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The environmental permit issued to British Steel’s Scunthorpe Works includes a number of 

time-limited derogations relating to the operation of Appleby coke ovens that expire between 

January 2022 and March 2024.  A recent review of operations at the site has led to a 

decision to close the existing coke plant by the end of 2026. 

 

This report describes an analysis that demonstrates that the costs of installing the abatement 

necessary to meet the emission limits that would apply at the end of the derogation periods 

would be disproportionately high compared to the environmental benefits.  Accordingly, 

extending the existing derogations to allow continued operation of Appleby coke ovens 

without additional abatement until it closes in 2026 would be justified under Article 15(4) of 

the Industrial Emissions Directive.  The technical grounds for the derogation would be that 

the intended remaining operational lifetime of the plant is such that any additional abatement 

equipment would operate for only a short period of time. 

 

The report also includes dispersion modelling to demonstrate the potential impacts on local 

air quality of current emissions and the emissions if BAT were to be achieved.  Application of 

BAT would significantly reduce ambient SO2 concentrations in the vicinity of the steelworks, 

but measured levels are already well below the relevant air quality standards.  In the case of 

PM10, application of the relevant BATs would have much less effect on local air quality, since 

the derogated sources at the coke ovens contribute only a small proportion of the overall 

measured levels.  Therefore there is no overriding air quality issue that might prevent the 

existing derogations being extended. 
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Justification of derogation from achieving the BAT-AELs for emissions to air from 

cokemaking at British Steel, Scunthorpe 

1. Introduction 

The environmental permit[1] issued to British Steel’s Scunthorpe Works includes a number of 

time-limited derogations relating to the operation of Appleby coke ovens that expire between 

January 2022 and March 2024.  A recent review of operations at the site has led to a 

decision to close the existing coke plant by the end of 2026.  This may make it excessively 

costly to install the abatement equipment necessary to meet the emission limits that would 

apply at the end of the derogation periods, as it would operate for such a short period of time. 

 

This report describes a cost-benefit analysis study to investigate whether extending the 

existing derogations to allow continued operation of Appleby coke ovens without additional 

abatement until it closes in 2026 would be justified under Article 15(4) of the Industrial 

Emissions Directive.  The report also includes dispersion modelling to demonstrate the 

potential impacts on local air quality of current emissions and the emissions if BAT were to 

be achieved. 

2. Existing derogations 

Article 11 of the Industrial Emissions Directive (IED) requires that industrial installations are 

operated using the best available techniques (BAT) to avoid pollution and Article 13 requires 

the European Commission to draw up BAT reference documents (BREFs) to identify BAT for 

different industry sectors.  The Iron and Steel BREF[2] covers most of the significant 

processes operated at British Steel’s Scunthorpe site, with the exception of the rolling mills 

and the boilers at the Power Station and the Turbo Blower House.  The BAT Conclusions 

chapter of the BREF, also published as a stand-alone document[3], includes ranges of 

environmental performance that would be expected when BAT is used.  Where the 

performance is expressed as a BAT-associated emission level (BAT-AEL), the IED requires 

that emission limits in environmental permits should be no greater than the relevant 

BAT-AEL within four years of publication of the BAT Conclusions.  In the case of the Iron and 

Steel BAT Conclusions this meant that emission limits had to be aligned to the BAT-AELs by 

8th March 2016.  The IED allows for derogations from this requirement in limited 

circumstances and the environmental permit issued in February 2016 includes a number of 

derogations, all of which relate to the coke ovens: 

• Desulphurisation of coke oven gas (COG) – the requirement for the H2S content of 

COG to be reduced to below 1,000 mg/m³ is delayed to January 2022 for Appleby (a 

limit of 5,000 mg/m³ is applied in the interim) 

• SO2 from coke oven underfiring – compliance with the BAT-AEL of 500 mg/m³ is 

delayed to January 2022 (in the interim there is no specific limit as SO2 emissions are 

controlled by the sulphur content of the COG and this limit will be met after installation 

of COG desulphurisation) 

• Particulate matter from coke oven underfiring – compliance with the BAT-AEL of 

20 mg/m³ is delayed to March 2024 (a limit on obscuration is applied instead) 

• Particulate matter from coke oven pushing – compliance with the BAT-AEL of 

10 mg/m³ after abatement is delayed to March 2024 (in the interim there is no 

abatement plant and a Pushing Emissions Factor is reported instead) 

• Particulate matter from coke quenching – compliance with the BAT-AEL of 25 g/t is 

delayed to March 2024 (in the interim there is no specific limit) 
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3. Current emissions 

The existing derogations impact only on emissions of SO2 and particulate matter and these 

are the only pollutants considered in this assessment.  In the case of coke oven gas 

desulphurisation, because COG is distributed to many of the other steelmaking processes, it 

impacts on SO2 emissions across the whole site.  For this reason, Section 3.1 includes 

consideration of SO2 from all processes, not just from the coke ovens.  By contrast, the 

derogations pertaining to particulate matter only impact the specific coke oven operations 

involved (underfiring, pushing and quenching) and Section 3.2 considers only these sources. 

 

The basis for the emission calculations is the operation of the Scunthorpe integrated 

steelworks in calendar year 2019. 

3.1. Emissions of SO2 

SO2 is emitted when coke oven gas or other fuels are burned and so the distribution of fuel 

gases to the different processes on the site, as well as the sulphur content of those fuels, is 

critical to estimating emissions.  Emissions of SO2 from non-combustion sources are also 

included in the overall emissions in Section 3.1.3. 

3.1.1. Fuel gas distribution 

The main fuel used across the Scunthorpe integrated steelworks is blast furnace gas (BFG) 

– in 2019 over 11 PJ of BFG was produced and consumed, principally in the generation of 

steam and electricity and in producing the hot blast for the blast furnaces. 

 

In 2019, Appleby coke ovens produced around 3 PJ of coke oven gas, of which 2 PJ was 

used for heating the coke ovens themselves (underfiring) and the remaining 1 PJ was 

exported for use across the rest of the site.  Up until 2016, there was a second coke plant at 

Scunthorpe steelworks and to make up for the shortfall in COG after closure of that plant, 

natural gas and blast furnace gas are mixed to produce a gas with similar combustion 

characteristics; in 2019, around 1 PJ of this synthetic COG was produced.  The synthetic 

COG and the COG exported from Appleby coke ovens are mixed together before distribution 

to other steelworks’ processes.  The main direct consumers of this blended COG  (a total of 

2 PJ in 2019) are the Power Station, Caparo Merchant Bar (an adjacent plant operated by 

Liberty Steel) and the Sinter Plant. 

 

The other gas arising from the steelworks’ processes is BOS gas, of which about 1 PJ was 

produced in 2019.  Most of this was mixed with blended COG and BFG to produce Mixed 

Enhanced Gas (MEG), which was then distributed to the Rod Mill, the Rail and Section Mill 

and the Power Station.  In addition to the natural gas that goes to produce synthetic COG, a 

further 0.6 PJ was imported in 2019 and mainly mixed with nitrogen and used at the BOS 

Plant, Concast and Turbo Blower House. 

