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Executive summary  
The report describes an air quality impact assessment study conducted by Ricardo Energy & 

Environment for Thames Water Utilities Limited (TWUL). The study assesses the potential air quality 

impacts of all combustion plants used to generate heat and/or electricity (generators) at the Riverside 

Sewage Treatment Works (STW) located off Creekside in Rainham, Essex, RM13 8QS. 

Combustion activities at Riverside STW consist of: 

• 3 CHP reciprocating engines each with a thermal input capacity of 5.1 MW; 

• 3 MW Robey steam boilers each with a thermal input capacity of 3,3 MW; and 

• 1 diesel generator with a thermal input capacity of 5.9 MW operating for up to 400 hours per 

year (with triad running and potential for CM inclusion). 

The scope of the additional permitted plant at Riverside STW relates solely to the diesel generator as 

described above (see permit application Non-Technical Summary for further information).  

Air quality impacts were calculated using the atmospheric dispersion model ADMS 5.2 using five years 

of meteorological data from the Gravesend and Southend Met Office sites. All model emission 

parameters were sourced from specifications provided by the operator, onsite monitoring carried out by 

TWUL, and previous modelling studies carried out for the site. Where there were no measured emission 

rates from plant, maximum permitted emission levels were used as a conservative assumption. 

The assessment considers the impact of emissions from the combustion plant on nitrogen dioxide 

(NO2), sulphur dioxide (SO2) and particulate matter (PM10 and PM2.5) concentrations.  Emissions were 

calculated using a hierarchical approach which was agreed in principle with the Environment Agency 

on 6 June 2019. 

Concentrations were predicted at ground level across a grid extending 1 km from the site in all 

directions, and at sensitive habitats within 10km of the site boundary.  Air quality impacts were assessed 

against Air Quality Objectives (AQOs) for the protection of human health, and against Critical Levels, 

Critical Loads, and AQOs for the protection of vegetation and ecosystems at sensitive habitats. A worst-

case approach was adopted to ensure that forecast levels of released substances are more likely to be 

over-estimated than under-estimated. 

The key conclusions from the assessment are presented in Box 1. 

Box 1: Key findings of the air quality impact assessment 

The following conclusions were drawn in relation to human health impacts: 

• The site was not forecast to result in the exceedance of any air quality standards or guidelines 

at relevant receptors.   

On this basis, it is concluded that there are no significant impacts due to air pollution at any relevant 

exposure location 

The following conclusions were drawn in relation to impacts at designated nature conservation sites: 

• No exceedances of the Critical Level for annual mean or 24 hour NOx concentrations, or 

annual mean SO2 concentrations, are predicted to occur. 

• The site contribution to nutrient nitrogen deposition is below 1% of the site-specific Critical 

Loads at all designated habitat sites for which critical loads have been specified 

• No critical loads for acidity are specified at any of the identified habitat sites. 

On this basis, it is concluded that there are no significant impacts due to air pollution at any relevant 

protected nature conservation site 
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1 Introduction 
The report describes an air quality impact assessment study conducted by Ricardo Energy & 

Environment for Thames Water Utilities Limited (TWUL). The study assesses the potential air quality 

impacts of all combustion plants used to generate heat and/or electricity (generators) at the Riverside 

Sewage Treatment Works (STW) located off Creekside in Rainham, Essex, RM13 8QS. 

Combustion activities at Riverside STW consist of: 

• 3 CHP reciprocating engines each with a thermal input capacity of 5.1 MW; 

• 3 MW Robey steam boilers each with a thermal input capacity of 3,3 MW; and 

• 1 diesel generator with a thermal input capacity of 5.9 MW operating for up to 400 hours per 

year. 

The three CHP units are run on biogas that is produced and supplied via gas storage vessels from the 

adjacent sewage sludge digesters. The boilers can be operated on natural gas as a backup position 

with a flare in place to burn excess biogas when the power units are not in operation. These activities 

are already permitted at the Riverside STW (EPR/GB3739DY). The permitted activities do not currently 

include the existing diesel standby generator. As such, this application is for a complex bespoke 

Tranche A, Specified Generator Controls (SGC) variation application, in order to account for the 

operation of the in-scope diesel standby generator combustion 

The CHP units run continuously 24 hours per day and 365 days per year apart from during periods of 

maintenance. Approximately 78% of the CHP generated electricity is used either within the existing 

waste operation or at the STW, whilst the remaining is exported to the National Grid. All of the heat 

recovered for the activity is used in the adjacent sewage sludge digesters. 

Air quality impacts were calculated using the ADMS 5.2 dispersion model using five years of 

meteorological data from the Gravesend and Southend Met Office sites. All model emission parameters 

were sourced from specifications provided by the operator, monitoring of emissions parameters for 

existing sources, and further information assessed during site visits. To ensure a conservative 

assessment, emission rates for the combustion plant were taken from the maximum permitted emission 

levels. 

The assessment considers the impact of emissions from the engine on nitrogen dioxide (NO2), sulphur 

dioxide (SO2) and particulate matter (PM10 and PM2.5) concentrations. Air quality impacts were 

assessed against Air Quality Objectives (AQOs) for the protection of human health, and against Critical 

Levels and Critical Loads for the protection of vegetation and ecosystems at sensitive habitats.  

The Environment Agency’s standard assessment processes envisage the use of screening tools to 

assess potential air quality impacts of the regulated combustion plant.  However, in the case of the 

Riverside facility, the use of these screening tools was considered not to be appropriate, because of 

the proximity of the site to air quality management areas and relatively high baseline levels of air 

pollutants.  Applying the EA’s screening methods would indicate a need for detailed modelling.  As a 

result, the screening stage would not add any value to the assessment, and so it was bypassed, with a 

detailed modelling approach used directly. 
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2 Air Quality Standards and Guidelines 

2.1 Air Quality Strategy and Objectives 

The Riverside site is a sewage treatment works with combustion plant operating on biogas and diesel. 

As such, the pollutants of potential concern with regard to this assessment comprise NO2, SO2 and 

particulate matter (PM10 and PM2.5).   

