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1. Introduction 

1.1. Ark Data Centres (hereafter referred to as the ‘Applicant’) is applying for an Environmental Permit 

for the operation of 15 standby diesel generators to be used in the event of a power failure from the 

National Grid, for their operations at Meridian Park, in the London Borough of Enfield (LBE), 

hereafter referred to as the ‘Site’. The Site is situated at National Grid Reference TQ 357930. 

Figure 1 indicates the location of the Site. 

1.2. LBE has declared an Air Quality Management Area (AQMA) for the whole borough for 

exceedences of the annual mean nitrogen dioxide (NO2) and 24-hour mean PM10 Air Quality 

Strategy (AQS) objectives. Consequently, the Site is located within the LBE AQMA. 

1.3. The area surrounding the Site is predominately characterised by industrial uses. The nearest air 

quality human sensitive receptors are located approximately 300m north-west on Zambezi Drive 

and Danube Close. Additional residential properties are located within 400m to the south-west of 

the Site. There are a number of ecological designated sites in the local area, the nearest ecological 

receptor is the Chingford Reservoirs, a Site of Special Scientific Interest (SSSI) approximately 

350m to the east of the Site at the closest point. 

1.4. The 15 standby generators used by Meridian Park would be solely used for the purpose of 

generating electricity for the facility in the event of a power failure. The generators are configured in 

two groups separated by two switch rooms to the east of the main building, as shown on Figure 2. 

1.5. This air quality assessment has been based on data for the standby generators provided by the 

Applicant. The pollutants associated with the generators, as provided by the generator 

manufacturers are nitrogen oxides (NOx), carbon monoxide (CO), particulate matter (PM10); and 

sulphur dioxide (SO2) therefore the assessment focuses on these pollutants.  

1.6. To consider the potential impact from the operation of the standby diesel generators the following 

operating scenarios have been modelled: 

 Event 1 – Standby generator test scenario. Currently the standby generators are tested on a 

rotating basis. Testing will be carried out on days and times dictated by customer agreements to 

meet the monthly/quarterly/annual testing regime. However, for the purposes of the modelling it 

has been assumed that on one Saturday morning every month the standby generators are 

tested, which includes running all generators simultaneously to an off-load power (up to 20% 

Maximum Continuous Rating (MCR)) for 10 minutes. The duration and on-load power differs 

every quarter (on the third month). On the third month on the Saturday morning test day the 

generators are tested simultaneously for 15mins to an on-load power (up to 80% MCR); 

 Event 2 – Service Test. Annually a full-Service Test is undertaken where one stand-by diesel 

generator is connected to the load bank, started and run at full load (up to 10% MCR) for two 

hours. This test is carried out on one generator at a time.  Each generator test takes one day (to 

set up run the test and move); and  

 Event 3 – Grid Outage Event.  Currently the standby generators are used for standby power 

only. Standby duty will only occur in the event of a power failure. A Grid Outage Event of up to 

five days loss of grid power at a frequency of once per five years has been assumed, as a 

worst-case event.  

1.7. The modelling assumptions used to replicate the above events are discussed under Section 2: 

Assessment Methodology and Modelling Input (see subheading Modelling Assumptions). 

1.8. Given the distance of the installation boundary to the nearest sensitive human receptors (see 

subheading sensitive receptors in Section 2) and the short-term period they are to operate for, 
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odour emissions from the standby diesel generators are unlikely to cause nuisance and as such 

odours have not been considered further.  

1.9. Section 2 of this report gives a summary of the assessment methodology and modelling input data. 

Section 3 presents the results.  A summary of the main findings and conclusions of the assessment 

is given in Section 5.  
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2. Assessment Methodology and Modelling Input  

2.1. This section sets out the assessment methodology and modelling input used within the air quality 

assessment. 

Ambient Air Quality Directive Ambient Air Directive Limit Values 

2.2. Air pollutants at high concentrations can give rise to adverse impacts on the health of humans and 

ecosystems. European Union (EU) legislation on air quality forms the basis for national UK 

legislation and policy on air quality. 

2.3. The European Union Framework Directive 2008/50/EC1 on ambient air quality assessment and 

management came into force in May 2008 and was implemented by Member States, including the 

UK, by June 2010. The Directive aims to protect human health and the environment by avoiding, 

reducing or preventing harmful concentrations of air pollutants. 

2.4. For the purpose of the Environmental Permit, under the EU directives, the proposed standby diesel 

generators have been considered against the following Ambient Air Directive (AAD) Limit Values, 

as shown in Table 1. 

Table 1: Ambient Air Directive Limit Values (England) 

Pollutant 
Limit Values 

Concentration Measured as 
Human health 

Nitrogen dioxide (NO2) 
200μg/m3 

1-hour mean not to be exceeded more than 18 
times per year 

40μg/m3 Annual mean 

Particulate Matter 
(PM10) (a) 

50μg/m3 
24–hour mean not to be exceeded more than 35 
times per year 

40μg/m3 Annual mean 

Particulate Matter 
(PM2.5) (b) 

Target of 15% reduction in 
concentrations at urban 
background locations 

Annual mean 

 
1 European Council Directive 2008/50/EC of 21 May 2008 on ambient air quality and cleaner air for Europe 
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Pollutant 
Limit Values 

Concentration Measured as 
Human health 

25µg/m3 Annual mean 

Carbon Monoxide (CO) 10,000µg/m3 Maximum daily running 8-hour mean 

Sulphur dioxide (SO2)  

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

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

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

Ecological Designated Sites  

Nitrogen Oxides (NOx) 
30µg/m3 Annual Mean 

75µg/m3 Daily Mean 

Acute Exposure Guideline Levels (AEGLs) 

2.5. The United States Environmental Protection Agency (US EPA)2 have developed Acute Exposure 

Guideline Levels (AEGLs) and are used by emergency planners and responders worldwide as 

guidance in dealing with rare, usually accidental, releases of chemicals into the air. AEGLs are 

expressed as specific concentrations of airborne chemicals at which health effects may occur. 

