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Executive summary 

Purpose of this report 

Lianhetech Seal Sands is permitted under the Environmental Permitting (England & Wales) Regulation 2018. 

It is increasing throughput of a manufacturing process from 300 tonnes to 1500 tonnes per year and as such 

is required to submit a permit variation. The manufacturing process, vents through point source emission to 

air reference A1/3. A stack height assessment is required to determine impact to pollutant dispersion due to 

an upwards extension to the building adjacent to the MPB-3. 

In addition, it wishes to replace four Combined Heat and Power (CHP) engines with six CHP engines, as well 

as commission a new gas-fired boiler with a steam production of approximately 8.5 tonnes per hour. This 

boiler will be regulated under the Medium Combustion Plant Directive (MCPD) and will therefore also require 

a permit. 

This report presents an air quality assessment of the proposed changes. It presents forecast concentrations of 

local air pollutants at sensitive receptors for future scenarios with and without the proposed changes. The 

differences in concentrations resulting from the proposed developments are then assessed against legal 

limits and guideline values using widely-accepted criteria. 

Impacts of the following pollutants have been assessed at appropriate receptor locations against appropriate 

assessment levels: 

⚫ Dichloromethane; 

⚫ Ethanol; 

⚫ Acetonitrile; 

⚫ Triethylamine; 

⚫ Acetic acid; 

⚫ Nitrogen dioxide (NO2); 

⚫ Carbon monoxide (CO); 

⚫ Oxides of nitrogen (NOX); 

⚫ Nitrogen deposition; and 

⚫ Acid deposition. 

Conclusions 

A stack height assessment has been undertaken to determine whether the existing 28 m stack A1/3 still 

achieves BAT with the proposed increased throughput. The assessment confirmed that 28 m is BAT for this 

stack. 

Except for annual mean NOX, all impacts are very low and there is no risk of an exceedance of any assessment 

level. 

There are forecast exceedances of annual mean NOX concentrations at several receptors, largely due to the 

background contribution. The contribution from the whole of the proposed installation at several receptors 

cannot be screened out as not significant under EA criteria. However, most of the NOX emissions sources are 
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not subject to permitting regulations. The contribution from the proposed additional CHP and new boiler, 

which are subject to MCPD, is very low and can be screened out as not significant under EA criteria. 

There are exceedances of the critical load for nitrogen deposition at all receptors, due to the existing 

background. At one receptor, the contribution from the existing installation, rounded to the nearest 

percentage point, is 2%, and under EA criteria, the impact from the proposed installation cannot be screened 

out as considered not significant. At all other receptors, the impact can be screened out as not significant. 

However, most of the nitrogen emissions sources are not subject to permitting regulations. The contribution 

from the proposed new boiler, which is subject to permitting, is very low and can be screened out as not 

significant under EA criteria. 

A number of conservative assumptions have been made for the assessment to ensure that a worst case 

scenario is assessed. Sensitivity analyses have been carried out which demonstrate that the assessment is 

worst-case. 
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1. Introduction 

1.1 Background, aims and objectives 

Lianhetech Seal Sands is permitted under the Environmental Permitting (England & Wales) Regulation 2018. 

It is increasing throughput of a manufacturing process and as such is required to submit a permit variation. 

The manufacturing process, vents through point source emission to air reference A1/3. A stack height 

assessment is required to determine impact to pollutant dispersion due to an upwards extension to the 

building adjacent to the MPB-3. 

In addition, it wishes to replace four Combined Heat and Power (CHP) engines with six CHP engines, as well 

as commission a new gas-fired boiler with a steam production of approximately 8.5 tonnes per hour. This 

boiler will be regulated under the Medium Combustion Plant Directive (MCPD) and will therefore also require 

a permit. 

This report presents an air quality assessment of the proposed increase in emissions, to accompany the 

permit application. It presents forecast concentrations of local air pollutants at sensitive receptors for future 

scenarios with and without the proposed developments using a range of stack heights. The difference in 

concentrations resulting from the proposed developments is then assessed against legal limits and guideline 

values using widely-accepted criteria. 

The VOCs emitted from Stack A1/3 are: 

⚫ Dichloromethane; 

⚫ Ethanol; 

⚫ Acetonitrile; 

⚫ Triethylamine; and 

⚫ Acetic acid. 

The above pollutants are also emitted by other stacks on the site; these additional emissions will not change 

as a result of the proposed development and have been included within the assessment to ensure that 

impacts are calculated and assessed correctly. 

The proposed new boiler and CHP engines will emit oxides of nitrogen (NOX) and carbon monoxide (CO). 

This report assesses the impacts of these emissions, including on nitrogen dioxide (NO2), which is a pollutant 

caused by NOX emissions. Emissions from existing boilers, which are not currently regulated by the 

Environment Agency (EA), are also included in the assessment. 

1.2 Site description 

The installation is located at Seal Sands, Stockton-on-Tees. The general location of the site is shown in 

Figure 1.1, and the nearer surroundings can be seen in Figure 2.8 to Figure 2.9 in Section 2.8. The coordinates 

of the centre of the site are 453400,524350. The River Tees runs around the site south, east and north, 

passing within 1 km at its closest point. The North Sea lies approximately 4 km to the northeast. 

The area has a long history of industry. The area immediately around the site is a mix of industrial sites and 

brownfield, much of the latter now having high nature conservation value, especially due to its coastal 

character. The Teesmouth and Cleveland Coast Special Protection Area (SPA) and Ramsar site cover 1,250 ha 

near the site, with the Teesmouth and Cleveland Coast Extension Potential SPA covering approximately an 
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additional 11,000 ha. The Teesmouth and Cleveland Coast Site of Special Scientific Interest (SSSI) covers 

some additional areas near the site. 

The closest human habitation to the installation is at South Bank, 3.5 km south of the installation. The towns 

of Redcar, Middlesbrough, Billingham and Hartlepool surround the site on three sides at distances of 

approximately 5 km. 

Figure 1.1 Site location 

 

Contains Ordnance Survey data © Crown copyright and database right 2019. 

1.3 Sources of information 

The information used to assess air quality includes: 

⚫ Process and emissions data provided by Lianhetech; 

⚫ Site layout from Lianhetech; 

⚫ Baseline air quality data from surveys undertaken by Government bodies, Local Authorities and 

third parties; 
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⚫ Ordnance Survey maps of the local area; and 

⚫ Meteorological data supplied by Atmospheric Dispersion Modelling Limited. 

1.4 Report structure 

The remainder of the report is set out as follows: 

Table 1.1  Report structure  

Section Aims and objectives 

Section 2 Describes the dispersion model, assessment methodology, model inputs and assumptions 

used in the assessment, and details the ambient air quality in the area 

Section 3 Details the assessment criteria 

Section 4 Presents an assessment of the potential air quality impacts arising from the site emissions 

Section 5 Contains a summary and conclusions of the assessment 
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2. Assessment methodology 

2.1 The dispersion model 

The model used in this assessment is the latest version of the ADMS 5.2 atmospheric dispersion model 

developed and validated by Cambridge Environmental Research Consultants (CERC). The model was used to 

predict the ground level concentration of compounds emitted to atmosphere from the installation. The 

model has been used extensively throughout the UK for regulatory compliance purposes and is accepted as 

an appropriate air quality modelling tool by the Environment Agency and local authorities. 

ADMS 5.2 parameterises stability and turbulence in the atmospheric boundary layer by the Monin-Obukhov 

length and the boundary layer depth. This approach allows the vertical structure of the boundary layer to be 

more accurately defined than by the stability classification methods of earlier dispersion models. In ADMS, 

the concentration distribution follows a symmetrical Gaussian profile in the vertical and crosswind directions 

in neutral and stable conditions. However, the vertical profile in convective conditions follows a skewed 

Gaussian distribution to take account of the inhomogeneous nature of the vertical velocity distribution in the 

Convective Boundary Layer. 

A number of complex modules, including the effects of plume rise, complex terrain, coastlines, concentration 

fluctuations, radioactive decay and buildings effects, are also included in the model, as well as the facility to 

calculate long-term averages of hourly mean concentration, dry and wet deposition fluxes, and percentile 

concentrations, from either statistical meteorological data or hourly sequential data. 

A range of input parameters is required including, among others, data describing the local area, 

meteorological measurements and emissions data. The data used in modelling the emissions are given in the 

following sections of this chapter. 

2.2 Stack height assessment 

The EA’s ‘EPR Permit - Stack Height Assessment’ internal draft guidance discusses options for assessing 

whether a proposed stack height represents Best Available Techniques (BAT). The guidance states it has been 

specifically developed for stacks associated with waste incineration plant but is also applicable to other 

sectors. 

The first stage of the assessment is to consider insignificant emissions. 

A process contribution (PC) is considered insignificant if: 

⚫ The long-term PC is less than 1% of the relevant Environmental Standard; and 

⚫ The short-term PC is less than 10% of the relevant Environmental Standard. 

Where the emission is screened out as insignificant, the EA will usually consider the stack height to be BAT on 

the basis that is the emission is already insignificant, any further reduction would also be insignificant. 

Where an emission is not considered to be insignificant, the guidance advises that the reduction in ground 

level impact as a function of stack cost be plotted on a graph. The BAT stack height occurs at the ‘knee-point’ 

of this graph, i.e., the point at which the further reduction in impact starts to become disproportionate to the 

additional cost incurred. This is shown by the blue arrow in Figure 2.1. 

The point at which the knee-point occurs can be determined mathematically. To determine this point, a 

straight line that connects the two endpoints of the graph (line A in Figure 2.1) needs to be drawn. This gives 

a slope that shows the average change in impact as cost increases.  
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The definition of BAT can be restated as the point at which the slope of the marginal cost curve is equal to 

that of line A. The slope of a curve at any particular point can be determined by calculating the curve’s first 

derivative. This in turn can be used to calculate the precise stack height at which the slope of the curve is 

equal to the slope of the straight line. The result is a straight line that touches the marginal cost curve at the 

point where the stack height is BAT (line B).  

However, there are occasions where a stack height lower than the point at which the knee-point occurs 

would be considered BAT. This can occur where the impacts of a lower stack are already assessed as 

‘insignificant’ under thresholds established by the EA. The EA’s guidance here is clear: 

“Where an emission is screened out as insignificant, we would normally consider that the Applicant’s proposals, 

including the stack height, to be BAT. That is because if the impact of the emission is already insignificant, it 

follows that any further reduction in this emission will also be insignificant.”  

For a given capacity of plant, the point at which insignificance occurs is determined by site-specific factors 

including, but not limited to, the distance to the nearest receptors, meteorology and application of any 

emission control measures that go beyond BAT. 

Similarly, it is possible in certain scenarios that a stack taller than the knee-point height is required. This can 

occur in areas of poor air quality where significant impacts may be predicted even at the knee-point height. 

In such scenarios, the EA would require the applicant to go ‘beyond BAT’ to ensure significant impacts do not 

occur. 

Figure 2.1 Example stack height assessment graph from EA guidance 

 

The selection of stack height should not be driven exclusively by the above graph. As the EA’s guidance 

notes: 

“Because the endpoints of the cost curve are still arbitrary to some extent, the difference that they make should 

be examined as part of a sensitivity analysis. The result is that this method does not give a single answer, but 

instead produces a range of possible stack heights that could be considered to be BAT. Choosing the exact stack 

height is a judgement call for the site inspector in consultation with other Environment Agency experts. The 

stacks of other similarly-sized plants can be considered to help form a view of what is ‘available’ for the sector 
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in the context of BAT and to give an indication of whether the proposed stack height of the plant in question is 

within the range which would normally be expected.” 

At this stage the design costs for the stack are not available and stack height has been used as a proxy for 

cost assuming that the cost of a stack is proportional to its height. 

Lianhetech propose installation of three CHP engines and associated infrastructure in a new location on the 

west of the site. The maximum long and short term impact of NO2 at human receptors, as well as maximum 

long and short term impact of NOX, nitrogen and acid deposition at ecological receptors is predicted for 

individual stack height configurations between 12 m – 110 m. 

In addition, stack A1/3 is currently 28 m, however due to works at the site building MPB-3 a stack height 

assessment was undertaken, as the change in building is likely to impact dispersion from stack A1/3. The 

maximum long and short term impact of VOC emissions at human receptors for individual stack height 

configurations at 10 m increments between 28 m – 125 m is predicted. 

2.3 Process emissions and operating scenarios 

VOC emissions 

There are five stacks through which VOCs are emitted, A1/1, A8/1, A1/2, A1/3 and A1/4. Emissions from four 

of the stacks will remain unchanged, but emissions from A1/3 will increase as a result of the proposed 

change. Information on the VOCs emitted from each stack is given in Table 2.1. However, monitoring data 

only records the total carbon within VOCs, not speciation. Monitored emissions for recent years are given in 

Table 2.2. 

Table 2.1  VOCs emitted from each stack  

Pollutant A1/1 A8/1 A1/2 A1/3 A1/4 

Dichloromethane Yes No Yes Yes Yes 

Ethanol Yes No Yes Yes Yes 

Acetonitrile No No No Yes No 

Triethylamine No No Yes Yes No 

Methyl tert-butyl ether Yes No No No No 

Methanol Yes No Yes No Yes 

Isopropanol Yes No No No Yes 

Ethyl acetate No No Yes No Yes 

Methyl isobutyl ketone No No Yes No No 

Acetic acid No No Yes Yes No 

Heptane No No No No Yes 

Toluene No No No No Yes 
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Table 2.2  Monitored VOC emission rates (kg/hour as C)  

 A1/1 A8/1 A1/2 A1/3 A1/4 

2018 Q1 0.1 <0.1 3.0 7.5 2.7 

2018 Q2 0.4 <0.1 3.7 6.1 1.5 

2018 Q3 1.1 <0.1 12.2 8.1 1.1 

2019 Q4 1.2 <0.1 4.3 4.7 0.7 

2019 Q1 0.6 <0.1 2.5 0.3 0.6 

2019 Q2 2.1 0.1 11.1 3.3 1.1 

2019 Q3 0.9 <0.1 15.2 1.7 0.4 

2019 Q4 0.3 0.1 3.9 4.3 0.4 

2020 Q1 0.1 <0.1 7.5 1.8 0.6 

17/12/2019 n/a n/a n/a 1.5 n/a 

18/12/2019 n/a n/a n/a 1.6 n/a 

 

In the absence of information on the speciation of the VOCs, for the purpose of this assessment, we make 

the following conservative assumptions: 

⚫ For A1/3, each individual component will be emitted at the emission limit value (ELV) for VOCs 

as a group of 10 kg(C) h−1; 

⚫ For stacks which discharge the same VOCs as A1/3, the emission rate of each pollutant will be 

modelled by assuming that the pollutant accounts for 100% of the periodic monitoring results; 

⚫ Any pollutant that is not discharged from A1/3 (that is, methyl tert-butyl ether, methanol, 

isopropanol, ethyl acetate, methyl isobutyl ketone, heptane and toluene) has not been 

modelled; and 

⚫ Any stack which does not discharge any of the VOCs that A1/3 does (that is, A8/1) has not been 

modelled. 

For determining emissions from the stacks other than A1/3, the following approach has been followed: 

⚫ For assessing against short-term impacts, the maximum VOC emission rate from any of the 

periodic tests (Table 2.2) has been used, with the volumetric flow rate that corresponds to that 

test; and 

⚫ For assessing against long-term impacts, the average of the periodic results (Table 2.2) has 

been used, both in terms of emission rate and volumetric flow. 

The VOC monitoring data and ELV is expressed as carbon, so the actual mass emission for each individual 

VOC has been calculated by multiplying the ELV or monitored value by the ratio of the total mass of the 

compound to the total mass of carbon in the compound. For example, for dichloromethane (CH2Cl2), the 

total molecular mass is 84.9 whilst the mass of carbon is 12, so the emission rate corresponding to an ELV of 

10 kg(C) h−1 is 10 × 84.9/12 = 70.8 kg h−1. Mass unit conversion factors are given in Table 2.3. 
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Table 2.3  Mass unit conversion factors 

Name Chemical formula Molecular mass Mass of carbon Factor 

Dichloromethane CH2Cl2 84.9 12 7.08 

Ethanol C2H5OH 46 24 1.92 

Acetonitrile CH3CN 41 24 1.71 

Triethylamine N(CH2CH3)3 101 72 1.40 

Acetic acid CH3COOH 60 24 2.50 

 

The resulting stack and emissions parameters are given in Table 2.4 to Table 2.6. 

Table 2.4  Stack parameters 

Parameter A1/1 A1/2 A1/3 A1/4 

Coordinates 453426, 524333 453426, 524285 453379, 524436 453417, 524261 

Stack height (m) 16.3 12.8 28.0* 14.5 

Stack diameter (m) 1.2 1.2 0.9 0.9 

Temperature Ambient Ambient Ambient Ambient 

Volumetric flow rate — 

short-term (m3 s−1) 

3.65 4.22 3.20 4.01 

Volumetric flow rate —

long-term (m3 s−1) 

4.00 3.73 2.34 3.74 

Note: * Stack A1/3 existing height is 28 m. A stack height assessment has been carried out to determine appropriate stack height after 

building MPB-3 height increase. 

Table 2.5  Emission rates (g s−1) for assessing against short-term impacts  

Pollutant A1/1 A1/2 A1/3 A1/4 

Total VOC as C 0.58 4.22 2.25 0.75 

Dichloromethane 4.13 29.87 15.92 5.31 

Ethanol 1.12 8.09 4.31 1.44 

Acetonitrile - - 3.84 - 

Triethylamine - 5.92 3.16 - 

Acetic acid - 10.56 5.63 - 

 



 18 © Wood Environment & Infrastructure Solutions UK Limited 

 

September 2021 

Doc Ref. 42641-WOOD-XX-XX-RP-O-0002_S2_P01  

Table 2.6  Emission rates (g s−1) for assessing against long-term impacts  

Pollutant A1/1 A1/2 A1/3 A1/4 

Total VOC as C 0.21 1.96 1.03 0.28 

Dichloromethane 1.48 13.84 7.31 1.99 

Ethanol 0.40 3.75 1.98 0.54 

Acetonitrile - - 1.76 - 

Triethylamine - 2.74 1.45 - 

Acetic acid - 4.89 2.58 - 

 

A schematic plot of the site showing the site boundary, locations of emission points and locations of 

buildings included in the model (see Section 2.6) is given in Figure 2.2. 