 

Table 1 outlines the annual amounts of different gases consumed by each process.  This 

table does not identify MEG as a separate gas, but the components (blended COG, BOS gas 

and BFG) are shown for each relevant process. 
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Table 1: Distribution of gaseous fuels by process 

3.1.2. Sulphur content of fuel gases 

The concentration of H2S in the COG produced at Appleby coke ovens is measured each 

day and the average level in 2019 was 4,456 mg/m³, corresponding to 4,194 mg S/m³ COG 

(the proportion of sulphur in H2S is 32/34 by mass).  In addition to the H2S, the COG contains 

organic sulphur compounds such as carbon disulphide, carbon oxysulphide and mercaptans; 

concentrations of these are not routinely measured but the Iron and Steel BREF[2] suggests 

(p 260) that they may total 500 mg/m³, which corresponds to around 340 mg S/m³ COG.  The 

total sulphur content of the coke oven gas is therefore 4,534 mg/m³. 

 

Other gases used on the steelworks have lower sulphur levels.  Blast Furnace Gas contains  

up to 25 mg H2S/m³, but a typical level quoted in the BREF (p 308) is 14 mg/m³, 

corresponding to 13.2 mg S/m³.  The BREF (p 373) also gives a typical composition of BOS 

gas, but does not mention any sulphurous compounds; it is assumed therefore that the 

sulphur content of BOS gas is negligible.  Natural gas has small amounts of organic sulphur 

compounds added to odorise the gas; in the UK[4] a mixture of 80% C4H10S and 20% C2H6S 

is used at a typical level of 6 mg/m³, corresponding to 2.3 mg S/m³.  

 

Only underfiring at Appleby coke ovens directly uses the highest-sulphur COG produced at 

the coke ovens.  The gas exported from Appleby is mixed with (very low sulphur) synthetic 

COG before distribution to other consumers.  In 2019 the ratio by volume was 45% exported 

gas from Appleby and 55% synthetic COG, so the blended COG supplied to the rest of the 

site would have contained, on average, 2,048 mg S/m³, virtually all of which (>99%) derives 

from the Appleby COG. 

3.1.3. SO2 emissions from Scunthorpe Works 

Table 2 shows the estimated annual mass release of sulphur dioxide attributable to 

combustion of gaseous fuels for each process, calculated assuming that all the sulphur forms 

SO2.  For the purposes of this assessment, Caparo Merchant Bar is included as part of 

Scunthorpe Works, though it is operated by Liberty Steel under a separate environmental 
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BFG 6,727 4,071 120 5 145 89 11,157

Appleby COG 2,056 9 2,065

Blended COG 837 565 81 263 250 10 2,006

BOS gas 44 240 825 1,109

Natural gas 217 430 647

TOTAL 7,825 4,071 2,056 925 911 430 263 250 155 97 16,983

BFG 1,682 1,018 30 1.2 36 22 2,789

Appleby COG 111 0.5 112

Blended COG 49 33 5 16 15 0.6 118

BOS gas 6 34 118 158

Natural gas 6 11 17

Gas 

consumption 

(TJ/year)

Gas 

consumption 

(Mm³/year)
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permit.  For some areas, other sources of sulphur contribute to the total SO2 emission from 

the process and these are also shown in the table. 

 

 
 

Table 2: Estimated annual SO2 emissions from Scunthorpe Works, 2019 

 

Although the H2S concentration in Blast Furnace Gas is low, because of the large volumes 

produced it contributes around 5% of the total SO2 attributable to combustion of gaseous 

fuels but natural gas and BOS gas have a negligible impact.  The remaining 95% of the SO2 

from gaseous fuels comes from the Appleby coke oven gas, whether used directly at the 

coke ovens, blended with the synthetic COG or further blended into MEG. 

 

At the Sinter Plant, most of the SO2 derives from combustion of the coke or anthracite in the 

sinter mix, accounting for the 3,472 tonnes from other sources.  At the blast furnaces, some 

SO2 is emitted from the casthouse (169 tonnes) and from slag processing (100 tonnes). 

 

The estimated total annual release from the steelworks (including Caparo Merchant Bar) is 

5,312 tonnes and the sulphur (H2S and organic sulphur) in coke oven gas contributes around 

28% of that total.  The greatest source of SO2 is the Sinter Plant, and 98% of the SO2 emitted 

from there is derived from the solid fuel in the sinter blend, not from the COG used in the 

ignition hood. 

3.2. Emissions of particulate matter  

The current concentration of particulate matter in the waste gases from coke oven underfiring 

is around 50 mg/m³ at reference conditions.  Based on the amount of COG used for 

underfiring in 2019, the annual waste gas flow would be around 580 Mm³ at reference 

conditions so the mass emission of particulate matter is estimated to be 29 tonnes per 

annum.  It is assumed that 95% of the particulate matter from underfiring is PM10. 

 

Annual emissions of total particulate matter from pushing and quenching operations at 

Appleby coke ovens are estimated using emission factors and the annual mass of coke 

produced.  The ratio of PM10 to total particulate matter is estimated to be 10% for these 

sources and in the absence of more detailed particle size distribution data, it is assumed that 

all the PM10 emitted is PM2.5.  Table 3 shows the estimated emissions for 2019, when coke 

production at Appleby was 397,000 tonnes. 
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BFG 44 27 0.8 0.03 1.0 0.6 74

Appleby COG 1,008 4 1,012

Blended COG 202 137 20 64 60 2 485

BOS gas 0 0 0 0

Natural gas 0.03 0.05 0.08

Other sources 269 3,472 3,741

TOTAL 247 296 1,008 137 20 0.05 64 3,533 3 5 5,312

SO2 

emission 

(tonnes/year)
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Table 3: Estimated annual PM emissions from derogated sources, 2019 

 

The overall particulate emissions from the whole of the British Steel site in 2019 were 

2,928 tonnes (1,845 tonnes PM10 and 941 tonnes PM2.5), so emissions from the derogated 

sources at the coke ovens account for only a small proportion of the total. 

4. Emissions after implementation of BAT 

4.1. COG desulphurisation 

Desulphurisation of coke oven gas reduces the H2S concentration significantly, but has a 

more limited impact on organic sulphur levels.  The Iron and Steel BREF[2] identifies two 

different types of COG desulphurisation – oxidative processes such as the Stretford process 

and absorption processes such as ASK or Cyclasulf.  Although oxidative processes can 

achieve lower residual H2S levels, they also generate a liquid effluent containing vanadium 

compounds, quinone and hydroquinone compounds, thiocyanide and thiosulphate which is 

difficult to treat and it is more common in Europe to use absorption processes.  The BAT 

Conclusions document[3] quotes a range of residual H2S concentrations in COG 

desulphurised using an absorption process of <300 to 1000 mg/m³. The high end of the 

range is associated with high ambient temperatures and older equipment so for the purposes 

of this assessment it is assumed that a mean H2S level of 500 mg/m³ would be achieved.  In 

the case of organic sulphur compounds, the BREF (p 263) suggests that around a 50% 

reduction could be expected.   Overall, therefore, the residual sulphur in the COG would fall 

from the current 4,534 mg/m³ (4,194 from the H2S and 340 from the organic sulphur 

compounds) to 641 mg/m³ (471 from H2S and 170 from organic compounds), a reduction of 

86%. 

