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Management Summary 
Fichtner Consulting Engineers Ltd (“Fichtner”) has been engaged to undertake an Air Quality 
Assessment to support the planning and Environmental Permit applications for the proposed 
combined heat and power (CHP) unit (the Facility) at Russells Hall Hospital, Dudley.  

The assessment has been carried out in a number of stages. 

1. Review of Legislation 

In the UK, the levels of pollution in the atmosphere are controlled by the National Air Quality 
Strategy and a number of European Directives which have been fully implemented. These have led 
to the setting of a number of Air Quality Assessment Levels (AQALs) for pollutants. The AQALs are 
set at a level well below those at which significant adverse health effects have been observed in 
the general population and in particularly sensitive groups. 

In addition, Critical Levels have been set for the protection of ecosystems. Deposition of nitrogen 
and acid gases can cause nitrification and acidification of habitats. The Air Pollution Information 
System (APIS) provides Critical Loads for different habitats which consider the existing pollution 
loading for the site. 

2. Review of Ambient Air Quality 

Monitoring information collected by the UK Government and by local authorities has been used to 
assess the current levels of pollutants in the atmosphere close to the Facility. 

3. Identification of Sensitive Receptors 

When assessing the impact of the Facility, the assessment considers the point of maximum impact 
as a worst-case. In addition, the impact has been assessed at a number of identified sensitive 
receptors including the closest residential properties and ecologically sensitive receptors. 

4. Dispersion Modelling of Emissions 

The ADMS dispersion model is routinely used for air quality assessments to the satisfaction of local 
authorities and the Environment Agency. The model uses weather data from the local area to 
predict the spread and movement of the exhaust gases from the stack for each hour over a five-
year period. The model takes account of wind speed, wind direction, temperature, humidity and 
the amount of cloud cover, as all of these factors influence the dispersion of emissions. The model 
also takes account of the effects of buildings and terrain on the movement of air.  

To set up the model, it has been assumed that the Facility operates continually for the whole year 
and releases emissions at the emission limit continuously to ensure that operation of the Facility 
during periods of adverse weather conditions for dispersion are accounted for. 

The model was used to predict the ground level concentration of pollutants on a long-term and 
short-term basis across a grid of points. In addition, concentrations were predicted at the identified 
sensitive receptors.  

A stack height assessment has been undertaken to determine a suitable stack height for the Facility. 
This has determined that a stack height of 16.5 m provides adequate dispersion of emissions from 
the Facility. 
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5. Approach and Assessment of Impact on Air Quality – Protection of 
Human Health 

The impact of air quality on human health has been assessed using a standard approach based on 
guidance provided by the Institute of Air Quality Management (IAQM) and the Environment Agency 
where appropriate.  

Using this approach, the following can be concluded from the assessment. 

 The overall impact of all long-term process emissions from the operation of the Facility is:  

a. ‘not significant’ at all human sensitive receptors using the Environment Agency’s screening 
criteria; and 

b. ‘negligible’ at all human sensitive receptors using the IAQM 2017 guidance criteria.  

 The overall impact of short-term process emissions from the operation of the Facility is:  

a. ‘insignificant’ at the point of maximum impact and at all areas of relevant exposure using 
the Environment Agency’s screening criteria; and  

b. ‘negligible’ at the point of maximum impact and at all areas of relevant exposure using the 
IAQM 2017 guidance criteria.  

The significance of effect of emissions associated with the operation of the Facility has been 
determined using professional judgement. Based on the above results, it has been concluded that 
the overall effect of the Facility on local air quality will be ‘not significant’. 

6. Approach and Assessment of Impact on Air Quality – Protection of 
Ecosystems 

The impact of emissions on atmospheric air quality in sensitive ecosystems has been assessed using 
a standard approach based on Environment Agency Specified Generator guidance.  

 If the process contribution within a protected site is less than 1% of the long-term and less than 
10% of the short-term benchmark, the emissions are ‘insignificant’ and it can be concluded that 
there will be ‘no likely significant effect either alone and in-combination with other sources of 
pollutants, irrespective of background levels’.  

 If the process contribution is greater than 1% of the relevant long-term, or 10% of the short-
term benchmark, but the total predicted concentration including background levels is less than 
70% of the relevant benchmark, the emissions are ‘not likely to have a significant effect’ and 
the impact is ‘not significant’. 

The impact of emissions on sensitive habitats has been assessed using the following approach.  

 It has been assumed that the Facility continually operates at the emission limits. 

 Habitats have been assessed assuming all habitats are present at the point of greatest impact 
within each ecological site.  

 The impact has been calculated based on the maximum predicted concentration over a 5-year 
period at each ecological site and applying conservative deposition assumptions. 

 The results have been compared to the relevant Critical Levels. As habitat-specific Critical Loads 
for deposition are unavailable the deposition results have been compared to background levels 
of deposition. 

One European/UK statutory designated site, the Fens Pool SAC/SSSI, has been identified as 
requiring consideration within this assessment. At this site, the impact of airborne emissions from 
the Facility will not have a significant effect on the integrity of the site, and the effect of nutrient 
nitrogen and acid deposition can be screened out as ‘insignificant’. 
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7. Summary 

A comprehensive assessment of the impact of the Facility operating with a 16.5 m stack has shown 
that emissions would not have a significant impact on local air quality, the general population or 
the local community. As such there should be no air quality constraint in granting planning 
permission or an Environmental Permit for the Facility. 
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1 Introduction 

1.1 Background 

Fichtner Consulting Engineers Ltd (“Fichtner”) has been engaged to undertake an Air Quality 
Assessment to support the planning and Environmental Permit applications for the installation of a 
natural gas powered engine combined heat and power (CHP) unit (the Facility) at the Russells Hall 
Hospital in Dudley. The CHP unit has a rated thermal input of approximately 3.05 MWth and will 
replace an existing CHP unit of similar capacity. The CHP unit will vent emissions to air via a new 
free-standing stack. 

In addition to the CHP unit, the current energy centre comprises the following items of plant: 

• three natural gas-powered Cochran boilers of approx. 4.9 MWth rated thermal input each; and 

• one Beel combi-boiler which currently extracts heat from the exhaust of the existing CHP unit. 
This boiler can also operate in a fired mode with rated thermal input of approx. 4.7 MWth. 

These boilers vent to atmosphere via separate flues, two each in two separate 27.3 m tall stacks. 
The contribution made by the boilers to the baseline pollutant concentrations has been included in 
the assessment. This assumes that the boilers operate at full load for 8,760 hours per year, which 
is highly conservative. As the existing CHP unit is not subject to an Environmental Permit to operate, 
the effect of removing emissions from the existing CHP unit that is to be replaced has not been 
included in this assessment, which is also a conservative approach. 

The Facility is intended to operate continually, i.e. up to a maximum of 8,760 hours per year.  

The Facility is required to comply with the conditions set in the Medium Combustion Plant Directive 
(MCPD) (Directive 2015/2193). This will include limits on emissions to air of oxides of nitrogen. In 
addition, the datasheet for the CHP unit provides an emissions guarantee for carbon dioxide. 

When considering the impact on human health, the predicted atmospheric concentrations have 
been compared to the Air Quality Assessment Levels (AQALs) for the protection of human health. 
When considering the impact on ecosystems the predicted atmospheric concentrations have been 
compared to the Critical Levels for the protection of ecosystems. Deposition of emissions over a 
prolonged period can have nutrification and acidification impacts. An assessment of the long-term 
deposition of nitrogen has been undertaken. 

The Facility lies within the administrative area of Dudley Council. No boundaries with other local 
authority areas lie within 1 km of the Facility. A search of the local area has been undertaken using 
the Environment Agency’s public register and no other specified generator arrays have been 
identified within 1 km of the Facility.   

It is intended that this report can be submitted to support the planning and Environmental Permit 
applications for the Facility. 

1.2 Structure of the report 

This report has the following structure. 

• Sections 2 and 3: National and international legislation and guidance. 

• Section 4: Assessment criteria. 

• Section 5: Baseline pollutant concentrations. 

• Section 6: Sensitive human and ecological receptors. 
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• Section 7: Dispersion modelling inputs and methodology.  

• Section 8: Stack height analysis. 

• Section 9: Sensitivity Analyses. 

• Section 10: Assessment methodology and results for impacts on human health. 

• Section 11: Assessment methodology and results for impacts on ecological receptors. 

• Section 12: Conclusions. 

• The Appendices include illustrative figures and detailed results tables. 
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2 Legislation and Planning Context 

2.1 Legislation 

European air quality legislation is consolidated under Directive 2008/50/EC, which came into force 
on 11 June 2008. This Directive consolidates previous legislation which was designed to deal with 
specific pollutants in a consistent manner  

The Air Quality Standards Regulations (2010) seek to transpose Directive 2008/50/EC within the UK. 
The regulations also extend powers, under Section 85(5) of the Environment Act (1995), for the 
Secretary of State to give directions to local authorities for the implementation of these Directives. 

The UK Air Quality Strategy (2007)1 is the method of implementation of the AAD Limit Values and 
Targets in England, Scotland, Wales and Northern Ireland. This document builds on the previous 
Strategy, published in 2000, and a 2003 Addendum. The UK Clean Air Strategy (2019) builds on the 
UK Air Quality Strategy but does not update any of the AAD Limit Values and Targets.  