Local Authorities are required under the Environment Act 1995 to assess air quality in their areas on an 

annual basis against air quality objectives (see Table 1) set out in regulation.  The table shows the 

standards in micrograms per cubic metre (µg.m-3) with the number of exceedances that are permitted, 

where applicable.  

Under EU directives, proposals must be assessed against Ambient Air Directive Limit Values. These 

are set out in the European 2008 Ambient Air Quality Directive (2008/50/EC) and transposed into 

legislation by the Air Quality Standards Regulations (2010) and subsequent amendments. Table 1 

presents the relevant Air Quality Objectives (AQOs) for the pollutants of interest.  

Table 1: Objectives included in the Air Quality Regulations and subsequent Amendments 

Pollutant Air Quality Objective (AQO) Concentration Measured as 

Nitrogen 

Dioxide (NO2) 

200 µg/m3 not to be exceeded more than 18 times a year 1 hour mean 

40 µg/m3 Annual mean 

Sulphur 

dioxide (SO2) 

266 µg/m3 not to be exceeded more than 35 times a year 15 minute mean 

350 µg/m3 not to be exceeded more than 24 times a year 1 hour mean 

125 µg/m3 not to be exceeded more than 3 times a year 24 hour mean 

PM10 

50 µg/m3, not to be exceeded more than 35 times a calendar 

year  

Daily mean (24hr) 

40 µg/m3 Annual mean 

PM2.5 25 µg/m3 Annual mean 
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2.2 Sensitive locations 

The locations where objectives apply are defined in the AQS as locations outside buildings or other 

natural or man-made structures above or below ground where members of the public are regularly 

present and might reasonably be expected to be exposed over the relevant averaging period of the 

objectives. Typically, these include residential properties, hospitals and schools for the longer averaging 

periods (i.e. annual mean) pollutant objectives and the above locations plus workplaces, shopping areas 

etc. for short-term pollutant objectives. Table 2 lists examples of where the objectives should and should 

not apply. 

Table 2: Objectives Examples of where the Air Quality Objectives should and should not apply 

Averaging 

period 

Pollutants Objectives should apply at … Objectives should not generally 

apply at … 

Annual 

mean 

NO2 

PM10 

PM2.5 

All locations where members of the 

public might be regularly exposed. 

Building façades 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 

NO2 

SO2 

All locations where the annual 

mean objective is applied. 

Kerbside sites (e.g. pavements of 

busy shopping streets). 

Those parts of car parks and 

railway stations etc. which are not 

fully enclosed. 

Any outdoor locations to which the 

public might reasonably be 

expected to have access. 

Kerbside sites where the public 

would not be expected to have 

regular access. 

 

The receptors identified for assessment of modelled concentrations against annual mean and short-

term objectives are presented in Section 2.2. 

2.3 Critical levels and loads at designated habitat sites 

Forecast levels of released substances were assessed against critical levels for the protection of 

sensitive habitats and species at designated habitat sites within 10 km of the site, and locally designated 

sites within 2km of the site.   

Where the site contribution was less than 1% of the relevant long-term critical level, and the site 

contribution was less than 10% of the relevant short-term critical level, the contribution of the site was 

considered to represent an insignificant contribution to critical levels.  
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Forecast levels were further evaluated against critical levels specified for the protection of natural 

ecosystems. This assessment considered the contribution to nitrogen deposition and acid deposition.  

The critical loads for nitrogen and acidity are expressed as the rate of deposition per unit area per year 

which can be tolerated by the habitat site. These values vary by site; site-specific critical loads are 

presented in Section 6.2. 
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3 Study Area 

3.1 Site location 

The permitted waste operation is bounded to the North by a sludge storage building, with railway lines 

beyond the STW boundary. To the South the A13 road bounds the STW, whilst Rainham Creek, a 

tributary of the River Thames is located approximately 500m to the South-East of the site. The River 

Thames itself is located approximately 1km to the South. The National Grid Reference for the site is TQ 

517 822. 

3.2 Sensitive receptors 

Potentially sensitive locations near the site were identified from Ordnance Survey mapping. A notional 

radius of 1500 m was used for this assessment.  The modelling study confirmed that this radius would 

include all locations at which the highest modelled concentrations are forecast to occur.   

As the site is located close to more densely populated areas, areas of relevant exposure for the short-

term AQOs were identified rather than individual receptors in order to ensure that all potential areas of 

significant impact were covered, using the grid described in Section 4.9. All offsite locations were 

considered relevant exposure for the short-term AQOs as a conservative assumption, except for the 

railway on the northern edge of the site.  

For annual mean objectives, locations of all residential areas were modelled, including the onsite 

housing at the eastern edge of the site. The sensitive receptors identified are shown in and described 

in Table 3. 

Table 3 Locations of relevant exposure 

Receptor 
ID 

Location Easting Northing 
Height 

modelled, m 

HR1 Newtons Primary School 550727.5 183192.9 1.5 

HR2 48 New Road 551666.6 182652.5 1.5 

HR3 
La Salette Catholic Primary 

School 
551983 182714.7 1.5 

HR4 4 Capstan Drive 552162.3 182012.5 1.5 

HR5 2 Spencer Road 550889.9 182955.1 1.5 

HR6 95 Cherry Tree Lane 551714.7 183046.1 1.5 

HR7 4 Creekside 551684 182170 1.5 

HR8 
31 Belewitts Cottages, New 

Road 
551557 182683 1.5 

HR9 CEME College 550823 182167 1.5 

HR10 29 Broadway 552025 182243 1.5 

HR11 
The Cottage Pre-School 

Nursery 
552102 182305 1.5 

HR12 Annabel Court, New Road 551162 182801 1.5 
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3.3 Designated nature conservation sites 

Internationally designated habitat sites (SPAs, SACs, and Ramsar Sites) within 10 km of the site, and 

nationally designated habitat sites (SSSIs and LNRs) within 2km of the site were considered.  Distances 

were measured from the closest point on the designated habitat site to the Riverside site boundary.  

Although emissions from the plant could potentially affect designated sites further away from the site, 

any impacts would be less significant than those forecast at sites within the 10 km zone.  No further 

assessment was carried out in relation to SSSIs designated solely for their geological interest. The 

designated sites identified are set out in Table 4, and are shown in Figure 1.  Nearby locally designated 

sites were identified using data published by Natural England1. 

