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CDU4 Furnace Replacement  
Permit Application 

1. 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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3. 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.  

4. 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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5. 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. 
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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. 

5.6.4. Dispersion Modelling Part 4 – Nitrogen and Acid Deposition 
The fourth part of the modelling calculated nitrogen and acid deposition rates resulting from emissions of sulphur 

dioxide (SO2) and nitrogen dioxides (NOx) from sources on the Stanlow site. The contribution to nitrogen and acid 

deposition rates were carried out for three scenarios: 

 Emissions from the current CDU4 furnace stack only, 

 Emissions from the proposed CDU4 furnace stack only, 

 Emissions from all sources on the Stanlow site, after installation of the proposed CDU4 furnace. 

Ten designated conservation areas were considered (see Attachment C2_15). 

Nitrogen Deposition 

CDU4 Furnace Stack Comparison 

The maximum process contributions to nitrogen deposition from both the current and proposed CDU4 furnace stacks 

are well below 1% of the relevant critical loads at all designated conservation areas. At all areas, the contribution from 

the proposed CDU4 furnace stack is lower than that from the current CDU4 furnace stack. 

Site-wide Impact 

For this part of the modelling, all sources on the Stanlow site, after installation of the proposed CDU4 furnace and 

stack, were modelled.  

The maximum process contributions to nitrogen deposition are less than 1% of the relevant critical loads at all 

designated conservation areas, except Jack’s Wood.  At Jack’s Wood’s the process contribution is 1.1%; the total 
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nitrogen deposition at the Jack’s Wood location, which already includes the contribution from the Stanlow site, 

exceeds the critical load. The process contribution for Jack’s Wood is lower for the proposed CD4 furnace than for the 

existing furnace, therefore the change will have a positive impact on the nitrogen deposition at the Jack’s Wood 

location. 

Acid Deposition 

CDU4 Furnace Stack Comparison 

At all designated conservations areas, the Process Contributions to acid deposition from both the current and 

proposed CDU4 furnace stacks are a small percentage (<2%) of the critical load function. The total acid deposition 

(which already includes the contribution from the Stanlow site) exceeds the critical load function for all areas except 

Whitby Park. There is no difference in impact between the current and proposed CDU4 stacks. 

Site-wide Impact 

For this part of the modelling, all sources on the Stanlow site, after installation of the proposed CDU4 furnace and 

stack, were modelled.  

At all designated conservation areas, the process contributions to acid deposition from all Stanlow sources do not 

exceed the critical load function (<30% in all locations). The total acid deposition at each location, which already 

includes the contribution from the Stanlow site, exceeds the critical load function for all areas except Whitby Park. As 

there is no change in acid deposition process contributions between the existing CD4 furnace and the proposed CD4 

furnace there is no change on the acid deposition levels at each of the locations due to the project. 

 

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. 

Modelling was carried out to assess nitrogen and acid deposition rates against critical loads for ten designated 

conservation areas in the vicinity of the site. The modelling showed that the proposed CDU4 furnace stack has a lower 

contribution to nitrogen deposition rates than the current CDU4 furnace stack, and that there is no difference between 

the contribution of the current and proposed CDU4 stacks to acid deposition rates. 

These results demonstrate that the environmental impact of the proposed CDU4 furnace and associated new stack is 

comparable or better than that of the current CDU4 furnace at ground level. 
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6. 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 

Attachment C2_15: Dispersion modelling assessment of nitrogen and acid deposition resulting from emissions of 

sulphur dioxide and nitrogen oxides, Essar Stanlow Refinery 
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