RFG  RFG  RFG

Test Point #  12 14 15  16  4 5 6 87

Fuel Gas Blend NG NG NG 

BURNER TEST DATA SHEET

13 

22

Hydrogen %  - - - - - 55 55 55 55

Propane %  - - - - - 16  16  16  16

22 

55

16

118.6  6.9 3.4 202.7  236.5  166.9 

27

11.0 

RFG

22 

- 7 7 

9 10 9 9 9 26 26 26 26

166  168  186  

COMBUSTION AIR

8 8 8

151 137  153 163 174 

7 7 7 7 8 9 

Relative Humidity %  93 92 93 93 92 90 90 88 8686

Oxygen % (Dry Basis) 3.0 0.8  3.1 16.6  18.0 3.0 1.0 3.3 17.4

Air Door Setting F/O  F/O  F/O  F/O  F/O  F/O  F/O  F/O  F/O

-- 

CO   mg/Nm3 0 570 0 29 31 0 331 0 4

NOx  mg/Nm3 23.6  26.7 25.6  34.9 30.8  31.8  38.7  36.9 49.250.2

924 910 502 397  949 944 926  468506

609 629 604 413 313 639 669 628 369

932 

761.2

195192 

9

2.280

F/O

761.7  761.7  761.7  761.5  761.2  

24.2  - 27.1 - - 31.2  - 37.1 

EMISSIONS DATA

761.2  

406

15.1

4
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Customer Units

Fuel Gas Temperature  C 

Combustion Air Temperature  C 

Ambient Air Temperature  C 

Barometric Pressure  mm Hg 

Furnace Draft mm W.C. 20.1 -20.8  19.3 -19.8  15.7  -16.0

Total Δ Pressure  mm W.C. 71.1 -73.7  55.9 -58.4 55.9 -58.4

NOx  mg/Nm3 Corr. to 3% & 881 C  

Firebox Temperature  C 

Floor Temperature  C 

Visible Flame Length m 8.5  - 8.8 7.0 - 7.3 1.8  - 2.1

Visible Flame Width m 2.3 - 2.6 2.1 - 2.4 0.6  - 0.8

Customer:  Boustead International Heaters Shop Order #: 46251

End User:  Essar Test Engineer: JLO

Burner Style: GLSF-16 Round Flame "Free-Jet" Test Date: 21 January, 2021

Fuel Gas Pressure kPa  198.6  172.4 

-

Test Point #  

Fuel Gas Blend High H2

FUEL GAS

9 10 11

High H2 High H2

Natural Gas %  8 8 8

Hydrogen %  85 85 85

Propane %  7 7 7

- Nitrogen %  - 

Heat Release MW 11.900 10.350 2.280

23 20 21

13.1

760.5  760.5  

171 196

9 9 9

192

Relative Humidity %  83 83 81

760.2

EMISSIONS DATA

Air Door Setting F/O  F/O  F/O

0 0 2

632 452

NOx  mg/Nm3 41.0 41.0 47.2

40.8  40.4 -

COMBUSTION AIR

934 921 548

FUEL GAS DATA

2.9 16.5

CO   mg/Nm3 

Oxygen % (Dry Basis) 3.0 

618  

BURNER TEST DATA SHEET

GENERAL NOTES:

Pilot was shut-off after light-off per customer request
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Height above burner O2 (%) CO (ppm) NOx(ppm) Height above burner O2 (%) CO(ppm) NOx(ppm)

6.6 200 - 250  15.9 13.3  1300 - 1350  10.0

4.5 100 - 150  16.0  1.3  3000+ 15.0

4.1 600 - 700  17.8 1.7 900 - 1000  19.4

7.4 100 - 150  14.9 1.7 2300 - 2400  19.5

3.3 200 - 250  17.0 2.2 600 - 700  18.6

5.0 700 - 750  16.0

1.6  1700 - 1800  18.9

1.4 3000 + 18.7

GENERAL NOTES:

A "+" measurement represents a distance pushed past the burner centerline. 

A "-" measurement represents a distance pulled back from the burner centerline.

7.6 M. -46 CM. 

7.6 M. -91 CM. 

7.3 M. -91 CM. 

7.6 M. CENTERLINE  4.9 M. +107 CM.

7.6 M. +46 CM. 4.9 M. +122 CM.

Height Test Point #: 6  Width Test Point #: 6

7.9 M. CENTERLINE  4.9 M. CENTERLINE

7.9 M. +46 CM. 4.9 M. -122 CM.

BURNER TEST DATA SHEET - CO PROBING

Customer:  Boustead International Heaters Shop Order #: 46251

End User:  Essar  Test Engineer: JLO

Burner Style: GLSF-16 Round Flame "Free-Jet" Test Date: 21 January, 2021

7.9 M. -46 CM. 4.9 M. -137 CM. 
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31.5 81 75

63 85 84

125 81 80

250 76 76

500 74 74

1000 70 70

2000 75 68

4000 74 66

8000 68 63

dBA 80 76

BURNER TEST DATA SHEET - NOISE PROFILE

OCTAVE

BAND

RECORDED

VALUE

BACKGROUND

VALUE

Test Point #: 4

Customer:  Boustead International Heaters

End User:  Essar

Burner Style: GLSF-16 Round Flame "Free-Jet"

Test Engineer: JLO

Shop Order #: 46251

Test Date:  21 January, 2021

50

60

70

80

90

100

31.5 63.0 125.0 250.0 500.0 1000.0 2000.0 4000.0 8000.0

S
O

U
N
D
 L

E
V
E
L
 (
d
B
)

MID-OCTAVE BAND FREQUENCY (HERTZ)

RECORDED VALUE

BACKGROUND VALUE
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31.5 81 75

63 87 84

125 82 80

250 76 76

500 75 74

1000 71 70

2000 73 68

4000 73 66

8000 69 63

dBA 80 76

BACKGROUND

VALUE

Customer:  Boustead International Heaters Shop Order #: 46251

End User:  Essar  Test Engineer: JLO

Test Point #: 6

Burner Style: GLSF-16 Round Flame "Free-Jet" Test Date:  21 January, 2021

BURNER TEST DATA SHEET - NOISE PROFILE

OCTAVE

BAND

RECORDED

VALUE

50

60

70

80

90

100

31.5 63.0 125.0 250.0 500.0 1000.0 2000.0 4000.0 8000.0

S
O

U
N

D
 L

E
V
E
L
 (
d
B

)

MID-OCTAVE BAND FREQUENCY (HERTZ)

RECORDED VALUE

BACKGROUND VALUE
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31.5 81 75

63 86 84

125 82 80

250 76 76

500 74 74

1000 71 70

2000 71 68

4000 70 66

8000 66 63

dBA 78 76

OCTAVE

BAND

RECORDED

VALUE

BACKGROUND

VALUE

End User:  Essar  Test Engineer: JLO

Burner Style: GLSF-16 Round Flame "Free-Jet" Test Date:  21 January, 2021

Test Point #: 9

Customer:  Boustead International Heaters Shop Order #: 46251

BURNER TEST DATA SHEET - NOISE PROFILE

50
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90

100

31.5 63.0 125.0 250.0 500.0 1000.0 2000.0 4000.0 8000.0
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MID-OCTAVE BAND FREQUENCY (HERTZ)