 

Table 4 shows how desulphurising the COG would potentially affect the SO2 emissions from 

the whole site (including Caparo Merchant Bar).  The annual mass emission of SO2 would fall 

from the current 5,312 tonnes (see Section 3.1.3) to 4,010 tonnes – a reduction of 25%.  The  

principal sulphur source, solid fuel in the sinter blend, would not be affected by COG 

desulphurisation. 

 

Underfiring Pushing Quenching TOTAL

550 532

50

95% 10% 10%

Total PM 29.2 218 211 459

PM10 27.7 21.8 21.1 70.7

PM2.5 27.7 21.8 21.1 70.7

Emission factor (g PM/tonne coke)

Annual 

emissions 

(tonnes)

Ratio PM10: Total PM

PM concentration (mg/m³)
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Table 4: Estimated annual SO2 emissions following COG desulphurisation 

4.2. Particulate matter from derogated sources 

4.2.1. Coke oven underfiring 

Desulphurisation of the coke oven gas would have some impact on emissions from 

underfiring (through better cleanliness of the fuel) but to achieve the BAT-AEL for particulate 

matter it would also be necessary to reduce through-wall leakage.  It is assumed that these 

measures would reduce the residual particulate level to 10 mg/m³ and that 95% of the 

particulate matter would be PM10. 

4.2.2. Coke oven pushing 

BAT would be to install an abatement system to capture emissions from coke oven pushing 

(typically an extraction hood on the coke-side machine attached to a bag filter plant at the 

end of the battery).  This will not entirely eliminate pushing emissions, but the emission factor 

for abated emissions is 50 g dust per tonne coke, compared to 550 g/tonne with no 

abatement.  An additional emission point would be added for the waste gas from the bag 

filter; the BREF (p 268) estimates this as a further 5 g/tonne. 

 

It would be expected that the residual pushing emissions will still be largely comprised of 

large particles, so it is assumed that the previous PM10:Total PM ratio of 10% will remain 

valid.  For the emissions from the bag filter, it is assumed that 100% of the dust would be 

PM10. 

4.2.3. Coke quenching 

BAT would be to rebuild the wet quenching towers to a minimum height of 30 metres with 

improved baffle systems.  For the purposes of this assessment it is assumed that the typical 

emission level would fall to 10 g dust per tonne coke and that this will largely comprise large 

particles so that the previous PM10:Total PM ratio of 10% will remain valid. 

4.2.4. Impact of BAT for derogated sources on particulate matter 

Table 5 shows the estimated particulate emissions from the derogated sources following 

implementation of BAT. 
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BFG 44 27 0.8 0.03 1.0 0.6 74

Appleby COG 131 0.5 132

Blended COG 27 18 3 8 8 0.3 64

BOS gas 0 0 0 0

Natural gas 0.03 0.05 0.08

Other sources 269 3,472 3,741

TOTAL 71 296 131 19 3 0.05 8 3,480 1 1 4,010

SO2 

emission 

(tonnes/year)
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Table 5: Estimated annual PM emissions from derogated sources following 

implementation of BAT 

 

If BAT was fully implemented for underfiring, pushing and quenching at Appleby coke ovens, 

the annual PM10 emission from those three sources might be expected to fall from around 

71 tonnes per annum (see Section 3.2) to 10 tonnes per annum.  In the context of the whole 

British Steel site, this represents a reduction of 3.3% in the overall PM10 emissions. 

5. Impact on ambient air quality 

The impact of emissions of SO2 (from the whole site) and particulate matter (only from the 

derogated sources at the coke ovens) on local air quality has been assessed through 

dispersion modelling.  The model is based on that used for a previous modelling exercise in 

2015. 

 

For the purposes of the current assessment, two different scenarios have been modelled – 

one with current emissions (see Tables 2 and 3) and one with the estimated emissions 

following full implementation of Best Available Techniques at Appleby coke ovens (see 

Tables 4 and 5). 

5.1. Summary of dispersion modelling set-up 

The ADMS dispersion model (version 5.2.1.0) was used for the impact assessment.  More 

details of the modelling approach can be found in the previous report[5], but the following 

sections summarise the set-up of the model. 

5.1.1. Sources 

Table A1.1 in Appendix 1 shows the stack and emission characteristics entered to the model 

for the two scenarios. 

 

All the processes have been taken to operate continuously throughout the year and the 

pollutant emission rates, derived from the estimated annual mass emissions for each 

process, are assumed to be constant. 

5.1.2. Buildings and complex terrain 

Buildings that exceed 40% of the stack height may affect dispersion from nearby stacks, 

mainly by entrainment of pollutants into the cavity region in the immediate leeward side of the 

building, bringing the plume down to ground level more rapidly than would be the case in the 

absence of a building.  Most of the sources in this study are tall enough to avoid building 

Underfiring Pushing Bag filter Quenching TOTAL

50 5 10

10

95% 10% 100% 10%

Total PM 5.8 19.9 2.0 4.0 32

PM10 5.5 2.0 2.0 0.4 9.9

PM2.5 5.5 2.0 2.0 0.4 9.9

Emission factor (g PM/tonne coke)

Ratio PM10: Total PM

Annual 

emissions 

(tonnes)

PM concentration (mg/m³)
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effects, but some stacks would be affected and so the buildings effects module of ADMS has 

been used.  Table A1.2 in Appendix 1 details the buildings used for this modelling exercise. 

 

The terrain around Scunthorpe is largely flat and the complex terrain module of ADMS has 

not been used. 

5.1.3. Meteorological data 

For the purposes of this assessment, meteorological data for the period 2012 to 2014 has 

been used.  Wind speed and direction data measured at a site less than 1 km from the 

steelworks boundary (at Rowland Road, Scunthorpe) have been combined with temperature, 

cloud cover, rainfall and relative humidity data from Humberside Airport, 17 km to the east.  

More details can be found in the previous report[5]. 

 

The surface roughness has been taken to be 0.4 metres and a minimum Monin-Obukhov 

length of 30 metres has been used for the dispersion site to account for the heat generated 

from a mixed urban and industrial area.  The latitude of Scunthorpe is 53.6 °N.  Other 

parameters have been left at the ADMS default values. 

5.1.4. Receptors 

The receptors used for this assessment are: 

• The local authority air quality monitoring sites at Rowland Road (which is part of the 

Automatic Urban and Rural Network), Low Santon and East Common Lane 

• SSSIs at Risby Warren and Broughton Far Woods 

• Local Nature Reserves at Ashby Ville and Sawcliffe 

• Ancient Woodland at Spring Wood 

 

In addition, ground-level pollutant concentrations were calculated across a 12 x 13 km grid to 

illustrate the pattern of dispersion.  Figure A1.1 in Appendix 1 shows the locations of the 

receptor points specified above, the extent of the output grid and the location of the 

steelworks. 