Figure 2.2 Emission points and buildings 

 

Boiler emissions 

Existing combustion plant consists of two boilers, referred to as FB1 and FB2, and four CHP engines. In 

normal operation, the CHP engines run continuously, along with either FB1 or FB2 as duty with the other on 

standby. Since FB1 is slightly larger than FB2 (8.3 MW versus 6.1 MW), it is assumed for the purposes of this 

assessment that FB1 operates continuously and FB2 does not operate at all. The existing sources are currently 

not subject to a permit so do not have associated emission limit values. 
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The new boiler is intended to generate steam at a rate of 8.5 t/h. Assuming an efficiency of 85%, this implies 

a thermal input of approximately 6.7 MWth. In addition, the four existing CHP engines are to be replaced by 

three new engines, and three additional CHP engines are to be installed on the western side of the site, each 

with a thermal input of 3.66MWth. 

The CHP engines discharge to atmosphere via individual flues within a single stack. Boiler FB1 and the new 

boiler have separate stacks. The new boiler is assumed to operate from the same boilerhouse as the existing 

boilers, from a stack of the same height. 

NOX emission rates for the new boiler were provided by the client and are in line with Medium Combustion 

Plant Directive (MCPD) limits (Official Journal 2015). Emission rates for the existing plant are derived from 

data for the Tier 2 methodology of the EMEP/EEA Guidebook (EEA 2019). The emission rate data is 

summarised in Table 2.7. 

Table 2.7  Emission rate data  

Plant Pollutant Emission rate Data source 

New boiler NOX 100 mg Nm−1 * Provided by client/ MCPD 

New boiler CO 30 g GJ−1 EMEP/EEA, Tier 2 emission factors for non-residential 

sources, medium sized (> 1 MWth to ≤ 50 MWth) boilers 

burning natural gas 

FB1 NOX 40 g GJ−1 EMEP/EEA, Tier 2 emission factors for non-residential 

sources, medium sized (> 1 MWth to ≤ 50 MWth) boilers 

burning natural gas 

FB1 CO 30 g GJ−1 EMEP/EEA, Tier 2 emission factors for non-residential 

sources, medium sized (> 1 MWth to ≤ 50 MWth) boilers 

burning natural gas 

CHP NOX 135 g GJ−1 EMEP/EEA, Tier 2 emission factors for non-residential 

sources, reciprocating engines burning gas fuels 

CHP CO 56 g GJ−1 EMEP/EEA, Tier 2 emission factors for non-residential 

sources, reciprocating engines burning gas fuels 

* At reference conditions of 273.15 K, 101.3 kPa, after correction for the water vapour content of the waste gases and 

at a standardised O2 content of 3%. 

 

The model input data is presented in Table 2.8. 

Table 2.8  Modelled stack characteristics  

 New FB1 Stack CHP 1 

(each) - existing 

Stack CHP 1 

(each) - new 

Stack CHP 2 

(each) - new 

Rated thermal input 

(MWth) 

6.7 8.321 2.7 3.7 3.7 

Coordinates 453495, 524397 453507, 524397 453515, 524426 453515, 524426 453327, 524467 

Stack height (m) 18 18 14 14 12 

Stack diameter (m) 0.653 0.702 0.4 0.4 0.35 

Efflux temperature (°C) 135 180 150 150 150 
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 New FB1 Stack CHP 1 

(each) - existing 

Stack CHP 1 

(each) - new 

Stack CHP 2 

(each) - new 

Efflux velocity (m s−1) 8.9 8.1 10.5 14.4 18.9 

Oxygen (% v/v) 3 3 7 7 7 

Moisture (% v/v) 16.3 16.3 14.5 14.5 14.5 

NOX emission rate (g s−1) 0.16 0.33 0.36 0.26 0.26 

CO emission rate (g s−1) 0.20 0.25 0.15 1.04 1.04 

 

For the dispersion modelling, it has been assumed that all sources (excluding FB2) operate for 24 hours a 

day, 365 days a year. 

A schematic plot of the site showing the site boundary, locations of emission points and locations of 

buildings included in the model (see Section 2.6) is given in Figure 2.2 above. 

2.4 Meteorology 

For meteorological data to be suitable for dispersion modelling purposes, a number of meteorological 

parameters need to be measured on an hourly basis. These parameters include wind speed, wind direction, 

cloud cover and temperature. There are only a limited number of sites where the required meteorological 

measurements are made. The year of meteorological data that is used for a modelling assessment can also 

have a significant effect on ground level concentrations. 

The closest station to the installation is Teesside Airport, located approximately 20 km to the south west of 

the installation. An alternative option would be the Loftus meteorological station, located about the same 

distance to the south east of the installation. Whilst Loftus is located closer to the coast than Teesside 

Airport, the weather station is located on coastal cliffs at an elevation of 158 m above sea level, whereas the 

installation is only 5 m above sea level. As a result, wind speeds recorded at Loftus meteorological station are 

likely to be appreciably higher than those occurring at the installation. By comparison, Teesside airport is 

30 m above sea level and likely to offer more representative data than that previously used for this 

installation. However, sensitivity analysis with respect to potential coastal effects is included in Section 2.13. 

Figure 2.3 to Figure 2.7 provide the wind roses for the period 2013–2017 for the Teesside Valley 

meteorological station, illustrating the frequency of monitored wind direction and wind speed. They show a 

very marked preponderance of winds from the southwest quadrant, with a smaller number of winds from the 

northeast. 
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Figure 2.3 Wind rose for 2013 

 

Figure 2.4 Wind rose for 2014 

 

Figure 2.5 Wind rose for 2015 

 

Figure 2.6 Wind rose for 2016 
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Figure 2.7 Wind rose for 2017 

 

 

 

Gaussian plume models, such as ADMS, cannot, as standard, model calm weather conditions, since this 

results in a discontinuity produced by a ‘divide by zero’ calculation. Most Gaussian plume models simply skip 

lines of meteorological data where calm conditions occur. Data lines will also be skipped where any of the 

required meteorological input parameters are missing. If there are a significant number of calm conditions or 

missing data, this can result in an equally significant number of data lines being discounted and an 

unrepresentative prediction of modelled impact, particularly for annual mean or percentile-based 

concentrations. Table 2.9 shows the percentage of missing meteorological data for each year of the Teesside 

dataset used in this analysis. 

Table 2.9  Meteorological data capture 

Year Number of data lines used Percentage of lines used 

2013 8,044 92% 

2014 8,002 91% 

2015 8,034 92% 

2016 8,053 92% 

2017 8,003 91% 

 

The generally accepted rule-of-thumb benchmark is to ensure no more than approximately 10% of 

meteorological data is omitted from the run. Table 2.9 demonstrates this benchmark is achieved with 

Teesside data.  

Approximately 3–5% of hours which were skipped was due to the occurrence of calm conditions. ADMS does 

possess an additional sub-routine, allowing estimates of modelled contributions during calm conditions to 

be made. However, validation of this particular method of calculating concentrations has never been carried 

out and, consequently, this sub-routine was not used as part of the model runs.  
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2.5 Surface characteristics 

The predominant surface characteristics and land use in a model domain have an important influence in 

determining turbulent fluxes and, hence, the stability of the boundary layer and atmospheric dispersion. 

Factors pertinent to this determination are detailed below. 

Surface roughness 

Roughness length, z0, represents the aerodynamic effects of surface friction and is defined as the height at 

which the extrapolated surface layer wind profile tends to zero. This value is an important parameter used by 

meteorological pre-processors to interpret the vertical profile of wind speed and estimate friction velocities 

which are, in turn, used to define heat and momentum fluxes and, consequently, the degree of turbulent 

mixing. 

The surface roughness length is related to the height of surface elements; typically, the surface roughness 

length is approximately 10% of the height of the main surface features. Thus, it follows that surface 

roughness is higher in urban and congested areas than in rural and open areas. Oke (1987) and CERC (2003) 

suggest typical roughness lengths for various land use categories (Table 2.10).  

Table 2.10  Typical surface roughness lengths for various land use categories 

Type of Surface z0 (m) 

Ice 0.00001 

Smooth snow 0.00005 

Smooth sea 0.0002 

Lawn grass 0.01 

Pasture 0.2 

Isolated settlement (farms, trees, hedges) 0.4 

Parkland, woodlands, villages, open suburbia 0.5–1.0 

Forests/cities/industrialised areas 1.0–1.5 

Heavily industrialised areas 1.5–2.0 

 

Increasing surface roughness increases turbulent mixing in the lower boundary layer. With respect to 

elevated sources under neutral and stable conditions, increasing the roughness length can have complex and 

conflicting effects on ground level concentrations: 

⚫ The increased mixing can bring portions of an elevated plume down towards ground level, 

resulting in increased ground level concentrations close to the emission source; and 

⚫ The increased mixing increases entrainment of ambient air into the plume and dilutes plume 

concentrations, resulting in reduced ground level concentrations further downwind from an 

emission source.  

The overall impact on ground level concentration is, therefore, strongly correlated with the distance of a 

receptor from the emission source. 
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The area immediately around the site is a mixture of industrial and open/coastal land, with the towns of 

Middlesbrough, Billingham and Seaton Carew further afield. In view of this, a roughness length of 0.75 m was 

used. A sensitivity test on this parameter is presented in Section 2.12. 

Surface energy budget 

One of the key factors governing the generation of convective turbulence is the magnitude of the surface 

sensible heat flux. This, in turn, is a factor of the incoming solar radiation. However, not all solar radiation 

arriving at the Earth’s surface is available to be emitted back to atmosphere in the form of sensible heat. By 

adopting a surface energy budget approach, it can be identified that, for fixed values of incoming short and 

long wave solar radiation, the surface sensible heat flux is inversely proportional to the surface albedo and 

latent heat flux. 

The surface albedo is a measure of the fraction of incoming short-wave solar radiation reflected by the 

Earth’s surface. This parameter is dependent upon surface characteristics and varies throughout the year. Oke 

(1987) recommends average surface albedo values of 0.6 for snow covered ground and 0.23 for non-snow-

covered ground, respectively. 

The latent heat flux is dependent upon the amount of moisture present at the surface. Areas where moisture 

availability is greater will experience a greater proportion of incoming solar radiation released back to 

atmosphere in the form of latent heat, leaving less available in the form of sensible heat and, thus, 

decreasing convective turbulence. The modified Priestly-Taylor parameter (α) can be used to represent the 

amount of moisture available for evaporation. Holstag and van Ulden (1983) suggest values of 0.45 and 1.0 

for dry grassland and moist grassland respectively. 

A detailed analysis of the effects of surface characteristics on ground level concentrations by Auld et al. 

(2002) led them to conclude that, with respect to uncertainty in model predictions: 

 “…the energy budget calculations had relatively little impact on the overall uncertainty”. 

In this regard, it is not considered necessary to vary the surface energy budget parameters spatially or 

temporally, and annual averaged values have been adopted throughout the model domain for this 

assessment. 

As snow covered ground is only likely to be present for a small fraction of the year, the surface albedo of 0.23 

for non-snow-covered ground advocated by Oke (1987) has been used whilst the model default α value of 

1.0 has also been retained. 

2.6 Buildings 

Any large object has an impact on atmospheric flow and air turbulence within the locality of the object. This 

can result in maximum ground level concentrations that are significantly different (generally higher) from 

those encountered in the absence of buildings. The building ‘zone of influence’ is generally regarded as 

extending a distance of 5L (where L is the lesser of the building height or width) from the foot of the building 

in the horizontal plane and three times the height of the building in the vertical plane. 

Table 2.11 and Figure 2.2 above detail the buildings included in the model. Building locations and 

dimensions were obtained from information provided by Lianhetech. 

Table 2.11  Buildings included in the model 

Building X (m) Y (m) Height (m) Length (m) Width (m) Angle (°) 

MPB-1 453422 524358 13 19 64 180 
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Building X (m) Y (m) Height (m) Length (m) Width (m) Angle (°) 

MPB-2 453422 524310 13 19 64 180 

MPB-3 453395 524459 32 23 33 180 

MPB-4 453405 524239 10 17 32 180 

Boilerhouse 453496 524392 6 12 24 180 

CHPunit 453318 524466 3 25 10 180 

Building 453348 524454 10 14 12 180 

Warehouse D 453303 524408 4 22 60 180 

2.7 Terrain 

The concentrations of an emitted pollutant found in elevated, complex terrain differ from those found in 

simple level terrain. There have been numerous studies on the effects of topography on atmospheric flows. 

The UK ADMLC provides a summary of the main effects of terrain on atmospheric flow and dispersion of 

pollutants (Hill et al., 2005): 

“Plume interactions with windward facing terrain features: 

Plume interactions with terrain features whereby receptors on hills at a similar elevation to the plume 

experience elevated concentrations; 

Direct impaction of the plume on hill slopes in stable conditions; 

Flow over hills in neutral conditions can experience deceleration forces on the upwind slope, reducing 

the rate of dispersion and increasing concentrations; and 

Recirculation regions on the upwind side of a hill can cause partial or complete entrainment of the 

plume, resulting in elevated ground level concentrations. 

Plume interactions with lee sides of terrain features: 

Regions of recirculation behind steep terrain features can rapidly advect pollutants towards the ground 

culminating in elevated concentrations; and 

As per the upwind case, releases into the lee of a hill in stable conditions can also be recirculated, 

resulting in increased ground level concentrations. 

Plume interactions within valleys: 

Releases within steep valleys experience restricted lateral dispersion due to the valley sidewalls. During 

stable overnight conditions, inversion layers develop within the valley essentially trapping all emitted 

pollutants. Following sunrise and the erosion of the inversion, elevated ground level concentrations can 

result during fumigation events; and 

Convective circulations in complex terrain due to differential heating of the valley side walls can lead to 

the impingement of plumes due to crossflow onto the valley sidewalls and the subsidence of plume 

centrelines, both having the impact of increasing ground level concentrations.” 

These effects are most pronounced when the terrain gradients exceed 1 in 10, i.e. a 100 m change in 

elevation per 1 km step in the horizontal plane. The area around the site is relatively flat and changes in 
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terrain are well below this criterion, therefore terrain has not been included in the modelling and no 

sensitivity analysis has been carried out. 

2.8 Modelled domain and receptors 

Modelled domain 

A 2 km × 2 km Cartesian grid centred on the site was modelled, with a receptor resolution of 20 m, to assess 

the impact of atmospheric emissions from the site on local air quality. This resolution is considered suitable 

for capturing the maximum process contribution from site emissions. 

Human receptors 

Guidance from the UK Government and Devolved Administrations established that exceedances of the 

health-based objectives should be assessed at outdoor locations where members of the general public are 

regularly present over the averaging time of the objective. Table 2.12 provides an indication of those 

locations that may or may not be relevant for each averaging period. 

Table 2.12  Examples of where the Air Quality Objectives should apply for human receptors 

Averaging Period Objectives should apply at: Objectives should generally not apply at: 

Annual mean All locations where members of the public might be 

regularly exposed. 

Building facades of residential properties, schools, 

hospitals, care homes etc. 

Building facades of offices or other places of work 

where members of the public do not have regular 

access. 

Hotels, unless people live there as their permanent 

residence. 

Gardens of residential properties. 

Kerbside sites (as opposed to locations at the 

building façade), or any other location where public 

exposure is expected to be short term. 

1-hour mean All locations where the annual mean objectives 

would apply. 

Hotels. 

Gardens of residential properties*. 

Kerbside sites (e.g. pavements of busy shopping 

streets). 

Those parts of car parks, bus stations and railway 

stations etc. which are not fully enclosed, where the 

public might reasonably be expected to spend one 

hour or more. 

Any outdoor locations at which the public may be 

expected to spend one hour or longer. 

Kerbside sites where the public would not be 

expected to have regular access. 

 

* For gardens, such locations should represent parts of the garden where relevant public exposure is likely, for example where there is a 

seating or play areas. It is unlikely that relevant public exposure would occur at the extremities of the garden boundary, or in front 

gardens, although local judgement should always be applied. 

 

The receptors considered were chosen based on locations where people may be located and judged in terms 

of the likely duration of their exposure to pollutants and proximity to the site, following the guidance given 

above. Details of the locations of human receptors are given in Table 2.13 and Figure 2.8. 
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Table 2.13  Human receptors used in modelling 

Receptor ID Description Easting (m) Northing (m) Height (m) 

H01 Coatham 458901 525058 1.6 

H02 Dormanstown 457879 523649 1.6 

H03 Grangetown 455119 520803 1.6 

H04 South Bank 453787 520846 1.6 

H05 Port Clarence 450088 521648 1.6 

H06 Billingham 447139 523269 1.6 

H07 Billigham St Michael's School 447184 524588 1.6 

H08 Newton Bewley 446639 526716 1.6 

H09 Greatham 449804 526832 1.6 

H10 Seaton Carew 452310 528818 1.6 

Figure 2.8 Human receptors used in modelling 

 

Contains Ordnance Survey data © Crown copyright and database right 2019 

Ecological receptors 

The Environment Agency’s (EA) ‘Air emissions risk assessment for your environmental permit’ provides 

guidance on appropriate screening distances for biodiversity sites. The guidance states: 
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“Check if there are any of the following within 10 km of your site (or within 15 km for coal or oil-fired power 

stations): 

⚫ Special protection areas (SPAs); 

⚫ Special areas of conservation (SACs); and 

⚫ Ramsar sites (protected wetlands). 

Check if there are any of the following within 2 km of your site: 

⚫ Sites of special scientific interest (SSSIs); and 

⚫ Local nature sites (ancient woods, local wildlife sites and national and local nature reserves). 