The Air Quality Strategy defines “standards” and “objectives” in paragraph 17: 

“For the purposes of the strategy: 

• standards are the concentrations of pollutants in the atmosphere which can broadly be taken to 
achieve a certain level of environmental quality. The standards are based on assessment of the 
effects of each pollutant on human health including the effects on sensitive subgroups or on 
ecosystems; and 

• objectives are policy targets often expressed as a maximum ambient concentration not to be 
exceeded, either without exception or with a permitted number of exceedances, within a 
specified timescale.” 

The status of the objectives is clarified in paragraph 22, which also emphasises the importance of 
European Directives:  

“The air quality objectives in the Air Quality Strategy are a statement of policy intentions or policy 
targets. As such, there is no legal requirement to meet these objectives except in as far as these 
mirror any equivalent legally binding limit values in EU legislation. Where UK standards or objectives 
are the sole consideration, there is no legal obligation upon regulators, to set Emission Limit Values 
(ELVs) any more stringent than the emission levels associated with the use of Best Available 
Techniques (BAT) in issuing permits under the PPC Regulations. This aspect is dealt with fully in the 
PPC Practical Guides.” 

2.2 Industrial Pollution Regulation 

Atmospheric emissions from industrial processes are controlled in England through the 
Environmental Permitting (England and Wales) Regulations (2016), as amended. The Facility has an 
Environmental Permit to operate which includes conditions to minimise the environmental impact 
by limiting emissions to air. For the new items of plant to be installed the emission limits will be 
based on those prescribed under the MCPD for new plant. 

 
1  The Air Quality Strategy for England, Scotland, Wales and Northern Ireland, CM 7169 NIA 61/06-07, July 2007, 

DEFRA – para 17 of Volume 1. 
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3 Air Quality Standards, Objectives and 
Guidelines 
In the UK, AAD Limit Values, Targets, and air quality standards and objectives (collectively referred 
to as AQALs) for major pollutants are described in The Air Quality Strategy (AQS). Those relevant to 
this project are summarised in the following section.  

3.1 Nitrogen dioxide 

All combustion processes produce nitric oxide and nitrogen dioxide, known by the general term of 
oxides of nitrogen. In general, the majority of the oxides of nitrogen released is in the form of nitric 
oxide, which then reacts with ozone in the atmosphere to form nitrogen dioxide. Of the two 
compounds, nitrogen dioxide is associated with adverse effects on human health, principally 
relating to respiratory illness. The World Health Organisation has stated that “many chemical 
species of nitrogen oxides exist, but the air pollutant species of most interest from the point of view 
of human health is nitrogen dioxide”. 

According to the most recent annual report from the National Atmospheric Emissions Inventory2, 
the greatest contributor to oxides of nitrogen emissions in England in 2017 was road transport, 
which accounted for 40.4% of emissions. High levels of oxides of nitrogen in urban areas are almost 
always associated with high traffic densities. Residential, Commercial & Public Sector Combustion, 
which is the sector that the Facility is included in, contributed 18%.  

The UK Air Quality Strategy includes two objectives, both of which are included in the Air Quality 
Directive: 

• A limit for the one-hour mean of 200 µg/m³, not to be exceeded more than 18 times a year 
(equivalent to the 99.79th percentile). 

• A limit for the annual mean of 40 µg/m³. 

3.2 Carbon Monoxide 

Carbon monoxide is produced by the incomplete combustion of fuels containing carbon. By far the 
most significant sources residential combustion and industrial combustion, which produce 33% and 
21% of the UK’s emissions respectively. The next largest contributor is passenger car road transport 
at 13% of the UK’s emissions. Carbon monoxide can interfere with the processes that transport 
oxygen around the body, which can prove fatal at very high levels. 

Concentrations in the UK are well below levels at which health effects can occur. The AQS includes 
the following objective for the control of carbon monoxide, which is also included in the Air Quality 
Directive: 

• A limit for the 8-hour running mean of 10 mg/m³, to be achieved by 1st January 2005. 

In addition, the Environment Agency has set the following Environmental Assessment Level: 

• A limit for the hourly mean of 30 mg/m³. 

 
2 NAIE UK Informative Inventory Report (1990-2017), DEFRA. 
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3.3 Application of AQALs 

The AQALs apply at areas of relevant exposure relevant to the assessment level. The following table 
extracted from Local Authority Air Quality Technical Guidance (2016) (LAQM.TG(16)) explains 
where the AQALs apply. 

Table 1: Guidance on where AQALs apply 

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 façades of residential 
properties, schools, hospitals, care 
homes etc. 

Building façades 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. 

24-hour mean 
and 8-hour mean 

All locations where the annual 
mean objective would apply, 
together with hotels. 

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 and 24 and 8-hour mean 
objectives apply. 

Kerbside sites (for example, 
pavements of busy shopping 
streets). 

Those parts of car parks, bus 
stations and railway stations etc. 
which are not fully enclosed, where 
members of the public might 
reasonably be expected to spend 
one hour or more. 

Any outdoor locations where 
members of the public might 
reasonably be expected to spend 
one hour or longer. 

Kerbside sites where the public 
would not be expected to have 
regular access. 
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3.4 Summary 

The following tables summarise the AQALs and Critical Levels used in this assessment.  

Table 2: Air Quality Assessment Levels (AQALs) 

Pollutant Limit Value (µg/m³) Averaging Period Frequency of 
Exceedances 

Nitrogen dioxide 40 Annual - 

200 1 hour 18 times per year 

(99.79th percentile) 

Carbon monoxide 10,000 8 hours, running - 

30,000 1 hour - 

 

Table 3: Critical Levels for the Protection of Vegetation and Ecosystems 

Pollutant Concentration (µg/m³) 

 

Measured as 

Nitrogen oxides (as nitrogen 
dioxide) 

30 

 

Annual mean 

75 

 

Daily mean 

 

In addition to the Critical Levels set out in the table above, the Air Pollution Information System 
(APIS) website3 provides habitat specific Critical Loads for nitrogen and acid deposition. Full details 
of the applicable Critical Loads can be found in Section 11.2.  

 
3 http://www.apis.ac.uk/ 
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4 Assessment Criteria 

4.1 Environmental Permitting Screening 

4.1.1 Human Health 

The Environment Agency’s Air Emissions Guidance states that to screen out ‘insignificant’ process 
contributions: 

• the long-term PC must be less than 1% of the long-term environmental standard; and 

• the short-term PC must be less than 10% of the short-term environmental standard. 

As part of this assessment, predicted process contributions have been compared to the AQALs 
provided in Section 3. 

If the above criteria are achieved, it can be concluded that it is not likely that emissions would lead 
to significant environmental impacts and the process contributions can be screened out.  

The long-term 1% process contribution threshold is based on the judgement that: 

• it is unlikely that an emission at this level will make a significant contribution to air quality; and 

• the threshold provides a substantial safety margin to protect health and the environment. 

The short-term 10% process contribution threshold is based on the judgement that: 

• spatial and temporal conditions mean that short-term process contributions are transient and 
limited in comparison with long-term process contributions; and 

• the threshold provides a substantial safety margin to protect health and the environment. 

For the purpose of this assessment, if the impact can be screened out as ‘insignificant’ at the point 
of maximum impact, further assessment is not required. If process contributions cannot be 
screened out, assessment will be undertaken for the following: 

• the Predicted Environmental Concentration (PEC, defined as the process contribution plus the 
background concentration) at the point of maximum impact; and 

• the process contribution and PEC at areas of public exposure. 

If the long-term PEC is below 70% of the AQAL, or the short-term process contribution is less than 
20% of the headroom4, it can be concluded that “there is little risk of the PEC exceeding the AQAL”, 
and the impact can be considered to be ‘not significant’. 

4.1.2 Ecology 

The Air Emissions Guidance states that to screen out impacts as ‘insignificant’ at European and UK 
statutory designated sites: 

• the long-term PC must be less than 1% of the long-term environmental standard (i.e. the Critical 
Level or Load); and 

• the short-term PC must be less than 10% of the short-term environmental standard. 

If the above criteria are met, no further assessment is required. If the long-term PC exceeds 1% of 
the long-term environmental standard, the PEC must be calculated and compared to the standard. 
If the resulting PEC is less than 70% of the long-term environmental standard, the Air Emissions 

 
4   Calculated as the AQAL minus twice the long-term background concentration. 
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Guidance states that the emissions are ‘insignificant’ and further assessment is not required. In 
accordance with the guidance, calculation of the PEC for short-term standards is not required.  

4.2 Assessment for planning 

In 2017 the IAQM published the guidance document “Land-Use Planning & Development Control: 
Planning for Air Quality” (referred to within this report as the IAQM 2017 guidance). This has been 
developed for professionals operating within the planning system. It provides them with a means 
of reaching sound decisions, having regard to the air quality implications of development proposals. 
This is not intended to replace the guidance that exists for industrial developments which require 
an Environmental Permit but notes that the Environment Agency’s guidance has not been 
developed for conducting an assessment to accompany a planning application.  