5.2. Results – SO2  

Table 6 shows the predicted contribution of the modelled sources to SO2 concentrations at 

selected receptors in the vicinity of the steelworks.  Also shown in the table are the relevant 

Limit Values[6] and an additional short-term objective for SO2[7].  The table also shows 

measured values for 2019 from the Rowland Road AURN site for comparison. 
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Table 6: Dispersion modelling results – SO2 

 

In all cases the modelled values and the concentrations measured at the AURN site are well 

within the relevant air quality standards.  It can be seen that SO2 emissions from the 

steelworks account for the majority of the SO2 measured at Rowland Road, particularly for 

the shortest averaging times, which represent the worst short-term conditions.  The predicted 

reduction in the contribution of steelworks’ sources to local SO2 levels following 

desulphurisation of coke oven gas ranges from 60% (annual average at Rowland Road) to 

7% (99.9th percentile of 15-minute means at East Common Lane). 

 

In general the highest reductions are seen for the longest averaging times – the reduction in 

annual average at other sites apart from Rowland Road is around 40%.  This is greater than 

the overall reduction in SO2 emissions from the whole site (25%, see section 4.1) and this 

reflects the fact that the greatest emission, which is hardly affected by COG desulphurisation, 

comes from the tallest stack (sinter plant).  The sinter plant emissions therefore contribute 

relatively less to the ground level concentrations than shorter stacks with a much greater 

reduction in SO2 emissions following COG desulphurisation. 

 

For the shortest averaging periods, the modelled reduction in the contribution from 

steelworks’ sources is low because in many cases sources that will not be affected by COG 

desulphurisation, particularly emissions from slag processing and blast furnace casthouses, 

are responsible for the greatest impacts.  This is most clearly seen at East Common Lane, 

which is the closest receptor to the blast furnaces. 

 

Figures A2.1 to A2.4 in Appendix 2 illustrate the pattern of ambient SO2 concentrations 

attributable to emissions from the Scunthorpe site (including Caparo Merchant Bar) for the 

current situation and for a potential future situation after implementation of BAT at Appleby 

coke ovens. 

5.3. Results – particulate matter 

Table 7 shows the predicted contribution of the derogated sources to PM10 and PM2.5 

concentrations in the vicinity of the steelworks.  Also shown in the table are the relevant Limit 

Values[6] and measured values for 2019 from the Rowland Road AURN site. 

 

Averaging period

Statistic

Scenario Current BAT Current BAT Current BAT Current BAT

Rowland Road AURN 57 42 36 26 18 9 1.8 0.7

Low Santon 52 40 35 25 17 9 3.5 2.0

East Common Lane 68 64 40 36 20 15 2.9 1.9

Risby Warren SSSI 68 41 46 25 17 10 3.1 1.8

Broughton Far Wood 47 37 32 23 9 6 1.6 1.0

Ashby Ville LNR 48 36 35 24 12 8 1.1 0.7

Sawcliffe LNR 66 37 38 22 16 9 1.4 0.8

Spring Wood 46 36 32 22 10 6 1.8 1.1

Limit Value/

Air Quality Objective

Measured values, Rowland 

Road AURN, 2019
317

99th %ile (μg/m³) Annual mean (μg/m³)

350

4764

125 20

266

15 minutes 1 hour 1 day 1 year

99.9th %ile (μg/m³) 99.7th %ile (μg/m³)
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Table 7: Dispersion modelling results – PM10 and PM2.5 from derogated sources 

 

In all cases the modelled values are only a small fraction of the air quality standards and of 

the measured values, showing that the derogated sources contribute relatively little to the 

local levels of these pollutants.  Installing all the abatement necessary to meet the emission 

limits that would apply at the end of the derogation period would significantly reduce the 

impact of these sources considered in isolation (by 85 – 88% at these receptors), but this 

would not significantly improve air quality overall.  At Rowland Road, the measured annual 

average PM10 concentration in 2019 was 20 μg/m³ and full implementation of Best Available 

Techniques would reduce this by less than 1 μg/m³. 

 

Figures A2.5 and A2.6 in Appendix 2 illustrate the pattern of ambient concentrations 

attributable to emissions from the derogated sources for the current situation and for a 

potential future situation after implementation of BAT at Appleby coke ovens. 

6. Scenarios 

The following sections describe potential future scenarios, some of which will be considered 

in the cost-benefit analysis in section 7.  In each case, an estimate of the capital costs is also 

included.  Operating costs are also considered, but only the difference between business as 

usual and potential future operating costs is relevant for this assessment. 

6.1. Business as usual 

This is the base case, which assumes ongoing operation of Appleby coke ovens until closure 

in 2026.  Capital expenditure would be at the minimum level to maintain operations for 

another six years.  Operating costs for other scenarios are defined relative to the operating 

costs of business as usual (BAU). 
  

Pollutant

Averaging period

Statistic

Scenario Current BAT Current BAT Current BAT

Rowland Road AURN 0.91 0.11 0.21 0.03 0.21 0.03

Low Santon 1.34 0.17 0.47 0.06 0.47 0.06

East Common Lane 0.81 0.10 0.20 0.02 0.20 0.02

Risby Warren SSSI 1.37 0.17 0.47 0.06 0.47 0.06

Broughton Far Wood 0.29 0.04 0.08 0.01 0.08 0.01

Ashby Ville LNR 0.26 0.04 0.07 0.01 0.07 0.01

Sawcliffe LNR 0.49 0.06 0.13 0.02 0.13 0.02

Spring Wood 0.36 0.05 0.10 0.01 0.10 0.01

Limit Value

Measured values, Rowland 

Road AURN, 2019
38 20 -

25

PM2.5

1 year

Annual mean (μg/m³)

1 day 1 year

90.4th %ile (μg/m³) Annual mean (μg/m³)

50 40

PM10
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6.2. BAT scenario 

In this scenario it is assumed that: 

• A coke oven gas desulphurisation unit will be commissioned in December 2021 

• Through-wall leakage will be reduced, a pushing emissions abatement system 

commissioned and both quench towers rebuilt by February 2024 

 

In this case, there would be no breaches of the relevant BAT-AELs after the current 

derogations have expired. 

 

The capital cost of installing a COG desulphurisation plant and other necessary enablers, 

such as improved de-tarring, at Appleby is estimated as £49M.  The BREF (p 265) quotes 

net operating costs of €9.2 per 1,000 Nm³ COG treated with an absorptive process after 

offsetting the sale of elemental sulphur produced by the desulphurisation plant.  The costs in 

the BREF refer to 2010 (possibly earlier), so inflation will have increased these by around 

20% over the intervening period based on UK deflators[8].  Using an exchange rate of €1.12 

to £1, this is equivalent to an operating cost of £9.83 per 1,000 Nm³ COG at current prices.  

The total gas production at Appleby in 2019 was 162M Nm³, so the annual operating costs 

for this scenario would be £1.6M greater than for the BAU case. 