RECORDED VALUE

BACKGROUND VALUE
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31.5 81 75

63 87 84

125 81 80

250 77 76

500 74 74

1000 72 70

2000 71 68

4000 71 66

8000 67 63

dBA 79 76

Customer:  Boustead International Heaters Shop Order #: 46251

BURNER TEST DATA SHEET - NOISE PROFILE

OCTAVE

BAND

RECORDED

VALUE

BACKGROUND

VALUE

End User:  Essar  Test Engineer: JLO

Burner Style: GLSF-16 Round Flame "Free-Jet" Test Date:  21 January, 2021

Test Point #: 10

50
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100

31.5 63.0 125.0 250.0 500.0 1000.0 2000.0 4000.0 8000.0
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MID-OCTAVE BAND FREQUENCY (HERTZ)

RECORDED VALUE

BACKGROUND VALUE
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31.5 80 75

63 87 84

125 80 80

250 76 76

500 74 74

1000 73 70

2000 71 68

4000 68 66

8000 71 63

dBA 79 76

BURNER TEST DATA SHEET - NOISE PROFILE

OCTAVE

BAND

RECORDED

VALUE

BACKGROUND

VALUE

Customer:  Boustead International Heaters Shop Order #: 46251

Test Point #: 12

End User:  Essar  Test Engineer: JLO

Burner Style: GLSF-16 Round Flame "Free-Jet" Test Date:  21 January, 2021
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MID-OCTAVE BAND FREQUENCY (HERTZ)

RECORDED VALUE

BACKGROUND VALUE
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31.5 80 75

63 86 84

125 80 80

250 76 76

500 73 74

1000 71 70

2000 70 68

4000 66 66

8000 62 63

dBA 77 76

BURNER TEST DATA SHEET - NOISE PROFILE

Burner Style: GLSF-16 Round Flame "Free-Jet" Test Date:  21 January, 2021

Test Point #: 14

OCTAVE 

BAND 

RECORDED 

VALUE  

BACKGROUND

VALUE

End User:  Essar  Test Engineer: JLO

Customer:  Boustead International Heaters Shop Order #: 46251

50
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100

31.5 63.0 125.0 250.0 500.0 1000.0 2000.0 4000.0 8000.0
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MID-OCTAVE BAND FREQUENCY (HERTZ)

RECORDED VALUE

BACKGROUND VALUE
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I. TEST PICTURES
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Test Point 1A

Test Point 1B
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Test Point 1C

Test Point 2A
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Test Point 2B

Test Point 2C
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Test Point 3

Test Point 17 
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Test Point 12

Test Point 13
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Test Point 14

Test Point 15 
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Test Point 16 

Test Point 4
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Test Point 5 

Test Point 6 
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Test Point 7 

Test Point 8 
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Test Point 9 

Test Point 10 
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Test Point 11 
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J. CALIBRATION CERTIFICATIONS
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DATE: 23-Mar-20 FURN # 12

MANUFACTURER: YOKAGAWA

SERIAL #: 12A114941U

RANGE IN. W.C.: 0-200

ACCURACY  1.50%

REFERENCE TRANS. MFG  AZBIL

SERIAL #  DPT047

RANGE IN. W.C.: 0-400

ACCURACY: 0.160%

CALIBRATION DATE: 25-Jul-19

REFERENCE GAUGE  CALIBRATED

0.2 0.1

34.1 34.1

64.1 64.1

102.0 102.0

136.9  136.9

199.3  199.4

CERTIFIED BY: DATE: 23-Mar-20

ZEECO DIFFERENTIAL PRESSURE TRANSMITTER CALIBRATION
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DATE: 23-May-20 FURN # 11

MANUFACTURER: YOKAGAWA

SERIAL #: 12A418521

RANGE IN. W.C.: 0-400

ACCURACY  1.50%

REFERENCE TRANS. MFG  AZBIL

SERIAL #  DPT047

RANGE IN. W.C.: 0-400

ACCURACY: 0.160%

CALIBRATION DATE: 25-Jul-19

REFERENCE GAUGE  CALIBRATED

0.00 0.00

32.80 32.80

100.4  100.6

197.4  197.1

308.50 308.90

398.80 399.30

CERTIFIED BY: DATE: 23-May-20

ZEECO DIFFERENTIAL PRESSURE TRANSMITTER CALIBRATION
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DATE: 18-Jan-21 FURN #9

MANUFACTURER: AZBIL

SERIAL #: DPT049

RANGE IN. W.C.: 0-400

ACCURACY 1.50%

REFERENCE TRANS. MFG  Azbil

SERIAL #  R-9AWUF-41-0M1

RANGE IN. W.C.: 0-400

ACCURACY: 0.160%

CALIBRATION DATE: 9-Jul-20

REFERENCE GAUGE  CALIBRATED

50.90  50.8

125.30  125.3

200.6  200.6

350.3  350.4

250.00  249.8

100.70  100.6

CERTIFIED BY: DATE: 18-Jan-21

ZEECO DIFFERENTIAL PRESSURE TRANSMITTER CALIBRATION
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DATE: 18-Jun-20 FURN #12

MANUFACTURER: AZBIL

SERIAL #: DPT053

RANGE IN. W.C.: 0-400

ACCURACY 1.50%

REFERENCE TRANS. MFG  AZBIL

SERIAL #  DPT047

RANGE IN. W.C.: 0-400

ACCURACY: 0.160%

CALIBRATION DATE: 25-Jul-19

REFERENCE GAUGE  CALIBRATED

47.10 46.4

87.50 86.4

132.00 131.7

175.0 174.1

241.00 239.9

314.00 312.5

374  372.5

CERTIFIED BY: DATE: 18-Jun-20

ZEECO DIFFERENTIAL PRESSURE TRANSMITTER CALIBRATION
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DATE: 18-Jun-20 FURN #12

MANUFACTURER: YOKAGAWA

SERIAL #: JEJATB111

RANGE IN. W.C.: 0-200

ACCURACY  1.50%

REFERENCE TRANS. MFG  AZBIL

SERIAL #  DPT047

RANGE IN. W.C.: 0-400

ACCURACY: 0.160%

CALIBRATION DATE: 25-Jul-19

  REF.  GAUGE                                 CALIBRATED

14.30 13.9

30.30 29.8

70.00 69.4

112.20 111.2

147.80 146.6

177.60 176.8

CERTIFIED BY: DATE: 18-Jun-20

ZEECO DIFFERENTIAL PRESSURE TRANSMITTER CALIBRATION
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                   ZEECO THERMOCOUPLE CALIBRATION

CALIBRATION DATE: 29-May-20 0

INSTRUMENT MFG: THERMOSENSOR

ACCURACY: 1% FS

RANGE: 0-2400 DEGREES F

ZEECO TAG #: PT103

REFERENCE GAUGE MFG: HART SCIENTIFIC INC.

MODEL #: 9141-A-156

SERIAL #: A53130

RANGE: AMBIENT TO 1200°F

ACCURACY: AMBIENT TO 750°F    ±0.9°F

ACCURACY: 750°F TO 1200°F   ±1.8°F

REPORT #: 13512834

CALIBRATION DATE: 27-May-20

REFERENCE GAUGE  CALIBRATED
80.0 79.5

150.0 148.5

300.0 299.7

500.0 495.5

700.0 693.2

1000 998

CERTIFIED BY: DATE: 29-May-20
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                   ZEECO THERMOCOUPLE CALIBRATION

CALIBRATION DATE: 4-Feb-20

INSTRUMENT MFG: THERMOSENSOR

ACCURACY: 1% FS

RANGE: 0-2400 DEGREES F

ZEECO TAG #: PT108

REFERENCE GAUGE MFG: HART SCIENTIFIC INC.