The IAQM 2017 guidance states that this may be adapted using professional judgement. Therefore, 
where appropriate Environment Agency guidance has been incorporated. This is appropriate as the 
project is an industrial source which will need an Environmental Permit to operate and will be 
regulated by the Environment Agency.  

In 2019 The IAQM published the guidance document “A guide to the assessment of air quality 
impacts on designated nature conservation sites”. This guidance is in agreement with the 
Environment Agency guidance on the assessment of effects of point source emissions on European 
and UK designated sites and as such the criteria detailed in Section 4.1.2 have been applied for the 
assessment of ecological impacts for planning. 

4.2.1 Human health - magnitude of change criteria 

4.2.1.1 Long-term impacts 

The IAQM 2017 guidance provides the following matrix which can be used to describe the 
magnitude of change based on the change in concentration relative to the annual AQAL, and the 
PEC with the scheme – i.e. the future baseline plus the process contribution.  

Table 4: IAQM Magnitude of Change Descriptors 

Long-term average 
concentration at receptor 
in assessment year 

% change in concentration relative to AQAL 

1 2-5 6-10 >10 

75% or less of AQAL Negligible Negligible Slight Moderate 

76-94% of AQAL Negligible Slight Moderate Moderate 

95-102% of AQAL Slight Moderate Moderate Substantial 

103-109% of AQAL Moderate Moderate Substantial Substantial 

110% or more of AQAL Moderate Substantial Substantial Substantial 

 

It is intended that the change in concentration relative to the AQAL (the process contribution) is 
rounded to the nearest whole number. Therefore, any impact which is between 0.5% and 1.5% will 
be classified as a 1% change in concentration. For a change in concentration to be described as 
negligible without any consideration of the baseline concentration the process contribution needs 
to be less than 0.5% of the AQAL.  
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4.2.1.2 Short-term impacts 

Table 4 is only designed to be used with annual mean concentrations. For short-term 
concentrations (i.e. those averaged over a period of an hour or less) the IAQM 2017 guidance states 
that the following descriptors of change should be used to describe the severity of the impact:  

• < 10% - negligible; 

• 10 – 20% - slight; 

• 20 – 50% - moderate; and 

• > 50% - substantial.  

The approach for assessing the impact of short-term emissions has been carried out in line with the 
IAQM 2017 guidance and does not take into account the background concentrations as these are 
less important in determining the severity of impact for short-term concentrations. 

4.2.2 Significance of effect 

For the purpose of this assessment, the IAQM and Environment Agency criteria outlined above has 
been used to define the magnitude of change associated with the Facility. In accordance with IAQM 
2017 guidance, professional judgement has then been used to determine the overall significance 
of effect of the development at receptor locations (i.e. as either ‘significant’ or ‘not significant’). 
This judgement has considered: 

• the existing air quality in the local area; 

• the extent of the predicted impacts from the proposed development; and 

• the influence and validity of the assumptions adopted in the dispersion modelling.  

The IAQM 2017 guidance states that: 

“In most cases, the assessment of impact severity for a proposed development will be governed by 
the long-term exposure experienced by receptors and it will not be a necessity to define the 
significance of effects by reference to short-term impacts. The severity of the impact will be 
substantial when there is a risk that the relevant AQAL for short-term concentrations is approached 
through the presence of the new source, taking into account the contribution of other prominent 
local sources.” 
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5 Baseline Air Quality 
The Facility is located at Russells Hall Hospital, within Dudley Council’s area of jurisdiction. 
Reference should be made to Figure 1 which shows the site location and the Facility. In this section 
the existing air quality monitoring and mapped background datasets has been reviewed and the 
appropriate concentrations to be used in the assessment are determined. 

5.1 Air quality review and assessment 

Under Section 82 of the Environment Act (1995) (Part IV), local authorities are required to 
undertake an ongoing exercise to review air quality within their area of jurisdiction. Dudley Council  
has declared a borough-wide Air Quality Management Area (AQMA) due to concern over annual 
mean nitrogen dioxide concentrations. The impact of the Facility on the AQMA has been considered 
as part of this assessment. 

5.2 Mapped background data 

In order to assist local authorities with their responsibilities under Local Air Quality Management, 
the Department for the Environment Food and Rural Affairs (DEFRA) provides modelled background 
concentrations of pollutants throughout the UK on a 1 km by 1 km grid. This model is based on 
known pollution sources and background measurements and is used by local authorities in lieu of 
suitable monitoring data. Mapped background concentrations have been downloaded for the grid 
squares containing the Facility and the immediate surroundings.  

The mapped background data is calibrated against monitoring data. For instance, the 2017 mapped 
background concentrations are based on 2017 meteorological data and are calibrated against 
monitoring undertaken in 2017. As a conservative approach, where mapped background data is 
used the concentration for the year against which the data was validated has been used. This 
eliminates any potential uncertainties over anticipated trends in future background concentrations. 

Concentrations will vary over the modelling domain area, which extends up to 1.25 km from the 
Facility. Therefore, the maximum mapped background concentration within the modelling domain 
has been calculated. These are presented in Table 5 alongside the concentration for the grid square 
containing the Facility.  

Table 5: Mapped Background Analysis 

Pollutant Concentration (µg/m³) Dataset 

At Facility Maximum Within 
Modelling Domain 

Nitrogen dioxide 14.87 20.31 DEFRA 2017 Dataset 

Carbon monoxide 345 368 DEFRA 2001 Dataset 

5.3 AURN and LAQM monitoring data 

The UK Automatic Urban and Rural Network (AURN) is a country-wide network of air quality 
monitoring stations operated on behalf of DEFRA. This includes automatic monitoring of nitrogen 
dioxide and carbon monoxide. Monitoring locations are broadly classified into ‘roadside’ and 
‘background’ locations. ‘Background’ locations are typically sited so that no single pollutant source 
is dominant and are intended to be representative of background concentrations over several 
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square kilometres. ‘Roadside’ sites are dominated by road traffic emissions and only representative 
of concentrations in the immediate vicinity of the analyser.  

A review of the AURN interactive map has shown that there is no representative AURN monitoring 
available as the closest AURN monitoring location is a roadside location in Oldbury approximately 
8 km east of the Facility.   

In addition to the national AURN, local authorities undertake monitoring of a range of pollutants as 
part of the LAQM review process. A review of the monitoring undertaken by Dudley Council as part 
of their LAQM commitments has shown that the council operates three automatic monitoring 
locations and 43 non-automatic (diffusion tube) nitrogen dioxide monitoring locations. Dudley 
Council does not undertake monitoring of carbon monoxide. 

A review of these monitoring locations shows that there is one automatic and six diffusion tube 
background-type monitoring locations within 5 km of the Facility and three roadside diffusion tube 
monitoring locations within 2 km of the Facility (i.e. close to the modelling domain). One of the 
background diffusion tube sites (Ref: 10f-10h) is co-located with the automatic site (Ref: DMBC1).  

Results of the monitoring from the identified urban background and roadside sites is provided in 
the following table and shown on Figure 2. Exceedances of the annual mean AQAL are highlighted. 
This data has been obtained from the Dudley Council 2019 Air Quality Annual Status Report (ASR), 
which is the most recent report published by the local authority. 

Table 6: Dudley Council – Nitrogen Dioxide  

Ref 

 

Type* Distance 
from 

Facility 
(km) 

Annual Mean Nitrogen Dioxide (µg/m³) 

Mapped 
Bg – 2017 

2014 2015 2016 2017 2018 

Background-Type Sites 

DMBC1 UB 2.6 21.94 23.0 19.0 22.0 19.0 19.0 

10f-10h UB 2.6 21.94 - - - 21.3 22.4 

30t UB 3.8 18.12 20.4 19.0 20.2 19.6 20.0 

60 UB 3.9 19.31 23.0 21.2 22.6 21.6 20.3 

49 UB 2.2 16.72 19.1 17.4 19.9 17.3 18.8 

33ex S 0.8 14.87 21.3 18.6 19.8 20.3 18.7 

13b S 4.6 13.92 14.1 11.8 14.0 12.5 13.1 

Roadside Sites 

54 R 1.5 14.28 39.5 34.7 36.1 41.1 34.5 

33 R 0.9 16.86 36.0 32.3 35.0 28.7 27.6 

33Q R 0.8 14.87 - - - 33.4 31.7 

Note:  

*UB = Urban Background, S = Suburban, R = Roadside 

 

As shown, the monitored concentrations are generally slightly higher than the mapped background 
concentrations for the squares containing the urban background monitoring sites. It is therefore 
considered that the mapped background concentrations may slightly underestimate background 
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concentrations in the vicinity of the Facility. Concentrations monitored at roadside sites are higher 
than the mapped background concentration due to the influence of local traffic emissions.  

As shown on Figure 2, the closest and most representative background-type monitoring location is 
the 33ex ‘suburban’ diffusion tube monitoring location. This site is located in a similar environment 
to the Facility and is located almost 1 km to the west (i.e. upwind). Therefore, the monitored 
concentration is representative and will not contain a significant contribution from the existing CHP 
unit and boilers, which avoids double-counting of emissions. As a conservative measure the 
maximum monitored concentration at site 33ex in the last five years of monitoring (21.3 µg/m³ - 
2014) has been used as the baseline concentration for this assessment. This is higher than the 
maximum mapped background concentration in the modelling domain presented in Table 5.  