Table 4: Nationally/internationally designated habitat sites within 10 km of the installation 

Site Area (km2) Designation 
Approx. distance 
from site (km) 

Ingrebourne Marshes 65.61 SSSI 0.55 

Inner Thames Marshes 485.87 SSSI 0.63 

Rainham Marshes 79.2 LNR 0.45 

Beam Valley 39.3 LNR 1.3 

Ingrebourne Marshes 146.6 LNR 0.70 

 

Figure 1: Locally, nationally and internationally designated habitat sites near the installation 

  

                                                      

1 https://data.gov.uk/dataset/acdf4a9e-a115-41fb-bbe9-603c819aa7f7/local-nature-reserves-england 
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3.4 Baseline air quality 

Local Authorities are required to declare an Air Quality Management Area (AQMA) where it is likely that 

the relevant air quality objectives will not be achieved and to prepare an Action Plan to set out proposed 

measures to be taken to achieve the air quality objectives.  

Riverside STW is located within the Havering Air Quality Management Area (AQMA). This AQMA was 

declared for the whole borough on 11th September 2006, due to exceedences of the UK Air Quality 

Objectives for 24-hour mean PM10 concentrations and annual mean Nitrogen Dioxide (NO2) 

concentrations.  The neighbouring London Borough of Barking and Dagenham, and London Borough 

of Bexley have also been declared as AQMAs. 

Figure 2 below shows the location of Riverside STW within these AQMAs. 

Figure 2: Havering AQMA 

 

 

As of 2017, Havering Borough Council currently undertakes air quality monitoring at 38 diffusion tube 

locations across the borough, and at 2 automatic monitoring locations. Table 5 presents measured NO2 

concentrations at the 4 diffusion tube locations nearest the site; these concentrations are all measured 

at roadside locations. In 2017, these diffusion tubes reported a range of concentrations from 28.0 to 

46.1 µg.m-3.  

Table 5: Monitoring annual mean NO2 concentrations at roadside diffusion tube sites in Havering. 

Exceedances of the AQO are presented in bold. 

Site ID Location 
Location (OSGB) 

Annual mean NO2 

concentration, µg.m-3 

x y 2014 2015 2016 2017 

HAV46 Rainham Village School 552441 182337 32.9 31.3 34.5 33 

HAV49 Newton's School 550722 183294 29.1 26.8 27.9 28 

HAV50 Blewitts Cottages 551526 182672 38.3 41.1 42.2 46.1 

KEY 

  AQMA Designated Areas 

   Riverside STW 
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Site ID Location 
Location (OSGB) 

Annual mean NO2 

concentration, µg.m-3 

x y 2014 2015 2016 2017 

HAV56 Rainham Tesco 552047 182357 49.9 40.4 48.1 44.1 

 

The Defra background maps2 were compared to the measured concentrations of NO2 in the study area. 

The resource provides estimated annual mean background concentrations of key pollutants at a 

resolution of 1x1km for the UK. Annual mean NOx and NO2 background concentrations for 2018 in grid 

square (501500, 167500) containing the site are presented in Table 6, together with data for PM10, 

PM2.5 and sulphur dioxide.  

Table 6: Annual Mean Background Concentrations 

Grid square Mapped concentrations (µg.m-3) 

x y NO2 SO2
3 PM10 PM2.5 

550500 181500 23.5 7.2 5.0 5.0 

550500 182500 28.6 6.4 5.0 5.0 

550500 183500 23.3 6.9 5.0 5.0 

551500 181500 25.9 7.8 5.0 5.0 

551500 182500 24.0 7.7 5.0 5.0 

551500 183500 22.3 6.4 5.0 5.0 

552500 181500 23.7 8.2 5.0 5.0 

552500 182500 22.4 9.1 5.0 5.0 

552500 183500 20.3 10.6 5.0 5.0 

 

As the diffusion tube NO2 concentrations represent roadside locations, these concentrations are not 

representative of background concentrations across the model domain.  This is because measured 

concentrations fall off sharply with distance from the roadside. These measurements are therefore not 

suitable to represent baseline levels for modelling the cumulative impacts of all onsite sources.   

The impact of the facility will be much lower at these locations, and as such the background map data 

represent a more appropriate estimate of background NO2 concentrations in Havering; in accordance 

with this analysis, the mapped concentrations for the grid square containing the STW was used for the 

study.  

 

  

                                                      

2 2013 Defra background maps, Available at https://uk-air.defra.gov.uk/data/laqm-background-maps?year=2015 

3 2017 value 

https://uk-air.defra.gov.uk/data/laqm-background-maps?year=2015
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4 Modelling Methodology 

4.1 Model description 

The air quality impacts of the combustion plant at the Riverside site were calculated using the 

Atmospheric Dispersion Modelling System ADMS 5.2.  

ADMS 5.2 is the latest version of a new generation gaussian plume dispersion model developed by 

Cambridge Environmental Research Consultants Ltd (CERC) which has been extensively validated to 

international dispersion modelling standards. New generation dispersion models describe the 

atmospheric boundary layer in terms of the boundary layer depth and the Monin-Obukhov length and 

allow for the use of a skewed Gaussian distribution under convective meteorological conditions. These 

facilities allow for accurate predictions of pollutant concentrations under different meteorological 

conditions.  

4.2 Meteorology 

The closest weather station to the Riverside site with availability for all required years is the Gravesend-

Broadness Met Office station, located approximately 6.6 km south east of the site. Measurements at 

this station are representative of the weather conditions likely to be experienced at the site. Cloud cover 

data is not available from this site; instead, data from the Southend Met Office site was used. 

Meteorological data was sourced from the NOAA surface observations archive and processed into an 

hourly sequential format suitable for use in the dispersion model. Statistics for the meteorological data, 

including data capture, are presented in Table 6. 