 

The cost of repairs to oven walls to reduce through-wall leakage is estimated as £50M, a 

pushing emissions abatement system as £18M and new quench towers as £8M each.  

Although the pushing emissions abatement system would require additional electricity for the 

extraction fans and possibly some replacement bags in the filter, a conservative assumption 

has been made that none of these schemes would significantly increase operating costs 

above the BAU case. 

6.3. Preferred option 

Following the decision to close Appleby coke ovens by the end of 2026, it is likely to be 

uneconomic to install the abatement equipment described in section 6.2, as it would operate 

for such a short period of time.  The preferred option is therefore to extend the existing 

derogations to allow continued operation of Appleby coke ovens without additional 

abatement until it closes in 2026 – this is equivalent to the BAU scenario. 

6.4. Early commissioning of COG desulphurisation for a new coke plant 

If a new coke plant were to be built at Scunthorpe to replace Appleby, it may be possible to 

build the COG desulphurisation unit before the rest of the coke plant so that gas from 

Appleby could be treated in the new desulphurisation plant.  This would avoid the need to 

build a plant that would operate for only five years at Appleby but there would be significant 

difficulties in this scenario: 

• A tentative location for a new coke plant would be at least 0.5 km from Appleby.  New 

COG pipelines would have to be built to transfer gas from Appleby to the new COG 

desulphurisation plant and to transfer the cleaned gas required for underfiring back to 

Appleby.  These pipelines would be in use for no more than five years. 

• A new coke plant would have a greater capacity than current operations at Appleby 

and therefore the new COG desulphurisation unit would be oversized to treat the gas 

arising from Appleby at present. 

• The by-products plant at Appleby was not designed to clean the gas to the level 

required to feed into a COG desulphurisation unit and the residual levels of, 
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particularly, tar in the current gas would damage the new plant.  As a result, a 

proportion of the £49M spend at Appleby would still be required to improve the 

cleanliness of the gas, and any additional cleaning processes would be in use for no 

more than five years. 

• No decision has yet been made whether to build a new coke plant or not.  If the new 

coke plant is not built, then the overall cost of building an oversized COG 

desulphurisation unit at least 0.5 km from Appleby would exceed the £49M in 

section 6.2, but it would still only be used until Appleby closes at the end of 2026. 

 

In view of the significant difficulties involved, this option is judged to be infeasible and has not 

been assessed further. 

6.5. Move to electric arc furnace steelmaking 

A possible future scenario would be to replace the current steelmaking route with an electric 

arc furnace (EAF) or other scrap/DRI melting process, which would eliminate the need for 

coke ovens (and also the sinter plant, blast furnaces and BOS plant).  No decision has yet 

been made whether to pursue this option, and further research would be required to 

determine how to make the required steel grades in this scenario. 

 

For the purposes of the current assessment, it is not relevant whether future steelmaking at 

Scunthorpe is based on blast furnaces or EAFs, or whether steel made at another site, such 

as a potential new EAF at British Steel’s Teesside Beam Mill, is used to feed the mills at 

Scunthorpe.  A configuration change of this magnitude would not be completed before the 

current coke oven derogations expire and therefore even in this scenario, either the 

derogations for Appleby coke ovens would need to be extended or BAT would have to be 

met as discussed in sections 6.2 and 6.3. 

 

This option is therefore not assessed further as, within the timescales of this assessment, it 

would be no different from any of the other scenarios discussed above. 

6.6. Summary 

Table 8 shows the expected emissions of SO2 (from the whole site) and PM10/PM2.5 (from the 

derogated sources at the coke ovens) in each of the years 2021 to 2026 for each of the 

scenarios described in sections 6.1 to 6.3.  Also in the table are the expected capital 

expenditure and the operating costs (above BAU levels) for each scenario.  No detailed 

capital expenditure profiles have yet been developed and for the purposes of this 

assessment it is assumed that the total cost will be spread over a period of 20 months 

(18 months prior to commissioning any new abatement plant and 2 months after).  For COG 

desulphurisation, since commissioning is due in December 2021, the assumption is that 10% 

of the capital cost would be spent each month from April to December 2021 and 5% in 

January and February 2022.  
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Table 8: Summary of emissions, capital and operating costs by year 

7. Cost-benefit assessment 

In order to demonstrate whether the BAT scenario is excessively costly compared to the 

preferred option of extending the derogations until the coke plant closes at the end of 2026, 

the Net Present Value (NPV) of each option must be determined.  The NPV is calculated 

relative to the preferred option, taking into account any additional capital expenditure 

required, any change in operating costs and any reduction in pollutant emissions.  In order to 

compare the costs and benefits (reduced pollution) on a like-for-like basis, the pollutant 

emissions have to be monetised by the use of damage costs, which represent the marginal 

external cost attributable to each additional tonne of pollutant emitted. 

7.1. Damage costs 

DEFRA’s damage cost guidance[9] recognises that the impact of emissions from large 

industrial processes depends on the height of the release and the population density of the 

surrounding area.  Damage costs differentiated in this way are available for PM2.5 and NOx 

but for most pollutants, including SO2, only a national figure is given.  The mean damage cost 

(see Table 10 in reference [9]) for SO2 is £13,026 per tonne and the range of values 

recommended for sensitivity analysis is £2,893 to £37,611 per tonne – these figures were 

last updated in 2020 but use a 2017 price base. 

 

In the case of particulate matter, the underfiring stacks are 74 m tall but the most relevant 

sources are pushing and quenching emissions and so the damage costs for stack heights 

below 50 m have been used.  The population density in the vicinity of the steelworks lies in 

the range 250 – 1,000 persons per km² (see Appendix 3).  This means that the Part A 

Category 2 damage cost estimate should be used for PM2.5 (mean damage cost = £25,684 

per tonne at 2017 prices; range for sensitivity analysis is £5,816 to £74,386 per tonne). 

 

Damage costs are assumed to increase each year in line with inflation, but an additional 2% 

annual uplift is also applied to reflect an assumption that the willingness to pay for improved 

health outcomes will increase over time. 

7.2. Environment Agency CBA tool 

The Environment Agency has developed a cost-benefit analysis tool to undertake 

assessments using a standard methodology when applying for a derogation from the 

Scenario 2021 2022 2023 2024 2025 2026 Total

BAU/Preferred 5,312 5,312 5,312 5,312 5,312 5,312 31,870

BAT 5,312 4,010 4,010 4,010 4,010 4,010 25,361

BAU/Preferred 71 71 71 71 71 71 424

BAT 71 71 71 20 10 10 252

BAU/Preferred

BAT £44.1M £21.7M £50.4M £16.8M £0.0M £0.0M £133M

BAU/Preferred

BAT £0.0M £1.6M £1.6M £1.6M £1.6M £1.6M £8M

Emissions/Expenditure by Calendar Year

SO2 emission from whole 

site (tonnes)

PM10/PM2.5 emission from 

derogated sources (tonnes)

Capital expenditure

Increase in operating costs
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requirements of the IED.  The latest finalised version of this tool is version 6.17, dated 

September 2017 but it is noted[10] that this version uses damage costs from 2013.  A newer 

BETA version of the tool is also available (version 6.21, dated July 2020), which incorporates 

the latest (2020) damage costs and so this version has been used for the assessment 

reported here. 