5.4 Summary 

The baseline concentrations to be used in this assessment are summarised in Table 7 below.  

Table 7: Summary of Baseline Concentrations 

Pollutant Concentration 
(µg/m³) 

Justification 

Nitrogen dioxide 21.3 Maximum monitored concentration at location ref 33ex 
from 2014 to 2018. 

Carbon monoxide 368 Maximum mapped background concentration within 
modelling domain – DEFRA 2001 dataset. 

 

Further consideration will be given to the baseline concentrations where the impact of the Facility 
cannot be screened out as ‘insignificant’ for permitting or ‘negligible’ irrespective of the total 
concentration for planning. 
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6 Sensitive Receptors 
The general approach of this assessment is to evaluate the highest predicted process contribution 
to ground level concentrations, known as the point of maximum impact. In addition, the predicted 
process contribution at a number of sensitive receptors has been evaluated. 

6.1 Human sensitive receptors 

The human sensitive receptors identified for assessment are displayed in Figure 3 and listed in Table 
8. These have been identified as the residential properties and schools closest to the Facility in each 
wind direction.  

Table 8: Human Sensitive Receptors 

ID Name/Approximate 
Address 

Location (m) Distance from 
stack (m) X Y Z 

R1 Hospital West Wing Wards 1  391979 289345 6, 9 171 

R2 Hospital West Wing Wards 2 391980 289367 6, 9 158 

R3 Hospital West Wing Wards 3 391981 289386 6, 9 149 

R4 Hospital West Wing Wards 4 391983 289405 6, 9 143 

R5 Hospital West Wing Wards 5 391985 289425 6, 9 138 

R6 Hospital West Wing Wards 6 391986 289444 6, 9 136 

R7 Hospital Children’s Nursery 391903 289546 0 101 

R8 Hospital Accommodation 1 391956 289538 0 131 

R9 Hospital Accommodation 2 391950 289584 0 159 

R10 34 Elgar Crescent 391757 289461 0 94 

R11 230 High Street (A4101) 391739 289265 0 224 

R12 262 High Street (A4101) 391862 289237 0 222 

R13 276 High Street (A4101) 391962 289222 0 262 

R14 55 Pearce Close 392151 289648 0 355 

R15 Blackberry Close 392034 289760 0 352 

R16 St Mark’s Primary School 391154 289299 0 715 

R17 Pegasus Academy 392805 289496 0 955 

R18 Broad Meadow Care Home 392457 289887 0 742 

 

Receptor locations R1-R6 have been included at heights of 6 m and 9 m (i.e., the estimated height 
of the windows of inpatient wards on the first and second floors of the West Wing) to represent 
the areas of relevant exposure within Russells Hall Hospital that are closest to the Facility. 

The impacts of emissions from the Facility have been assessed at these receptor locations and are 
discussed in Section 10. 
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6.2 Ecological sensitive receptors 

A study was undertaken to identify the following sites of ecological importance in accordance with 
the Specified Generator Guidance5 criteria: 

• Special Protection Areas (SPAs), Special Areas of Conservation (SACs), or Ramsar sites within 
5 km of the Facility; and 

• Sites of Special Scientific Interest (SSSIs) within 2 km of the Facility. 

The sensitive ecological sites identified as a result of the study are displayed in Figure 4 and listed 
in Table 9. 

Table 9: Sensitive Ecological Receptors 

ID Site Designation Location (closest 
point to Facility) 

Distance from 
Facility at closest 

point (m) X Y 

E1 Fens Pools SAC/SSSI 558770 176550 270 

 

As shown in Figure 4, the SSSI designation covers a larger area than the SAC. In addition, the Barrow 
Hill and Tansey Green SSSI and Ketley Claypit SSSI lie within 2 km of the Facility. However, these 
sites have been designated for geological features and are not sensitive to air emissions from the 
Facility. 

Reference should be made to Section 11 for full details of the habitats present the site and the 
habitat-specific Critical Loads. 

 
5  Guidance on dispersion modelling for oxides of nitrogen assessment from specified generators, available at 

https://www.gov.uk/guidance/specified-generators-dispersion-modelling-assessment 
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7 Dispersion Modelling Methodology 

7.1 Selection of model 

Detailed dispersion modelling was undertaken using the model ADMS 5.2, developed and supplied 
by Cambridge Environmental Research Consultants (CERC). This is a new generation dispersion 
model, which characterises the atmospheric boundary layer in terms of the atmospheric stability 
and the boundary layer height. In addition, the model uses a skewed Gaussian distribution for 
dispersion under convective conditions, to take into account the skewed nature of turbulence. The 
model also includes modules to take account of the effect of buildings and complex terrain. ADMS 
is routinely used for modelling of emissions for planning and Environmental Permitting purposes to 
the satisfaction of the Environment Agency and Local Authorities.  

7.2 Model inputs 

7.2.1 Source and emissions data  

The principal inputs to the model with respect to the emissions to air from the Facility are presented 
in Table 10. The inputs for the CHP gas engine have been sourced from the datasheet for the gas 
engine to be installed at the site. The datasheet is provided in Appendix B. The rated thermal input 
of each boiler has been input into Fichtner’s internal combustion calculator to determine the inputs 
for the dispersion modelling.  

It has been assumed that the CHP unit operates continually at 100% load. It is also been assumed 
that boilers also operate at 100% load, which is a highly conservative assumption. 

Table 10: Source Data 

Item Unit New CHP 
Unit 

Existing 
Cochran 

Boilers x3 

Existing Beel 
Boiler  

Thermal input  kW 3,054 4908 4744(1) 

Stack Data 

Stack height m 16.5 m (see 
Section 8) 

27.3 m 

Internal diameter m 0.40 0.53 0.53 

Location  m, m 
391854, 

289462(2) 

2x Cochran boilers:  

391875, 289445 

1x Cochran, 1x Beel boiler:  

391878, 289443(3) 

Flue Gas Conditions 

Temperature(4) °C 120 188 161 

Exit moisture content(5) % v/v 11.43% 14.50% 14.50% 

Exit oxygen content(6) % v/v dry 9.78% 6.10% 6.10% 

Reference oxygen content % v/v dry 15% 3% 3% 

Volume at ref conditions (dry, ref O2) Nm³/s 2.58 1.38 1.33 
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Item Unit New CHP 
Unit 

Existing 
Cochran 

Boilers x3 

Existing Beel 
Boiler  

Volume at actual conditions Am³/s 2.24 3.28 2.99 

Flue gas exit velocity m/s 17.79 14.89 13.55 

NOx release concentration  mg/Nm3 95 250(7) 250(7) 

NOx release rate g/s 0.245 0.344 0.333 

CO release concentration mg/Nm3 380 12(8) 12(8) 

CO release rate g/s 0.982 0.040 0.036 

Notes: 

(1) Thermal input for the Beel boiler determined from rated thermal output of 4,469 kW and 
sampled efficiency of 94.2%.  

(2) New stack location determined from drawings provided by the Client. 

(3) A schematic of the layout of the existing stacks and flues is provided in Figure 8 . The ‘Combine 
Multiple Flues’ option in the model has been used to combine the emissions from each of the two 
flues in the two individual stacks. 

(4) The flue gas temperatures have been taken from the gas engine datasheet for the CHP unit, 
the boiler face plate data for the Cochran boilers, and a field sample report for the Beel boiler.  

(5) Moisture content determined using Fichtner combustion calculator. 

(6) The gas engine datasheet does not state the oxygen content of the flue gas. This has been 
calculated using the combustion air flow from the gas engine datasheet. Oxygen content of the 
flue gas for the boilers has been obtained from field sample reports. 

(7) NOx release concentration for existing boiler assumed to be the Emission Limit Value specified 
in the MCPD for existing natural gas fired boilers of rated thermal input of 1-5 MWth. 

(8) Carbon monoxide release concentration obtained from field sample reports and has been 
converted from ppm to µg/m³. As the reported emission concentrations were not reported at 
reference conditions, the concentrations have been multiplied by the actual volumetric flow rate. 
The carbon monoxide emissions are very low, as is typical for boilers. 

7.2.2 Meteorological data and surface characteristics 

The impact of meteorological data was taken into account by using weather data from the 
Birmingham Airport meteorological station for the years 2015 – 2019. Birmingham Airport is 
approximately 26 km to the east of the Facility. This site has been selected as it is the closest and 
most representative site with good data capture. Cosford is closer (approximately 20 km north-
west), but has less than 20% data capture. The data was obtained from ADM Limited. Five years of 
data have been used to take into account inter-annual fluctuations in weather conditions. Wind 
roses from Birmingham Airport for each year can be found in Figure 5.  

7.2.2.1 Surface roughness 

The surface roughness length can be selected in ADMS for both the dispersion and the 
meteorological site. This has been set to 0.5 m for the dispersion and meteorological sites. This 
value is appropriate for suburbs and is suitable for the surroundings of the dispersion site, which is 
located in the suburbs of Dudley, and for the meteorological site, which is located in the eastern 
suburbs of Birmingham. 
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The sensitivity of the model results to the choice of dispersion site surface roughness length has 
been considered in Section 9.1.  