MODEL #: 9141 DRY WELL CALIBRATER

SERIAL #: A53130

RANGE: AMBIENT TO 1200°F

ACCURACY: AMBIENT TO 750°F    ±0.9°F

ACCURACY: 750°F TO 1200°F       ±1.8°F

REPORT #: 13512834

CALIBRATION DATE: 18-May-19

REFERENCE GAUGE  CALIBRATED

200.0 196.0

600.0 595

800.0 796.0

1000.0 998.0

1200.0 1206.0

CERTIFIED BY: DATE: 4-Feb-20
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                   ZEECO THERMOCOUPLE CALIBRATION

CALIBRATION DATE: 11-Aug-20 FURN #16

INSTRUMENT MFG: THERMOSENSOR

ACCURACY: 1% FS

RANGE: 0-2400 DEGREES F

ZEECO TAG #: PT130

REFERENCE GAUGE MFG: HART SCIENTIFIC INC.

MODEL #: 9141 DRY WELL CALIBRATER

SERIAL #: A53130

RANGE: AMBIENT TO 1200°F

ACCURACY: AMBIENT TO 750°F    ±0.9°F

ACCURACY: 750°F TO 1200°F       ±1.8°F

REPORT #: 13512834

CALIBRATION DATE: 27-May-20

REFERENCE GAUGE  CALIBRATED

70.2  70.3

100.4  99.1

200 197.0

500.1 496.9

749.8  746.6

1001 1003

1202 1208

CERTIFIED BY: DATE: 11-Aug-20
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                     ZEECO PRESSURE GAUGE CALIBRATION

CALIBRATION DATE: 26-Oct-20

INSTRUMENT MFG: ASHCROFT

ACCURACY: 1.5% FS

RANGE: 0-60#

ZEECO TAG #: ZP015  FURN # 12

REFERENCE GAUGE MFG: ROSEMOUNT

MODEL #: 3051TG3A2B21AQ4Q8M5

TAG: 22802

RANGE: 0-800 PSIG

ACCURACY: +/- 0.04%

CALIBRATION DATE: 12-Jun-20

REFERENCE GAUGE  CALIBRATED

5.0 5.4

10.0 10.0

20.1 20.0

30.0 30.1

40.0 40.1

50.1 50.0

55.1 55.2

44.9 45.1

34.9 35.1

24.9 25.1

15.0 15.2

4.9 5.1

0.0 0.0

CERTIFIED BY: DATE: 26-Oct-20
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                     ZEECO PRESSURE GAUGE CALIBRATION

CALIBRATION DATE: 21-May-20

INSTRUMENT MFG: WIKA

ACCURACY: 1.5% FS

RANGE: 0-60#

ZEECO TAG #: ZP026  FURN #12

REFERENCE GAUGE MFG: Rosemount

MODEL #: 3051T

TAG: 22802

RANGE: 0-800 PSIG

ACCURACY: +/- 0.04%

CALIBRATION DATE: 22-May-19

REFERENCE GAUGE  CALIBRATED

0.0 0.0

5.0 5.2

15.0 15.2

25.0 25.2

35.0 35.2

45.0 45.1

55.0 54.9

60.0 60.1

50.0 49.9

40.0 39.9

30.0 30.1

20.0 20.0

10.0 10.0

CERTIFIED BY: DATE: 21-May-20
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                     ZEECO PRESSURE GAUGE CALIBRATION

CALIBRATION DATE: 2-Dec-20

INSTRUMENT MFG: ASHCROFT

ACCURACY: 1.50%

RANGE: 0-60#

ZEECO TAG #: ZP028 INVENTORY

REFERENCE GAUGE MFG: ROSEMOUNT

MODEL #: 3051TG3A2B21AQ4Q8M5

TAG: 22802

RANGE: 0-800 PSIG

ACCURACY: +/- 0.04%

CALIBRATION DATE: 12-Jun-20

REFERENCE GAUGE  CALIBRATED

0.0 0.0

5.0 5.0

15.0 15.0

25.0 24.9

35.0 34.5

45.0 44.6

55.0 54.7

50.0 49.7

40.0 40.6

30.0 29.7

20.0 19.7

10.0 9.9

0.0 0.0

CERTIFIED BY: DATE: 2-Dec-20
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                     ZEECO PRESSURE GAUGE CALIBRATION

CALIBRATION DATE: 2-Dec-20

INSTRUMENT MFG: ASHCROFT

ACCURACY: 1.5% FS

RANGE: 0- 30#

ZEECO TAG #: ZP072 INVENTORY

REFERENCE GAUGE MFG: ROSEMOUNT

MODEL #: 3051TG3A2B21AQ4Q8M5

TAG: 22802

RANGE: 0-800 PSIG

ACCURACY: +/- 0.04%

CALIBRATION DATE: 12-Jun-20

REFERENCE GAUGE  CALIBRATED

0.0 0.0

5.0 5.2

10.0 10.2

15.0 15.1

20.0 20.1

25.0 25.1

30.0 30.2

25.0 25.2

20.0 20.1

15.0 15.1

10.0 10.2

5.0 5.3

0.0 0.0

CERTIFIED BY: DATE: 2-Dec-20
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                     ZEECO PRESSURE GAUGE CALIBRATION

CALIBRATION DATE: 11-Jul-20

INSTRUMENT MFG: ASHCROFT

ACCURACY: 1.5% FS

RANGE: 0-60#

ZEECO TAG #: ZP119 FURN #12

REFERENCE GAUGE MFG: ROSEMOUNT

MODEL #: 3051TG3A2B21AQ4Q8M5

TAG: 22802

RANGE: 0-800 PSIG

ACCURACY: +/- 0.04%

CALIBRATION DATE: 12-Jun-20

REFERENCE GAUGE  CALIBRATED

0.0 0.0

5.0 5.0

10.0 10.0

20.0 20.0

30.0 29.9

40.0 40.0

50.0 50.0

55.0 55.0

45.0 45.0

35.0 35.0

25.0 25.0

15.0 15.0

0.0 0.0

CERTIFIED BY: DATE: 11-Jul-20
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                     ZEECO PRESSURE GAUGE CALIBRATION

CALIBRATION DATE: 15-Jan-21

INSTRUMENT MFG: ASHCROFT

ACCURACY: 1.5% FS

RANGE: 0-60#

ZEECO TAG #: ZP166  FURN #11

REFERENCE GAUGE MFG: ROSEMOUNT

MODEL #: 3051TG3A2B21AQ4Q8M5

TAG: 22802

RANGE: 0-800 PSIG

ACCURACY: +/- 0.04%

CALIBRATION DATE: 12-Jun-20

REFERENCE GAUGE  CALIBRATED

9.8 10.0

20.2 20.0

30.0 30.0

40.1 40.0

50.0  50.0

59.6  60.0

54.6  55.0

44.6 45.0

34.7 35.0

24.7 25.0

14.6 15.0

4.6 5.0

1.7 2.0

CERTIFIED BY: DATE: 15-Jan-21
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                     ZEECO PRESSURE GAUGE CALIBRATION

