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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. 
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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  

 