7.2.2.2 Monin-Obukhov length 

The Monin-Obukhov length for the dispersion site and the meteorological site can be specified in 
ADMS. This provides a measure of the stability of the atmosphere and indicates the height above 
which convective turbulence (i.e. thermal) is more important than mechanical (i.e. friction). This 
allows for the effect of the urban heat island, to prevent the atmosphere from ever becoming very 
stable, to be simulated within the model. 

The Monin-Obukhov length of the modelling domain has been set to 30m for the dispersion and 
meteorological sites. This value is recommended by CERC as suitable for cities and large towns and 
is considered appropriate given the location of the dispersion and meteorological sites close to the 
edge of the Birmingham conurbation. 

7.2.3 Modelling domain 

Modelling has been undertaken over a grid of 2.5 km x 2.5 km with grid spacing of 25 m, with a 
nested grid of 450 m x 450 m with a smaller grid spacing of 9 m inside. This nested grid option has 
been used to ensure that the grid spacing around the point of maximum impact is less than 1.5 
times the stack height in accordance with the Environment Agency modelling rule of thumb.  

Table 11: Modelling Domain 

Nested Grid Fine Grid Wider Area 

Grid Spacing (m) 9 25 

Grid Start X 391450 390650 

Grid Finish X 392350 393150 

Grid Start Y 289050 288250 

Grid Finish Y 289950 290750 

7.2.4 Terrain 

It is recommended that, where gradients within 500 m of the modelling domain are greater than 1 
in 10, the complex terrain module within ADMS (FLOWSTAR) should be used. A review of the local 
area has deemed that the effect of terrain needs to be included in the modelling. The parameters 
of the terrain file used are given in the following table. Reference should be made to Figure 6 for a 
geographical representation of the modelling domain site and terrain file used.  

Table 10: Terrain File 

Parameter 

Grid resolution 64 x 64 

Grid Start X 390050 

Grid Finish X 393750 

Grid Start Y 287650 

Grid Finish Y 291350 
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7.2.5 Buildings 

The presence of adjacent buildings can significantly affect the dispersion of the atmospheric 
emissions in the following ways. 

• Wind blowing around a building distorts the flow and creates zones of turbulence. The 
increased turbulence can cause greater plume mixing. 

• The rise and trajectory of the plume may be depressed slightly by the flow distortion. This 
downwash leads to higher ground level concentrations closer to the stack than those which 
would be present without the building. 

The Environment Agency recommends that buildings should be included in the modelling if both: 

• The buildings are within 5L of the stack (where L is the smaller of the building height and 
maximum projected width of the building); and 

• The stack height is less than 2.5 times the height of the building. 

The details of the buildings included within the model are presented in Table 12 and a site plan 
showing their location is presented in Figure 7. The building heights have been estimated using the 
Environment Agency’s LIDAR Digital Surface Model (DSM) data. 

Table 12: Building Details 

Buildings Centre Point Height 
(m) 

Width 
(m) 

Length 

(m) 

Angle (°) 

X (m) Y (m) 

Building 1(1) 391863.2 289436.9 7.0 19.0 52.0 3.0 

Building 2 391906.0 289434.0 7.0 48.0 52.0 3.0 

Building 3 391820.0 289437.0 4.6 24.0 58.0 3.0 

Car Park 391915.0 289499.0 12.3 83.0 38.0 3.0 

Note: 

(1) Building 1 has been selected as the main building in the model as it is closest to the stack 
and expected to have the greatest effect on the dispersion of emissions from the Facility. 

7.3 Chemistry 

The plant will release nitric oxide (NO) and nitrogen dioxide (NO2) which are collectively referred to 
as NOx. In the atmosphere, a proportion of nitric oxide will be converted to nitrogen dioxide in a 
reaction with ozone which is influenced by solar radiation. Since the AQALs are expressed in terms 
of nitrogen dioxide, it is important to be able to assess the conversion rate of nitric oxide to nitrogen 
dioxide.  

Ground level NOx concentrations have been predicted through dispersion modelling. Nitrogen 
dioxide concentrations reported in the results section assume 70% conversion from NOx to nitrogen 
dioxide for annual means and a 35% conversion for short-term (hourly) concentrations, based upon 
the worst-case scenario in the Environment Agency methodology. Given the short travel time to 
the areas of maximum concentrations, this approach is considered conservative. 
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8 Stack Height Analysis 
When determining a suitable stack height, it is best practice to identify the stack height where the 
rate of reduction in maximum ground level concentration with increased height slows down. This 
can be identified on a graph as a step change in the slope. In addition, consideration needs to be 
given to the significance of any impact at areas of relevant exposure with regard to the annual mean 
and short-term AQALs. This assessment considers nitrogen dioxide only as this is the main pollutant 
of concern from the Facility. 

8.1 Model parameters 

For the stack height analysis the following parameters were kept constant: 

• model – ADMS 5.2 

• buildings – included; 

• dispersion site surface roughness value – 0.5 m; 

• meteorological site surface roughness – 0.5 m; 

• dispersion site Monin-Obukhov length – 30 m; 

• meteorological site Monin-Obukhov length – 30 m; 

• terrain – included at 64 x 64 resolution; and 

• meteorological data used – Birmingham Airport 2015 to 2019. 

The results presented below consider the point of maximum impact, and the maximum impact 
within an AQMA. The height of the tallest building within 5L of the stack is 12.3 m (the car park). 
The minimum stack height considered is 15 m, i.e. approximately 3 m above the height of the car 
park. A range of stack heights from 15 m up to 30 m has been considered. 

8.2 Analysis and discussion 

Graph 1 shows the annual mean nitrogen dioxide process contribution (as a % of the AQAL) from 
the Facility for varying stack heights. This analysis considers the impact at the point of maximum 
impact and at the following areas of relevant exposure: 

• The inpatient wards (receptors R1 – R6); 

• The hospital nursery (R7); and 

• Roadside receptors along the A4101 to the south of the hospital. For the stack height 
assessment these have been assessed by extracting the maximum predicted concentration 
within the identified area of relevant exposure. The area considered is highlighted in Figure 3.  
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Graph 1: Annual Mean Nitrogen Dioxide Stack Height Analysis – Point of Maximum Impact 

 

 

The analysis of Graph 1 shows that there is a significant decrease in the predicted concentration at 
the point of maximum impact at a stack height of 22 m. This is the stack height at which the model 
completely excludes building wake effects. Given that the model predicts that building wake effects 
are still significant for a stack height of 21 m but excludes them entirely at a stack height of 22 m, it 
is not certain that a step change of this magnitude would occur in reality. In addition, the highest 
concentrations for stack heights 21 m and less occur between the stack and the multi-storey car 
park where there is no relevant exposure with regard to the annual mean AQAL. The choice of stack 
height should instead be based on the impact at areas of relevant exposure. The step change in 
concentrations is not evident at any receptor locations except the nursery, and at this location the 
step change is much less pronounced than at the point of maximum impact. 

To determine the impact at areas of relevant exposure, the total pollutant concentrations including 
the contribution from the existing boilers must be considered. This is shown in Table 13 below. 

Table 13: Baseline Nitrogen Dioxide Concentrations for Stack Height Analysis  

Receptor Background 
Concentration 

(µg/m³) 

Maximum 
Contribution from 

Boilers (µg/m³) 

Total Baseline Concentration 
(µg/m³) 

µg/m³ % of AQAL 

Hospital Wards 21.30(1) 0.68 21.98 55.0% 

Nursery 21.30(1) 0.12 21.42 53.6% 

Roadside 36.00(2) 0.50 36.50 91.3% 

Notes: 

(1) Background concentration – see Table 6. 

(2) Maximum monitored roadside concentration along A4101 - see  Table 6 and Figure 2. 
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The baseline concentration may be as high as 91.3% of the AQAL at the roadside receptors 
(although likely lower as there are no major junctions in this area and the traffic is more free-flowing 
than at the monitoring location). The baseline concentration is 55% of the AQAL or less at the other 
receptor locations. Applying the screening criteria for permitting as detailed in Section 4.1, as the 
PEC is greater than 70% of the AQAL at the roadside receptors, any impact greater than 1% could 
not be considered to be ‘not significant’. The stack height should therefore be chosen such that the 
impact at the roadside receptor locations is less than 1% of the AQAL and can be screened out as 
‘insignificant’. This can be achieved with a stack height of 16.5 m. At this stack height, the impact 
at all other receptor locations can be considered ‘not significant’ as the PEC is less than 70% of the 
AQAL. 

Applying the criteria for planning detailed in Section 4.2.1.1, with a stack height of 16.5 m the 
magnitude of change at the roadside receptor locations would be described as ‘negligible’ as the 
impact rounds to 1% of the AQAL and the PEC is less than 94.5% of the AQAL. In addition, the impact 
at all other receptor locations would also be described as ‘negligible’ as the maximum impact 
rounds to 2-5% of the AQAL and maximum PEC is less than 75.5% of the AQAL. 

Consideration has also been given to short term impacts. This has considered the ground level point 
of maximum impact, and the impact at elevated receptors at the hospital inpatient wards. 