CALIBRATION DATE: 17-Aug-20

INSTRUMENT MFG: ASHCROFT
ACCURACY: 1.5% FS
RANGE: 0-60#

ZEECO TAG #: ZP 182 INVENTORY

REFERENCE GAUGE MFG: ROSEMOUNT

MODEL #: 3051TG3A2B21AQ4Q8M5
TAG: 22802
RANGE: 0-800 PSIG

ACCURACY: +/- 0.04%
CALIBRATION DATE: 12-Jun-20

REFERENCE GAUGE  CALIBRATED
0.0 0.0
5.0 5.5

10.0 10.5
20.0 50.5
30.0 30.2

40.0 40.0

50.0 50.0
55.0 55.0

45.0 45.0
35.0 35.3
25.0 25.5

15.0 15.5
5.0 5.6

CERTIFIED BY: DATE: 17-Aug-20
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                ZEECO DIAL THERMOMETER CALIBRATION

CALIBRATION DATE: 10-Apr-20  FURN #12

INSTRUMENT MFG: WIKA

ACCURACY: 1% FS

RANGE: 0-250 DEGREES F

ZEECO TAG #: ZT008

REFERENCE GAUGE MFG: HART SCIENTIFIC INC.

MODEL #: 9141 DRY WELL CALIBRATER

SERIAL #: A53130

RANGE: AMBIENT TO 1200°F

ACCURACY: AMBIENT TO 750°F    ±0.9°F

ACCURACY: 750°F TO 1200°F       ±1.8°F

REPORT #: 12346544

CALIBRATION DATE: 18-May-19

REFERENCE GAUGE  CALIBRATED

82.5  81

130.0  129

180.0  180

210.0  209

250.0  249

CERTIFIED BY: DATE: 10-Apr-20
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                ZEECO DIAL THERMOMETER CALIBRATION

CALIBRATION DATE: 28-May-20 FURN #12

INSTRUMENT MFG: WIKA

ACCURACY: 1% FS

RANGE: 0-250 DEGREES F

ZEECO TAG #: ZT052

REFERENCE GAUGE MFG: HART SCIENTIFIC INC.

MODEL #: 9141-A-156

SERIAL #: A53130

RANGE: AMBIENT TO 1200°F

ACCURACY: AMBIENT TO 750°F    ±0.9°F

ACCURACY: 750°F TO 1200°F   ±1.8°F

REPORT #: 13512834

CALIBRATION DATE: 27-May-20

REFERENCE GAUGE  CALIBRATED

80.0 80

100.0 100

150.0 149

200.0 198

250.0 249

CERTIFIED BY: DATE: 28-May-20
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                ZEECO DIAL THERMOMETER CALIBRATION

CALIBRATION DATE: 29-May-20 INVENTORY

INSTRUMENT MFG: WIKA

ACCURACY: 1% FS

RANGE: 0-250 DEGREES F

ZEECO TAG #: ZT057

REFERENCE GAUGE MFG: HART SCIENTIFIC INC.

MODEL #: 9141 DRY WELL CALIBRATER

SERIAL #: A53130

RANGE: AMBIENT TO 1200°F

ACCURACY: AMBIENT TO 750°F    ±0.9°F

ACCURACY: 750°F TO 1200°F       ±1.8°F

REPORT #: 11143030

CALIBRATION DATE: 27-May-20

REFERENCE GAUGE  CALIBRATED

80.0 80

100.0 98

150.0 148

200.0 198

250.0 250

CERTIFIED BY: DATE: 29-May-20
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                 ZEECO DIAL THERMOMETER CALIBRATION

CALIBRATION DATE: 17-Sep-20 FURN #12

INSTRUMENT MFG: WIKA

ACCURACY: 1% FS

RANGE: 0-250 DEGREES F

ZEECO TAG #: ZT076

REFERENCE GAUGE MFG: HART SCIENTIFIC INC.

MODEL #: 9141-A-156

SERIAL #: A53130

RANGE: AMBIENT TO 1200°F

ACCURACY: AMBIENT TO 750°F    ±0.9°F

ACCURACY: 750°F TO 1200°F   ±1.8°F

REPORT #: 13512834

CALIBRATION DATE: 27-May-20

REFERENCE GAUGE  CALIBRATED

70.0 71

100.0 101

150.0 149

200.0 198

250.3  249

CERTIFIED BY: DATE: 17-Sep-20
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                 ZEECO DIAL THERMOMETER CALIBRATION

CALIBRATION DATE: 13-Nov-20 INVENTORY

INSTRUMENT MFG: WIKA

ACCURACY: 1% FS

RANGE: 0-250 DEGREES F

ZEECO TAG #: ZT078

REFERENCE GAUGE MFG: HART SCIENTIFIC INC.

MODEL #: 9141-A-156

SERIAL #: A53130

RANGE: AMBIENT TO 1200°F

ACCURACY: AMBIENT TO 750°F    ±0.9°F

ACCURACY: 750°F TO 1200°F   ±1.8°F

REPORT #: 13512834

CALIBRATION DATE: 27-May-20

REFERENCE GAUGE  CALIBRATED

69.8 70

100.2 100

150.2 149

200.0 200

251.0 251

CERTIFIED BY: DATE: 13-Nov-20
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                 ZEECO DIAL THERMOMETER CALIBRATION

CALIBRATION DATE: 10-Apr-20  FURN #14

INSTRUMENT MFG: WIKA

ACCURACY: 1% FS

RANGE: 50-550 DEGREES F

ZEECO TAG #: ZT096

REFERENCE GAUGE MFG: HART SCIENTIFIC INC.

MODEL #: 9141 DRY WELL CALIBRATER

SERIAL #: A53130

RANGE: AMBIENT TO 1200°F

ACCURACY: AMBIENT TO 750°F    ±0.9°F

ACCURACY: 750°F TO 1200°F       ±1.8°F

REPORT #: 12346544

CALIBRATION DATE: 18-May-19

REFERENCE GAUGE  CALIBRATED

83.0  82

130.0  128

180.0  178

210.0  208

250.0  248

CERTIFIED BY: DATE: 10-Apr-20
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VENDOR
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Comment Action

Confirmation / Explanation

ZEECO Reply 17-MAR-21
Action by

NAME

FINAL AGREEMENT
STATUS

1 0 46251-8040  

Cover page, "Visible flame diameter is at normal load 

between 2.1 and 2.4 m. Flame diameter  

measured by CO probing is 2.6 m  

- 

Ratio ratio between actual and visible flame

diameter is between 1.1 and 1.25 (1.15  

average)

- 

Visible flame diameter at burner design  

capacity is between 2.4 and 2.7 m. Expectation

is that actual flame diameter will be between  

2.7 and 3.1 m. 

- 

Measured flame dimensions are confirming  

that the burner to burner distance is tight and 

that there exists a risk of flame interaction. 

-

Specially if there is operation at higher than

normal load, it can result in a flame interaction.

Note: Higher burner capacity will be required

when one or more burners are out of operation

for maintenance."

BIH  ZEECO  REVIEWED  RESPONDED

Flame diameter measured by CO probing is not 2.6 m as stated within comment. 

Flame boundary as defined by 2000ppmv CO is located between 2.3 m and 2.6 m

diameter. Ratios shall not be used as scale-up factor between actual and visible

flame. Flame defined by CO probing during testing at normal HR on RFG test fuel

(located between 2.3 and 2.6 m) is reasonably within the range of visible flame at

normal HR on RFG test fuel (range of 2.1 to 2.4 m).