Table 6: Gravesend-Broadness meteorological data statistics, 2013 to 2017 

Year 2014 2015 2016 2017 2018 

Data 

capture 
91.3% 92.8% 91.7% 91.9% 81.2% 

 

Wind roses for each of the modelled years from the Gravesend-Broadness met station are presented 

in Figure 3. The prevailing wind is south-westerly, with some north-easterly winds. This is a commonly 

encountered pattern in mainland UK.  
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Figure 3: Wind roses for a) 2014, b) 2015, c) 2016, d) 2017, and e) 2018, Gravesend-Broadness 

meteorological site 

a) b) 

c) d)  
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4.3 Source operational hours and emissions data 

The current configuration of the Riverside site includes a number of sources of emissions to air. Where 

appropriate, emissions data and exit parameters for these sources, were provided by TWUL from 

emissions monitoring data, previous modelling reports, and manufacturer’s specifications using a 

hierarchical approach.   

4.3.1 Biogas fired CHP engines 

Three biogas fired Cummings type C2000 N5C CHP units are assumed to operate continuously on site. 

Emissions data and stack parameters were taken from onsite observations, manufacturer’s 

specifications, and permitted emission limit values.  

• Emission rates of NOx for the CHP units were calculated using the emission concentration 

limits presented in the Riverside CHP modelling report4.  

o CHP 2:  NOx emission concentration: 400 mg Nm-3 at 5% O2 

o CHP 3:  NOx emission concentration: 400 mg Nm-3 at 5% O2 

o CHP 4:  NOx emission concentration: 400 mg Nm-3 at 5% O2 

•  Emissions rates of SO2 were derived using a reference emission factor taken from SGC 

guidance5; 

o SO2 emission factor: 62.1 g GJ-1 

• Emissions rates of particulate matter were derived using emission factors taken from USEPA 

guidance, which was more conservative than the equivalent factors published by the EEA, and 

more representative of CHP units in the UK.6  

o PM10 and PM2.5 emission factor 4.76 g GJ-1  

• Stack temperatures were based upon temperatures taken from the air quality modelling carried 

out as part of the existing site permit.  

• Stack moisture content was taken from the air quality modelling carried out as part of the 

existing site permit. 

• Exhaust velocity was taken from the Riverside CHP dispersion modelling report. Data for these 

sources are presented in Table 7. 

Table 7: Biogas CHP plant specification 

Plant ID 

Plant 

Capacity 

(thermal 

input) 

Temp 

(ºC) 

Velocity 

(m/s) 

Height 

(m) 

Diameter 

(m) 

Emission rate (g/s) Location 

NOx SO2 PM10 PM2.5 X (m) Y (m) 

CHP 1 5.1 MWth 220 23.1 13 0.35 0.680 0.317 0.0243 0.0243 551396.1 182378.5 

CHP 2 5.1 MWth 220 23.1 13 0.35 0.680 0.317 0.0243 0.0243 551390.6 182374.1 

CHP 3 5.1 MWth 220 23.1 13 0.35 0.680 0.317 0.0243 0.0243 551385.1 182383.1 

 

                                                      

4 Chertsey CHP V1.0 Dispersion Modelling Report.pdf, Atkins 2010 

5 Basic Data on Biogas (Svenskt Gastenkniskt Center AB (SGC)), composition of biogas  

6 US EPA AP42, Stationary Internal Combustion Sources section 3.2 Natural Gas Reciprocating Engines and section 3.3, Gasoline and Diesel 

Industrial Engines 
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4.3.2 Boilers 

The three natural gas fired boilers have a steam generation capacity of 5000 kg/h; excess heat is 

extracted from the engine flue gases through a fourth pass. All three boilers were assumed to operate 

continuously, to provide a worst-case assessment of impacts from the source.  

• Emission rates of NOx for the boilers were calculated using the ELV value of 120 mg Nm -3 at 

5% O2; 

• Emissions rates of SO2 were derived using reference emission factors taken from SGC 

guidance7; 

o SB1: 0.3 g GJ-1 

• Emissions rates of particulate matter were derived using emission factors taken from 

EMEP/EEA guidance8  

o SB1: PM10 and PM2.5 emission factor 0.45 g GJ-1  

• Stack temperatures were based upon temperatures taken from the Riverside CHP Dispersion 

modelling report.  

• Exhaust velocity was derived from the fuel composition, thermal input, calorific value of fuel, O2 

content, and exhaust temperature. 

Data for these sources are presented in Table 8 

Table 8: Temporary boiler plant specification 

Plant ID Boiler 

Capacity 

(MW) 

Temp 

(ºC) 

Velocity 

(m/s) 

Height 

(m) 

Diameter 

(m) 

Emission rate (g/s) Location 

NOx SO2 PM10 PM2.5 X (m) Y (m) 

Boiler 1 3.3 278 10.8 19.0 0.5 0.111 0.00099 0.00149 0.00149 551396.1 182378.5 

Boiler 2 3.3 278 10.8 19.0 0.5 0.111 0.00099 0.00149 0.00149 551390.6 182374.1 

Boiler 3 3.3 278 10.8 19.0 0.5 0.111 0.00099 0.00149 0.00149 551385.1 182383.1 

 

4.3.3 Diesel fired generator 

In addition to the continuous sources, one diesel generator is operated on site for Triad avoidance, 

emergency use and testing.  

Emissions data and stack parameters were taken from onsite observations, manufacturer’s 

specifications, and permitted emission limit values.  

• Emission rates of NOx for the generator were calculated using an emission factor from USEPA 

42 Vol 1 Ch3.3 Table 3.41.6 

o G1:  NOx emission factor: 1463 g GJ-1 

• Emissions rates of SO2 were derived from reference emission factors taken from the Sulphur 

Content of Liquid Fuels (SCOLF) Directive9; 

o G1: SO2 emission factor:  46.9 g GJ-1 

                                                      

7 Basic Data on Biogas (Svenskt Gastenkniskt Center AB (SGC)), composition of biogas  

8 Stationary Internal Combustion Sources (US EPA) section 3.2 Natural Reciprocating Engines 

9 DIRECTIVE (EU) 2016/802 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL, of 11 May 2016, relating to a reduction in the sulphur 

content of certain liquid fuels (SCOLF) 
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• Emissions rates of particulate matter were derived from reference emission factors taken from 

USEPA guidance;  

o G1: PM10 emission factor: 26.2 g GJ-1; PM2.5 emission factor: 21.9 g GJ-1 

• Stack moisture content was calculated from the fuel composition, thermal input and calorific 

value of fuel 

• In the absence of available data, the O2 content was estimated from experience of typical values 

for plant of this nature. 