Some larger (greater than 50 megawatt) emitters may be required to screen to 15 km for European sites and to 

10 km or 15 km for SSSIs.” 

Using this guidance, ecological sites have been reviewed for assessment. The following designated sites have 

been identified that meet these criteria: 

⚫ Teesmouth and Cleveland Coast SPA, Proposed Ramsar site and SSSI; 

⚫ Teesmouth and Cleveland Coast Extension Potential SPA; and 

⚫ Teesmouth National Nature Reserve. 

There are also numerous local nature sites within 2 km of the installation, but most of these are covered by 

higher designations such as the SSSI. One local nature site is outside the SSSI, namely the Reclamation Pond 

west of oil refinery, which is reported as having waterbirds and otter. 

Representative receptors for these sites are given in Table 2.14 and Figure 2.9, which also shows the 

boundary of the SSSI (which includes the SPA and Proposed Ramsar sites). 

Table 2.14  Ecological receptors used in modelling 

Receptor ID Description Easting (m) Northing (m) Height (m) 

E01 Teesmouth and Cleveland Coast 451467 523503 0 

E02 Teesmouth and Cleveland Coast 451517 523883 0 

E03 Teesmouth and Cleveland Coast 451847 524363 0 

E04 Teesmouth and Cleveland Coast 452259 525371 0 

E05 Teesmouth and Cleveland Coast 453385 525376 0 

E06 Teesmouth and Cleveland Coast 453620 525240 0 

E07 Teesmouth and Cleveland Coast 453873 525272 0 

E08 Teesmouth and Cleveland Coast 454339 525154 0 

E09 Teesmouth and Cleveland Coast 454361 524471 0 

E10 Teesmouth and Cleveland Coast 453991 524209 0 

E11 Teesmouth and Cleveland Coast 453878 523947 0 

E12 Teesmouth and Cleveland Coast 453674 523386 0 
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Receptor ID Description Easting (m) Northing (m) Height (m) 

E13 Teesmouth and Cleveland Coast 452652 522328 0 

E14 Reclamation pond 452141 523539 0 

Figure 2.9 Ecological receptors used in modelling 

 

Contains Ordnance Survey data © Crown copyright and database right 2019 

2.9 Conversion of NO to NO2 

Emissions of NOX from combustion processes are predominantly in the form of NO. Excess oxygen in the 

combustion gases and further atmospheric reactions cause the oxidation of NO to NO2. NOX chemistry in the 

lower troposphere is strongly interlinked in a complex chain of reactions involving VOCs and Ozone (O3). Two 

of the key reactions interlinking NO and NO2 are detailed below:  
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where hν is used to represent a photon of light energy (i.e. sunlight). 

Taken together, reactions R1 and R2 produce no net change in O3 concentrations, and NO and NO2 adjust to 

establish a near steady state reaction (photo-equilibrium). However, the presence of VOCs and CO in the 

atmosphere offer an alternative production route of NO2 for photolysis, allowing O3 concentrations to 

increase during the day with a subsequent decrease in the NO2:NOX ratio. 

However, at night, the photolysis of NO2 ceases, allowing reaction R2 to promote the production of NO2, at 

the expense of O3, with a corresponding increase in the NO2:NOX ratio. 

Near to an emission source of NO, the result is a net increase in the rate of reaction R2, suppressing O3 

concentrations immediately downwind of the source, and increasing further downwind as the concentrations 

of NO begin to stabilise to typical background levels. 

Given the complex nature of NOX chemistry, the Environment Agency’s Air Quality Modelling and Assessment 

Unit (AQMAU) have adopted a pragmatic, risk-based approach in determining the conversion rate of NO to 

NO2 which dispersion model practitioners can use in their detailed assessments (Environment Agency, no 

date). AQMAU guidance advises that the source term should be modelled as NOX (as NO2) and then suggests 

a tiered approach when considering ambient NO2:NOX ratios: 

⚫ Screening Scenario: 50% and 100% of the modelled NOX process contributions should be used 

for short-term and long-term average concentration, respectively. That is, 50% of the predicted 

NOX concentrations should be assumed to be NO2 for short-term assessments and 100% of the 

predicted NOX concentrations should be assumed to be NO2 for long-term assessments; 

⚫ Worst Case Scenario: 35% and 70% of the modelled NOX process contributions should be used 

for short-term and long-term average concentration, respectively. That is, 35% of the predicted 

NOX concentrations should be assumed to be NO2 for short-term assessments and 70% of the 

predicted NOX concentrations should be assumed to be NO2 for long-term assessments; and 

⚫ Case Specific Scenario: Operators are asked to justify their use of percentages lower than 35% 

for short-term and 70% for long-term assessments in their application reports. 

In line with the AQMAU guidance, this assessment has adopted the ‘Worst Case Scenario’ approach in 

determining the conversion rate of NO to NO2 as a robust assumption. The ‘Screening Scenario’ factors are 

only applicable for screening assessments using the H1 software tool, not once a decision has been made to 

progress to detailed modelling. Use of the screening scenario approach in detailed assessments, particularly 

the assumption of 100% conversion to NO2 would, effectively, require perpetual darkness and a non-limiting 

ozone concentration, to ensure that photolysis of NO2 does not take place (i.e. reaction R1 ceases) and that 

the equilibrium shifts reaction R2 to completion. These conditions, quite obviously, could not occur in reality 

and their use in anything other than a basic, screening assessment, is unrealistic and overly pessimistic. 

2.10 Deposition 

The predominant route by which emissions to air affect land is by deposition of atmospheric emissions. 

Ecological receptors can potentially be sensitive to the deposition of pollutants, particularly nitrogen and 

sulphur compounds, which can affect the character of the habitat through eutrophication and acidification. 

Deposition processes in the form of dry and wet deposition remove material from a plume and alter the 

plume concentration. Dry deposition occurs when particles are brought to the surface by gravitational 

settling and turbulence. They are then removed from the atmosphere by deposition on the land surface. Wet 

deposition occurs due to rainout scavenging (within clouds) and washout scavenging (below clouds) of the 

material in the plume. These processes lead to a variation with downwind distance of the plume strength and 

may alter the shape of the vertical concentration profile as dry deposition only occurs at the surface. 
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Near to sources of pollutants (<2 km), dry deposition is generally the predominant removal mechanism for 

pollutants such as NOX, SO2 and NH3 (Fangmeier et al. 1994; Environment Agency, 2011). Dry deposition may 

be quantified from the near-surface plume concentration and the deposition velocity (Chamberlin and 

Chadwick, 1953): 

 Fd = vd C(x,y,0) 

where:  

 Fd = dry deposition flux (µg m−2 s−1)  

 vd = deposition velocity (m s−1)  

 C(x,y,0) = ground level concentration in air (µg m−3) 

EA guidance AQTAG06 (Environment Agency, 2011) recommends deposition velocities for various pollutants 

dependent upon the habitat type, reproduced as Table 2.15. 

Table 2.15  EA recommended deposition velocities 

Pollutant Deposition velocity (m s−1) 

Grassland Forest 

NO2 0.0015 0.003 

SO2 0.012 0.024 

HCl 0.025 0.06 

NH3 0.02 0.03 

HNO3 0.04 0.04 

SO4
2- (sulphate aerosol) 0.01 0.01 

 

For this assessment, the only ecological sites identified for assessment are coastal, so the “grassland” 

deposition velocities from Table 2.15 are used for all ecological receptors. 

In order to assess the impacts of deposition, habitat-specific critical loads and critical levels have been 

created. These are generally defined similarly to: 

“...a quantitative estimate of exposure to one or more pollutants below which significant harmful effects on 

specified sensitive elements of the environment do not occur according to present knowledge.” (e.g. Nilsson and 

Grennfelt, 1988). 

It is important to distinguish between a critical load and a critical level. The critical load relates to the quantity 

of a material deposited from air to the ground, whilst critical levels refer to the concentration of a material in 

air. The UK Air Pollution Information Service (APIS) provides critical load data for designated ecological sites 

(SPAs, SACs and SSSIs) in the UK. 

The critical loads used to assess the impact of compounds deposited to land which result in eutrophication 

and acidification are expressed in terms of kilograms of nitrogen deposited per hectare per year 

(kg N ha−1 y−1) and kilo-equivalents deposited per hectare per year (keq ha−1 y−1). The unit of ‘equivalents’ 

(eq) is used for the purposes of assessing acidification, rather than a unit of mass. The unit eq (1 keq = 

1,000 eq) refers to molar equivalent of potential acidity resulting from (for example) sulphur and oxidised and 

reduced nitrogen, as well as base cations. Essentially, it means ‘moles of charge’ and is a measure of how 

acidifying a particular chemical species can be. 
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To convert the predicted concentration in air of NO2, SO2, NH3, or HNO3, the following formula is used: 

 DRi = Ci vdi fi 

where:  

 DRi = annual deposition of N or S (kg N ha−1 y−1 or kg S ha−1 y−1)  

 Ci = annual mean concentration of the i’th chemical species (µg m−3)  

 vdi = deposition velocity of i’th species (Table 2.15) 

 fi = factor to convert from µg m−2 s−1 to kg ha−1 y−1 for the i’th species (Table 2.16). 

Table 2.16 provides the relevant fi conversion factors as extracted from AQTAG06 (Environment Agency, 

2011). 

Table 2.16  EA factors for converting modelled deposition rates 

Pollutant Conversion factor 

(µg m−2 s−1 to kg ha−1 y−1) 

Element Factor fi 

NO2 N 96 

SO2 S 157.7 

HNO3 N 70.1 

NH3 N 259.7 

 

In order to convert deposition of N or S to acid equivalents, the following relationships can be used: 

 1 keq ha−1 y−1 = 14 kg N ha−1 y−1; and 

 1 keq ha−1 y−1 = 16 kg S ha−1 y−1. 

With respect to wet deposition, Environment Agency (2011) states: 

“It is considered that wet deposition of SO2, NO2 and NH3 is not significant within a short range.” 

Therefore, the assessment only considers dry deposition of nutrifying and acidifying N and S compounds. 

2.11 Special treatments 

Other treatments 

Specialised model treatments, for short-term (puff) releases, fluctuations or photochemistry were not used in 

this assessment. 

2.12 Existing ambient air quality data 

Most information on ambient air quality relates to those pollutants of national concern, NO2, PM10 and PM2.5. 

This provides useful baseline information for assessing the impacts of the boilers. There is much less 

information on ambient VOC concentrations, which are normally of little concern except close to specific 

sources of these pollutants. 
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Local Air Quality Management 

Under Part IV of the Environment Act 1995, Stockton-on-Tees Borough Council and other local authorities 

are required to periodically review and assess air quality within their areas of jurisdiction. This process of 

Local Air Quality Management (LAQM) is an integral process for achieving national air quality objectives 

(AQOs).  

Review and assessments of local air quality aim to identify areas where national policies to reduce vehicle 

and industrial emissions are unlikely to result in air quality meeting the Government’s air quality objectives by 

the required dates. 

Where the assessment indicates that some or all of the objectives may be potentially exceeded, the Local 

Authority has a duty to declare an Air Quality Management Area (AQMA). The declaration of an AQMA 

requires the Local Authority to implement an Air Quality Action Plan (AQAP) to reduce air pollution 

concentrations so that the required AQOs are met. 

None of the local authorities around the installation — Stockton-on-Tees, Redcar and Cleveland, 

Middlesbrough and Hartlepool District Councils — has declared any AQMAs. 

Monitoring data 

The monitoring carried out by the four local authorities around the installation has been reviewed, based on 

the information in their latest published Annual Status Reports (Stockton-on-Tees District Council 2020; 

Redcar and Cleveland District Council 2020; Middlesbrough District Council 2020; Hartlepool District Council 

2018). 

No monitoring is carried out close to the installation, but there are a number of NO2 monitors which are 

representative of the human receptors closest to the installation. These are summarised in Table 2.17 and 

Table 2.18. Excluding roadside and kerbside locations, where concentrations are highly dependent on local 

traffic flows, speeds and congestion levels, the average concentrations are in the range 11–24 µg m−3. These 

are typical for urban background locations in towns of this size in England. 

Table 2.17  NO2 monitoring site details 

Local Authority ID Name Type Classification X Y Distance from 

installation 

(km) 

Redcar R33 Zetland Primary 

School 

Diffusion tube Roadside 460818 524938 7.4 

Redcar R41 Mersey Road Diffusion tube Roadside 459695 524553 6.3 

Redcar R40 Keilder Close Diffusion tube Roadside 459909 522873 6.7 

Redcar Dorman 

stown 

Dormanstown Continuous Suburban 458379 523486 5.1 

Redcar R17 Dormanstown Diffusion tube Suburban 458379 523486 5.1 

Redcar R18 Dormanstown Diffusion tube Suburban 458379 523486 5.1 

Redcar R19 Dormanstown Diffusion tube Suburban 458379 523486 5.1 

Redcar R27 West Lane, 

Grangetown 

Diffusion tube Roadside 454712 520678 3.9 
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Local Authority ID Name Type Classification X Y Distance from 

installation 

(km) 

Redcar R26 South Bank, Trunk 

Road 

Diffusion tube Roadside 453142 520836 3.5 

Redcar R42 Primrose Court Diffusion tube Roadside 453834 519869 4.5 

Redcar R43 Normanby Road Diffusion tube Roadside 453964 519621 4.8 

Middlesbrough BH Breckon Hill 

(AURN) 

Continuous Urban 

Background 

450506 519620 5.5 

Middlesbrough ES Elm Street (Local) 

closed in 2016 

Continuous Urban Centre 449700 520300 5.5 

Middlesbrough M2 Saxon Close Diffusion tube Roadside 451059 520133 4.8 

Middlesbrough M3 White Street Diffusion tube Kerbside 451306 519425 5.4 

Middlesbrough M4 Alexander Terrace Diffusion tube Roadside 452021 519435 5.1 

Middlesbrough M14 Linthorpe/Granville 

Road 

Diffusion tube Roadside 449268 519482 6.4 

Middlesbrough M15 Borough Rd 

Medical Centre 

(Façade) 

Diffusion tube Roadside 450044 519926 5.6 

Middlesbrough M17 Centre Square, 

Albert Rd 

Diffusion tube Roadside 449565 520220 5.6 

Middlesbrough M18 Newport 

Road/Wilson Street 

Diffusion tube Roadside 449161 520411 5.8 

Middlesbrough M20 Breckon Hill AURN Diffusion tube Urban 

Background 

450506 519620 5.5 

Middlesbrough M21 Breckon Hill AURN Diffusion tube Urban 

Background 

450506 519620 5.5 

Middlesbrough M22 Breckon Hill AURN Diffusion tube Urban 

Background 

450506 519620 5.5 

Middlesbrough M23 Crown Square 

Higher 

Diffusion tube Roadside 449451 520632 5.4 

Stockton UKA 

00153 

Billingham Continuous Industrial 446928 523597 6.5 

Stockton Stockton 

Road 

Stockton Road 

(local) 

Continuous Roadside 450300 529700 6.2 

Hartlepool S2 Catcote Road Diffusion tube Roadside 449400 530100 7.0 
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Table 2.18  Monitored annual mean NO2 (µg m−3) 

ID 2014 2015 2016 2017 2018 2019 Average 

R33 - - - 16.6 18.6 - 17.6 

R41 - - - - 20.2 19.4 19.8 

R40 - - - - 16.5 11.8 14.2 

Dormanstown 12.8 12.7 11 12 10 9 11.3 

R17 - 12.7 13.5 13.9 17.9 17.4 15.1 

R18 - 12.5 12.9 14.2 17.3 16.5 14.7 

R19 - 12.2 13.2 14.8 17.5 15.2 14.6 

R27 30.6 30 26.4 25.5 29.8 24.8 27.9 

R26 23.1 21.9 20.5 19.8 24.7 19.5 21.6 

R42 - - - - 16.6 14.9 15.8 

R43 - - - - 16.1 15.2 15.7 

BH 20.3 15.7 18.1 13.1 14.5 16.1 16.3 

ES 22.5 22.3 26 - -  - 23.6 

M2 - 17.9 22.5 18.5 20.8 18.0 19.5 

M3 - 26.6 27.8 28.1 29.4 26.1 27.6 

M4 - 21.4 25 21.4 24.4 20.7 22.6 

M14 - 27.3 33.3 29.7 33.2 28.5 30.4 

M15 - 19.8 23.4 20.9 24.3 20.4 21.8 

M17 - 24.3 26.2 22.7 26.3 22.4 24.4 

M18 - ~ 35.7 32.5 33.2 31.3 33.2 

M20 - 16.3 17.8 17 20.8 19.9 18.4 

M21 - 15.5 18.1 16.5 20.7 19.8 18.1 

M22 - 17.7 18 17.7 21 19.5 18.8 

M23 - - - 40.7 31 30.9 34.2 

UKA00153 22 19 20 18.2 17.3 16.5 18.8 

Stockton Road 19.4 15.5 16.9 18.5 - - 17.6 

S2 18 - - - - - 18.0 
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Mapped background concentrations and deposition rates 

Defra maintains a nationwide model (the Pollution Climate Mapping (PCM) model) of existing and future 

background air quality concentrations at a 1 km grid square resolution. The data sets include annual average 

concentration estimates for NOX, NO2, PM10, PM2.5, CO, SO2 and benzene. The PCM model is semi-empirical 

in nature: it uses data from the national atmospheric emissions inventory (NAEI) to model the concentrations 

of pollutants at the centroid of each 1 km grid square but then calibrates these concentrations in relation to 

actual monitoring data. 

Similarly, the APIS database provides estimated background concentrations of NOX and SO2, as well as 

background deposition rates of nitrogen and sulphur, using the Concentration Based Estimated Deposition 

(CBED) model but on a coarser 5 km grid square resolution.  

As an existing installation, contributions from the existing installation are already reflected in both the PCM 

and CBED estimates. Consequently, there is an element of ‘double-counting’ with the use of these data.   