Refer to Zeeco response on similar point mentioned on CFD report below:

Zeeco has added slide 61 to the report, which shows estimated scale-up of flame

dimensions from normal to maximum heat release. Refer to the notes added to Case

Summary on slide 62:

Base on CFD results of modeled conditions and test data

• For both Normal HR and Design HR conditions flame impingement on tubes and

merging of flames are not expected

• We expect the above conclusion to hold for the different fuel cases as test data

showed little if any variation in flame width with changes to test fuel

SLW
Zeeco considers

this item CLOSED

2 0 46251-8040  Page 1, Customer Witness, "Indicate that they were at site during the test" BIH  ZEECO  REVIEWED  IMPLEMENTED  Implemented. SLW  CLOSED

3 0 46251-8040  

Page 5, "Add the conversion factors that affect the burner firing test results as they 

were based on an actual lower combustion air

temperature (around 140-150degC than the design preheat temperature (230degC),

due to a limitation at Zeeco's facilities."

BIH  ZEECO  REVIEWED  IMPLEMENTED  

Implemented, contained within final approved test procedure added to Appendix E.

SLW  CLOSED

4 0 46251-8040  

Page 7, "Attach the final approved procedure in the next revision of this document, 

showing the appendix for the conversion factors

used due to actual pre-heated air temperature being lower than design value

(150degC vs. 230degC)"

BIH  ZEECO  REVIEWED  IMPLEMENTED  

Implemented, added to Appendix E.

SLW  CLOSED

5 0 46251-8040  Page 9, LHV, "Use project units (refer to Fluor DS)" BIH  ZEECO  REVIEWED  IMPLEMENTED  Implemented. SLW  CLOSED

6 0 46251-8040  Page 14, Add "Natural Gas" BIH  ZEECO  REVIEWED  IMPLEMENTED  Implemented, see added row "Fuel Gas Blend" SLW  CLOSED

7 0 46251-8040  Page 14, Add "RFG" BIH  ZEECO  REVIEWED  IMPLEMENTED  Implemented, see added row "Fuel Gas Blend" SLW  CLOSED

8 0 46251-8040  
Page 14, "These values were not captured in the hand written test records"

BIH  ZEECO  REVIEWED  NONE  
These are calculated values.  The calculations were performed following the test.

SLW  CLOSED

9 0 46251-8040  

Page 14, "This is the width that needs to be shown in the CFD for the normal heat

release case"

BIH  ZEECO  REVIEWED  RESPONDED  

Zeeco has added slide 60 to the CFD report, showing modeled flame diameters. 

Average flame diameter 1.8m, max flame diameter 2.2 m.

It should be noted that the test was likely the worse case in terms of flame dimensions 

due to it being a single burner in a large VC furnace.  Flue gas patterns in the

customer's heater vs. test heater impact flame shape.

SLW
Zeeco considers

this item CLOSED

10 0 46251-8040  Page 15, Add "High Hydrogen Fuel Cases" BIH  ZEECO  REVIEWED  IMPLEMENTED  Implemented, see added row "Fuel Gas Blend" SLW  CLOSED

11 0 46251-8040  
Page 23, "This seems a repetition of the same test results but in US units. 

Please use the units for the project and don;t duplicate content"
BIH  ZEECO  REVIEWED  IMPLEMENTED  

Implemented, Test datasheet in US units removed.
SLW  CLOSED

12 0 46251-8040  Page 26, "Ditto. Please do not duplicate results and use Project units only" BIH  ZEECO  REVIEWED  IMPLEMENTED  Implemented, Test datasheet in US units removed. SLW  CLOSED

R0

46251-8040

BURNER TEST REPORT

0

ESSAR

BOUSTEAD INTERNATIONAL HEATERS: ZEECO BURNER PROJECT
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Drawing / Document Number, Title and Revision:
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IC43/BAT 34 update – CD4 NOx

Dec 2019



2

Scope of Project

|  Dec 2019

• BAT is to prevent or reduce NOx emissions to air from combustion units

• Low-NOx burners:
– Proposed scope was to install low-NOx burners on 3 of the CDU4 furnaces 

(F201A/F201B/ F201C/F202)
– Low-NOx burners have different flame shape – impact on furnace operation
– Additional scope required
– More economic to replace furnace

• New scope:
– Replace F201A/B/C with new furnace (gas firing)
– Retain F202
– Replace stack



3

Schedule

|  Dec 2019

ID Task Name Start Finish
2019 20212020

Q4Q2 Q1Q3 Q3 Q1Q4 Q2Q1

1

2

3

4

7

8

13/09/201901/07/2019SCOUTING

13/03/202008/10/2019BASIS OF DESIGN

31/03/202031/03/2020FINAL INVESTMENT DECISION (FID)

01/02/202225/11/2019EPC

01/02/202201/03/2021CONSTRUCTION

30/12/202230/12/2022REQUIRED COMPLETION DATE

6 30/09/202130/09/2021FURNACE DELIVERY

2022 2023

Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

5 31/08/202125/11/2019PROCUREMENT



4

Progress against schedule

• Scouting for new furnaces complete 13/9/19
• Started Basis of Design 8/10/19
• Final Investment Decision in March 2020

– If not approved then revert to low-NOx burners
• Engaged with furnace suppliers

|  Dec 2019



5

Issues for discussion

1. Emission limits:
– ELVs for new combustion plant (100 mg/Nm3 NOx)
– Review bubble

2. New stack:
– Dispersion modelling
– F202 changeover to new stack

3. Other issues:
– Planning application
– Transport to site – work with council and Highways Agency
– Poplars

|  Dec 2019



IC43/BAT 34 update – CD4 NOx

Feb 2021



2

Scope of Project

|  Dec 2019

• BAT is to prevent or reduce NOx emissions to air from combustion units

• CD4 furnaces F201A/B/C will be replaced with a new furnace (designed for gas 
firing, with potential for future upgrade to hydrogen)

• The new furnaces will incorporate low-NOx burners 

• Furnace F202 will be retained, and will be tied in to the new stack

• The CD4 stack will be replaced – the new stack will have a lower height than the 
existing stack. The new stack is based on design standards for gas firing (the 
higher existing stack was designed for liquid firing).

• The old stack will be removed post successful completion of the project



3

Progress to Date

• Scouting completed
• FEED completed
• Furnace purchase order placed (expected completion Q1 2022)
• Stack dispersion modelling is complete
• Planning application is being finalised
• Transport to site – work with council and Highways Agency ongoing
• Detailed engineering started – completion expected Q3 2021
• Final investment decision expected Q2 2021
• Start of construction expected Q3 2021
• Pre-application to EA expected Q1 2021

|  Sept 2018
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kg/ kg fuel mol wt

2.270 44.01

2.140 18.02

11.670 28.01

0.200 39.95

0.00 64.06

1.730

0.531 32.00

0.029

0.115

18.685 27.58

Wet flue gas

CO2

13.400

wt %

18.47

70.62

mol % Nm3/kg fuel

N2

O2

Ar

Excess Air

Total kg/ kg fuel

2.270

2.255

SO2

12.15

12.07

71.72

1.23

0.00

0.531

H2O

N2

Ar 0.229

0.00

100.00

1.155

2.803

10.717

0.129

0.372

0.85

2.45

7.61

18.69

2.84

100.00

H2O

Total 15.175
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SO2 Air Quality Objective (IC52) 
Rev Date By Checked Comments 
0 04/10/21 K Rothwell M Rokicka  

1 Introduction 
The Permit [REF 1] was updated in 2018 to reflect the requirements of the Refinery BREF [REF 2] and 
BAT Conclusions [REF 3].  This includes BAT 58, which is to use an integrated emission management 
technique to achieve an overall reduction of SO2 emissions to air.     