• Exhaust velocity was derived from the fuel composition, thermal input, calorific value of fuel, 

assumed O2 content, and exhaust temperature. 

Data for this source is presented in Table 9.  

Table 9: Existing Generator plant specification 

Plan

t ID 

Plant 

Capacity, 

MWth 

Temp 

(ºC) 

Velocity 

(m/s) 

Height 

(m) 

Diameter 

(m) 

Emission rate (g/s) Location 

NOx SO2 PM10 PM2.5 X (m) Y (m) 

DG 1 5.9 350 34.5 9.0 0.55 8.67 0.278 0.155 0.130 551581 182253 

 

The diesel generator was assumed to operate for up to 400 hours per year (triad running potential for 

CM inclusion). 

 

4.4 Terrain and land use 

The topographical features surrounding a site will have an influence on the dispersion of pollution in 

that area.  

Following model guidance, a surface roughness length of 0.5m was used.  This value is appropriate for 

“parkland, open suburbia”, broader setting. Model default values were used for surface albedo (0.23) 

and the Priestley Taylor parameter (1).  

The ADMS 5 documentation states that terrain effects are only relevant when slopes of 1:10 or greater 

are present in the immediate vicinity of the site. No such slopes were identified in the vicinity of the 

Riverside STW. 
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4.5 Building parameters 

Recirculating flow and downwash effects caused by buildings in the immediate vicinity of the plume can 

significantly affect plume dispersion. ADMS 5 includes dispersion algorithms to predict these effects. 

Sensitivity testing was carried out to determine the most conservative building configuration for use in 

the modelling; the modelled building parameters are listed in Table .  

Table 9: Modelled building dimensions 

Name Shape X (m) Y (m) 
Height 

(m) 

Length 

(m) 

Width 

(m) 

Angle 

(Degrees) 

Building001 Rectangular 551384.6 182363.4 9.0 37.3 27.1 129.0 

Building002 Rectangular 551411.5 182413.7 14.0 86.7 27.3 129.3 

Building003 Circular 551467.9 182365.9 20.0 21.0 21.0 0.0 

Building004 Circular 551452.3 182347.3 20.0 21.0 21.0 0.0 

Building005 Circular 551437.0 182327.6 20.0 21.0 21.0 0.0 

Building006 Rectangular 551561.1 182259.4 8.0 75.7 22.0 128.1 

 

The layout of the site, including all modelled buildings and sources, is plotted in Figure 3. 

Figure 3: Modelled onsite buildings and sources 
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4.6 Background concentrations 

In order to assess the impact of emissions on local air quality using dispersion models, it is necessary 

to add the modelled process contribution (PC) to the concentration of pollutants already present in the 

air.  As all local modelling was at roadside locations, the Defra background map values presented in 

Table 6 were used in the modelling for SO2, PM10 and PM2.5, as described in Section 3.4.   

For annual mean concentrations, the total concentration was the sum of the annual mean PC and 

background concentrations. For short-term peak concentrations, the modelled PC was added to double 

the background concentration to calculate the total concentration. 

For assessment of impacts at habitats, gridded background concentrations were taken on a site-by-site 

basis from the APIS website10. 

4.7 Nitrogen dioxide conversion 

In accordance with EA guidance, it was assumed that 70% of NOx is converted to NO2 for comparison 

with the annual mean objective, and 35% of the NOx is converted to NO2 for comparison with the short-

term objective.  

4.8 Accounting for short term operation 

The diesel-fired generator at the Riverside site was assumed to operate for up to 400 hours per year.  

The intermittent operation of the generator was taken into account in the modelling assessment in 

accordance with Environment Agency guidance.11 

Annual mean process contributions were calculated by modelling the process contributions due to 

emissions over a full year, and scaling in proportion to operating hours as follows: 

• PC = [Modelled PC assuming continuous operation] × (400/8760) 

A Hypergeometric Distribution calculation was carried out to assess the risk of exceeding the short-

term air quality standard for nitrogen dioxide, assuming 400 operating hours per year and based on 

model results assuming continuous operation.  This showed that: 

• If the modelled 97.2%ile PEC of NO2 assuming continuous operation is below 200 µg/m3, there 

would be an acceptable risk of exceeding the short term standard 

4.9 Model Domain 

Concentrations were predicted at the locations of sensitive receptors, and across a grid centred on the 

site, extending approximately 1 km in each direction at 10 m resolution. 

Testing was carried out to ensure that this grid captured the maximum impacts of the site. 

Concentrations were also predicted at the locations of sensitive habitats and at the sensitive receptor 

locations described in Sections 3.3 and 3.4. 

4.10 Model uncertainty 

As a prediction of future concentrations, any modelling results are subject to a degree of uncertainty. In 

addition to uncertainties relating to the assumptions underlying the model calculations, there are also 

uncertainties in model inputs. Where possible, conservative assumptions have been made in this 

assessment to provide a conservative estimate of the impacts of the combustion plant as follows:  

                                                      

10 http://apis.ac.uk 

11 Environment Agency, “Emissions from specified generators Version 1: Guidance on dispersion modelling for oxides of nitrogen assessment from 

specified generators,” Undated.  Accessed from https://consult.environment-agency.gov.uk/psc/mcp-and-sg-regulations/ 

https://consult.environment-agency.gov.uk/psc/mcp-and-sg-regulations/
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• Choice of building inputs and main building height can have a significant impact on model 

output. A conservative approach, using a main building with a similar height to the stack, has 

been undertaken in this study. 

• Uncertainty in meteorological data and temporal variability in meteorological conditions has 

been accounted for by modelling using 5 years of meteorological data; the results for the worst-

case year are presented for each modelled pollutant and averaging time. 

• Sensitivity testing was carried out into a number of model inputs, including terrain and surface 

roughness, in order to ensure that no significant impacts were excluded from the modelling. 