Annual mean background data from the PCM model for the receptors considered in this study, for the year 

2020, is given in Table 2.19. The NO2 mapped background data compares well with the monitored diffusion 

tube data for the human receptors, with the Defra modelled concentrations generally being slightly higher 

than the average monitored data. 

Table 2.19  Defra annual mean concentrations, 2020 (µg m−3) 

Receptor ID NOX NO2 CO 

H01 18.6 13.2 266 

H02 20.2 14.2 265 

H03 19.0 13.6 296 

H04 21.7 15.3 318 

H05 23.5 16.3 331 

H06 17.9 12.9 312 

H07 19.8 14.1 305 

H08 15.1 11.2 291 

H09 14.1 10.4 278 

H10 16.0 11.6 262 

E01 17.8 12.8 276 

E02 17.8 12.8 276 

E03 23.5 16.1 271 

E04 19.3 13.7 264 

E05 36.3 22.7 259 

E06 36.3 22.7 259 

E07 36.3 22.7 259 
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Receptor ID NOX NO2 CO 

E08 49.7 28.4 259 

E09 47.0 27.3 263 

E10 29.6 19.4 264 

E11 24.9 16.9 290 

E12 24.9 16.9 290 

E13 23.9 16.4 311 

E14 18.2 13.0 273 

 

Table 2.20 presents the mapped background deposition rates of nitrogen and sulphur from APIS. 

Table 2.20  Background deposition rates of nitrogen and sulphur 

Receptor ID Nitrogen 

deposition 

(kg N ha−1 y−1) 

Acid deposition (N 

component) 

(keq ha−1 y−1) 

Acid deposition (S 

component) 

(keq ha−1 y−1) 

E01 13.30 0.95 0.22 

E02 13.30 0.95 0.22 

E03 13.30 0.95 0.22 

E04 12.04 0.86 0.27 

E05 12.04 0.86 0.27 

E06 12.04 0.86 0.27 

E07 12.04 0.86 0.27 

E08 12.04 0.86 0.27 

E09 13.30 0.95 0.22 

E10 13.30 0.95 0.22 

E11 13.30 0.95 0.22 

E12 13.30 0.95 0.22 

E13 13.30 0.95 0.22 

E14 13.30 0.95 0.22 

Background concentrations used in the assessment 

Annual mean background concentrations and deposition rates for the receptors considered in the 

assessment have used the mapped PCM and APIS estimates, presented in Table 2.19 and Table 2.20, for NO2, 

CO, NOX, nitrogen deposition and acid deposition. Background concentrations of all VOCs are assumed to be 

zero. 
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The annual average process contribution is added to the annual average background concentration to give a 

total concentration at each receptor location. This total concentration can then be compared against the 

relevant Air Quality Assessment Level (AQAL) and the likelihood of an exceedance determined. 

It is not technically rigorous to add predicted short-term or percentile concentrations to ambient background 

concentrations, since peak contributions from different sources would not necessarily coincide at the same 

time or at the same location. Without hourly ambient background monitoring data available it is difficult to 

make an assessment against the achievement or otherwise of the short-term assessment criteria. For the 

current assessment, conservative short-term ambient levels have been derived by applying a factor of two to 

the annual mean background data as per the recommendation in Environment Agency (2016) guidance. 

2.13 Sensitivity analysis and uncertainty 

Process emissions have been modelled under the worst-case operational scenario using the standard steady 

state algorithms in ADMS to determine the impact on local human and ecological receptors. In order to 

model atmospheric dispersion using standard Gaussian methods, the following assumptions and limitations 

have to be made: 

⚫ Conservation of mass - the entire mass of emitted pollutant remains in the atmosphere and no 

allowance is made for loss due to chemical reactions or deposition processes (although the 

standard Gaussian model can be modified to include such processes). Portions of the plume 

reaching the ground are assumed to be dispersed back away from the ground by turbulent 

eddies (eddy reflection); 

⚫ Steady state emissions - emission rates are assumed to be constant and continuous over the 

time averaging period of interest; and 

⚫ Steady state meteorology - no variations in wind speed, direction or turbulent profiles occur 

during transport from the source to the receptor. This assumption is reasonable within a few 

kilometres of a source but may not be valid for receptor distances in the order of tens of 

kilometres. For example, for a receptor 50 km from a source and with a wind speed of 5 m/s it 

will take nearly three hours for the plume to travel this distance during which time many 

different processes may change (e.g., the sun may rise or set, and clouds may form or dissipate 

affecting the turbulent profiles). For this reason, Gaussian models are practically limited to 

predicting concentrations within ~20 km of a source. 

As a result of the above, and in combination with other factors, not least attempting to replicate stochastic 

processes (e.g., turbulence) by deterministic methods, dispersion modelling is inherently uncertain, but is 

nonetheless a useful tool in plume footprint visualisation and prediction of ground level concentrations. The 

use of dispersion models has been widely used in the UK for both regulatory and compliance purposes for a 

number of years and is an accepted approach for this type of assessment. The model used has also 

undergone extensive validation. 

The assessment has incorporated a number of worst-case assumptions, which will likely result in an 

overestimation of the predicted ground level concentrations. As a result of these worst-case assumptions, the 

predicted results should be considered the upper limit of model uncertainty for a scenario where the actual 

site impact is determined. These worst-case assumptions include: 

⚫ Assuming that the combustion plant operate continuously at maximum duty throughout the 

year;  

⚫ Emissions from the new boiler have been modelled at the BAT Associated Emission Level (BAT-

AEL) in the absence of actual monitored data; 
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⚫ Emissions of each of the VOCs from A1/3 have been assumed to be at the ELV for VOCs as a 

whole; 

⚫ Emissions of each of the VOCs from the other stacks have been assumed to be at the 

monitored value for VOCs as a whole; and 

⚫ Reporting results from the year(s) producing the highest predicted impacts at receptors from 5 

years of meteorological data.  

However, sensitivity analysis is an important component of any model assessment, since it helps to identify 

the magnitude of potential uncertainty in model predictions. Various sensitivity analyses have been 

undertaken to identify the uncertainty in model predictions in relation to the following inputs: 

⚫ Meteorology;  

⚫ Buildings;  

⚫ Surface roughness; and 

⚫ Coastal effects. 

Results are presented in Section 4.4. 
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3. Assessment criteria 

3.1 Relevant legislation, policy and guidance 

EU legislation 

Directive 2008/50/EC on Ambient Air Quality and Cleaner Air for Europe 

Directive 2008/50/EC (the ‘Directive’), which came into force in June 2008, consolidates existing EU-wide air 

quality legislation (with the exception of Directive 2004/107/EC) and provides a new regulatory framework for 

PM2.5. 

The Directive sets limits or target levels for selected pollutants that are to be achieved by specific dates and 

details procedures EU Member States should take in assessing ambient air quality. The limit and target levels 

relate to concentrations in ambient air. At Article 2(1), the Directive defines ambient air as: 

“…outdoor air in the troposphere, excluding workplaces as defined by Directive 89/654/EEC where 

provisions concerning health and safety at work apply and to which members of the public do not 

have regular access.” 

In accordance with Article 2(1), Annex III, Part A, paragraph 2 details locations where compliance with the 

limit values does not need to be assessed: 

“Compliance with the limit values directed at the protection of human health shall not be assessed 

at the following locations: 

a) any locations situated within areas where members of the public do not have access and there 

is no fixed habitation; 

b) in accordance with Article 2(1), on factory premises or at industrial installations to which all 

relevant provisions concerning health and safety at work apply; and 

c) on the carriageway of roads; and on the central reservation of roads except where there is 

normally pedestrian access to the central reservation.” 

UK legislation, policy and guidance 

The Environment Act 1995 

Part IV of the Environment Act 1995 requires that Local Authorities periodically review air quality within their 

individual areas. This process of Local Air Quality Management (LAQM) is an integral part of delivering the 

Government’s AQOs. 

To carry out an air quality Review and Assessment under the LAQM process, the Government recommends a 

three-stage approach. This phased review process uses initial simple screening methods and progresses 

through to more detailed assessment methods of modelling and monitoring in areas identified to be at 

potential risk of exceeding the objectives in the Regulations. 

Review and assessments of local air quality aim to identify areas where national policies to reduce vehicle 

and industrial emissions are unlikely to result in air quality meeting the Government’s air quality objectives by 

the required dates. 
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For the purposes of determining the focus of Review and Assessment, Local Authorities should have regard 

to those locations where members of the public are likely to be regularly present and are likely to be exposed 

over the averaging period of the objective. 

Where the assessment indicates that some or all of the objectives may be potentially exceeded, the Local 

Authority has a duty to declare an AQMA. The declaration of an AQMA requires the Local Authority to 

implement an Air Quality Action Plan (AQAP), to reduce air pollution concentrations so that the required 

AQOs are met. 

The Air Quality Standards Regulations 2010 

The Air Quality Standards Regulations 2010 (the ‘Regulations’) came into force on the 11 June 2010 and 

transpose Directive 2008/50/EC into UK legislation. The Directive’s limit values are transposed into the 

Regulations with attainment dates in line with the Directive. These limit values are commonly referred to as 

Air Quality Standards (AQS). 

These limit values are legally binding concentrations of pollutants in the atmosphere which can broadly be 

taken to achieve a certain level of environmental quality. The standards are based on the assessment of the 

effects of each pollutant on human health including the effects of sensitive groups or on ecosystems. 

Similarly to Directive 2008/50/EC, the Regulations define ambient air as; 

“…outdoor air in the troposphere, excluding workplaces where members of the public do not have 

regular access.”  

with direction provided in Schedule 1, Part 1, Paragraph 2 as to where compliance with the AQS’ does not 

need to be assessed: 

“Compliance with the limit values directed at the protection of human health does not need to be 

assessed at the following locations:  

a) any location situated within areas where members of the public do not have access and there is 

no fixed habitation;  

b) on factory premises or at industrial locations to which all relevant provisions concerning health 

and safety at work apply; and 

c) on the carriageway of roads and on the central reservation of roads except where there is 

normally pedestrian access to the central reservation.”  

The Air Quality Strategy for England, Scotland, Wales and Northern Ireland 

The 2007 Air Quality Strategy for England, Scotland, Wales and Northern Ireland provides a framework for 

improving air quality at a national and local level and supersedes the previous strategy published in 2000. It 

imposes a number of obligations on local authorities to manage air quality but does not directly impose 

obligations on developers. 

Central to the Air Quality Strategy are health-based criteria for certain air pollutants; these criteria are based 

on medical and scientific evidence on how and at what concentration each pollutant affects human health. 

The Air Quality Objectives (AQOs) derived from these criteria are policy targets often expressed as a 

maximum ambient concentration not to be exceeded, either without exception or with a permitted number 

of exceedances, over a specified averaging period. At paragraph 22 of the 2007 Air Quality Strategy, the 

point is made that the objectives are: 

“…a statement of policy intentions or policy targets. As such, there is no legal requirement to meet these 

objectives except where they mirror any equivalent legally binding limit values in EU legislation.” 
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Clean Air Strategy 2019 

The Clean Air Strategy 2019 was issued by Defra to describe the government’s approach to tackling air 

pollution in England. It runs parallel to the Air Quality Strategy but proposes that the Local Air Quality 

Management (LAQM) may be overhauled in future. It increases the emphasis on ammonia and PM2.5 as 

pollutants of concern, including a commitment to halve the population living in areas with concentrations of 

fine particulate matter above World Health Organization (WHO) guideline levels (10 µg m−3) by 2025. 

National Planning Policy Framework (NPPF) 

The NPPF is a key part of the government’s reforms to make the planning system less complex and more 

accessible. The framework acts as guidance for local planning authorities and decision-takers, both in 

drawing up plans and making decisions about planning applications. 

Paragraph 181 of the NPPF states: 

“Planning policies and decisions should sustain and contribute towards compliance with relevant limit values or 

national objectives for pollutants, taking into account the presence of Air Quality Management Areas and Clean 

Air Zones, and the cumulative impacts from individual sites in local areas. Opportunities to improve air quality 

or mitigate impacts should be identified, such as through traffic and travel management, and green 

infrastructure provision and enhancement. So far as possible these opportunities should be considered at the 

plan-making stage, to ensure a strategic approach and limit the need for issues to be reconsidered when 

determining individual applications. Planning decisions should ensure that any new development in Air Quality 

Management Areas and Clean Air Zones is consistent with the local air quality action plan.” 

Further detail in relation to air quality is contained in the air quality section of the planning practice guidance 

website. 

EPR Permit – Stack Height Assessment 

The EA’s ‘EPR Permit - Stack Height Assessment’ internal draft guidance discusses options for assessing 

whether a proposed stack height represents BAT. The guidance states it has been specifically developed for 

stacks associated with waste incineration plant but is also applicable to other sectors. 

The technical note has been developed exclusively for supporting internal discussions and has not been 

drafted in a form suitable for communication with external stakeholders. 

Other guideline values 

In the absence of statutory standards for the other prescribed substances that may be found in the 

emissions, there are several sources of applicable air quality guidelines. 

Air Quality Guidelines for Europe, the World Health Organisation (WHO) 

The aim of the WHO Air Quality Guidelines for Europe (WHO, 2000) is to provide a basis for protecting public 

health from adverse effects of air pollutants and to eliminate or reduce exposure to those pollutants that are 

known or likely to be hazardous to human health or well-being. These guidelines are intended to provide 

guidance and information to international, national and local authorities making risk management decisions, 

particularly in setting air quality standards. 

Environment Agency assessment levels: VOCs 

The Environment Agency (EA) guidance note “Air emissions risk assessment for your environmental permit”  

(EA 2016) contains long- and short-term environmental assessment levels (EALs) for releases to air derived 

from a number of published UK and international sources. It gives EALs for acetonitrile and acetic acid. 
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The Health and Safety Executive (HSE 2020) publishes Workplace Exposure Limits (WELs) for a range of VOCs, 

including dichloromethane, ethanol and triethylamine, for 8-hour and 15-minute exposure periods. No 

15-minute WEL for ethanol is given, so this is derived by multiplying the 8-hour WEL by 3. Annual EALs can 

be derived by dividing the 8-hour WEL by 100. Hourly EALs can be derived by diving the 15-minute WEL by 

10. 

These EALs, from EA (2016) and derived from HSE (2020) WELs, have been used in the assessment and are 

given in Table 3.2 below. 

Environment Agency assessment levels: NOX 

As well as repeating the AQSs and AQOs, the guidance note includes a target of 75 µg m−3 for the maximum 

daily mean oxides of nitrogen (NOX) at ecological receptors. This is based on guidance from the WHO 

produced in 2000, which states: 

“Experimental evidence exists that the CLE [critical level] decreases from around 200 µg m−3 to 75 µg m−3 

when in combination with O3 or SO2 at or above their critical levels. In the knowledge that short-term 

episodes of elevated NOX concentrations are generally combined with elevated concentrations of O3 or SO2, 

75 µg m−3 is proposed for the 24 h mean.” 

In general, current conditions in the UK are such that elevated concentrations of ozone (O3) or sulphur 

dioxide (SO2) are rare. In particular, SO2 levels are much lower than they were in 2000 when the WHO 

guidance was written, UK emissions having fallen by 86% from 1.29 Mt to 0.17 Mt between 2000 and 2017 

(Defra 2019). As such, it is considered that 200 µg m−3 is the more appropriate assessment level for daily 

mean NOX. This has been accepted by regulators including Natural England (NE), the EA and Natural 

Resources Wales in relation to air quality assessments for other development applications. 

3.2 Air quality impacts of the process 

The atmospheric emissions of NOX and CO have been identified as requiring detailed dispersion modelling. 

Table 3.1 provides a brief description of the pollutants. 

Table 3.1  Summary of the pollutants assessed 

Pollutant Description and effect on human health and the 

environment 

Principal Sources 

Oxides of Nitrogen 

(NOX)  

Nitrogen dioxide (NO2) and nitric oxide (NO) are 

both collectively referred to as oxides of nitrogen 

(NOX). It is NO2 that is associated with adverse effects 

on human health. Most atmospheric emissions are in 

the form of NO which is converted to NO2 in the 

atmosphere through reactions with ozone. The 

oxidising properties of NO2 theoretically could 

damage lung tissue, and exposure to very high 

concentrations of NO2 can lead to inflammation of 

lung tissue, affect the ability to fight infection. The 

greatest impact of NO2 is on individuals with asthma 

or other respiratory conditions, but consistent 

impacts on these individuals is at levels of greater 

than 564 µg m−3, much higher than typical UK 

ambient concentrations. 

All combustion processes produce NOX emissions, 

and the principal source of NOX is road transport, 

which accounted for 34% of total UK emissions in 

2016. Emissions from power stations contributed a 

further 22%. 
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Pollutant Description and effect on human health and the 

environment 

Principal Sources 

Carbon monoxide 

(CO) 

The toxicity of CO results in it binding avidly to 

haemoglobin and thus reducing the oxygen carrying 

capacity of the blood. In very high doses, the 

restriction of oxygen to the brain and heart can be 

fatal. At lower concentrations, CO can affect higher 

cerebral function, heart function and exercise 

capacity. 

The principal source of CO is emissions from petrol 

vehicles, accounting for 54% of total UK emissions in 

2008. 

 

NO and NO2 are emitted as a result of combustion processes (from heating plant and vehicles for example). 

Chemical reactions in the atmosphere convert NO to NO2 (mostly through reaction with ozone) and vice 

versa (through photolysis during daylight hours). The sum of NO and NO2 is referred to as NOX. It is usual 

practice to treat NOX and NO2 as distinct pollutants, with the modelling process keeping track of the 

relationship between them. For example, some regulations and air quality assessment levels relate to NO2 

while others relate to NOX.  

3.3 Criteria appropriate to the assessment 

There is a large number of sources of standards against which air quality should be assessed, and these often 

use different terms for the assessment levels, including limit value, air quality standard (AQS), air quality 

objective (AQO), environmental assessment level (EAL), critical level (CLE), critical load (CL) and target. For 

simplicity, this document follows IAQM/EPUK (2017) is using the term “air quality assessment level (AQAL)”, 

or simply assessment level, to refer to any of these, unless it is useful to be more specific (e.g. to indicate the 

legal status of the AQAL). 