Graph 2: Short-Term Nitrogen Dioxide Stack Height Analysis 

 

 

The maximum predicted short-term impact is less than 10% of the AQAL and can be screened out 
as ‘insignificant’ for permitting and ‘negligible’ for planning for all stack heights considered, both at 
the ground level point of maximum impact and at the elevated receptor locations. 

8.3 Summary 

For a 16.5 m stack, the annual mean impact at all roadside receptor locations where the nitrogen 
dioxide PEC is likely to be greater than 70% of the AQAL is less than 1% of the AQAL and can be 
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screened out as ‘insignificant’ for permitting. The impact at these roadside receptor locations is 
described as ‘negligible’ for planning. At receptors away from the road, the impact is described as 
‘not significant’ for permitting and ‘negligible’ for planning. Therefore, a stack height of 16.5 m will 
not result in any adverse impacts on human health from emissions of oxides of nitrogen from the 
Facility. As such, the recommended stack height for the Facility is 16.5 m. 
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9 Sensitivity Analysis 

9.1 Surface roughness length 

The sensitivity of the results to surface roughness length has been considered by running the model 
with a range of surface roughness lengths for the dispersion site. 

The following parameters were kept constant: 

• model – ADMS 5.2; 

• Stack height – 16.5 m; 

• buildings – included; 

• meteorological site surface roughness – 0.5 m; 

• dispersion site Monin-Obukhov length – 30 m; 

• meteorological site Monin-Obukhov length – 30 m; 

• meteorological data used – Birmingham Airport 2019. 

Table 14 presents the concentration of oxides of nitrogen at the ground level point of maximum 
impact and the maximum impacted receptor for each surface roughness value. 

Table 14: Choice of Surface Roughness Length 

Dispersion Site 
Surface Roughness 
Length (m) 

Oxides of Nitrogen Process Contribution (µg/m³) 

Annual Mean  Max 1-hour 99.79%ile of 1-hour 

Point of Maximum Impact 

0.2 2.24 26.61 74.21 

0.3 2.59 29.32 73.41 

0.5 3.13 36.82 82.45 

0.7 3.56 40.46 96.24 

1.0 4.04 46.55 128.60 

Maximum Impacted Receptor 

0.2 0.91 14.49 22.88 

0.3 0.96 15.80 23.54 

0.5 1.04 17.37 24.17 

0.7 1.20 19.11 24.55 

1.0 1.45 20.05 25.25 

 

As shown, higher surface roughness lengths result in higher annual mean and short-term 
concentrations, both at the point of maximum impact and at the maximum impacted receptor. The 
surface roughness length of 0.5m has been selected as this is the most appropriate value for the 
suburban surroundings of the dispersion site.  
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9.2 Building parameters 

The sensitivity of the results to the effect of buildings has been considered by running the model 
with and without buildings.  

The following parameters were kept constant: 

• model – ADMS 5.2; 

• stack height – 16.5 m; 

• dispersion site surface roughness – 0.5 m; 

• meteorological site surface roughness – 0.5 m; 

• dispersion site Monin-Obukhov length – 30 m; 

• meteorological site Monin-Obukhov length – 30 m; 

• meteorological data used – Birmingham Airport 2019. 

Table 15 presents the concentration of oxides of nitrogen at the ground level point of maximum 
impact and the maximum impacted receptor for each building scenario.  

Table 15: Effect of Buildings 

Scenario used in model Oxides of Nitrogen Process Contribution (µg/m³) 

Annual Mean  Annual Mean  Annual Mean  

Point of Maximum Impact  

Including buildings 3.13 36.82 82.45 

Excluding buildings 0.99 13.60 24.91 

Maximum Impacted Receptor 

Including buildings 1.04 17.37 24.17 

Excluding buildings 0.95 13.03 17.30 

 

As shown, modelling the presence of buildings makes a significant difference to annual mean and 
short-term concentrations. Therefore, buildings have been included in the dispersion model as this 
represents a realistic approach.  

9.3 Terrain 

The sensitivity of the results to the effect of terrain has been considered by running the model with 
and without terrain effects.  

The following parameters were kept constant: 

• stack height – 16.5 m; 

• dispersion site surface roughness – 0.5 m; 

• meteorological site surface roughness – 0.5 m; 

• dispersion site Monin-Obukhov length – 30 m; 

• meteorological site Monin-Obukhov length – 30 m; 

• buildings – included; and 

• meteorological data used – Birmingham Airport 2019. 
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Table 16 presents the ground level concentration of oxides of nitrogen at the ground level point of 
maximum impact and the maximum impacted receptor for each terrain scenario.  

Table 16: Effect of Terrain 

Scenario used in model Oxides of Nitrogen Process Contribution (µg/m³) 

Annual Mean  Annual Mean  Annual Mean  

Point of Maximum Impact  

Including terrain 3.13 36.82 82.45 

Excluding terrain 3.26 37.92 93.87 

Maximum Impacted Receptor 

Including terrain 1.04 17.37 24.17 

Excluding terrain 1.10 17.57 24.83 

 

As shown, modelling the effect of terrain results in slightly higher annual mean and short-term 
concentrations. As the results are sensitive to the inclusion of terrain effects, terrain has been 
included in the dispersion model as this represents a realistic approach. 

9.4 Summary 

In summary, the remainder of this assessment has been based on the following assumptions: 

• Stack height – 16.5 m; 

• model – ADMS 5.2; 

• buildings – included; 

• dispersion site surface roughness length – 0.5 m; 

• meteorological site surface roughness length – 0.5 m; 

• dispersion site Monin-Obukhov length – 30 m; 

• meteorological site Monin-Obukhov length – 30 m; and 

• meteorological data used – Birmingham Airport 2015 to 2019. 
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10 Impact on Human Health 
The general approach of this assessment is to evaluate the highest predicted process contribution 
to ground level concentrations over the five modelled years (2015 - 2019), known as the point of 
maximum impact. In addition, the predicted impacts have been evaluated at the human sensitive 
receptors presented in Section 6.  

10.1 Results – at the point of maximum impact 

For the purpose of this assessment, the annual mean and 99.79th percentile of hourly means for 
nitrogen dioxide and maximum rolling 8 hourly and maximum hourly carbon monoxide have been 
considered using the Environment Agency and IAQM 2017 guidance criteria. The Environment 
Agency’s Specified Generator modelling guidance also requires assessment of the maximum hourly 
mean for nitrogen dioxide, and so this has also been considered. However, this is not a requirement 
under the IAQM 2017 guidance for planning. 

When considering the short-term impact of emissions, it is important that the potential for the 
Facility to operate under the worst-case meteorological conditions for dispersion is captured. As 
such it has been assumed that the Facility continually operates at the ELV.  

In line with the Specified Generator guidance note, if the results indicated that 19 or more hours 
are likely to exceed the AQAL at specific receptors a statistical analysis will be carried out using a 
hypergeometric probability distribution to examine the likely number of hours where the PEC is 
likely to exceed the AQAL based on the number of operational hours in the operating envelope. The 
Environment Agency guidance notes that a statistical analysis should be carried out where the AQAL 
is likely to be exceeded at specific receptors.  
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Table 17: Dispersion Modelling Results – Point of Maximum Impact  

Pollutant Quantity Units AQAL Bg 
Conc. 

Facility Process Contribution (PC) Facility Max PC Boilers Max PC Max PEC(2) 

2015 2016 2017 2018 2019 Conc. % of 
AQAL 

Conc. % of 
AQAL 

Conc. % of 
AQAL 

Nitrogen 
dioxide 

Annual mean µg/m³ 40 21.3 2.45 2.21 2.64 2.15 2.19 2.64 6.60% 1.11 2.77% 23.94 59.85% 

99.79th %ile of 
hourly means 

µg/m³ 200 42.6 12.3 13.5 13.6 12.8 12.9 13.6 6.82% 8.5 4.26% 59.68 29.84% 

Maximum hourly 
mean(2) 

µg/m³ 200 42.6 32.5 24.8 30.1 34.3 28.9 34.3 17.14% 15.4 7.71% 88.03 44.02% 

Carbon 
monoxide 

Maximum 8-hour 
rolling mean 

µg/m³ 10,000 736.0 234.7 155.0 86.8 90.8 146.6 234.7 2.35% 3.7 0.04% 972.7 9.73% 

Maximum hourly 
mean 

µg/m³ 30,000 736.0 372.0 283.9 344.5 392.5 330.5 392.5 1.31% 5.0 0.02% 1131.7 3.77% 

Notes: 

(1) There is no AQAL set for maximum hourly mean nitrogen dioxide. Therefore, the maximum hourly nitrogen dioxide concentration has been compared to the AQAL 
for the 99.79th %ile of hourly means. 

(2) The maximum PEC at any location has been presented. As the maximum impact of the boilers does not occur at the same point as the maximum impact of the 
Facility, this is not equal to the sum of the background and Facility and boiler contributions. 
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As shown in Table 17, the annual mean nitrogen impact at the point of maximum impact does not 
screen out as ‘insignificant’ using the EA guidance or ‘negligible’ irrespective of the total 
concentration using the IAQM guidance for annual mean concentrations. A plot file of the annual 
mean nitrogen dioxide is presented as Figure 9. This shows that the point of maximum impact lies 
between the stack and the multi-storey car park, i.e. not in an area of relevant exposure with regard 
to the annual mean AQAL. To assess the impact at areas of relevant exposure, further analysis of 
annual mean nitrogen dioxide concentrations has been undertaken and is presented in Section 10.2 
below. 