Improvement Condition IC52 was added to the Permit EPR/FP3139N/V009 [REF 1]: 

Reference Requirement Date 
IC52 BAT Conclusion 58 

The Operator shall submit a written report to the Environment Agency for approval which 
provides evidence to evaluate the risk of potential exceedances of the short-term 15 
minute SO2 air quality objective. The purpose of this is to determine an hourly bubble SO2 
limit to replace the current limit in table S3.1(d) of this permit (Integrated Emissions 
Management). This evidence shall include the following: 

1. Data for a number of representative years for current and future operations, 
including release profiles, peak emissions and how frequent these peaks are 
likely to be.  

 Hourly SO2 concentrations from the SRU and the CO boiler; with a 
comparison to values used in the CERC report Note 3.  

 Hourly bubble SO2 concentration (using CDU-4, HPBH, CO boiler and 
SRU).  

2. Discussion and interpretation of these release profiles and peak concentrations 
with consideration to:  

 Operational scenario (e.g. potential unit off-sets, unusually high sulphur 
crudes, etc.); 

 Frequency of peaks within the year and their likelihood within future 
years; 

 How CERC’s modelled values may or may not represent these short-
term peaks. 

31/12/18 

Table 1.1. IC52 

This report is provided to satisfy the requirements of IC52. 
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2 Requirements 

2.1 BAT Conclusions 
The Refinery BREF [REF 2] and Refinery BAT Conclusions document [REF 3] include the following 
requirements: 

2.1.1 BAT 26 
BAT 26 relates to SOx emissions from catalytic cracking process.  BAT 26 includes BAT-AELs for SOx 
emissions to air, given as a monthly average. 

2.1.2 BAT 36 
BAT 36 relates to SOx emissions from combustion units.  BAT 36 includes BAT-AELs for SOx emissions 
to air, given as a monthly average. 

2.1.3 BAT 54 
BAT 54 relates to sulphur emissions from waste gas sulphur treatment.  BAT 54 includes BAT-AEPLs 
for sulphur recovery, given as a monthly average. 

2.1.4 BAT 58 
Rather than applying BAT 26, BAT 36 and BAT 54 to individual units, the BAT-AELs/BAT-AEPLs can be 
applied using a “refinery bubble” approach, as described in BAT 58: 

BAT 58.In order to achieve an overall reduction of SO2 emissions to air from combustion 
units, fluid catalytic cracking (FCC) units and waste gas sulphur recovery units, BAT is to use 
an integrated emission management technique as an alternative to applying BAT 26, BAT 36 
and BAT 54. 

 

2.2 Air Quality  
Nationally, three air quality objectives for S02 have been set for the protection of public health: 

Pollutant Air Quality Objective 
Concentration Measured as 

Sulphur dioxide (SO2) 266 ug/m3, not to be 
exceeded more than 35 times 
a year 

15-minute mean 

350 ug/m3, not to be 
exceeded more than 24 times 
a year 

1-hour mean 

125 ug/m3, not to be 
exceeded more than three 
times a year 

24-hour mean 

Table 2.1 Extract from National Air Quality Objectives [REF 4] 

An AQMA for SOX was established by CWAC in 2016 at Thornton le Moors due to an increased level 
of exceedances of the short-term 15 minute SO2 air quality objective. 
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Figure 2.1 – Exceedances of Public Heath Objective for SO2 at TLM and Elton 2013-2016 

3 Data assessment 

3.1 Air Quality 
Cheshire West and Chester Council has been monitoring SO2 in Thornton le Moors in real-time since 
the summer of 2013. Figure 3.1 below shows the locations of automatic monitoring stations in the 
vicinity of the AQMA. Monitoring at station TLM ceased in February 2015 because of extensive 
refurbishment works at the village hall, and the analyser was relocated to a newly established 
monitoring station, TLP, some 150m away on Park Road. [REF 6] 

The monitoring network was expanded in June 2015 with the addition of station ELT 
(approximately 800m east of the AQMA) on School Lane in Elton. Both SO2 analysers at TLP and 
ELT remain in continual operation. In addition to SO2, TLP is equipped to monitor nitrogen 
dioxide, particulates and meteorological parameters. [REF 6] 

Based on local monitoring results for the period 2013 to 2016 an AQMA was put in place based on 
exceedances of the 15 minute average for SO2 at Thornton le Moors. [REF 6] 

3.2 Air Dispersion Modelling 
Air dispersion modelling of refinery emissions was carried out by Cambridge Environmental 
Research Consultants (CERC) in 2016 on behalf of Cheshire West and Chester Council using data 
provided by Essar. This included a source apportionment exercise. [REF 7] A range of 12 
potential sources of SO2 on the refinery site were modelled, the locations of which are detailed 
in Figure 3.1.  

Exceedances of the 15-minute mean objective are inherently episodic, with a strong directional 
component, so the relative contributions of different sources will vary dependent on the 
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meteorological conditions prevailing at the time. Therefore, the 99.9th percentile value for all 
sources will not be the sum of contributions from each individual source. It is clear, however, 
that the percentage source contributions to ambient SO2 in the AQMA are dominated by 
emissions from the CO boiler stack serving the catalytic cracker unit (CCU). This was confirmed 
in a subsequent modelling study commissioned by Essar, again undertaken by CERC. [REF 8]  

Measures with an emphasis on reducing emissions from the CO boiler are therefore likely to 
deliver the greatest benefits. Of the remainder of sources modelled, the sour flare and CD3 
stack are the most significant sources of SO2 in the local area.  

 

 
Figure 3.1. Map showing location of air quality monitors and refinery sources modelled [REF 6] 
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Figure 3.2 99.9th percentiles of 15-minute average SO2 concentrations by source type [REF 7] 

 
CD3 has been non-operational since 2014 and is currently mothballed with no plans for re-start 
in the immediate future. 

3.3 Plant Emissions 
Table 3.1. shows the Emission limit values for the stacks at Stanlow as defined in Table 3.1(a) of 
EPR/FP3139FN/V010.   

Emission 
point ref 

Source Parameter Daily mean of 
validated 
hourly 
averages 

95% of 
validated 
hourly averages 
within a 
calendar year 

Calendar 
monthly mean 

REF-A-2 CD4 Sulphur 
dioxide 

1000mg/Nm3 1000mg/nm3 Included within 
refinery bubble 

REF A-4 HPBH Sulphur 
dioxide 

1000mg/Nm3 1000mg/nm3 

REF A-5 PF3 and HDT3 Sulphur 
dioxide 

1000mg/Nm3 1000mg/nm3 

REF A-6 Aromatics Sulphur 
dioxide 

1000mg/Nm3 1000mg/nm3 

REF A-10 SRU Oxides of 
Sulphur 

20,000mg/Nm3 
as per 
monitoring 
method 

  

REF A-11 CCU CO Boiler 
Exhaust 

Oxides of 
Sulphur 

No Limit No Limit 1000mg/Nm3 

Table 3.1 SOX Emission Limit Values for Stanlow Stacks 

In addition to the individual limits there is also a bubble limit of 682mg/nm3 which is calculated on a 
monthly basis. The basis for the limit and the method of calculation for the bubble is documented in 
the response to IC 51. 