Table 3.2 sets out the AQALs that are relevant to this assessment. 

Table 3.2  Air Quality standards, objectives and environmental assessment levels 

Pollutant Receptors 

affected 

Origin Averaging Period Value 

NO2  Human EU Directive limit 

value 

Annual mean 40 µg m−3 

NO2  Human EU Directive limit 

value 

1-hour mean, not to be exceeded more than 18 

times a year (equivalent to 99.79th percentile) 

200 µg m−3 

CO Human EU Directive limit 

value 

8-hour mean 10,000 µg m−3 

CO Human EAL 1-hour mean 30,000 µg m−3 

Dichloromethane Human Derived from WEL Annual mean 3,530 µg m−3 

Dichloromethane Human Derived from WEL 1-hour mean 70,600 µg m−3 

Ethanol Human Derived from WEL Annual mean 19,200 µg m−3 

Ethanol Human Derived from WEL 1-hour mean 576,000 µg m−3 

Acetonitrile Human EAL Annual mean 680 µg m−3 

Acetonitrile Human EAL 1-hour mean 10,200 µg m−3 
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Pollutant Receptors 

affected 

Origin Averaging Period Value 

Triethylamine Human Derived from WEL Annual mean 80 µg m−3 

Triethylamine Human Derived from WEL 1-hour mean 1,700 µg m−3 

Acetic acid Human EAL Annual mean 250 µg m−3 

Acetic acid Human EAL 1-hour mean 3700 µg m−3 

NOX  Ecological EU Directive critical 

level 

Annual mean 30 µg m−3 

NOX  Ecological EA target Daily mean 75 µg m−3 

NOX  Ecological WHO 

recommendation 

Daily mean 200 µg m−3 * 

Nitrogen 

deposition 

Ecological Critical load Annual mean Site-specific 

Acid deposition Ecological Critical load Annual mean Site-specific 

* Where O3 and SO2 are not present above their critical levels. 

 

The critical level for daily mean NOX derives from WHO guidance, which suggests a level of 75 µg m−3 where 

ozone (O3) and SO2 are present above their critical levels. We have reviewed Defra’s monitoring data for 

ozone and SO2 for 2019 at the monitoring stations in the North-East England and Yorkshire and Humberside 

regions that measure ozone (eight stations) and/or SO2 (five stations), as well as other data sources for these 

pollutants.  

Concerning sulphur dioxide (SO2), the critical level is 20 µg m−3 for ecosystems (other than lichens, which are 

not expected to be present at sensitive locations close to the proposed installation). Monitored annual mean 

concentrations for 2019 in the two regions reviewed are between 1.36 µg m−3 (at Barnsley Gawber) and 

2.67 µg m−3 (at Scunthorpe Town). Defra has not produced background maps of SO2 since 2001, since it is 

considered not to be a significant problem except in a few specific locations. APIS gives a modelled 

maximum SO2 concentration at the Teesmouth and Cleveland Coast SPA of 4.77 µg m−3. Concentrations of 

SO2 are therefore less than 25% of the critical level throughout the designated site. Even if the lower critical 

level of 10 µg m−3 was applied, SO2 concentrations would still be less than 50% of the critical level. 

Concerning ozone, APIS does not offer a quantitative critical level for this pollutant.  The AQS Regulations 

have two values for the critical level as a May–July AOT40, namely a Target Value of 18,000 µg m−3 h and a 

long-term objective of 6000 µg m−3 h, the latter corresponding to the guideline value proposed by WHO of 

3 ppm h for crops. Environment Agency guidance quotes a critical level of 18,000 µg m−3 h. Monitored 

AOT40 concentrations for 2019 in the two regions reviewed vary widely between 932 µg m−3 h at Sheffield 

Devonshire Green and 6986 µg m−3 h at High Muffles. Concentrations are generally much higher in rural 

locations than urban locations, as there is less of a scavenging effect due to lower concentrations of NO. Of 

the eight monitoring stations in the two regions that measure ozone, only one has an AOT40 above 

6000 µg m−3 h (High Muffles). The closest monitoring stations to the proposed installation are 

Middlesbrough and Sunderland Silksworth, and the AOT40 at these sites is 1808 µg m−3 h and 1527 µg m−3 h 

respectively. Concentrations of ozone in the vicinity of the proposed installation are therefore considered 

very unlikely to exceed the critical level.  

It is therefore concluded from the available monitoring and modelling data that predicted environmental 

concentrations of both SO2 and ozone will be comfortably below their respective critical levels at the habitat 

sites in question, and therefore 200 µg m−3 is the appropriate value for the daily NOX critical level.  
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Critical loads 

Eutrophication critical loads are given as a range and have units of kgN/ha/y. Generally, the lower end of the 

range should be used as a conservative assessment. The critical loads for acidification are more complicated, 

in that both the nitrogen and sulphur deposition fluxes must be considered at the same time. Therefore, a 

critical load function is specified for acidification, via the use of three critical load parameters:  

⚫ CLmaxS – the maximum critical load of sulphur, above which the deposition of sulphur alone 

would be considered to lead to an exceedance; 

⚫ CLminN – a measure of the ability of a system to “consume” deposited nitrogen (e.g. via 

immobilisation and uptake of the deposited nitrogen); and 

⚫ CLmaxN – the maximum critical load of acidifying nitrogen, above which the deposition of 

nitrogen alone would be considered to lead to an exceedance. 

These three quantities define the critical load function shown in Figure 3.1. 

Figure 3.1 Acid deposition critical load function 

 

The Air Pollution Information System (APIS) contains information on applicable critical loads for various 

habitats and species. Critical load data extracted from APIS for the ecological receptors considered in this 

assessment is provided in Table 3.3 below. The critical loads reported are for the most sensitive qualifying 

habitat/species for that particular site and location as reported by the APIS Site Relevant Critical Load tool 

and have been used in this assessment as a conservative approach.  

Table 3.3  Minimum critical load for Nitrogen and acidity for the most sensitive areas 

Receptor ID Minimum nitrogen 

critical load 

(kg N ha−1 y−1) 

CLmaxS 

(keq ha−1 y−1) 

CLminN 

(keq ha−1 y−1) 

CLmaxN 

(keq ha−1 y−1) 

E01 10 4.1 0.4 4.5 

E02 10 4.1 0.4 4.5 

E03 10 4.1 0.4 4.5 

E04 10 N/A N/A N/A 

E05 10 N/A N/A N/A 
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Receptor ID Minimum nitrogen 

critical load 

(kg N ha−1 y−1) 

CLmaxS 

(keq ha−1 y−1) 

CLminN 

(keq ha−1 y−1) 

CLmaxN 

(keq ha−1 y−1) 

E06 10 N/A N/A N/A 

E07 10 N/A N/A N/A 

E08 10 N/A N/A N/A 

E09 10 N/A N/A N/A 

E10 10 4.1 0.4 4.5 

E11 10 4.1 0.4 4.5 

E12 10 4.1 0.4 4.5 

E13 10 4.1 0.4 4.5 

E14 N/A N/A N/A N/A 

3.4 Significance criteria 

EA guidance gives criteria for screening out source contributions in the context of environmental permit 

applications. This guidance suggests applicants first perform a screening assessment and, if the results of that 

do not meet the screening-out criteria, then perform a detailed modelling assessment. 

This guidance also introduces the terms ‘process contribution’ (PC), meaning the concentration or deposition 

rate resulting from the development activities only, excluding other sources, and ‘predicted environmental 

concentration’ (PEC), meaning the total modelled concentration, equal to the PC plus the background 

contribution from all other sources. These terms are commonly used in air quality assessments, even where 

the term ‘process’ is not strictly accurate, and so are used in this assessment with ‘process’ referring to the 

Proposed Development. The term PEC is also used to describe total deposition rates. 

For Special Protection Areas, Special Areas of Conservation, Ramsar sites and Sites of Special Scientific 

Interest (collectively referred to in this document as ‘major ecological sites’), there is no need for further 

assessment if the screening calculation finds that: 

⚫ Both the following are met: 

 the short-term PC is less than 10% of the short-term AQAL; and 

 the long-term PC is less than 1% of the long-term AQAL; 

⚫ Or: 

 the long-term PEC is less than 70% of the long-term AQAL. 

For local nature sites (ancient woodland, local wildlife sites and national and local nature reserves), emissions 

are insignificant if: 

⚫ The short-term PC is less than 100% of the short-term AQAL; and 

⚫ The long-term PC is less than 100% of the long-term AQAL. 

Following detailed dispersion modelling, no further action is required if: 
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⚫ The proposed emissions comply with Best Available Technique (BAT) associated emission levels 

(AELs) or the equivalent requirements where there is no BAT AEL; and 

⚫ The resulting PECs will not exceed AQALs. 

IAQM guidance (2020) provides further suggestions on circumstances where there is definitely an 

insignificant effect on a site in relation to the Habitats Directive. This guidance notes that the EA criteria 

above are commonly used in air quality assessments, but notes that: 

“In the IAQM’s opinion, the 1% and 10% screening criteria should not be used rigidly and, not to a numerical 

precision greater than the expression of the criteria themselves. Whilst it is straightforward to generate model 

results for the PC to any level of precision required, the accuracy of the result is much less certain and it is 

unwise to place too much emphasis on whether the PC is 0.9% or 1.1%, for example. In practice, because the 

magnitude of impacts attributable to new sources is often around 1% of the criterion, a regulator may require 

the results to be presented at greater resolution, i.e. having one (or more) decimal places. The distinction here is 

between the presentation of the model results and the weight given to fine differences around the criterion itself 

in making a judgement. 

“It is important to remember that a change of more than 1% does not necessarily indicate that a significant 

effect (or adverse effect on integrity) will occur; it simply means that the change in concentration or deposition 

rate cannot in itself be described as numerically inconsequential or imperceptible and therefore requires further 

consideration.” 
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4. Assessment of air quality effects 

This section summarises the results of the stack height assessment for stack A1/3 and the new CHP stack, as 

well as the dispersion modelling and compares predicted ground level concentrations for the whole site 

against the assessment criteria detailed in Section 3. The contribution to the predicted concentrations from 

the installation (i.e. the process contribution (PC)) are presented along with the total predicted environmental 

concentrations (PEC), which include the background contribution from sources unrelated to the installation. 

These concentrations are then compared with the relevant AQAL (standard, objective, target or guideline 

value). 

Results are presented separately for 

⚫ the existing emissions; and  

⚫ the proposed emissions, i.e. the existing emissions plus the new emissions. 

These are followed by the results of the sensitivity analyses. 

As described in Section 2.4, results were calculated separately for five different years of meteorological data 

(‘met year’). For each receptor and for each pollutant measure, the met year giving the highest concentration 

was determined, and the corresponding concentration is the one presented here. In other words, each of the 

individual results are the worst case for that measure. 

Please note that in the following sections, results are given to several decimal places. This is to enable 

comparison between receptors and between PC and PEC contributions. The number of decimal places should 

not be taken as providing any indication of the accuracy of the results.  

4.1 Stack height assessment 

VOCs 

This section sets out the results of the stack height assessment of stack A1/3 undertaken due to the increase 

in throughput. VOC concentrations were predicted for a range of stack heights from 28 m (existing stack 

height) increased in 10 m increments up to 125 m; results are presented in Table 4.1 and Table 4.2. 

It can be seen that even with the increased throughput, contribution from the proposed installation is 

extremely small at any relevant receptor and the risk of an exceedance of the AQAL is negligible at the 

existing stack height of 28 m. Annual mean concentrations are at most 0.6% of the AQAL, and hourly mean 

concentrations are at most 5.3% of the AQAL. Since the long-term PC is less than 1% of the long-term 

environmental standard, and the short-term PC is less than 10% of the short-term environmental standard, 

under EA guidance these PCs can be screened out as insignificant at all modelled stack heights. 

Table 4.1  Annual mean maximum VOC process contribution at any receptor at varying stack heights 

(proposed sources) (µg m−3) 

Stack height (m) Dichloromethane Ethanol Acetonitrile Triethylamine Acetic Acid 

28 2.83 0.77 0.33 0.50 0.89 

35 2.52 0.68 0.27 0.45 0.79 

45 2.17 0.59 0.19 0.38 0.67 
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Stack height (m) Dichloromethane Ethanol Acetonitrile Triethylamine Acetic Acid 

55 2.06 0.56 0.16 0.35 0.63 

65 1.98 0.54 0.14 0.34 0.60 

75 1.92 0.52 0.13 0.33 0.58 

85 1.88 0.51 0.12 0.32 0.57 

95 1.84 0.50 0.12 0.31 0.55 

105 1.81 0.49 0.11 0.30 0.54 

115 1.78 0.48 0.10 0.30 0.53 

125 1.76 0.48 0.10 0.29 0.52 

AQAL 3,530 19,200 528,818 80 250 

Table 4.2  Hourly mean maximum VOC process contribution at any receptor at varying stack heights 

(proposed sources) (µg m−3) 

Stack height (m) Dichloromethane Ethanol Acetonitrile Triethylamine Acetic Acid 

28 553.5 149.9 35.4 90.5 161.2 

35 485.7 131.6 29.0 77.0 137.3 

45 431.6 116.9 27.0 66.4 118.4 

55 407.7 110.4 22.5 61.5 109.7 

65 406.8 110.2 22.5 61.4 109.4 

75 406.8 110.2 20.7 61.4 109.4 

85 406.8 110.2 12.4 61.4 109.4 

95 406.8 110.2 12.4 61.4 109.4 

105 406.8 110.2 12.4 61.4 109.4 

115 406.8 110.2 12.4 61.4 109.4 

125 406.8 110.2 12.4 61.4 109.4 

AQAL 70,600 576,000 10,200 1,700 3,700 

New CHP stack 

Dispersion modelling has been used to predict concentrations of NO2 and CO at human receptor points and 

NOX, nitrogen deposition and acid deposition at sensitive ecological receptor points at stack heights starting 

at 12 m and increasing in 10 m increments to 110 m. 

In terms of human receptors, the predicted environmental concentrations (PECs) are presented in Table 4.3. It 

can be seen that at the lowest modelled stack height of 12 m there are no exceedances of the associated 

AQALs. All PCs are less than 1% of the respective AQALs. 
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Table 4.3  Maximum total PECs at any human receptor at varying stack heights (proposed sources) 

(µg m−3) 

Stack height (m) Annual mean NO2 

concentration 

(µg m−3) 

Hourly mean NO2 

concentration 

(µg m−3) 

8-hour mean CO 

concentration 

(µg m−3) 

1-hour mean CO 

concentration 

(µg m−3) 

12 16.3 33.6 674.8 678.1 

20 16.3 33.5 674.0 674.5 

30 16.3 33.5 672.6 674.4 

40 16.3 33.4 671.1 672.4 

50 16.3 33.4 669.9 671.5 

60 16.3 33.4 670.1 671.7 

70 16.3 33.3 669.1 671.4 

80 16.3 33.3 669.0 670.8 

90 16.3 33.3 668.9 670.6 

100 16.3 33.3 668.8 670.1 

110 16.3 33.3 668.8 670.1 

AQAL 40 200 10,000 30,000 

 

Concentrations of NOX and nitrogen deposition at nearby sensitive ecological receptors were also predicted. 

Firstly, the PC is calculated as a percentage of the AQAL. If the PC contributes more than 1 % of the long 

term, or 10 % of the short term AQAL, the impact cannot be screened as insignificant, but this does not mean 

impact is then considered to be significant.  

Table 4.4 shows the predicted concentrations and deposition rates at stack heights between 12 m and 110 m. 

Both maximum annual mean NOX and maximum nitrogen deposition PC exceed 1 % of their respective levels 

and loads therefore cannot be screened as insignificant at this stage.  

Table 4.4  Maximum PC at any ecological receptor at varying stack heights (proposed sources)  

Stack 

height (m) 

Maximum 

annual 

mean NOX 

PC  

(µg m−3) 

Maximum 

annual 

mean NOX 

PC  as a % 

of AQAL 

Maximum 

hourly 

mean NOX 

PC  

(µg m−3) 

Maximum 

hourly 

mean NOX 

PC  as a % 

of AQAL 

Maximum 

N dep 

(kgN/ha/yr) 

Maximum 

N dep as 

a % of 

critical 

load 

Maximum 

acid dep 

(keq/ha/y

r) 

Maximum 

acid dep 

as a % of 

critical 

load 

12 1.65 5 10.04 5 0.017 2 0.012 0.17 

20 1.53 5 9.38 5 0.015 2 0.011 0.16 

30 1.41 5 8.90 4 0.014 1 0.010 0.15 

40 1.32 4 8.63 4 0.013 1 0.010 0.14 

50 1.26 4 8.37 4 0.013 1 0.009 0.14 

60 1.21 4 8.13 4 0.012 1 0.009 0.13 
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Stack 

height (m) 

Maximum 

annual 

mean NOX 

PC  

(µg m−3) 

Maximum 

annual 

mean NOX 

PC  as a % 

of AQAL 

Maximum 

hourly 

mean NOX 

PC  

(µg m−3) 

Maximum 

hourly 

mean NOX 

PC  as a % 

of AQAL 

Maximum 

N dep 

(kgN/ha/yr) 

Maximum 

N dep as 

a % of 

critical 

load 

Maximum 

acid dep 

(keq/ha/y

r) 

Maximum 

acid dep 

as a % of 

critical 

load 

70 1.17 4 7.94 4 0.012 1 0.008 0.13 

80 1.14 4 7.81 4 0.011 1 0.008 0.13 

90 1.11 4 7.72 4 0.011 1 0.008 0.12 

100 1.09 4 7.66 4 0.011 1 0.008 0.12 

110 1.08 4 7.63 4 0.011 1 0.008 0.12 

Threshold 

for 

potential 

significance 

 >1 %  >10 %  >1 %  >1 % 

 

The next step, in line with the EA’s ‘EPR Permit - Stack Height Assessment’ internal draft guidance, is to plot a 

marginal cost curve and calculate the knee-point. Figure 4.1 show the stack height assessment graphs for 

annual mean NOX concentration (Figure 4.1). From Figure 4.1 it is calculated that the knee-point of the graph 

occurs at 44 m (calculations can be viewed in Appendix A). 