The 99.79%ile 1-hour nitrogen dioxide and short-term carbon monoxide process contributions are 
less than 10% of the AQAL, and screen out as ‘insignificant’ using the EA guidance or ‘negligible’ 
using the IAQM guidance. Although the maximum 1-hour nitrogen dioxide process contribution 
exceeds 10% of the AQAL, the PEC is well below the AQAL and additional assessment using a 
hypergeometric probability distribution is not required. 

10.2 Further assessment - annual mean nitrogen dioxide 

To assess the impact at areas of relevant exposure, the impact at sensitive receptors has been 
compared to the assessment criteria for planning and permitting. Table 18 sets out the maximum 
results over the five modelled years (2015 – 2019) at the point of maximum impact and at each 
identified receptor location. Receptors R1 to R6 have been modelled at 6 m and 9 m; the maximum 
concentration at either height has been presented. 

Impacts that do not screen out as ‘insignificant’ in accordance with Environment Agency guidance 
are highlighted and impacts that cannot be described as ‘negligible’ irrespective of the total 
concentration in accordance with the IAQM 2017 criteria are shown in bold.  

The PEC includes the process contributions from the Facility and the existing boilers and the 
baseline concentration. The baseline concentration is the concentration listed in Table 7, except at 
R11 – R13 which are adjacent to the A4101. A baseline concentration of 36.0 µg/m³ as monitored 
at roadside monitoring location 33 (see Table 6) has been selected for these receptors. This choice 
of baseline concentration is highly conservative as the traffic is more free-flowing at receptors R11-
R13 than at monitoring location 33.  

Table 18: Analysis – Annual Mean Nitrogen Dioxide 

Receptor ID Maximum 
Facility Process 

Contribution 

Maximum 
Boilers Process 

Contribution 

PEC 

µg/m³ % of 
AQAL 

µg/m³ % of 
AQAL 

µg/m³ % of 
AQAL 

Point of Max Impact 2.64 6.60% 1.11 2.77% 22.99 59.85% 

R1 Hospital West Wing Wards 1 0.84 2.10% 0.85 22.89 22.82 57.48% 

R2 Hospital West Wing Wards 2 0.86 2.15% 0.73 22.73 22.74 57.22% 

R3 Hospital West Wing Wards 3 0.83 2.07% 0.60 22.59 22.61 56.82% 

R4 Hospital West Wing Wards 4 0.77 1.94% 0.52 22.58 22.49 56.47% 

R5 Hospital West Wing Wards 5 0.76 1.89% 0.53 22.73 22.48 56.46% 

R6 Hospital West Wing Wards 6 0.80 2.00% 0.62 22.25 22.60 56.81% 

R7 Hospital Children’s Nursery 0.80 2.00% 0.15 22.37 22.22 55.63% 
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Receptor ID Maximum 
Facility Process 

Contribution 

Maximum 
Boilers Process 

Contribution 

PEC 

µg/m³ % of 
AQAL 

µg/m³ % of 
AQAL 

µg/m³ % of 
AQAL 

R8 Hospital Accommodation 1 0.77 1.93% 0.30 22.75 22.31 55.93% 

R9 Hospital Accommodation 2 0.82 2.06% 0.63 21.69 22.63 56.89% 

R10 34 Elgar Crescent 0.27 0.66% 0.12 36.84 21.66 54.22% 

R11 230 High Street (A4101) 0.33 0.82% 0.52 36.80 36.74 92.11% 

R12 262 High Street (A4101) 0.31 0.77% 0.49 37.00 36.70 92.00% 

R13 276 High Street (A4101) 0.37 0.92% 0.63 22.41 36.87 92.49% 

R14 55 Pearce Close 0.35 0.89% 0.60 22.77 22.26 56.03% 

R15 Blackberry Close 0.46 1.15% 0.81 21.48 22.57 56.93% 

R16 St Mark’s Primary School 0.04 0.11% 0.11 21.69 21.46 53.71% 

R17 Pegasus Academy 0.08 0.21% 0.25 21.79 21.63 54.24% 

R18 Broad Meadow Care Home 0.13 0.33% 0.29 22.99 21.72 54.48% 

 

10.2.1 Permitting 

As shown in Table 18, the impact at eight sensitive receptors is less than 1% of the AQAL and can 
be screened out as ‘insignificant’ using the Environment Agency’s screening criteria, including at 
the roadside receptors (R11 – R13). In addition, Figure 9 shows that the impact at all areas of 
relevant exposure along the A4101 is less than 1% of the AQAL and can be screened out as 
‘insignificant’. 

At the remaining receptor locations, the impact exceeds 1% of the AQAL. However, at these 
receptor locations the PEC is less than 70%, it can be concluded that the impact is ‘not significant’. 

10.2.2 Planning 

As shown in Table 18, the impact at three sensitive receptors is less than 0.5% of the AQAL. Under 
the IAQM 2017 guidance, the magnitude of change at these receptors is described as ‘negligible’ 
irrespective of the total concentration. The impact at receptors R10-R15 rounds to 1% of the AQAL, 
and the impact at receptors R1-R9 rounds to 2-5% of the AQAL. All of these receptors, with the 
exception of R11-R13, are located away from busy roads, and as such the background concentration 
presented in Section 5.3 is applicable. As shown, the maximum PEC at a receptor located away from 
busy roads is 57.5% of the AQAL at R1. Therefore, the magnitude of change is described as 
‘negligible’ as the annual mean process contribution is no greater than 2-5% of the AQAL and the 
PEC is less than 94.5% of the AQAL. 

Receptors R11-R13 are located on the A4101. When the maximum monitored roadside 
concentration in the vicinity (36 µg/m³) is applied as the baseline concentration the PEC at these 
locations is no more than 92.5% of the AQAL. As the impact rounds to 1% of the AQAL and the PEC 
is less than 94.5% of the AQAL the magnitude of change is also described as ‘negligible’. 
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10.3 Significance of effect 

The preceding sections have quantified the magnitude of change of annual mean and 99.79th 
percentile of hourly means for nitrogen dioxide. Professional judgement has been used to 
determine the resulting significance of the effect of emissions associated with the operation of the 
Facility. In accordance with the IAQM 2017 guidance criteria, this judgement takes into account 
that the assessment has been based on dispersion modelling using the following assumptions. 

• The Facility will continually operate at the emission limits outlined in Section 7.2.1 for the entire 
year.  

• The Environment Agency’s worst-case assumption for conversion of NOx to NO2 has been 
applied. 

• The Facility will be operational during worst-case meteorological conditions for dispersion. 

• The impacts presented at each receptor location are based on the maximum concentrations 
from five years of weather data. 

As such, the assessment is considered to be conservative.  

The assessment has shown that the magnitude of change of concentrations of nitrogen dioxide and 
carbon monoxide is described as ‘negligible’ at all receptor locations (i.e. at all areas of relevant 
exposure). Therefore, it is concluded that the overall effect of the Facility on local air quality will be 
‘not significant’. 
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11 Impact at Ecological Receptors 
This section provides an assessment of the impact of emissions at the ecological receptors identified 
in Section 6.2.  

11.1 Atmospheric emissions 

In addition to the objectives for the protection of human health, the AQS includes Critical Levels for 
the protection of ecosystems as presented in section 3.1. The predicted contribution from the 
Facility have been compared to these Critical Levels. 

Where the emissions of a pollutant are greater than 1% of the long-term or 10% of the short-term 
Critical Level at a European or UK statutory site, further assessment has been undertaken. 

For the purpose of the ecological assessment, the mapped background dataset from the Air 
Pollution Information System (APIS) has been used. If the process contribution is more than the 
screening criteria detailed above, further consideration will be made to the baseline concentration. 
The process contribution has been calculated based on the maximum predicted using all five years 
of weather data and the results are shown in Table 19 below. 

Table 19: Impact at the Ecological Site 

Site NOx Process Contribution  

Annual Mean Daily Mean 

µg/m³ % of CL µg/m³ % of CL 

Fens Pools SAC/SSSI 0.61 2.0% 6.66 8.9% 

 

As shown, the process contribution is less than 10% of the daily mean Critical Levels for oxides of 
nitrogen and the short-term impact screens out as ‘insignificant’. However, the annual mean 
process contribution is 2% of the Critical Level and cannot be screened out as ‘insignificant’. A plot 
file of the process contribution is included as Figure 10. This shows that a process contribution is 
below 1% of the Critical Level except in a small area in the north of the designated site. 

The baseline concentration from the grid square at the maximum impacted point in the designated 
site has been obtained from APIS. This is 28.45 µg/m³. Applying this as the baseline concentration 
and including the predicted contribution of 1.27 µg/m³ from the boilers, the PEC is 30.33 µg/m³ 
which is 101.1% of the AQAL at the maximum impacted point.  