Accounting for terrain was found to have minimal impacts on model results close to the site.  

Using a surface roughness of 0.3 m decreases annual mean concentrations, and increases 

short period mean concentrations. As such, the decision was taken to use a surface roughness 

of 0.5 m, as this was considered to be more representative of the built-up nature of the STW 

and its surroundings, particularly at the nearest relevant exposure to the STW. 

• Emissions were calculated on a worst-case basis, assuming emissions would be at the 

permitted limit or European/US EPA emission factor value at all times.  US EPA emission 

factors were used in preference to European emission limits because the EMEP-EEA database 

makes assumptions about emissions controls which are not necessarily applicable to plant 

operated in the UK.  
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5 Dispersion modelling results 

5.1 NO2 concentrations 

5.1.1 Annual mean objective 

Table 10 presents the maximum predicted PCs and PECs for annual mean NO2 concentrations for all 

modelled years at locations of relevant exposure. The maximum PC from all onsite sources is 

3.7 µg.m-3, 9.1 % of the AQO at the property on 31 Belewitts Cottages, New Road (HR8), corresponding 

to a PEC of 27.6 µg.m-3, 69.1 % of the AQO.  

As the maximum PEC is greater than 70% of the AQO, site impacts for annual mean NO2 can be 

screened out as ‘insignificant’.   

Table 10: Maximum modelled PCs and PECs for annual mean NO2 concentrations (5 years met data) 

Site 

ID 
Location 

PC 

(µg.m-3) 

PC as % of 

AQO 

PEC 

(µg.m-3) 

PEC as % 

of AQO 

HR1 Newtons Primary School 0.25 0.6% 24.3 60.6% 

HR2 48 New Road 3.59 9.0% 27.6 69.0% 

HR3 
La Salette Catholic 

Primary School 
1.90 4.7% 25.9 64.7% 

HR4 4 Capstan Drive 0.53 1.3% 24.5 61.3% 

HR5 2 Spencer Road 0.35 0.9% 24.3 60.9% 

HR6 95 Cherry Tree Lane 1.21 3.0% 25.2 63.0% 

HR7 4 Creekside 1.95 4.9% 25.9 64.9% 

HR8 
31 Belewitts Cottages, 

New Road 
3.65 9.1% 27.6 69.1% 

HR9 CEME College 0.82 2.1% 24.8 62.1% 

HR10 29 Broadway 1.00 2.5% 25.0 62.5% 

HR11 
The Cottage Pre-School 

Nursery 
0.98 2.4% 25.0 62.4% 

HR12 Annabel Court, New Road 0.70 1.7% 24.7 61.7% 

 

The process contributions to annual mean NO2 concentrations are shown in Figure 4. 
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Figure 4: process contributions to annual mean NO2 concentrations (µg/m3) 

 
 

5.1.2 Hourly objective: continuous sources 

Table 11 presents the maximum predicted PCs and PECs for the 99.79th percentile of hourly mean NO2 

concentrations for all modelled years at locations of relevant exposure from continuous sources (i.e. 

the CHP engines and boilers).  As the maximum PC is greater than 10% of the AQO, site impacts for 

hourly mean NO2 cannot be screened out as ‘insignificant’; the maximum predicted PC to the 99.79th 

percentile of 1-hour mean NO2 concentrations is 43.2 µg.m-3, 21.6% of the AQO, corresponding to a 

PEC of 91.2 µg.m-3, 45.6% of the AQO. As such, all modelled concentrations were found to comply with 

the air quality standard. 

Table 11: Maximum modelled PCs and PECs for 1-hour NO2 concentrations from continuous sources 

Year PC as % of AQO PEC as % of AQO x y 

2014 37.5 18.7% 85.5 42.7% 551350 182470 

2015 27.7 13.8% 75.7 37.8% 551470 182510 

2016 40.2 20.1% 88.2 44.1% 551350 182470 
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2017 43.2 21.6% 91.2 45.6% 551350 182470 

2018 37.7 18.9% 85.7 42.9% 551350 182470 

Max 43.2 21.6% 91.2 45.6% 551470 182510 

5.1.3 Hourly objective: diesel generator 

To assess the risk of the short-term 1-hour NO2 annual mean objective being exceeded, it is necessary 

to carry out an assessment which takes account of the actual operating hours of intermittently operating 

sources. In this assessment it was assumed that the diesel generator could operate for up to 400 hours 

per year.  

As set out in Section 4.8, operational risks can be assessed as follows: 

• If the modelled 97.2%ile PEC of 1-hour NO2 assuming continuous operation is below 

200 µg.m-3, there would be an acceptable risk of exceeding the short term standard. 

Table 12 presents the maximum predicted 97.1 percentile of hourly average NO2 concentrations due to 

emissions from the diesel generator, assuming that the generator operates for up to 400 hours per year, 

combined with the contribution from other combustion plant at the site and background sources of 

nitrogen dioxide, following the approach outlined in Section 4.8. No exceedances of the AQO are 

predicted.  On this basis, it is concluded that the risk of exceeding the short term standard for nitrogen 

dioxide would be acceptable. 

Table 12: Maximum modelled PCs and PECs for 1-hour NO2 concentrations from diesel generator 

Year PEC PEC as % of AQO x y 

2014 151.9 75.9% 551670 182400 

2015 193.8 96.9% 551690 182390 

2016 155.7 77.8% 551720 182370 

2017 173.3 86.6% 551740 182360 

2018 125.9 63.0% 551700 182380 

Max 193.8 96.9% 551690 182390 
 

5.2 SO2 concentrations 

5.2.1 15-minute mean objective 

Table 13 presents the maximum predicted PCs and PECs for the 99.9th percentile of 15-minute mean 

SO2 concentrations for all modelled years at locations of relevant exposure, assuming continuous 

operation of the diesel generator. As the maximum PC is 82.1 µg m-3, greater than 10% of the AQO, 

site impacts for 15 minute mean SO2 cannot be screened out as ‘insignificant’.  However, all modelled 

concentrations were found to comply with the air quality standard. 