However, the EA guidance notes that the graph should not be the sole factor in determining an appropriate 

stack height. Ultimately, as referred to above, the selection of stack height is often subjective and requires 

application of expert judgement considering a number of different factors. 

Consideration should be given as to whether the total concentration or deposition exceeds the critical level 

or load at sensitive receptors. In this case for both annual mean NOX concentrations and nitrogen deposition, 

the respective background concentration and deposition rate are greater than the AQAL before the PC is 

taken into consideration. 

Therefore, it is considered appropriate to take the current conditions into account and compare emissions 

from the proposed site layout to current emissions. The greatest annual mean NOX concentration and 

nitrogen deposition as a result of the current layout of the site were predicted to be experienced by receptor 

E6 to the north-east of the site at Teesmouth and Cleveland SPA, Ramsar and SSSI (as represented by a solid 

grey line on Figure 4.1). At a stack height of 25 m predicted annual mean NOX concentration and nitrogen 

deposition would be in line with existing concentration at receptor E6 and on this basis is considered to be 

an appropriate stack height. 

In addition, Figure 4.2 shows the extent of the 1 % exceedance threshold for annual mean concentrations of 

NOX for the the existing and proposed layouts. The total area of exceedance is expected to reduce by 23 ha 

for annual mean NOX. The extent of the 1% exceedance threshold for nitrogen deposition for the existing 

layout is minimal and represents an area of 0.9ha within E6. The proposed layout does not exceed the 1% 

threshold within E6. 
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Figure 4.1 Maximum NOX PC at any ecological receptor compared to insignificance threshold and 

maximum concentration at any receptor from existing site  
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Figure 4.2 Comparison of the extent of 1 % exceedance of critical level for annual mean NOX in the existing 

and proposed site layouts 
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4.2 Existing emissions sources 

This section sets out the results of the dispersion modelling and compares predicted ground level 

concentrations due to existing emissions sources against the assessment criteria detailed in Section 3. 

Nitrogen dioxide (NO2) 

Predicted annual mean NO2 concentrations at selected receptors are given in Table 4.5. 

The contribution from the existing installation is extremely small at any relevant receptor and the risk of an 

exceedance of the AQAL is negligible. 

Table 4.5  Annual mean NO2 concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 40 0.04 13.3 0.1% 33% 

H02 40 0.04 14.3 0.1% 36% 

H03 40 0.03 13.7 0.1% 34% 

H04 40 0.04 15.4 0.1% 38% 

H05 40 0.03 16.3 0.1% 41% 

H06 40 0.01 12.9 0.0% 32% 

H07 40 0.01 14.1 0.0% 35% 

H08 40 0.01 11.2 0.0% 28% 

H09 40 0.02 10.4 0.0% 26% 

H10 40 0.05 11.7 0.1% 29% 

 

Predicted 99.79th percentile hourly mean NO2 concentrations at selected receptors are given in Table 4.6.  

The contribution from the existing installation is extremely small at any relevant receptor and the risk of an 

exceedance of the AQAL is negligible. 

Table 4.6  99.79th percentile hourly mean NO2 concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 200 0.81 27.2 0.4% 14% 

H02 200 1.24 29.7 0.6% 15% 

H03 200 1.02 28.3 0.5% 14% 

H04 200 1.19 31.9 0.6% 16% 

H05 200 0.86 33.5 0.4% 17% 

H06 200 0.50 26.3 0.3% 13% 

H07 200 0.53 28.7 0.3% 14% 
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Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H08 200 0.46 22.8 0.2% 11% 

H09 200 0.78 21.6 0.4% 11% 

H10 200 0.97 24.2 0.5% 12% 

 

Predicted maximum hourly mean NO2 concentrations at selected receptors are given in Table 4.7. There is no 

AQAL for maximum hourly mean NO2. 

Table 4.7  Maximum hourly mean NO2 concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 N/A 1.22 27.7 N/A N/A 

H02 N/A 1.67 30.1 N/A N/A 

H03 N/A 1.94 29.2 N/A N/A 

H04 N/A 1.72 32.4 N/A N/A 

H05 N/A 1.38 34.0 N/A N/A 

H06 N/A 1.09 26.9 N/A N/A 

H07 N/A 0.90 29.1 N/A N/A 

H08 N/A 1.14 23.5 N/A N/A 

H09 N/A 1.53 22.3 N/A N/A 

H10 N/A 1.36 24.6 N/A N/A 

 

Carbon monoxide (CO) 

Predicted maximum rolling 8-hour mean CO concentrations at selected receptors are given in Table 4.8. 

The contribution from the existing installation is extremely small at any relevant receptor and the risk of an 

exceedance of the AQAL is negligible. 

Table 4.8  Maximum rolling 8-hour mean CO concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 10,000 1.27 513.3 0.0% 5% 

H02 10,000 1.57 531.6 0.0% 5% 

H03 10,000 2.01 594.0 0.0% 6% 

H04 10,000 1.92 637.9 0.0% 6% 

H05 10,000 1.63 663.6 0.0% 7% 

H06 10,000 0.94 624.9 0.0% 6% 
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Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H07 10,000 1.21 611.2 0.0% 6% 

H08 10,000 1.42 583.4 0.0% 6% 

H09 10,000 1.28 557.3 0.0% 6% 

H10 10,000 1.56 525.6 0.0% 5% 

 

Predicted maximum hourly mean CO concentrations at selected receptors are given in Table 4.9. 

The contribution from the existing installation is extremely small at any relevant receptor and the risk of an 

exceedance of the AQAL is negligible. 

Table 4.9  Maximum hourly mean CO concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 30,000 1.63 513.6 0.0% 2% 

H02 30,000 2.14 532.1 0.0% 2% 

H03 30,000 2.54 594.5 0.0% 2% 

H04 30,000 2.34 638.3 0.0% 2% 

H05 30,000 1.88 663.9 0.0% 2% 

H06 30,000 1.45 625.4 0.0% 2% 

H07 30,000 1.21 611.2 0.0% 2% 

H08 30,000 1.49 583.5 0.0% 2% 

H09 30,000 2.03 558.0 0.0% 2% 

H10 30,000 1.85 525.8 0.0% 2% 

 

Dichloromethane 

Predicted annual mean dichloromethane concentrations at selected receptors are given in Table 4.10. 

The contribution from the existing installation is extremely small at any relevant receptor and the risk of an 

exceedance of the AQAL is negligible. 

Table 4.10  Annual mean dichloromethane concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 3,530 1.68 1.7 0.0% 0% 

H02 3,530 1.63 1.6 0.0% 0% 

H03 3,530 1.55 1.6 0.0% 0% 

H04 3,530 1.92 1.9 0.1% 0% 
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Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H05 3,530 1.13 1.1 0.0% 0% 

H06 3,530 0.47 0.5 0.0% 0% 

H07 3,530 0.44 0.4 0.0% 0% 

H08 3,530 0.34 0.3 0.0% 0% 

H09 3,530 0.70 0.7 0.0% 0% 

H10 3,530 1.91 1.9 0.1% 0% 

 

Predicted maximum hourly mean dichloromethane concentrations at selected receptors are given in 

Table 4.11. 

The contribution from the existing installation is extremely small at any relevant receptor and the risk of an 

exceedance of the AQAL is negligible. 

Table 4.11  Maximum hourly mean dichloromethane concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 70,600 264.33 264.3 0.4% 0% 

H02 70,600 334.35 334.3 0.5% 0% 

H03 70,600 442.69 442.7 0.6% 1% 

H04 70,600 489.79 489.8 0.7% 1% 

H05 70,600 400.49 400.5 0.6% 1% 

H06 70,600 218.39 218.4 0.3% 0% 

H07 70,600 228.69 228.7 0.3% 0% 

H08 70,600 190.83 190.8 0.3% 0% 

H09 70,600 323.21 323.2 0.5% 0% 

H10 70,600 351.75 351.7 0.5% 0% 

 

Ethanol 

Predicted annual mean ethanol concentrations at selected receptors are given in Table 4.12. 

The contribution from the existing installation is extremely small at any relevant receptor and the risk of an 

exceedance of the AQAL is negligible. 
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Table 4.12  Annual mean ethanol concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 19,200 0.45 0.5 0.0% 0% 

H02 19,200 0.44 0.4 0.0% 0% 

H03 19,200 0.42 0.4 0.0% 0% 

H04 19,200 0.52 0.5 0.0% 0% 

H05 19,200 0.31 0.3 0.0% 0% 

H06 19,200 0.13 0.1 0.0% 0% 

H07 19,200 0.12 0.1 0.0% 0% 

H08 19,200 0.09 0.1 0.0% 0% 

H09 19,200 0.19 0.2 0.0% 0% 

H10 19,200 0.52 0.5 0.0% 0% 

 

Predicted maximum hourly mean ethanol concentrations at selected receptors are given in Table 4.13. 

The contribution from the existing installation is extremely small at any relevant receptor and the risk of an 

exceedance of the AQAL is negligible. 

Table 4.13  Maximum hourly mean ethanol concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 576,000 71.61 71.6 0.0% 0% 

H02 576,000 90.58 90.6 0.0% 0% 

H03 576,000 119.93 119.9 0.0% 0% 

H04 576,000 132.69 132.7 0.0% 0% 

H05 576,000 108.50 108.5 0.0% 0% 

H06 576,000 59.16 59.2 0.0% 0% 

H07 576,000 61.95 62.0 0.0% 0% 

H08 576,000 51.70 51.7 0.0% 0% 

H09 576,000 87.56 87.6 0.0% 0% 

H10 576,000 95.29 95.3 0.0% 0% 

 

Acetonitrile 

Predicted annual mean acetonitrile concentrations at selected receptors are given in Table 4.14. 

The contribution from the existing installation is extremely small at any relevant receptor and the risk of an 

exceedance of the AQAL is negligible. 
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Table 4.14  Annual mean acetonitrile concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 680 0.09 0.1 0.0% 0% 

H02 680 0.08 0.1 0.0% 0% 

H03 680 0.10 0.1 0.0% 0% 

H04 680 0.11 0.1 0.0% 0% 

H05 680 0.08 0.1 0.0% 0% 

H06 680 0.03 0.0 0.0% 0% 

H07 680 0.03 0.0 0.0% 0% 

H08 680 0.02 0.0 0.0% 0% 

H09 680 0.04 0.0 0.0% 0% 

H10 680 0.12 0.1 0.0% 0% 

 

Predicted maximum hourly mean acetonitrile concentrations at selected receptors are given in Table 4.15. 

The contribution from the existing installation is extremely small at any relevant receptor and the risk of an 

exceedance of the AQAL is negligible. 

Table 4.15  Maximum hourly mean acetonitrile concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 10,200 16.63 16.6 0.2% 0% 

H02 10,200 13.41 13.4 0.1% 0% 

H03 10,200 23.80 23.8 0.2% 0% 

H04 10,200 20.04 20.0 0.2% 0% 

H05 10,200 25.24 25.2 0.2% 0% 

H06 10,200 10.64 10.6 0.1% 0% 

H07 10,200 11.69 11.7 0.1% 0% 

H08 10,200 11.14 11.1 0.1% 0% 

H09 10,200 11.82 11.8 0.1% 0% 

H10 10,200 16.55 16.6 0.2% 0% 

 

Triethylamine 

Predicted annual mean triethylamine concentrations at selected receptors are given in Table 4.16. 

The contribution from the existing installation is extremely small at any relevant receptor and the risk of an 

exceedance of the AQAL is negligible. 
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Table 4.16  Annual mean triethylamine concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 80 0.28 0.3 0.4% 0% 

H02 80 0.27 0.3 0.3% 0% 

H03 80 0.26 0.3 0.3% 0% 

H04 80 0.32 0.3 0.4% 0% 

H05 80 0.19 0.2 0.2% 0% 

H06 80 0.08 0.1 0.1% 0% 

H07 80 0.07 0.1 0.1% 0% 

H08 80 0.06 0.1 0.1% 0% 

H09 80 0.12 0.1 0.1% 0% 

H10 80 0.32 0.3 0.4% 0% 

 

Predicted maximum hourly mean triethylamine concentrations at selected receptors are given in Table 4.17. 

The contribution from the existing installation is extremely small at any relevant receptor and the risk of an 

exceedance of the AQAL is negligible. 

Table 4.17  Maximum hourly mean triethylamine concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 1,700 42.61 42.6 2.5% 3% 

H02 1,700 53.83 53.8 3.2% 3% 

H03 1,700 71.20 71.2 4.2% 4% 

H04 1,700 77.82 77.8 4.6% 5% 

H05 1,700 65.13 65.1 3.8% 4% 

H06 1,700 35.24 35.2 2.1% 2% 

H07 1,700 36.92 36.9 2.2% 2% 

H08 1,700 30.81 30.8 1.8% 2% 

H09 1,700 51.16 51.2 3.0% 3% 

H10 1,700 56.80 56.8 3.3% 3% 

 

Acetic acid 

Predicted annual mean acetic acid concentrations at selected receptors are given in Table 4.18. 

The contribution from the existing installation is extremely small at any relevant receptor and the risk of an 

exceedance of the AQAL is negligible. 



 62 © Wood Environment & Infrastructure Solutions UK Limited 

 

September 2021 

Doc Ref. 42641-WOOD-XX-XX-RP-O-0002_S2_P01  

Table 4.18  Annual mean acetic acid concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 250 0.51 0.5 0.2% 0% 

H02 250 0.49 0.5 0.2% 0% 

H03 250 0.47 0.5 0.2% 0% 

H04 250 0.57 0.6 0.2% 0% 

H05 250 0.34 0.3 0.1% 0% 

H06 250 0.14 0.1 0.1% 0% 

H07 250 0.13 0.1 0.1% 0% 

H08 250 0.10 0.1 0.0% 0% 

H09 250 0.21 0.2 0.1% 0% 

H10 250 0.58 0.6 0.2% 0% 

 

Predicted maximum hourly mean acetic acid concentrations at selected receptors are given in Table 4.19. 

The contribution from the existing installation is extremely small at any relevant receptor and the risk of an 

exceedance of the AQAL is negligible. 

Table 4.19  Maximum hourly mean acetic acid concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 3,700 75.93 75.9 2.1% 2% 

H02 3,700 95.94 95.9 2.6% 3% 

H03 3,700 126.89 126.9 3.4% 3% 

H04 3,700 138.69 138.7 3.7% 4% 

H05 3,700 116.07 116.1 3.1% 3% 

H06 3,700 62.81 62.8 1.7% 2% 

H07 3,700 65.80 65.8 1.8% 2% 

H08 3,700 54.91 54.9 1.5% 1% 

H09 3,700 91.17 91.2 2.5% 2% 

H10 3,700 101.22 101.2 2.7% 3% 

 

Oxides of nitrogen (NOX) 

Predicted annual mean NOX concentrations at selected receptors are given in Table 4.20. 
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There are forecast exceedances at several receptors, largely due to the background contribution. The 

contribution from the existing installation at several receptors cannot be screened out as not significant 

under EA criteria. 

Table 4.20  Annual mean NOX concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

E01 30 0.11 17.9 0.4% 60% 

E02 30 0.10 17.9 0.3% 60% 

E03 30 0.11 23.6 0.4% 79% 

E04 30 0.10 19.4 0.3% 65% 

E05 30 0.94 37.2 3.1% 124% 

E06 30 1.46 37.8 4.9% 126% 

E07 30 1.16 37.5 3.9% 125% 

E08 30 0.76 50.5 2.5% 168% 

E09 30 0.89 47.9 3.0% 160% 

E10 30 1.04 30.6 3.5% 102% 

E11 30 0.80 25.7 2.7% 86% 

E12 30 0.33 25.2 1.1% 84% 

E13 30 0.13 24.0 0.4% 80% 

E14 30 0.18 18.4 0.6% 61% 

 

Predicted maximum daily mean NOX concentrations at selected receptors are given in Table 4.21. 

The contribution from the existing installation is small at any relevant receptor. Under EA criteria, the impact 

from the existing installation can be screened out as not significant. 

Table 4.21  Maximum daily mean NOX concentrations (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

E01 200 1.73 37.4 0.9% 19% 

E02 200 2.46 38.1 1.2% 19% 

E03 200 2.57 49.5 1.3% 25% 

E04 200 2.99 41.6 1.5% 21% 

E05 200 6.48 79.1 3.2% 40% 

E06 200 7.75 80.4 3.9% 40% 

E07 200 7.47 80.1 3.7% 40% 
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Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

E08 200 5.05 104.5 2.5% 52% 

E09 200 7.33 101.3 3.7% 51% 

E10 200 10.61 69.8 5.3% 35% 

E11 200 10.94 60.7 5.5% 30% 

E12 200 4.26 54.0 2.1% 27% 

E13 200 2.13 49.9 1.1% 25% 

E14 200 2.90 39.4 1.4% 20% 

 

A comparison of predicted maximum daily mean NOX concentrations at selected receptors against the EA 

target of 75 µg m−3 is given in Table 4.22. 

Using 75 µg m−3 as the AQAL, there are forecast exceedances at two receptors, largely due to the 

background contribution. The contribution from the existing installation at these two receptors cannot be 

screened out as not significant under EA criteria. 

However, as detailed in Section 3.3, this is not considered to be an appropriate assessment level for this 

location. 