The graphs below show: 

The validated monthly mean and maximum daily mean values for Sulphur dioxide emissions from 
CD4, HPBH, PF3 & HDT3 and Aromatics stacks. 

The graphs for the four emission points show that the emission points operate consistently below 
the 1000mg/nm3 ELV.  

Exceedances of the maximum daily limit in September 2020 were due to processing of high sulphur 
fuel gas during an abnormal maintenance activity. This was notified via Part A notification. 

The validated monthly mean and maximum concentration for Oxides of Sulphur emissions from the 
CO Boiler stack. 

The graph for the CO Boiler shows that operation is often close to the limit (and within the 
uncertainty of measurement – which is 20%). A reduction in validated monthly mean value can be 
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observed from March 2020, which corresponds with the period of consistent desox injection 
(detailed in section 4). 

The validated monthly bubble calculation 

The graph for the monthly bubble calculation shows that the calculated monthly bubble value varies 
dependant on refinery operations, however remains within the ELV set within IC 51. 

Figure 3.3 CD4 monthly validated SOX emissions 

Figure 3.4 HPBH monthly validated SOX emissions 
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Figure 3.5 Platformer monthly validated SOX emissions 

Figure 3.6 Secondary Processes monthly validated SOX emissions 

Figure 3.7 CO Boiler monthly validated SOX emissions 
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Figure 3.8 Refinery SOX bubble monthly validated value 

 

3.4 Interpretation 

3.4.1 Operational Scenarios and agreed actions 
The source apportionment modelling carried out by CERC [REF 7] identified the CO Boiler as the 
most significant contributor to the SOX exceedances within the AQMA. 

An Air Quality Action Plan was developed by CWAC in consultation with Essar and the EA. The AQAP 
identified three priorities and a number of actions to address these priorities: 

Priority 1 – Reduce emissions of SO2 from the catalytic cracking unit  

Priority 2 – Reduce overall emissions of SO2 from the refinery  

Priority 3 – Provide real-time ambient monitoring data to site operator in a timely manner  
 
The actions table from the AQAP is detailed in appendix 1.  

The basis of actions for each of the areas is detailed in the following sections.  

3.4.1.1 CO Boiler 
CERC modelling in 2017 [REF 8] looked at the following options for the reduction of SOX emissions 
from the CO Boiler stack: 

 Emission rate reductions 
 Emission concentration reductions 
 Stack height increase 
 Emission temperature 
 Emission velocity 
 Move stack 

Of these options the most practicable was to reduce SOX emission concentrations. An action was set 
as part of the Air Quality Action Plan to ‘Remove compounds at different stages of processing.’ 
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Since 2017, a bespoke cracker catalyst additive (DeSOx) has been trialled on the Stanlow Catalytic 
Cracking Unit (CCU) to help reduce the SOx emissions from the CO Boiler (COB) stack. The trial 
commenced in advance of a BREF permit emission reduction from 1,510 to 1,200 mg [SOx]/Nm3 in 
October 2018.  
 

3.4.1.2 MP Superheater 
MP superheater on the CCU was thought to be a source of fugitive emissions. This was modelled 
within the CERC report (June 2017) and shown to have an impact on SOX emissions. An action was 
set as part of the Air Quality Action Plan to ‘Address fugitive emissions’. 

The MP Superheater was replaced in Q1 2018 as part of a CCU maintenance shutdown event. 

3.4.1.3 Sour Flare 
Sour gas flaring was identified as the second highest source of SOX emissions.  

 Impacts due to flaring of the site volume of gas 
 Contribution of sulphur to the refinery fuel gas main 

An action was set as part of the Air Quality Action Plan for ‘Isolation of sulphur recovery units to 
allow independent operation’. 
Two high efficiency sulphur recovery units (SRU) are operated at Stanlow.  The original design did 
not allow each SRU to be isolated individually, resulting in extended flaring of sour gas when an SRU 
was isolated.  Essar implemented a project to install isolation for each unit to increase reliability and 
reduce flaring.  This project was installed in Q1 2018. 
 
An action was set as part of the Air Quality Action Plan for ‘Fuel gas scrubbing, absorption or fuel 
substitution’. 
The refinery uses refinery fuel gas (RFG) as a fuel for combustion plants.  Additional treatment (fuel 
gas desulphurisation) for the RFG system was installed in Q1 2018. 
 

An action was set as part of the Air Quality Action Plan to ‘Schedule maintenance/repair on sulphur 
critical plant to suit the weather’. 
This is standard practice for maintenance on Sulphur units at Stanlow. 

3.4.2 Anticipated Frequency of peaks 
CERC modelling modelled the potential exceedances. Based on the model, completion of the actions 
detailed in the AQAP would be expected to reduce the frequency of exceedances of the short-term 
15 minute SO2 air quality objective to below the air quality objective. 

4 CO Boiler Reduction of SOX Emissions 
 

4.1 Progress on the trial to date 
Since 2017, a bespoke cracker catalyst additive (DeSOx) has been trialled on the Stanlow Catalytic 
Cracking Unit (CCU) to help reduce the SOx emissions from the CO Boiler (COB) stack. The trial 
commenced in advance of a BREF permit emission reduction from 1,510 to 1,200 mg [SOx]/Nm3 in 
October 2018.  
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4.1.1 Discussion and interpretation 

DeSOx is based on an emerging branch of CCU technology. Essar Stanlow is one of the largest European 
units to trial the additive.  

Across the course of the trial a number of process plant interruptions has limited the immediate 
additive effectiveness and thus long term performance assessment. However, Essar Stanlow and the 
additive supplier have collectively developed guidance to respond to these upsets and restore additive 
effectiveness in an efficient manner following restart. This learning has been put to practice with great 
effect on the latest two restarts in 2020 and 2021.  

Outside of process interruptions, DeSOx has been successfully tested across 2019, 2020 and 2021 to 
control the Continuous Emissions Monitoring System (CEMS) SOx analyser to below the permitted 
monthly average limit of 1,200 mg/Nm3.  

4.1.2 DeSOx Theory 

The Stanlow FCC operates a partial burn regenerator, and due to the reductive atmosphere, and 
sparsity of available oxygen, Sulphurous species present on the FCC catalyst, as coke, exit the 
regenerator in a reduced form, such as COS (primarily), CS2 and H2S. These species are oxidised in the 
COB before emission as SOx at the COB stack.   

The DeSOx additive functions by selectively oxidising the reduced sulphur components in the 
regenerator to form SO3, the proportion of Sulphur species reduced is directly affected  a number of 
process variables. Stanlow has worked with the DeSOx additive supplier to build and refine a 
regression model that predicts Stack SOx as a function such variables: Regen CO, Catalyst activity and 
feed Sulphur content. This model predict accurately to serve as a back up to the CEMS monitoring. 

The DeSOx additive is not designed to remove all sulphur species from the CCU regenerator, the 
chemical equilibrium is influenced by a number of operational factors that cannot all be 
simultaneously driven to their optimal position for SOx recovery. As such, it is susceptible the impacts 
of unit conditions following trips, shutdowns and strategic operational moves.  