Table 13: Maximum modelled PCs to 15-minute mean SO2 concentrations at relevant receptors 

Year PC as % of AQO PEC as % of AQO x y 

2014 58.8 22.1% 80.0 30.1% 551370 182480 

2015 52.5 19.7% 73.7 27.7% 551350 182470 

2016 64.4 24.2% 85.6 32.2% 551350 182470 

2017 71.0 26.7% 92.2 34.7% 551350 182470 

2018 82.1 30.9% 103.3 38.8% 551350 182470 

Max 82.1 30.9% 103.3 38.8% 551350 182470 

 



Air quality modelling assessment at Riverside STW   |  20

 

  

Ricardo Energy & Environment 

Ref: Ricardo/ED12448_Riverside/Issue Number 1 

5.2.2 1-hour mean objective 

Table 14 presents the maximum predicted PCs and PECs for the 99.73rd percentile of hourly mean SO2 

concentrations for all modelled years at locations of relevant exposure, assuming that the diesel 

generator operates continuously in order to capture the worst-case impacts. The maximum predicted 

PC is 45.8µg.m-3, 13.1% of the AQO; as such impacts on the SO2 hourly mean objective cannot be 

screened out as ‘insignificant’. However, the corresponding PEC is 67.0 µg.m-3, 19.2% of the AQO, and 

as such no exceedances of the objective are predicted. 

Table 14: Maximum modelled PCs to 1-hour mean SO2 concentrations at relevant receptors 

Year PC as % of AQO PEC as % of AQO x y 

2014 43.7 12.5% 64.9 18.5% 551350 182470 

2015 37.5 10.7% 58.7 16.8% 551470 182510 

2016 45.4 13.0% 66.6 19.0% 551350 182470 

2017 45.8 13.1% 67.0 19.2% 551350 182470 

2018 45.4 13.0% 66.6 19.0% 551350 182470 

Max 45.8 13.1% 67.0 19.2% 551470 182510 

 

5.2.3 24-hour mean objective 

Table 15 presents the maximum predicted PCs and PECs for the 99.18th percentile of 24-hour mean 

SO2 concentrations for all modelled years at locations of relevant exposure, assuming that the diesel 

generator operates continuously in order to capture the worst-case impacts. The maximum predicted 

PC is 26.2µg.m-3, 21.0% of the AQO; as such impacts on the SO2 hourly mean objective cannot be 

screened out as ‘insignificant’. However, the corresponding PEC is 47.4 µg.m-3, 37.9% of the AQO, and 

as such no exceedances of the objective are predicted. 

Table 15: Maximum modelled PCs to 24-hour mean SO2 concentrations at relevant receptors 

Year PC as % of AQO PEC as % of AQO x y 

2014 24.8 19.9% 46.0 36.8% 551470 182510 

2015 26.2 21.0% 47.4 37.9% 551490 182500 

2016 23.7 18.9% 44.9 35.9% 551520 182490 

2017 24.8 19.9% 46.0 36.8% 551470 182510 

2018 22.8 18.2% 44.0 35.2% 551560 182470 

Max 26.2 21.0% 47.4 37.9% 551490 182500 

 

5.3 PM10 concentrations 

5.3.1 Annual mean objective 

Table 16 presents the maximum predicted PCs and PECs for annual mean PM10 concentrations for all 

modelled years at locations of relevant exposure. As the maximum PC is less than 1% of the AQO, site 

impacts for annual mean PM10 can be screened out as ‘insignificant’. 
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Table 16: Maximum modelled PCs and PECs for annual mean PM10 concentrations 

Site ID Location 
PC 

(µg.m-3) 
PC as % of AQO 

HR1 Newtons Primary School 0.01 0.02% 

HR2 48 New Road 0.15 0.31% 

HR3 La Salette Catholic Primary School 0.08 0.15% 

HR4 4 Capstan Drive 0.02 0.04% 

HR5 2 Spencer Road 0.01 0.03% 

HR6 95 Cherry Tree Lane 0.05 0.11% 

HR7 4 Creekside 0.06 0.11% 

HR8 31 Belewitts Cottages, New Road 0.16 0.33% 

HR9 CEME College 0.03 0.07% 

HR10 29 Broadway 0.03 0.07% 

HR11 The Cottage Pre-School Nursery 0.03 0.07% 

HR12 Annabel Court, New Road 0.03 0.06% 

 

5.3.2 Daily mean objective 

Table 17 presents the maximum predicted PCs and PECs for the 90.4th percentile of daily mean PM10 

concentrations for all modelled years at locations of relevant exposure. As the maximum predicted PC 

is less than 10% of the AQO for all years, site impacts for daily mean PM10 can be screened out as 

‘insignificant’. 

. 

Table 17: Maximum modelled PCs and PECs for daily mean PM10 concentrations 

Year PC as % of AQO PEC as % of AQO x y 

2014 3.13 6.3% 39.27 78.5% 551670 182400 

2015 3.59 7.2% 39.74 79.5% 551680 182400 

2016 2.98 6.0% 39.13 78.3% 551700 182380 

2017 3.03 6.1% 39.18 78.4% 551700 182380 

2018 2.79 5.6% 38.93 77.9% 551660 182410 

Max 3.59 7.2% 39.74 79.5% 551680 182400 

 

5.4 PM2.5 concentrations 

PM2.5 levels were not explicitly modelled.  However, emissions from PM2.5 are equal to or lower than 

emissions of PM10 from all units considered in the assessment.  The modelled annual levels of PM10 

were below the screening threshold of 1% of the air quality standard for PM2.5 at all locations.  

Consequently, it is concluded that levels of PM2.5 due to emissions from the Riverside STW can be 

screened out as ‘insignificant.’ 
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6 Dispersion modelling results: protection of 

vegetation and ecosystems 

6.1 Critical levels for the Protection of Vegetation and 

Ecosystems 

Concentrations of NOx were predicted at all designated habitat sites identified in Section 3.3 for 

comparison with critical levels for the protection of vegetation and ecosystems. Concentrations were 

calculated along the closest edge of each site using the 5 years of meteorological data described in 

Section 4; in this section, the maximum predicted concentrations across all modelled years are 

presented.  