7.2.1. Inputs 

The inputs to the CBA tool were based on the data discussed earlier in this report (mostly 

those summarised in Table 8).  One additional input required is the weighted average cost of 

capital (WACC), which has been taken as 8% as a typical value for a steel company in 

Western Europe.  This has been derived from the most recent annual accounts of Thyssen 

Krupp[11] (8.5% WACC used for the Steel Europe division), voestalpine[12] (7.8% for the 

steel division) and Outokumpu[13] (7.6% for European operations). 

 

In order to carry out sensitivity analysis, the CBA tool requires estimates of the uncertainty 

around some of the values entered: 

• For the WACC, a range of 7% to 9% has been assumed 

• Capital investment costs are assumed to have an uncertainty of + 25% 

• Operating costs are assumed to have an uncertainty of + 25% 

7.2.2. Results 

The central estimate of the Net Present Value of the BAT scenario is – £71.5M compared to 

that of the preferred option.  This means that the costs of implementing BAT (both capital 

and operating costs) are greater than the monetised value of the pollutant emissions that 

would be prevented by £71.5M across the remaining lifetime of the coke plant.  On this basis,  

the achievement of the BAT-AELs as described in the BAT conclusions would lead to 

disproportionately high costs compared to the environmental benefits, which would meet the 

requirements for a derogation under Article 15(4) of the Industrial Emissions Directive. 

 

The breakdown of the calculations is as follows: 

• The NPV of the capital expenditure required to achieve all the BAT-AELs would be 

£153.3M, taking into account the cost of capital and the discount factor applicable to 

future costs 

• The additional operating costs for the COG desulphurisation plant would have an 

NPV of £7.0M 

• The emissions of SO2 and PM2.5 that would be prevented by the application of BAT 

would have an NPV of £88.8M, taking into account the 2% annual uplift in damage 

costs above inflation 

• The overall NPV of installing the abatement necessary to meet the emission limits 

that would apply at the end of the current derogation periods is therefore £71.5M less 

than for the preferred option of extending the derogations to the end of 2026 (or the 

net cost at present values is £71.5M greater for the BAT option than for the preferred 

option) 

7.2.3. Sensitivity analysis 

The central estimate of the NPV is derived from the WACC, capital costs and operating costs 

entered into the CBA tool along with the central estimate of the damage costs of the relevant 

pollutants.  The tool also undertakes sensitivity analysis for different values of these 



    Reference Source No.11271321 

 Page 15 of 29 

 

parameters using the damage cost ranges from section 7.1 and the ranges for other 

parameters described in section 7.2.1.  

 

Taking the central damage costs, then even with the lowest values for capital and operating 

costs (25% less than the central estimates) and WACC (assumed to be 7%), the BAT option 

is still more costly than the preferred option.  In this case the NPV of the capital costs would 

be £111.5M, operating costs £5.2M and the monetised benefits from reduced pollutant 

emissions would still be £88.8M.  The overall NPV of the BAT option would be – £27.9M. 

 

The parameter that has the greatest impact on the overall NPV is the damage cost estimate 

used.  Taking the best estimates for WACC, capital costs and operating costs, the total cost 

(capital and operating costs) of implementing BAT would be £160.3M. 

• With the central damage cost estimates (£13,206 per tonne SO2 and £25,684 for 

PM2.5), the NPV of the pollution avoided is £88.8M and the overall NPV is – £71.5M 

• With the lowest damage cost estimates (£2,893 per tonne SO2 and £5,816 for PM2.5), 

the NPV of the pollution avoided is £18.8M and the overall NPV is – £141.5M 

• With the highest damage cost estimates (£37,611 per tonne SO2 and £74,386 for 

PM2.5), the NPV of the pollution avoided is £256.5M and the overall NPV is £96.2M 

 

Thus in the case of the highest damage costs, the monetised benefits of reducing emissions 

of SO2 and PM2.5 would be greater than the cost of installing the necessary equipment.  The 

sensitivity analysis included in the CBA tool (see Table 9) confirms that this is the only case 

where the overall NPV of the BAT option is positive. 

 

 
 

Table 9: Results from CBA tool sensitivity analysis (figures in £M) 

8. Justification for extending existing derogations 

Guidance published by the Environment Agency in 2013[14] describes the application of the 

IED in the UK and paragraphs 4.37 to 4.46 outline the requirements relating to derogations 

from meeting BAT-AELs.  Paragraph 4.39 states that any claim of disproportionate costs 

should relate to the geographical location of the installation, local environmental conditions or 

technical characteristics of the installation.  Amongst the technical characteristics that may 

Option name BAT-AEL

Central (base case) -71.48

Low upfront investment costs -33.15

High upfront investment costs -109.80

Low operating costs -69.73

High operating costs -73.22

Low energy price -71.48

High energy price -71.48

Low damage costs -141.53

High damage costs 96.17

EEA damage costs -93.35

Low WACC -66.86

High WACC -76.16

Range Low -141.53

Range High 96.17

{ NPV of BAT option is negative 

in every case except this one
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be relevant (paragraph 4.41) is “the intended remaining operational lifetime of the installation 

as a whole or of the part of it giving rise to the emission of the pollutant(s), where the 

operator is prepared to commit to a timetable for closure” and it is this that gives grounds for 

extending the derogations for Appleby coke ovens. 

 

Following a decision to close the coke plant by the end of 2026, it was expected that it would 

be excessively costly to install the abatement necessary to meet the emission limits that 

would apply at the end of the existing derogation periods, as the equipment would operate 

for such a short period of time.  Use of the Environment Agency’s CBA tool confirms that the 

benefits (reduced pollution) of achieving the BAT-AELs would be outweighed by the capital 

and operating costs incurred. 

 

This situation therefore meets the criteria for a derogation.  Extending the existing 

derogations to allow continued operation of Appleby coke ovens without additional 

abatement until it closes in 2026 would be justified under Article 15(4) of the Industrial 

Emissions Directive. 

9. Conclusions 

A cost-benefit analysis has shown that the costs of achieving all the BAT-AELs at British 

Steel’s Appleby coke ovens would be disproportionately high compared to the environmental 

benefits.  This would therefore meet the requirements for a derogation under Article 15(4) of 

the Industrial Emissions Directive on technical grounds, namely that the intended remaining 

operational lifetime of the plant is such that any additional abatement equipment would 

operate for only a short period of time. 

 

Dispersion modelling has demonstrated that application of BAT would significantly reduce 

ambient SO2 concentrations in the vicinity of the steelworks, but measured levels are already 

well below the relevant air quality standards.  In the case of PM10, application of the relevant 

BATs would have much less effect on local air quality, since the derogated sources at the 

coke ovens contribute only a small proportion of the overall measured levels.  Therefore 

there is no overriding air quality issue that might prevent the existing derogations being 

extended. 