4.1.3 DeSOx Trial timeline 
 

 February 2018 - From February 2018 1wt% DeSOx was maintained within the circulating 
Equilibrium Catalyst (ECat). Across the trial a minimum catalyst addition rate of 12 t/d, was 
required to maintain catalyst performance activity and supplement the DeSOx addition.  Due 
to subsequent problems with the additive loader, consistent DeSOx loading was problematic, 
in late 2018 and a decision was taken to acquire a new loader after several attempts to repair 
the existing loader.  No further attempt to load additive was made until the new loader 
arrived.  

 June 2019 - Dedicated additive loader commissioned. 
 July 2019 - Increased DeSOx Additive to 1wt% in Catalyst, SOx reduction efficacy as expected.  
 August 2019 - Catalyst regeneration issues – operated lower flue gas CO%, SOx reduction 

reduced compared to July 2019. 
 September 2019 – Unit outage, additive effect reduced to minimal SOx reduction 

o Unit issues until shutdown in February 2020 
 March 2020 – DeSOx Addition activity recovery plan followed, SOx reduction improvement 

seen. 
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 Summer 2020 – Maintained DeSOx activity with SOx removal measured up to efficacy 
observed in July 2019 removal, addition rates optimised to emissions levels. 

 September 2020 – Fast change in Feed qualities resulted in SOx slippage to stack. A change to 
the catalyst and additive strategy did not provide a fast enough response to recover DeSOx 
additive performance prior to the exceedances. Learning made for minimum addition rates. 

 Autumn 2020 – Winter 2021 - Maintained DeSOx activity with further increased efficiacy of 
additive observed, addition rates optimised to emissions using learning from Sept 2020 
investigation. 

 Spring 2021 - Maintained DeSOx activity with consistent levels of SOx removal observed, 
addition rates optimised to emissions measured.  

4.2 DeSOx Performance  
Throughout the duration of the trial period a number of key operational factors have been determined 
to significantly impact the performance efficiency of the DeSOx additive. These include: 

1. Residue Feed Sulphur content (resulting in sulphur content on the catalyst in the Regen) 
2. Catalyst activity (Impacts the additive & CCU catalyst chemistry) 
3. Regenerator CO (Impacts the selectivity of the additive chemistry) 
4. Catalyst impurities, such as Fe (Impacts the additive performance and catalyst surface) 

 

Other factors, such as the efficiency of mixing between spent catalyst & combustion air, regenerator 
temperature can influence, however these parameters are controlled by the process to maintain 
stability. 

 

An empirical correlation has been established from operating data that predicts the COB stack SOx as 
function of performance factors 1 to 3: Feed Sulphur, Catalyst Activity & Regenerator CO content. The 
regression accuracy of this model is high. (R2 > 0.7).  Throughout the DeSOx trial a consistent reduction 
in SOx emissions has been achieved, providing a consistent concentration of active additive was 
maintained within the circulating catalyst. A number of factors affect the activity of the additive, 
including fresh addition rate and thermal cycles of the catalyst.  
 
Figure 4.1 shows the reduction in SOX emissions from the CO Boiler stack during the period June 20- 
Mar 21. Figure Y shows the % SOX reduction in CO Boiler emissions during the same period. 

Figure 4.1 Reduction in SOX Emissions (mg/nm3) of CO Boiler stack during DeSOx trial 
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Figure 4.2 % Reduction in SOX Emissions of CO Boiler stack during DeSOx trial 

 

4.3 Future Steps 
The trial will continue in order to evaluate the effectiveness of the DeSOx across a range of operating 
conditions and weather conditions. The CERC modelling completed in 2016 and 2017 highlighted that 
in particular years the ambient conditions were more conducive to exceedances of the 15 minute 
objective. 

If Stanlow operation requires periods of low Regenerator CO(%) content, such as required for a COB 
maintenance outage, the effectiveness of DeSOx will reduce. In this mode of operation Stanlow will 
trial reduced DeSOx addition, and then further increase addition rates following the outage to identify 
of the most effective way to manage the transition. A trial period with no additive addition will be 
aligned with reduced feed sulphur content and during the winter so that the weather is less likely to 
cause stagnant conditions.   

There is little data available on running DeSOx additive on deep part burn units (>4% Regen CO), so 
adjusting the addition to gain this information from our unit is vital to understanding how to optimise 
the unit to give the lowest emissions with the unit design at Stanlow.    

Stanlow is also investigating the chemical equilibrium response of the DeSOx additive to changes in 
Regen CO% with two suppliers. This work is covered by NDAs. 

5 Analysis of data following actions to reduce SOX exceedances 
Exceedances of the 15 minute objective at Thornton le Moors have reduced in the period following 
introduction of the AQMA and the completion of actions detailed in the AQPA and in sections 3 and 
4 of this report.  

The most significant reduction is observed in the period from 2019 onwards – this is attributable to 
the timing of the action completion (Q1 2018) and the consistent period of DeSox loading. 

To date there have been no exceedances of the 15 minute objective observed at either Thornton le 
Moors or Elton in 2021. 
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Figure 5.1 Exceedances of the Public Health Objective for SO2 at TLM & Elton 2013-2021

The exceedances of the 15 minute objective at Thornton le Moors in 2020 were analysed alongside 
data from the CO Boiler DeSox injection trial. Following this analysis it was possible to attribute 
causes for the 21 recorded exceedances. These are detailed on the chart in Figure 5.2.

Figure 5.2 Exceedances of the Public Health Objective for SO2 at TLM & Elton in 2020

6 Conclusions and Future Operation
The CO Boiler was identified by the CERC modelling as the main source of exceedances of the short-
term 15 minute SO2 air quality objective. 

The other refinery stack emissions (CD4, HPBH, PF3/HDT3, Aromatics and SRU) were not identified 
by CERC as significant contributors to exceedances of the short-term 15 minute SO2 air quality 
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objective. These stack emissions of SOX operate consistently below the ELVs for the daily mean of 
validated hourly average, and the maximum hourly averages are also below the ELV for the 95% of 
validated hourly averages. 

Exceedances of the short term 15 minute average have been significantly reduced following the 
consistent application of DeSox additive to the Stanlow Catalytic Cracking Unit (CCU). Those 
exceedances which have occurred in the past 24 months can be directly attributed to causes 
identified on the CCU operation.  

The results from both modelling and operational observations therefore identify the Catalytic 
Cracking Unit (CCU) CO Boiler stack as the main cause of the exceedances of the short term 15 
minute average for SOX at Thornton le Moors. There is no therefore no evidence that a site bubble 
for hourly SOX averages would result in control or reduction in the exceedances of the short-term 15 
minute SO2 air quality objective. A combined refinery hourly SOX bubble would not address any 
issues with the CO Boiler stack.  

The ongoing trial of DeSOx injection has shown positive results in reducing the number of 
exceedances of the short-term 15 minute SO2 air quality objective. This trial will continue (as 
described in section 4.1 Future steps).  

Regular review sessions have been held between the EA and Essar, and between the EA, CWAC and 
Essar to monitor Essar’s progress against the actions detailed within the AQPA. In particular, these 
have reviewed ongoing progress on the DeSOx injection trial. These review sessions will continue for 
the duration of the AQMA.   
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Appendix 1 – Air Quality Action Plan Actions [REF 5]
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