Table 18 presents the maximum modelled PCs and PECs for comparison with the Critical Level for 

annual mean NOx concentrations. The site PC can be screened out as less than 1% of the Critical 

Level at the Beam Valley LNR.  While the site PC cannot be screened out at the Rainham Marshes 

LNR, Ingrebourne Valley LNR, Inner Thames Marshes SSSI or Ingrebourne Marshes SSSI, no 

exceedances of the Critical Level are predicted to occur at any of these locations.  

Table 18: Maximum modelled process contributions to the annual mean NOx concentrations at designated 

habitat sites 

Designated site 
CL 

(µg.m-3) 
Site PC, 
µg.m-3 

Site PC as 
% of CL 

PEC, µg.m-3 
PEC as % 

of CL 

Rainham Marshes LNR 30 0.64 2.1% 26.4 88% 

Ingrebourne Valley LNR 30 1.30 4.3% 27.1 90% 

Beam Valley LNR 30 0.26 0.9% 26.1 87% 

Inner Thames Marshes SSSI 30 0.73 2.4% 26.5 88% 

Ingrebourne Marshes SSSI 30 2.07 6.9% 27.9 93% 

 

Modelled process contributions to maximum 24-hour mean NOx concentrations at habitat sites are 

presented in Table 19, assuming that the onsite diesel generator runs for a maximum of 3 hours per 

day. No exceedances of the Critical Level are predicted to occur at any modelled locations.  

Table 19: Maximum modelled process contributions to the maximum 24-hour mean NOx concentration at 

designated habitat sites 

Designated site 
CL, 

(µg.m-3) 
Site PC, 
µg.m-3 

Site PC as % 
of CL 

PEC,  
µg.m-3 

PEC as % 
of CL 

Rainham Marshes LNR 75 12.6 17% 64.2 86% 

Ingrebourne Valley LNR 75 11.1 15% 62.7 84% 

Beam Valley LNR 75 5.3 7% 56.9 76% 

Inner Thames Marshes SSSI 75 13.1 17% 64.7 86% 

Ingrebourne Marshes SSSI 75 14.6 20% 66.2 88% 

 

The maximum modelled PCs to annual mean SO2 concentrations at sensitive habitat sites are 

presented in Table 20. No exceedances of the Critical Level are predicted to occur at any designated 

sites. 
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Table 20: Maximum modelled process contributions to the annual mean SO2 concentrations at designated 

habitat sites 

Designated site 
CL 

(µg.m-3) 
Site PC, 
µg.m-3 

Site PC as 
% of CL 

PEC, µg.m-3 
PEC as % 

of CL 

Rainham Marshes LNR 10 0.21 2.1% 1.62 16% 

Ingrebourne Valley LNR 10 0.45 4.5% 1.86 19% 

Beam Valley LNR 10 0.09 0.9% 1.50 15% 

Inner Thames Marshes SSSI 10 0.23 2.3% 1.64 16% 

Ingrebourne Marshes SSSI 10 0.64 6.4% 2.05 21% 

 

6.2 Critical Loads for nutrient nitrogen 

Deposition of nitrogen was predicted at the SSSIs identified in Section 3.3 for comparison with site 

specific critical loads for nutrient nitrogen and acidity, following “AQTAG(06) Technical guidance on 

detailed modelling approach for an appropriate assessment for emissions to air”, published by the 

Environment Agency. Concentrations were calculated over a 100m resolution grid covering each site; 

the maximum calculated value across each site is presented. Critical Loads and background deposition 

rates for each site were taken from the Air Pollution Information System12. 

Table 21 presents the maximum modelled site PC to total nutrient nitrogen deposition at designated 

sites for which critical loads were specified. The PC is assessed against the minimum critical load for 

Nitrogen for each site. 

Table 21: Modelled nutrient nitrogen deposition at habitat sites, compared to minimum CLs 

Designated site 
Critical Load 

(CL) 

Site PC Dry deposition flux 

(kg.N.ha-1.year–1) 

Site PC % of 

minimum CL 

Inner Thames Marshes SSSI 15 0.0073 0.073% 

Ingrebourne Marshes SSSI 20 0.0209 0.139% 

 

The site PC to the total nutrient nitrogen deposition flux is below 1% of the site specific Critical Load at 

all sensitive sites; as such, the impact from the site can be classified as ‘insignificant’ and no further 

analysis is required. 

No critical loads for acidity were specified for any of the five sites identified in Section 3.3. 

 

                                                      

12 http://www.apis.ac.uk/srcl 
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7 Conclusions 
An air quality impact assessment of the impacts of combustion sources at the Thames Water Utilities 

Limited site at Riverside, Rainham, Essex has been carried out. The assessment assumed continuous 

operation of the CHP engines and boiler, together with operation of one diesel generator for testing, 

emergency backup and Triad avoidance purposes (with potential for CM inclusion).  

A worst-case approach was adopted throughout the study to ensure that any air quality impacts are 

more likely to be over-estimated than under-estimated. 

The impact of emissions from combustion plant at the site on nitrogen dioxide (NO2), sulphur dioxide 

(SO2), particulate matter less than 10 (PM10) and 2.5 (PM2.5) microns in diameter was assessed against 

the relevant annual mean and short-term AQOs for the protection of human health.  Impacts were also 

assessed against Critical Levels for the protection of vegetation and ecosystems at sensitive habitats.  

The following conclusions were drawn in relation to human health impacts: 

• The site was not forecast to result in the exceedance of any air quality standards or guidelines 

at relevant receptors.   

On this basis, it is concluded that there are no significant impacts due to air pollution at any relevant 

exposure location 

The following conclusions were drawn in relation to impacts at designated nature conservation sites: 

• No exceedances of the Critical Level for annual mean or 24 hour NOx concentrations are 

predicted to occur. 

• No exceedances of the Critical Level for annual mean SO2 concentrations are predicted to 

occur. 

• The site contribution to nutrient nitrogen deposition is below 1% of the site-specific Critical 

Loads at all designated habitat sites for which critical loads have been specified 

• No critical loads for acidity are specified at any of the identified habitat sites. 

On this basis, it is concluded that there are no significant impacts due to air pollution at any relevant 

protected nature conservation site 
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