10. List of abbreviations 

AURN  Automatic Urban and Rural Network 
BAT  best available techniques 
BAT-AEL BAT-associated emission levels 
BAU  business as usual 
BFG  blast furnace gas 
BOS  basic oxygen steelmaking 
BREF  BAT reference document 
CBA  cost-benefit analysis 
COG  coke oven gas 
DRI  direct reduced iron 
EA  Environment Agency 
EAF  electric arc furnace 
IED  Industrial Emissions Directive 
MEG  mixed enhanced gas 
NPV  net present value 
WACC  weighted average cost of capital 
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Appendix 1 – Dispersion modelling inputs 

For the purposes of this assessment it has been assumed that all the processes operate 

continuously and the annual emissions (based on the operation of the Scunthorpe integrated 

steelworks in calendar year 2019) are distributed evenly across the year.  The stack and 

waste gas characteristics used for the dispersion modelling exercise reported here are 

largely taken from a previous modelling exercise[5] and any changes from this are noted 

below.  The main difference is that the current modelling includes only SO2 emissions across 

the whole site plus PM10 and PM2.5 from just the coke oven sources where derogations are 

currently in place.  The estimated emissions from Caparo Merchant Bar are also included in 

the current modelling, though the plant is operated by Liberty Steel under a separate 

environmental permit. 

 

In the case of SO2 emissions, it is assumed that desulphurising the coke oven gas would not 

significantly alter the other properties of the fuel so there would be no change to the volume 

or temperature of the waste gases.  The only difference between the current situation and 

the BAT scenario is a reduction in SO2 emissions for all sources where COG is burned.  For 

other sources, such as the Blast Furnace stoves or slag granulation, there will be no change 

in the SO2 emissions. 

 

Emissions from the pushing of coke ovens will occur for a few minutes during each push, but 

since several ovens are pushed every hour, this will be treated as a continuous source.  The 

precise location of the emissions will depend on which oven is being pushed and for the 

purposes of this assessment pushing emissions have been treated as a line source along the 

coke side of the batteries. 

 

In the case of pushing emissions abatement, a new emission point has been created at the 

outlet of the bag filter that would be required.  The abatement plant would operate for only a 

few minutes during each push, but again it will be treated as a continuous emission.  The 

Iron and Steel BREF[2] (p 268) suggests an extraction rate of 500 to 1,000 m³/tonne coke.  

With 2019 production of 397,000 tonnes and assuming the higher end of the range, this is 

equivalent to around 45,000 m³/hr. 

 

Coke quenching emissions will again occur for a few minutes after each push but will be 

treated as a continuous emission.  In the BAT scenario, the existing quench towers (heights 

18 metres and 34 metres) will be replaced.  It is assumed that the new quench towers would 

be in the same locations as the existing ones but would each be 40 metres tall. 

 

The BFG and COG flare stacks are not in continuous use but for the purposes of this 

assessment they have been treated as continuous emissions, with the annual amount of gas 

flared distributed evenly across the year.  In the case of flares, the virtual emission point 

used in ADMS is the tip of the flame and the following assumptions have been made: 

• Waste gas volume is estimated based on the average volume of gas flared and 

assuming 10% O2 in the waste gas at the flame tip 

• Source diameter is estimated as two times the exit diameter of the flare stack 

• Waste gas temperature is calculated from the waste gas volume and the heat content 

of the fuel gas, assuming that 25% of the input heat is lost by radiation 

• The source height is the same as the flare stack height (length of flame is ignored) 
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Most of the blast furnace slag produced at Scunthorpe is granulated but a proportion is 

cooled in open pits close to the furnaces.  For the purposes of this assessment emissions 

from both the slag granulator and the slag pits have been treated as continuous emissions, 

with the estimated annual amount of SO2 emitted distributed evenly across the year. 

 

Table A1.1 shows the stack and waste gas characteristics entered to the dispersion model, 

along with the SO2 and PM10/PM2.5 emissions for both the current situation and the BAT 

scenario.  PM10/PM2.5 emissions are considered only for the derogated sources at the coke 

ovens. 

 
 

Table A1.1: Stack characteristics, waste gas characteristics and emission rates 

 

Most of the sources in this study are tall enough to avoid building effects, but some stacks 

would be affected and Table A1.2 shows the buildings used for this modelling exercise. 

 

Source

Sinter Plant main stack 107 6.7 492046 409664 607 163 28.2 112.0 0.0 110.4 0.0

CPP (1) main stack 39.8 1.37 491945 409737 7.9 67 26.4 0.05 0.00 0.02 0.00
CPP (2) main stack 39.8 1.37 491982 409739 7.9 80 25.7 0.05 0.00 0.02 0.00

QA hot blast stoves 1&2 61.4 2.67 491618 410318 42 248 31.1 0.21 0.00 0.21 0.00

QA hot blast stoves 3&4 61.4 2.67 491627 410329 42 248 31.1 0.21 0.00 0.21 0.00
QV hot blast stoves 1&2 61.4 2.67 491629 410164 42 248 31.1 0.21 0.00 0.21 0.00

QV hot blast stoves 3&4 61.4 2.67 491638 410153 42 248 31.1 0.21 0.00 0.21 0.00

Blast Furnace Gas flare 61.1 1.8 491601 410569 8.2 800 28.7 0.02 0.00 0.02 0.00
QA/QV casthouse ventilation stack 20 5 491562 410391 225 43 28.7 5.37 0.00 5.37 0.00

QA/QV slag granulator 54.9 3 491601 410237 63 69 26.1 1.31 0.00 1.31 0.00

Blast furnace slag pits 3 150 29.0 1.85 0.00 1.85 0.00

SRSM reheating furnace 60 2.74 492850 409400 18.5 400 29.6 0.62 0.00 0.08 0.00
Rod Mill reheating furnace 65 2.23 491054 410661 58 390 29.6 4.36 0.00 0.59 0.00

Caparo reheating furnace 35.1 2.74 491095 410562 8.9 311 29.6 2.02 0.00 0.26 0.00

CPS boilers 1-3 96 3.8 491368 410911 134 196 29.3 7.12 0.00 1.54 0.00
TBH boilers 1-4 76.5 4.2 491582 410121 115 161 29.3 0.35 0.00 0.35 0.00

TBH boilers 5&6 76.5 4.2 491586 410065 115 171 29.3 0.35 0.00 0.35 0.00

Coke Oven batteries 1&2 74.2 3 491587 410875 60 246 28.0 15.98 0.44 2.08 0.088

Coke Oven batteries 3&4 74.2 3 491720 411083 60 201 28.7 15.98 0.44 2.08 0.088
Coke Oven Gas flare 49 2.6 491801 410812 0.7 1200 16.0 0.13 0.00 0.02 0.000

North Quench Tower (current) 18.3 10.9 491731 411123 160 58 23.5 0.00 0.33 0.00 0.000

South Quench Tower (current) 34.5 6.3 491562 410858 160 58 23.5 0.00 0.33 0.00 0.000
North Quench Tower (new) 40 6.3 491731 411123 160 58 23.5 0.00 0.00 0.00 0.006