Table 4.22  Maximum daily mean NOX concentrations — comparison against EA target (existing sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

E01 75 1.73 37.4 2.3% 50% 

E02 75 2.46 38.1 3.3% 51% 

E03 75 2.57 49.5 3.4% 66% 

E04 75 2.99 41.6 4.0% 55% 

E05 75 6.48 79.1 8.6% 105% 

E06 75 7.75 80.4 10.3% 107% 

E07 75 7.47 80.1 10.0% 107% 

E08 75 5.05 104.5 6.7% 139% 

E09 75 7.33 101.3 9.8% 135% 

E10 75 10.61 69.8 14.2% 93% 

E11 75 10.94 60.7 14.6% 81% 

E12 75 4.26 54.0 5.7% 72% 

E13 75 2.13 49.9 2.8% 66% 

E14 75 2.90 39.4 3.9% 53% 
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Nitrogen deposition 

Predicted nitrogen deposition rates at selected receptors are given in Table 4.23. 

There are exceedances of the critical load at all receptors, due to the existing background. The contribution 

from the existing installation, rounded to the nearest percentage point, is no more than 1%, and under EA 

criteria, the impact from the proposed installation can be considered not significant. 

Table 4.23  Nitrogen deposition rates (existing sources) 

Receptor ID AQAL 

(kg N ha−1 y−1) 

PC 

(kg N ha−1 y−1) 

PEC 

(kg n ha−1 y−1) 

PC (% of 

AQAL) 

PEC (% of 

AQAL) 

Site type 

E01 10 0.01 13.3 0.1% 133% Major 

E02 10 0.01 13.3 0.1% 133% Major 

E03 10 0.01 13.3 0.1% 133% Major 

E04 10 0.01 12.0 0.1% 120% Major 

E05 10 0.09 12.1 0.9% 121% Major 

E06 10 0.15 12.2 1.5% 122% Major 

E07 10 0.12 12.2 1.2% 122% Major 

E08 10 0.08 12.1 0.8% 121% Major 

E09 10 0.09 13.4 0.9% 134% Major 

E10 10 0.10 13.4 1.0% 134% Major 

E11 10 0.08 13.4 0.8% 134% Major 

E12 10 0.03 13.3 0.3% 133% Major 

E13 10 0.01 13.3 0.1% 133% Major 

E14 N/A 0.02 13.3 N/A N/A Local 

 

Acid deposition 

Predicted acid deposition rates at selected receptors are given in Table 4.24, and compared against the 

critical load function in Table 4.25. 

The contribution from the existing installation is extremely small at any relevant receptor and the risk of an 

exceedance of the AQAL is negligible. 
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Table 4.24  Acid deposition rates (existing sources) 

Receptor ID Sulphur PC 

(keq ha−1 y−1) 

Nitrogen PC 

(keq ha−1 y−1) 

Sulphur background 

(keq ha−1 y−1) 

Nitrogen background 

(keq ha−1 y−1) 

E01 0 0.001 0.22 0.95 

E02 0 0.001 0.22 0.95 

E03 0 0.001 0.22 0.95 

E04 0 0.001 0.27 0.86 

E05 0 0.007 0.27 0.86 

E06 0 0.010 0.27 0.86 

E07 0 0.008 0.27 0.86 

E08 0 0.005 0.27 0.86 

E09 0 0.006 0.22 0.95 

E10 0 0.007 0.22 0.95 

E11 0 0.006 0.22 0.95 

E12 0 0.002 0.22 0.95 

E13 0 0.001 0.22 0.95 

E14 0 0.001 0.22 0.95 

Table 4.25  Acid deposition: comparison against critical load function (existing sources) 

Receptor ID Exceedance (keq ha−1 y−1) Percent of critical load function Site type 

PC Background PEC PC Background PEC 

E01 No exceedance No exceedance No exceedance 0 26 26 Major 

E02 No exceedance No exceedance No exceedance 0 26 26 Major 

E03 No exceedance No exceedance No exceedance 0 26 26 Major 

E04 N/A N/A N/A N/A N/A N/A Major 

E05 N/A N/A N/A N/A N/A N/A Major 

E06 N/A N/A N/A N/A N/A N/A Major 

E07 N/A N/A N/A N/A N/A N/A Major 

E08 N/A N/A N/A N/A N/A N/A Major 

E09 N/A N/A N/A N/A N/A N/A Major 

E10 No exceedance No exceedance No exceedance 0 26 26 Major 

E11 No exceedance No exceedance No exceedance 0 26 26 Major 
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Receptor ID Exceedance (keq ha−1 y−1) Percent of critical load function Site type 

PC Background PEC PC Background PEC 

E12 No exceedance No exceedance No exceedance 0 26 26 Major 

E13 No exceedance No exceedance No exceedance 0 26 26 Major 

E14 N/A N/A N/A N/A N/A N/A Local 

4.3 Proposed emissions sources 

This section sets out the results of the dispersion modelling and compares predicted ground level 

concentrations due to the proposed emissions sources against the assessment criteria detailed in Section 3. 

The new CHP stack was modelled at a height of 25 m as per the stack height assessment. 

Nitrogen dioxide (NO2) 

Predicted annual mean NO2 concentrations at selected receptors are given in Table 4.26. 

The contribution from the proposed development is extremely small at any relevant receptor and the risk of 

an exceedance of the AQAL is negligible. 

Table 4.26  Annual mean NO2 concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 40 0.05 13.3 0.1% 33.2% 

H02 40 0.05 14.3 0.1% 35.7% 

H03 40 0.04 13.7 0.1% 34.2% 

H04 40 0.04 15.4 0.1% 38.5% 

H05 40 0.03 16.3 0.1% 40.8% 

H06 40 0.01 12.9 0.0% 32.3% 

H07 40 0.01 14.1 0.0% 35.3% 

H08 40 0.01 11.2 0.0% 27.9% 

H09 40 0.02 10.4 0.0% 26.1% 

H10 40 0.06 11.7 0.1% 29.1% 

 

Predicted 99.79th percentile hourly mean NO2 concentrations at selected receptors are given in Table 4.27.  

The contribution from the proposed development is extremely small at any relevant receptor and the risk of 

an exceedance of the AQAL is negligible. 
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Table 4.27  99.79th percentile hourly mean NO2 concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 200 0.84 27.3 0.4% 13.6% 

H02 200 0.99 29.4 0.5% 14.7% 

H03 200 1.02 28.3 0.5% 14.1% 

H04 200 1.10 31.8 0.5% 15.9% 

H05 200 0.91 33.5 0.5% 16.8% 

H06 200 0.52 26.3 0.3% 13.2% 

H07 200 0.56 28.7 0.3% 14.4% 

H08 200 0.51 22.8 0.3% 11.4% 

H09 200 0.81 21.6 0.4% 10.8% 

H10 200 0.95 24.2 0.5% 12.1% 

 

Predicted maximum hourly mean NO2 concentrations at selected receptors are given in Table 4.28. There is 

no AQAL for maximum hourly mean NO2. 

Table 4.28  Maximum hourly mean NO2 concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 N/A 1.27 27.7 N/A N/A 

H02 N/A 1.61 30.1 N/A N/A 

H03 N/A 1.95 29.2 N/A N/A 

H04 N/A 1.82 32.5 N/A N/A 

H05 N/A 1.58 34.2 N/A N/A 

H06 N/A 1.13 26.9 N/A N/A 

H07 N/A 0.98 29.2 N/A N/A 

H08 N/A 1.04 23.4 N/A N/A 

H09 N/A 1.58 22.4 N/A N/A 

H10 N/A 1.39 24.6 N/A N/A 

 

Carbon monoxide (CO) 

Predicted maximum rolling 8-hour mean CO concentrations at selected receptors are given in Table 4.29. 

The contribution from the proposed development is extremely small at any relevant receptor and the risk of 

an exceedance of the AQAL is negligible. 
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Table 4.29  Maximum rolling 8-hour mean CO concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 10,000 8.7 520.7 0.1% 5.2% 

H02 10,000 10.0 540.0 0.1% 5.4% 

H03 10,000 16.0 608.0 0.2% 6.1% 

H04 10,000 12.8 648.8 0.1% 6.5% 

H05 10,000 11.3 673.3 0.1% 6.7% 

H06 10,000 6.8 630.8 0.1% 6.3% 

H07 10,000 7.5 617.5 0.1% 6.2% 

H08 10,000 10.0 592.0 0.1% 5.9% 

H09 10,000 9.3 565.3 0.1% 5.7% 

H10 10,000 13.9 537.9 0.1% 5.4% 

 

Predicted maximum hourly mean CO concentrations at selected receptors are given in Table 4.30. 

The contribution from the proposed development is extremely small at any relevant receptor and the risk of 

an exceedance of the AQAL is negligible. 

Table 4.30  Maximum hourly mean CO concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 30,000 12.0 524.0 0.0% 1.7% 

H02 30,000 14.9 544.9 0.0% 1.8% 

H03 30,000 19.1 611.1 0.1% 2.0% 

H04 30,000 17.3 653.3 0.1% 2.2% 

H05 30,000 15.1 677.1 0.1% 2.3% 

H06 30,000 11.0 635.0 0.0% 2.1% 

H07 30,000 9.8 619.8 0.0% 2.1% 

H08 30,000 10.2 592.2 0.0% 2.0% 

H09 30,000 15.4 571.4 0.1% 1.9% 

H10 30,000 13.9 537.9 0.0% 1.8% 

 

Dichloromethane 

Predicted annual mean dichloromethane concentrations at selected receptors are given in Table 4.31. 

The contribution from the proposed development is extremely small at any relevant receptor and the risk of 

an exceedance of the AQAL is negligible. 
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Table 4.31  Annual mean dichloromethane concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 3,530 2.34 2.3 0.1% 0.1% 

H02 3,530 2.21 2.2 0.1% 0.1% 

H03 3,530 2.27 2.3 0.1% 0.1% 

H04 3,530 2.83 2.8 0.1% 0.1% 

H05 3,530 1.75 1.7 0.0% 0.0% 

H06 3,530 0.66 0.7 0.0% 0.0% 

H07 3,530 0.62 0.6 0.0% 0.0% 

H08 3,530 0.49 0.5 0.0% 0.0% 

H09 3,530 0.96 1.0 0.0% 0.0% 

H10 3,530 2.79 2.8 0.1% 0.1% 

 

Predicted maximum hourly mean dichloromethane concentrations at selected receptors are given in 

Table 4.32. 

The contribution from the proposed development is extremely small at any relevant receptor and the risk of 

an exceedance of the AQAL is negligible. 

Table 4.32  Maximum hourly mean dichloromethane concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 70,600 274 274 0.4% 0.4% 

H02 70,600 344 344 0.5% 0.5% 

H03 70,600 466 466 0.7% 0.7% 

H04 70,600 554 554 0.8% 0.8% 

H05 70,600 434 434 0.6% 0.6% 

H06 70,600 227 227 0.3% 0.3% 

H07 70,600 238 238 0.3% 0.3% 

H08 70,600 199 199 0.3% 0.3% 

H09 70,600 333 333 0.5% 0.5% 

H10 70,600 381 381 0.5% 0.5% 

 

Ethanol 

Predicted annual mean ethanol concentrations at selected receptors are given in Table 4.33. 
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The contribution from the proposed development is extremely small at any relevant receptor and the risk of 

an exceedance of the AQAL is negligible. 

Table 4.33  Annual mean ethanol concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 19,200 0.63 0.6 0.0% 0.0% 

H02 19,200 0.60 0.6 0.0% 0.0% 

H03 19,200 0.62 0.6 0.0% 0.0% 

H04 19,200 0.77 0.8 0.0% 0.0% 

H05 19,200 0.47 0.5 0.0% 0.0% 

H06 19,200 0.18 0.2 0.0% 0.0% 

H07 19,200 0.17 0.2 0.0% 0.0% 

H08 19,200 0.13 0.1 0.0% 0.0% 

H09 19,200 0.26 0.3 0.0% 0.0% 

H10 19,200 0.75 0.8 0.0% 0.0% 

 

Predicted maximum hourly mean ethanol concentrations at selected receptors are given in Table 4.34. 

The contribution from the proposed development is extremely small at any relevant receptor and the risk of 

an exceedance of the AQAL is negligible. 

Table 4.34  Maximum hourly mean ethanol concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 576,000 74 74 0.0% 0.0% 

H02 576,000 93 93 0.0% 0.0% 

H03 576,000 126 126 0.0% 0.0% 

H04 576,000 150 150 0.0% 0.0% 

H05 576,000 118 118 0.0% 0.0% 

H06 576,000 62 62 0.0% 0.0% 

H07 576,000 64 64 0.0% 0.0% 

H08 576,000 54 54 0.0% 0.0% 

H09 576,000 90 90 0.0% 0.0% 

H10 576,000 103 103 0.0% 0.0% 
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Acetonitrile 

Predicted annual mean acetonitrile concentrations at selected receptors are given in Table 4.35. 

The contribution from the proposed development is extremely small at any relevant receptor and the risk of 

an exceedance of the AQAL is negligible. 

Table 4.35  Annual mean acetonitrile concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 680 0.25 0.25 0.0% 0.0% 

H02 680 0.23 0.23 0.0% 0.0% 

H03 680 0.27 0.27 0.0% 0.0% 

H04 680 0.33 0.33 0.0% 0.0% 

H05 680 0.22 0.22 0.0% 0.0% 

H06 680 0.07 0.07 0.0% 0.0% 

H07 680 0.07 0.07 0.0% 0.0% 

H08 680 0.06 0.06 0.0% 0.0% 

H09 680 0.10 0.10 0.0% 0.0% 

H10 680 0.33 0.33 0.0% 0.0% 

 

Predicted maximum hourly mean acetonitrile concentrations at selected receptors are given in Table 4.36. 

The contribution from the proposed development is extremely small at any relevant receptor and the risk of 

an exceedance of the AQAL is negligible. 

Table 4.36  Maximum hourly mean acetonitrile concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 10,200 21 21 0.2% 0.2% 

H02 10,200 17 17 0.2% 0.2% 

H03 10,200 29 29 0.3% 0.3% 

H04 10,200 35 35 0.3% 0.3% 

H05 10,200 33 33 0.3% 0.3% 

H06 10,200 15 15 0.1% 0.1% 

H07 10,200 14 14 0.1% 0.1% 

H08 10,200 14 14 0.1% 0.1% 

H09 10,200 15 15 0.1% 0.1% 

H10 10,200 24 24 0.2% 0.2% 
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Triethylamine 

Predicted annual mean triethylamine concentrations at selected receptors are given in Table 4.37. 

The contribution from the proposed development is extremely small at any relevant receptor and the risk of 

an exceedance of the AQAL is negligible. 

Table 4.37  Annual mean triethylamine concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 80 0.41 0.4 0.5% 0.5% 

H02 80 0.39 0.4 0.5% 0.5% 

H03 80 0.40 0.4 0.5% 0.5% 

H04 80 0.50 0.5 0.6% 0.6% 

H05 80 0.31 0.3 0.4% 0.4% 

H06 80 0.12 0.1 0.1% 0.1% 

H07 80 0.11 0.1 0.1% 0.1% 

H08 80 0.09 0.1 0.1% 0.1% 

H09 80 0.17 0.2 0.2% 0.2% 

H10 80 0.50 0.5 0.6% 0.6% 

 

Predicted maximum hourly mean triethylamine concentrations at selected receptors are given in Table 4.38. 

The contribution from the proposed development is extremely small at any relevant receptor and the risk of 

an exceedance of the AQAL is negligible. 

Table 4.38  Maximum hourly mean triethylamine concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 1,700 44 44 2.6% 2.6% 

H02 1,700 56 56 3.3% 3.3% 

H03 1,700 76 76 4.5% 4.5% 

H04 1,700 90 90 5.3% 5.3% 

H05 1,700 72 72 4.2% 4.2% 

H06 1,700 38 38 2.2% 2.2% 

H07 1,700 39 39 2.3% 2.3% 

H08 1,700 32 32 1.9% 1.9% 

H09 1,700 53 53 3.1% 3.1% 

H10 1,700 63 63 3.7% 3.7% 
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Acetic acid 

Predicted annual mean acetic acid concentrations at selected receptors are given in Table 4.39. 

The contribution from the proposed development is extremely small at any relevant receptor and the risk of 

an exceedance of the AQAL is negligible. 

Table 4.39  Annual mean acetic acid concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 250 0.74 0.7 0.3% 0.3% 

H02 250 0.69 0.7 0.3% 0.3% 

H03 250 0.72 0.7 0.3% 0.3% 

H04 250 0.89 0.9 0.4% 0.4% 

H05 250 0.56 0.6 0.2% 0.2% 

H06 250 0.21 0.2 0.1% 0.1% 

H07 250 0.20 0.2 0.1% 0.1% 

H08 250 0.15 0.2 0.1% 0.1% 

H09 250 0.30 0.3 0.1% 0.1% 

H10 250 0.89 0.9 0.4% 0.4% 

 

Predicted maximum hourly mean acetic acid concentrations at selected receptors are given in Table 4.40. 

The contribution from the proposed development is extremely small at any relevant receptor and the risk of 

an exceedance of the AQAL is negligible. 

Table 4.40  Maximum hourly mean acetic acid concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

H01 3,700 79 79 2.1% 2.1% 

H02 3,700 99 99 2.7% 2.7% 

H03 3,700 135 135 3.7% 3.7% 

H04 3,700 161 161 4.4% 4.4% 

H05 3,700 128 128 3.5% 3.5% 

H06 3,700 67 67 1.8% 1.8% 

H07 3,700 69 69 1.9% 1.9% 

H08 3,700 58 58 1.6% 1.6% 

H09 3,700 95 95 2.6% 2.6% 

H10 3,700 112 112 3.0% 3.0% 
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Oxides of nitrogen (NOX) 

Predicted annual mean NOX concentrations at selected receptors are given in Table 4.41. Contours of the PC 

from the whole installation are shown in Figure 4.3. There are forecast exceedances at several receptors, 

largely due to the background contribution. The contribution from the whole of the proposed installation at 

several receptors cannot be screened out as not significant under EA criteria. 