As the process contribution exceeds 1% of the Critical Level over a small area of the designated site, 
and the PEC exceeds 70% of the Critical Level, it cannot be concluded that the impact is ‘not 
significant’. However, this does not automatically mean that the effect is ‘significant’, especially as 
the magnitude of exceedance of the 1% screening criteria is small. APIS provides additional 
information on the application of the Critical Level of 30 µg/m³, stating that: 

“Nitrogen oxides are known to have greater adverse effects in the presence of SO2 [sulphur dioxide] 
or O3 [ozone], and hence the critical level should apply where these pollutants are also close to their 
critical level.” 

Background concentrations of sulphur dioxide are available from APIS. The concentration from the 
grid square at the maximum impacted point in the designated site is 2.93 µg/m³, and the Critical 
Level is 20 µg/m³. Mapped or monitored background ozone concentrations are not available, but 
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the 2019 IAQM guidance states that ozone levels are also typically low in the UK. Therefore, 
applying the Critical Level of 30 µg/m³ is considered highly precautionary. 

As shown in Figure 10, impacts greater than 1% of the Critical Level are predicted to occur close to 
the A4101; therefore, road traffic would be a much greater source of oxides of nitrogen at the 
designated site than the Facility. Roadside nitrogen dioxide monitoring data is available from sites 
ref 33 and 33Q, which are located on the A4101 approximately 950 m west of the SSSI/SAC. As 
shown in Table 6, monitoring at site 33Q did not commence until 2017. However, monitored 
concentrations of nitrogen dioxide at site 33 have decreased from 36.0 µg/m³ in 2014 to 27.6 µg/m³ 
in 2018. Table 6 shows that nitrogen dioxide (and by association, oxides of nitrogen) concentrations 
at other background and roadside sites in the vicinity have also generally been decreasing in recent 
years, so this result is not specific to monitoring site 33.  

The condition of the SSSI units has been reviewed and all units are described as being in ‘favourable’ 
condition, with an assessment last being undertaken in 2010. As detailed above, it is highly likely 
that concentrations of oxides of nitrogen are lower now than when the SSSI was last assessed. 
Therefore, since airborne oxides of nitrogen in 2010 were not resulting in any degradation of the 
site and concentrations have since reduced, the small contribution from the Facility would not 
affect the integrity of the Fens Pool SSSI & SAC. In addition, this analysis does not consider the effect 
of the displacement of emissions from the existing CHP unit, which would reduce the predicted 
impact. 

11.2 Deposition of emissions 

11.2.1 Critical Loads 

APIS provides Critical Loads for nature conservation sites at risk from acidification and nitrogen 
deposition (eutrophication). A review of the information regarding the Fens Pools SAC/SSSI on APIS 
and the Natural England designated sites website6 has shown that the site has been designated for 
the presence of great crested newts and other amphibians. The relevant habitat for these species 
is ‘standing open water and canals’, for which no Critical Loads for nutrient nitrogen and acid 
deposition are defined.  

As detailed in Section 11.1, all constituent units of the Fens Pools SSSI have been assessed as being 
in ‘favourable’ condition. As such, the existing levels of deposition are unlikely to be contributing 
to the degradation of the site. In the absence of site-specific Critical Loads, it is considered 
appropriate to apply the 1% screening criterion against the background deposition, i.e. if the 
contribution from the Facility is less than 1% of the background deposition, the impact is screened 
out as ‘not significant’. Where the impact of process emissions from the Facility upon nitrogen or 
acid deposition is greater than 1% of the background deposition, further assessment has been 
undertaken. The APIS mapped background deposition levels are shown in Table 20 below. 

Table 20: Background Levels of Nitrogen and Acid Deposition 

Site Habitat/Species Type Maximum Background Deposition 

Nutrient Nitrogen 
(kgN/ha/yr) 

Acid Nitrogen 
(keq/ha/yr) 

Acid Sulphur 
(keq/ha/yr) 

Fens Pools 
SAC/SSSI 

Great crested newt/ 
amphibian assemblage 

11.8 0.8 0.3 

 
6 https://designatedsites.naturalengland.org.uk/ 
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11.2.2 Calculation methodology – nitrogen deposition 

The impact of deposition has been assessed using the methodology detailed within the Habitats 
Directive AQTAG 6 (March 2014) modified to only consider impacts of emissions of oxides of 
nitrogen. The steps to this method are as follows. 

 Determine the annual mean ground level concentrations of nitrogen dioxide at each site. 

 Calculate the dry deposition flux (µg/m2/s) at each site by multiplying the annual mean ground 
level concentration by the relevant deposition velocity presented in Table 21. 

 Convert the dry deposition flux into units of kgN/ha/yr using the conversion factors presented 
in Table 21. 

 Compare this result to the nitrogen deposition Critical Load. 

Table 21: Deposition Factors 

Pollutant Deposition Velocity (m/s) Conversion 
Factor (µg/m2/s 

to kg/ha/year) 
Grassland Woodland 

Nitrogen dioxide 0.0015 0.003 96.0 

11.2.3 Calculation methodology – acidification 

Deposition of nitrogen, sulphur, hydrogen chloride and ammonia can cause acidification and should 
be taken into consideration when assessing the impact of the Facility. However, of these the Facility 
will only include emissions of oxides of nitrogen. Therefore, the steps have been modified to only 
consider oxides of nitrogen emissions 

The steps to determine the acid deposition flux are as follows. 

 Determine the dry deposition rate in kg/ha/yr of nitrogen using the methodology outlined in 
Section 11.2.2.  

 Apply the conversion factor for N outlined in Table 22 to the nitrogen deposition rate in 
kg/ha/year to determine the total keq N/ha/year. 

 Plot the results against the Critical Load functions.  

Table 22: Deposition Factors 

Pollutant Conversion Factor (kg/ha/year to keq/ha/year) 

Nitrogen Divide by 14 

The contribution from the Facility has been calculated using the APIS formula: 

Where PEC N Deposition < CLminN:  

PC as % of CL function = PC S deposition / CLmaxS 

Where PEC N Deposition > CLminN: 

PC as % of CL function = (PC S + N deposition) / CLmaxN 

11.3 Results – deposition of emissions  

The results of the deposition analysis are presented below. 
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Table 23: Detailed Results – Deposition 

Site Deposition 
Velocity  

Process Contribution 

Nitrogen 
Dioxide 
(µg/m³) 

Nutrient Nitrogen 
Deposition 

Acid Nitrogen Deposition 

kgN/ha/yr As % of 
Background 

keq/ha/yr As % of 
Background 

(N+S) 

Fens Pools SAC/SSSI Grassland 0.43 0.062 0.52% 0.0044 0.40% 

 

As shown, the process contribution is less than 1% of background deposition. Therefore, the impact 
of the Facility can be screened out as ‘insignificant’. 
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12 Conclusions 
This Air Quality Assessment has been undertaken to support the planning and Environmental 
Permit applications for the proposed CHP unit (the Facility) at Russells Hall Hospital, Dudley. 
Dispersion modelling has been undertaken based on the assumption that the Facility will operate 
up to a maximum of 8,760 hours per year at the maximum design capacity.  

This assessment has included a review of baseline pollution levels, dispersion modelling of 
emissions and quantification of the impact of these emissions on local air quality. 

The primary conclusions of the assessment are presented below. 

 The overall impact of all long-term process emissions from the operation of the Facility is:  

a. ‘not significant’ at all human sensitive receptors using the Environment Agency’s screening 
criteria; and 

b. ‘negligible’ at all human sensitive receptors using the IAQM 2017 guidance criteria.  

 The overall impact of short-term process emissions from the operation of the Facility is:  

a. ‘insignificant’ at the point of maximum impact and at all areas of relevant exposure using 
the Environment Agency’s screening criteria; and  

b. ‘negligible’ at the point of maximum impact and at all areas of relevant exposure using the 
IAQM 2017 guidance criteria.  

 In relation to the impact at the single identified ecological sensitive site, the impact of airborne 
emissions from the Facility will not have a significant effect on the integrity of the site, and the 
effect of nutrient nitrogen and acid deposition can be screened out as ‘insignificant’. 

As such, based on the conservative assumptions used in the modelling study and that all impacts 
are ‘not significant’ using Environment Agency criteria and ‘negligible’ using the IAQM 2017 
guidance criteria, professional judgement has been used to conclude that the Facility will have a 
‘not significant’ effect on local air quality. 

In summary, the assessment of the Facility operating with a stack height of 16.5 m has shown that 
emissions would not have a significant impact on local air quality, the general population or the 
local community. As such there should be no air quality constraint in granting planning or an 
Environmental Permit to operate the Facility.  
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A Figures 
Figure 1: Site Location 
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Figure 2: Air Quality Monitoring Locations 
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Figure 3: Human Sensitive Receptors 
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Figure 4: Ecological Sensitive Receptors 
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Figure 5: Wind Roses – Birmingham Airport 2015 to 2019 

  



Veolia  

 

24 March 2020 Air Quality Assessment 

S2629-0030-0010SMN Page 48 

 

Figure 6: Modelling Domain  
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Figure 7: Building Details 
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Figure 8: Boiler Stack Schematic 
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Figure 9: Annual Mean Nitrogen Dioxide 
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Figure 10: Annual Mean Oxides of Nitrogen 
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B Gas Engine Data Sheet 
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