South Quench Tower (new) 40 6.3 491562 410858 160 58 23.5 0.00 0.00 0.00 0.006

Pushing emissions 6 200 29.0 0.00 0.69 0.00 0.063

Pushing abatement 25 1.1 491738 411088 12.6 75 29.0 0.00 0.00 0.00 0.063

168.4 2.24 127.2 0.31

Notes 5,312 70.7 4,010 9.9
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Table A1.2: Characteristics of buildings used in modelling exercise 

 

Ground level SO2, PM10 and PM2.5 concentrations were calculated across a 12 x 13 km area 

with a grid spacing of 100 metres; the extent of the grid is shown in Figure A1.1.  In addition, 

eight sensitive receptors were entered into the model: 

• The local authority air quality monitoring sites at Rowland Road (which is part of the 

Automatic Urban and Rural Network), Low Santon and East Common Lane 

• SSSIs at Risby Warren and Broughton Far Woods 

• Local Nature Reserves at Ashby Ville and Sawcliffe 

• Ancient Woodland at Spring Wood 

 

These locations are also shown in Figure A1.1, along with the boundary of the British Steel 

site. 

 

 
 

Figure A1.1: Extent of modelling domain and locations of sensitive receptors 

Building name Sources affected X (m) Y (m) Height (m) Length (m) Width (m)
Coal Prep. Plant CPP (1) and CPP (2) 491964 409964 37 54 14 88

Casthouse bag filter QA/QV casthouse ventilation stack 491533 410364 19 37 22 129

Caparo Merchant Bar Caparo reheating furnace 491099 410582 25 193 93 176

Coke oven gas holder Coke Oven batteries 1&2, COG 
flare and South Quench Tower

491708 410825 57 55 m diameter

Centre of building Building dimensions Angle between 

length and North (°)

East 

Common 

Lane 

Rowland 

Road 

Low Santon 

Spring Wood 

Broughton Woods 

Risby Warren 

Ashby Ville 

Sawcliffe 
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Appendix 2 – Dispersion modelling results 

The plots in the following pages illustrate the pattern of dispersion for the current situation 
(left-hand plot) compared to the levels after implementation of BAT (right-hand plot).  Within 
each figure, the contour colours for the two plots are the same. 

For SO2, figures A2.1 to A2.4 show that the contours for the highest concentrations are 
centred in the area around the blast furnaces.  In this area, some of the release points are 
low (particularly from the slag pits and casthouse ventilation) and these will dominate the 
impact close to the blast furnaces and at the boundary to the west of the furnaces.  Since 
SO2 emissions from these sources are not affected by desulphurisation of coke oven gas, the 
highest levels would be the same as in the current situation even after implementation of 
BAT.  Further away, the right-hand plots show significant reductions in the impact attributable 
to emissions from the British Steel site after implementation of BAT.  

For PM10 and PM2.5, figures A2.5 and A2.6 show a significant reduction in the impact from the 
derogated sources, though this is only a small proportion of the overall impact from the site.
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KEY 

(Same for 
both plots) 

  < 50 μg/m³  50 – 75 μg/m³ Background maps contain Ordnance Survey data © 2020 

 75 – 100 μg/m³  100 – 150 μg/m³  

 150 – 200 μg/m³  > 200 μg/m³  

 

Figure A2.1: 99.9th percentile of 15-minute average SO2 concentrations 
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KEY 

(Same for 
both plots) 

  < 30 μg/m³  30 – 45 μg/m³ Background maps contain Ordnance Survey data © 2020 

 45 – 75 μg/m³  75 – 100 μg/m³  

 100 – 150 μg/m³  > 150 μg/m³  

 

Figure A2.2: 99.7th percentile of hourly average SO2 concentrations 
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KEY 

(Same for 
both plots) 

  < 10 μg/m³  10 – 12.5 μg/m³ Background maps contain Ordnance Survey data © 2020 

 12.5 – 17.5 μg/m³  17.5 – 25 μg/m³  

 25 – 50 μg/m³  > 50 μg/m³  

 

Figure A2.3: 99.2nd percentile of daily average SO2 concentrations 
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KEY 

(Same for 
both plots) 

  < 1 μg/m³  1 – 2 μg/m³ Background maps contain Ordnance Survey data © 2020 

 2 – 3 μg/m³  3 – 4 μg/m³  

 4 – 5 μg/m³  > 5 μg/m³  

 

Figure A2.4: Annual average SO2 concentrations 
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KEY 

(Same for 
both plots) 

  < 0.25 μg/m³  0.25 – 0.5 μg/m³ Background maps contain Ordnance Survey data © 2020 

 0.5 – 0.75 μg/m³  0.75 – 1 μg/m³  

 1 – 2.5 μg/m³  > 2.5 μg/m³  

 

Figure A2.5: 90.4th percentile of daily average PM10 concentrations from derogated sources 
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KEY 

(Same for 
both plots) 

  < 0.1 μg/m³  0.1 – 0.2 μg/m³ Background maps contain Ordnance Survey data © 2020 

 0.2 – 0.3 μg/m³  0.3 – 0.5 μg/m³  

 0.5 – 1 μg/m³  > 1 μg/m³  

 

Figure A2.6: Annual average PM10/PM2.5 concentrations from derogated sources
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Appendix 3 – Population density estimates 

DEFRA’s damage cost guidance[9] recognises that the impact of emissions from industrial 

processes depends on the population density of the surrounding area and that the relevant 

area depends on the stack height.  For stacks less than 50 metres tall, Table 3 in the detailed 

damage cost update report[15] states that the population density should be assessed over 

an area of 11 x 11 km and Figure A3.1 shows this area centred on Appleby coke ovens.  The 

orange area in the centre of map is the British Steel site and the solid line shows the 

boundary between the parliamentary constituencies of Brigg and Goole (top part of the map) 

and Scunthorpe (bottom half). 

 

 
 

Figure A3.1: Areas for assessment of population density 

Background map and boundary data © Ordnance Survey 2020 

 

Estimates of the population of the two constituencies have been obtained from the Office of 

National Statistics[16]; the most recently published data relate to mid 2019.  The areas of the 

constituencies are contained in boundary files from the Ordnance Survey[17] and Table A3.1 

shows the resulting population densities. 
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Table A3.1: Population density of constituencies in the vicinity of Scunthorpe 

 

An estimate of the population density within the 11 x 11 km square has been made with the 

following assumptions: 

• Half the area is within the Brigg and Goole Constituency with a population density of 

257 persons per km² 

• The other half of the area is within the Scunthorpe Constituency, but in this case it is 

assumed that the whole of the population of the constituency lies within the relevant 

area since the population is concentrated mostly in the built-up area to the west of the 

British Steel site 

 

The resulting population density is 893 persons per km².  This will be an overestimate 

because of the assumption that the whole population of the Scunthorpe constituency lies 

within the 11 x 11 km square, but is sufficient to show that the population density will lie in 

the range 250 to 1,000 persons per km². 

Constituency Population Area (ha)

Scunthorpe 92,558 18,266 507

Brigg and Goole 88,875 34,637 257

Population density 

(persons/km²)