Table 4.41  Annual mean NOX concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

E01 30 0.12 17.9 0.4% 60% 

E02 30 0.12 17.9 0.4% 60% 

E03 30 0.13 23.6 0.4% 79% 

E04 30 0.11 19.4 0.4% 65% 

E05 30 1.08 37.4 3.6% 125% 

E06 30 1.46 37.8 4.9% 126% 

E07 30 1.13 37.4 3.8% 125% 

E08 30 0.75 50.5 2.5% 168% 

E09 30 0.86 47.8 2.9% 159% 

E10 30 0.98 30.6 3.3% 102% 

E11 30 0.73 25.6 2.4% 85% 

E12 30 0.34 25.2 1.1% 84% 

E13 30 0.14 24.0 0.5% 80% 

E14 30 0.21 18.5 0.7% 62% 
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Figure 4.3 Annual mean NOX concentrations, PC from whole installation 

 

Predicted maximum daily mean NOX concentrations at selected receptors are given in Table 4.42. Contours of 

the PC from the whole installation are shown in Figure 4.4. The contribution from the existing installation is 

small at any relevant receptor. Under EA criteria, the impact from the existing installation can be screened out 

as not significant. 

Table 4.42  Maximum daily mean NOX concentrations (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

E01 200 2.05 37.7 1.0% 19% 

E02 200 2.62 38.3 1.3% 19% 

E03 200 2.95 49.9 1.5% 25% 

E04 200 2.99 41.6 1.5% 21% 

E05 200 6.47 79.1 3.2% 40% 

E06 200 7.17 79.8 3.6% 40% 

E07 200 6.80 79.4 3.4% 40% 

E08 200 4.29 103.7 2.1% 52% 

E09 200 6.80 100.7 3.4% 50% 

E10 200 9.08 68.2 4.5% 34% 

E11 200 9.03 58.8 4.5% 29% 

E12 200 4.25 54.0 2.1% 27% 
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Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

E13 200 2.20 49.9 1.1% 25% 

E14 200 2.91 39.4 1.5% 20% 

 

Figure 4.4 Maximum daily mean NOX concentrations, PC from whole installation 

 

A comparison of predicted maximum daily mean NOX concentrations at selected receptors against the EA 

target of 75 µg m−3 is given in Table 4.43. Using 75 µg m−3 as the AQAL, there are forecast exceedances at 

five receptors (E05–E09), largely due to the background contribution. The contribution from the existing 

installation at two receptors (E10, E11) cannot be screened out as not significant under EA criteria. 

However, as detailed in Section 3.3, this is not considered to be an appropriate assessment level for this 

location. 

Table 4.43  Maximum daily mean NOX concentrations — comparison against EA target (proposed sources) 

Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

E01 75 2.05 37.7 2.7% 50% 

E02 75 2.62 38.3 3.5% 51% 

E03 75 2.95 49.9 3.9% 67% 

E04 75 2.99 41.6 4.0% 55% 

E05 75 6.47 79.1 8.6% 105% 

E06 75 7.17 79.8 9.6% 106% 
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Receptor ID AQAL (µg m−3) PC (µg m−3) PEC (µg m−3) PC (% of AQAL) PEC (% of AQAL) 

E07 75 6.80 79.4 9.1% 106% 

E08 75 4.29 103.7 5.7% 138% 

E09 75 6.80 100.7 9.1% 134% 

E10 75 9.08 68.2 12.1% 91% 

E11 75 9.03 58.8 12.0% 78% 

E12 75 4.25 54.0 5.7% 72% 

E13 75 2.20 49.9 2.9% 67% 

E14 75 2.91 39.4 3.9% 53% 

Nitrogen deposition 

Predicted nitrogen deposition rates at selected receptors are given in Table 4.44. There are exceedances of 

the critical load at all receptors, due to the existing background. At one receptor, E06, the contribution from 

the existing installation, rounded to the nearest percentage point, is 2%, and under EA criteria, the impact 

from the proposed installation cannot be screened out as considered not significant. At all other receptors, 

the impact can be screened out as not significant. 

Table 4.44  Nitrogen deposition rates (proposed sources) 

Receptor ID AQAL 

(kg N ha−1 y−1) 

PC 

(kg N ha−1 y−1) 

PEC 

(kg N ha−1 y−1) 

PC (% of 

AQAL) 

PEC (% of 

AQAL) 

Site type 

E01 10 0.01 13.3 0.1% 133% Major 

E02 10 0.01 13.3 0.1% 133% Major 

E03 10 0.01 13.3 0.1% 133% Major 

E04 10 0.01 12.1 0.1% 121% Major 

E05 10 0.11 12.1 1.1% 121% Major 

E06 10 0.15 12.2 1.5% 122% Major 

E07 10 0.11 12.2 1.1% 122% Major 

E08 10 0.08 12.1 0.8% 121% Major 

E09 10 0.09 13.4 0.9% 134% Major 

E10 10 0.10 13.4 1.0% 134% Major 

E11 10 0.07 13.4 0.7% 134% Major 

E12 10 0.03 13.3 0.3% 133% Major 

E13 10 0.01 13.3 0.1% 133% Major 

E14 N/A 0.02 13.3 N/A N/A Local 
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Acid deposition 

Predicted acid deposition rates at selected receptors are given in Table 4.45, and compared against the 

critical load function in Table 4.46. 

The contribution from the proposed development is extremely small at any relevant receptor and the risk of 

an exceedance of the AQAL is negligible. 

Table 4.45  Acid deposition rates (proposed sources) 

Receptor ID Sulphur PC 

(keq ha−1 y−1) 

Nitrogen PC 

(keq ha−1 y−1) 

Sulphur background 

(keq ha−1 y−1) 

Nitrogen background 

(keq ha−1 y−1) 

E01 0 0.001 0.22 0.95 

E02 0 0.001 0.22 0.95 

E03 0 0.001 0.22 0.95 

E04 0 0.001 0.27 0.86 

E05 0 0.008 0.27 0.86 

E06 0 0.011 0.27 0.86 

E07 0 0.008 0.27 0.86 

E08 0 0.005 0.27 0.86 

E09 0 0.006 0.22 0.95 

E10 0 0.007 0.22 0.95 

E11 0 0.005 0.22 0.95 

E12 0 0.002 0.22 0.95 

E13 0 0.001 0.22 0.95 

E14 0 0.001 0.22 0.95 

Table 4.46  Acid deposition: comparison against critical load function (proposed sources) 

Receptor ID Exceedance (keq ha−1 y−1) Percent of critical load function Site type 

PC Background PEC PC Background PEC 

E01 No exceedance No exceedance No exceedance 0.0 26.0 26.0 Major 

E02 No exceedance No exceedance No exceedance 0.0 26.0 26.0 Major 

E03 No exceedance No exceedance No exceedance 0.0 26.0 26.0 Major 

E04 N/A N/A N/A N/A N/A N/A Major 

E05 N/A N/A N/A N/A N/A N/A Major 

E06 N/A N/A N/A N/A N/A N/A Major 

E07 N/A N/A N/A N/A N/A N/A Major 
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Receptor ID Exceedance (keq ha−1 y−1) Percent of critical load function Site type 

PC Background PEC PC Background PEC 

E08 N/A N/A N/A N/A N/A N/A Major 

E09 N/A N/A N/A N/A N/A N/A Major 

E10 No exceedance No exceedance No exceedance 0.2 26.0 26.2 Major 

E11 No exceedance No exceedance No exceedance 0.1 26.0 26.1 Major 

E12 No exceedance No exceedance No exceedance 0.1 26.0 26.1 Major 

E13 No exceedance No exceedance No exceedance 0.0 26.0 26.0 Major 

E14 N/A N/A N/A N/A N/A N/A Local 

4.4 Sensitivity analyses 

The following section present results of the sensitivity analyses. The preceding assessment shows that the 

greatest impacts, relative to AQAL, are for annual mean NOX and daily mean NOX for the proposed 

installation. Consequently, the sensitivity analyses relate to these measures. 

Meteorological data 

Results are presented in this assessment for the meteorological (‘met’) years resulting in the highest ground 

level concentrations or deposition rates for each individual receptor using data recorded at Teesside airport 

meteorological station from 2013 to 2017. However, sensitivity analysis has been undertaken to identify how 

model predictions are influenced by inter-year variations in meteorological conditions. Maximum long-term 

(annual) and short-term (daily) NOX process contributions at any receptor location have been compared for 

each year of data. 

The results of the sensitivity analysis are provided in Table 4.47. Results have been normalised by the value 

obtained from the met year resulting in the highest concentration. For example, a value of 0.85 would 

indicate the prediction from that dataset is 15% lower than the maximum prediction from any met year. 

There is more variation for the short-term impacts, which are up to 15% lower in some met years than 2013, 

which is the met year which predicts the highest daily mean NOX concentration at any receptor. For long-

term impacts, the variation is up to 11% lower in some met years than 2017, which is the met year which 

predicts the highest annual mean NOX concentration at any receptor. 

The assessment is based on using the worst met year for any receptor and any assessment criterion, so this 

gives confidence that the assessment is worst-case with regards to met data. 

Table 4.47  Model sensitivity meteorological data 

Year Normalised Long-term 

Process Contribution 

Normalised Short-term 

Process Contribution 

2013 0.89 1.00 

2014 0.92 0.87 

2015 0.91 0.97 
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Year Normalised Long-term 

Process Contribution 

Normalised Short-term 

Process Contribution 

2016 0.91 0.96 

2017 1.00 0.85 

Buildings 

Sensitivity analysis has been undertaken to identify whether including buildings within the model produces 

worst-case results. Models have been run with and without the inclusion of buildings for each year of 

meteorological data and maximum long-term and short-term NOX process contributions at modelled 

receptor locations compared. 

This finds that running the model without buildings changes the annual mean NOX concentration at 

receptors by between −1% and 3%, and changes the maximum daily mean NOX concentration at receptors 

by between 0% and 7% (where a negative percentage means that running without buildings gives a lower 

concentration than running with buildings, and a positive percentage means that running without buildings 

gives a higher concentration than running with buildings). 

This is a low degree of sensitivity and the inclusion or otherwise of buildings is not likely to make a material 

effect on the conclusions of the assessment. 

Surface roughness 

Sensitivity analysis has been undertaken to identify how different assumptions on the value adopted for the 

surface roughness may affect the assessment. maximum long-term and short-term NOX process 

contributions at modelled receptor locations compared. The results of the sensitivity analysis, in the form of 

the range of differences compared to the default 0.75 m roughness length, are provided in Table 4.48. 

Table 4.48  Model sensitivity to surface roughness 

Surface roughness length 

(m) 

Percentage differences, 

long-term 

Percentage differences, 

short-term 

0.2 -9% - 8% -11% - 18% 

1.5 -4% - 2% -10% - 1% 

 

Table 4.48 demonstrates the model is moderately sensitive to assumptions on surface roughness length, 

varying by up to 19%, but that the worst case roughness length depends on individual receptor location. 

Using a higher roughness length of 1.5 m results in lower daily mean concentrations than using 0.75 m at 

most receptor points, but reducing the roughness length to 0.2 m produces a mixed picture with some 

receptors experiencing higher daily mean concentrations than for 0.75 m, and other receptors experiencing 

lower concentrations. For annual mean concentrations, the picture is similarly mixed, with different roughness 

lengths being worst-case at different receptors. 

Coastal effects 

Localised flow patterns can arise near to coastal areas due to the atmospheric pressure differential 

established between land and sea areas because of their different heat capacities (the heat capacity of the 

sea being much greater than that of the land). The land surface can exhibit a significant diurnal temperature 

variation whilst the variation in sea temperature remains relatively constant throughout the day, changing 

only on a monthly/seasonal basis. 
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When the land is warmer than the sea, an onshore breeze is established as the warm air above the land 

surface is heated and rises, forming a localised low-pressure area above the land towards which the cooler, 

denser air over the sea flows. Due to the high heat capacity of liquid water, the boundary layer over the sea is 

most frequently neutral. However, as the air over the sea begins to flow inland, an internal convective 

boundary layer begins to grow as a function of distance inland. When this internal boundary layer reaches 

the height of a discharged plume, a coastal fumigation event can occur, whereby portions of the plume are 

rapidly mixed towards ground level due to the strong vertical motion in the internal boundary layer. This can 

cause transient, elevated ground level concentrations which may persist for 10–15 minutes. 

ADMS does have the capability of modelling coastal effects. However, the coastal module cannot be applied 

at the same time as the buildings and/or terrain modules and has never been subject to formal validation. 

Sensitivity analysis has, however, been undertaken to identify whether including coastal effects would 

significantly affect the conclusions of the assessment.  

Models have been with and without coastal effects (without buildings in each case, for comparability). This 

finds that running the model with coastal effects changes the annual mean NOX concentration at receptors 

by between −1% and +2%, and changes the maximum daily mean NOX concentration at receptors by 

between −4% and 0% (where a negative percentage means that running with coastal effects gives a lower 

concentration that running without coastal effects, and a positive percentage means that running with 

coastal effects gives a higher concentration that running without coastal effects). 

This is a low degree of sensitivity and the inclusion or otherwise of coastal fumigation events is not likely to 

make a material effect on the conclusions of the assessment. 
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5. Summary and conclusions 

This assessment has used detailed dispersion modelling to assess the potential impacts resulting from 

emissions to air associated with the increase in throughput, as well as replacing four CHP engines with six 

new CHP engines and commissioning a new gas-fired boiler. 

5.1 Stack height assessment 

A stack height assessment has been undertaken to determine whether the existing 28 m stack A1/3 still 

achieves BAT with the proposed increased throughput. It is shown that contribution from the proposed 

installation is extremely small at any relevant receptor and the risk of an exceedance of the AQAL is 

negligible at the existing stack height of 28 m. Therefore, 28 m is BAT for this stack. 

In addition, three of the new CHP engines will be located on the western side of the site and require 

construction of a new stack. There were no exceedances of the AQALs at human receptors at any modelled 

stack height. However, at sensitive ecological receptors, annual mean NOX concentrations and nitrogen 

deposition were predicted to exceed 1% of the respective critical level and load. Due to the high background 

NOX concentration and nitrogen deposition rate, the AQAL was exceeded when considering the maximum 

impact at any one receptor, therefore the maximum impact of the existing site was used to determine an 

appropriate height. A stack height of 25 m for the new CHP stack will not significantly change NOX 

concentrations or nitrogen deposition at receptors and is therefore considered to be BAT. This is supported 

by the fact that the total area of exceedance is expected to reduce by 23ha for annual mean NOX. The extent 

of the 1% exceedance threshold for nitrogen deposition for the existing layout is minimal and represents an 

area of 0.9ha. The proposed layout does not exceed the 1% threshold. 

5.2 Assessment of effects 

Impacts of the following pollutants have been assessed at appropriate receptor locations against appropriate 

assessment levels: 

⚫ Dichloromethane; 

⚫ Ethanol; 

⚫ Acetonitrile; 

⚫ Triethylamine; 

⚫ Acetic acid; 

⚫ Nitrogen dioxide (NO2); 

⚫ Carbon monoxide (CO); 

⚫ Oxides of nitrogen (NOX); 

⚫ Nitrogen deposition; and 

⚫ Acid deposition. 

Except for annual mean NOX and nitrogen deposition, all impacts are very low and there is no risk of an 

exceedance of any assessment level. 
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There are forecast exceedances of annual mean NOX concentrations at several receptors, largely due to the 

background contribution. The contribution from the whole of the proposed installation at several receptors 

cannot be screened out as not significant under EA criteria. However, most of the NOX emissions sources are 

not subject to permitting regulations.  

There are exceedances of the critical load for nitrogen deposition at all receptors, due to the existing 

background. At one receptor, the contribution from the existing installation, rounded to the nearest 

percentage point, is 2%, and under EA criteria, the impact from the proposed installation cannot be screened 

out as considered not significant. At all other receptors, the impact can be screened out as not significant. 

However, most of the nitrogen emissions sources are not subject to permitting regulations.  

The stack height assessment has demonstrated that a stack height of 25 m for the new CHP stack will not 

significantly change NOX concentrations or nitrogen deposition at receptors and is therefore considered to 

be BAT. This is supported by the fact that the total area of exceedance is expected to reduce by 23 ha for 

annual mean NOX. The extent of the 1% exceedance threshold for nitrogen deposition for the existing layout 

is minimal and represents an area of 0.9ha. The proposed layout does not exceed the 1% threshold. 

A number of conservative assumptions have been made for the assessment to ensure that a worst case 

scenario is assessed. Sensitivity analyses have been carried out which demonstrate that the assessment is 

worst-case. 
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Figure 4.1 calculations 

Appendix A  

Stack Height Assessment: Knee-point calculations 

The knee-point of the graph represented in Figures 4.1 was calculated by identifying the gradient of the 

curve at this point. A knee point of a graph is described as the point in which the curve visibly bends. 

The gradients of the slopes represented in Figures 4.1 was calculated and reported below: 

⚫ Figure 4.1 gradient: 𝑦 = 2.75𝑥−0.2 

Following the guidance from the EA, the slope can also be calculated using the following equation: 

𝑆𝑙𝑜𝑝𝑒 =  
𝑦2 − 𝑦1
𝑥2 − 𝑥1

 

This provided the following values for y for each figure: 

⚫ Figure 4.1 gradient: 𝑦 = −0.0058 

The two expressions for the slope of each curve can be combined. The equations that resulted were then 

solved for x by finding the first derivative. The equation to solve the first derivative of an expression is 

provided below, followed by the final calculations for each figure, solving for x which is the stack height at 

which the knee-point of each graph occurs.  

Equation for the first derivative of an equation in the form 𝑓(𝑥) = 𝑎𝑥𝑛: 

𝑓′(𝑥) = 𝑛𝑎𝑥𝑛−1 

 
 

 
 
 
 
 
 
 
 
 
 

 

−0.0058 =  
𝑑

𝑑𝑥
2.77𝑥−0.2 

−0.0058 =  −2.77𝑥−1.2 
0.0058 = 2.77𝑥−1.2 
0.01054 =  𝑥−1.2 

𝑥 = 44 
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