They are designed to protect the elderly and children, and other individuals who may be 

susceptible and are sensitive to airborne pollution. 

2.6. AEGLs are calculated for five relatively short exposure periods – 10 minutes, 30 minutes, 1 hour, 4 

hours, and 8 hours – as differentiated from air standards based on longer or repeated exposures. 

AEGL “levels” are dictated by the severity of the toxic effects caused by the exposure, with Level 1 

being the least and Level 3 being the most severe.   

2.7. All levels are expressed as parts per million or milligrams per cubic meter (ppm or mg/m3) of a 

substance above which it is predicted that the general population could experience, including 

susceptible individuals: 

 Level 1: Notable discomfort, irritation, or certain asymptomatic non-sensory effects. However, 

the effects are not disabling and are transient and reversible upon cessation of exposure. 

 Level 2: Irreversible or other serious, long-lasting adverse health effects or an impaired ability to 

escape. 

 Level 3: Life-threatening health effects or death. 

2.8. The following levels are set for Nitrogen Dioxide, Sulphur Dioxide and Carbon Monoxide. 

Table 2: Acute Exposure Guideline Levels  

 10min 30min 60min 4 hour 8 hour 

Nitrogen Dioxide (ppm) 

AEGL 1 0.5 0.5 0.5 0.5 0.5 

AEGL 2 20 15 12 8.2 6.7 

 
2 https://www.epa.gov/aegl/nitrogen-dioxide-aegl-program 
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 10min 30min 60min 4 hour 8 hour 

AEGL 3 34 25 20 14 11 

Carbon Monoxide (ppm) 

AEGL 1 NR NR NR NR NR 

AEGL 2 420 150 83 33 27 

AEGL 3 1,700 600 330 150 130 

Sulphur Dioxide (ppm) 

AEGL 1 0.2 0.2 0.2 0.2 0.2 

AEGL 2 0.75 0.75 0.75 0.75 0.75 

AEGL 3 30 30 30 19 9.6 

Assessment Methodology 

Overview 

2.9. This air quality assessment was undertaken using a variety of information and procedures as follows: 

 review of the local area to identify potentially sensitive receptor locations that could be affected 

by changes in air quality that may result from the emissions associated with the standby diesel 

generators, as well as an assessment based on a 6km grid, centred on the Site; 

 application of atmospheric dispersion modelling using the ADMS 5 model to predict the 

emission Process Contributions (PC) from the operation of the standby generators 

 the calculation of the total Predicted Environmental Concentration (PEC) which includes the PC 

combined with the existing baseline concentration; 

 comparison of the predicted air pollutant concentrations with the relevant Environmental 

Standards (ES), Environmental Assessment Levels (EALs) and Acute Exposure Guideline 

Levels (AEGLs); and 

 determination of the likely significant effects of the operational phase of the Development on air 

quality, based on the Environment Agency (EA) criteria (see subheading Assessment Criteria). 

Air Dispersion Modelling Software (ADMS 5) 

2.10. Pollutant concentrations are primarily determined by the balance between pollutant emissions that 

increase concentrations, and the ability of the atmosphere to reduce and remove pollutants by 

dispersion, advection, reaction and deposition.  An atmospheric dispersion model is used as a 

practical way to simulate these complex processes; which requires a range of input data, which can 

include pollutant emissions rates, meteorological data and local topographical information.  

2.11. The effect of emissions from the standby diesel generators on local air quality was assessed using 

the advanced atmospheric dispersion model ADMS 5. ADMS 5 is a Gaussian atmospheric 

dispersion model widely used for investigating air pollution from controlled or fugitive emissions. 

The model is used for a wide range of air quality assessments, from small energy centres in urban 

areas to large industrial facilities. It is also used to model the dispersion of odours to determine the 

potential for nuisance at sensitive receptors around installations. The model uses advanced 

algorithms for the height-dependence of wind speed, turbulence and atmospheric stability which 

improve calculations of air pollutant concentrations. It can predict long-term and short-term 

concentrations, as well as concentration percentiles.  
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2.12. ADMS is developed in the UK by Cambridge Environmental Research Consultants (CERC) and 

has been extensively validated against field data sets in order to assess various configurations of 

the model such as flat of complex terrain, line/area/volume sources, buildings, dry deposition, 

fluctuations and visible plumes. Further information in relation to this is available from the CERC 

web site at www.cerc.co.uk. 

Plant Details 

2.13. The ADMS model requires emission sources to be defined in terms of dimensions, location and 

physical characteristics of temperature and velocity. This modelling study has been carried out to 

assess the potential impact on local air quality due to releases of atmospheric pollutants from the 

emission release points associated with the standby generators. Due to the number of flues and 

the duration of the operations the modelling has made several assumptions, which are considered 

conservative and are discussed further in this Section (see subheading Modelling Assumptions). 

2.14. The standby generators will be operated by the Applicant and configured in two groups separated 

by two switch rooms to the east of the main building as shown in Figure 2. 

2.15. Each standby generator has its own single emissions flue. Given the number of potential point 

sources to be included within the ADMS model a number of assumptions have been made, the 

modelling assumptions and location of the flues are discussed further in this Section (see 

subheading Modelling Assumptions). 

Modelling Scenarios  

2.16. As set out in Section 1: Introduction, the potential impact from the standby diesel generators have 

been assessed based on the following operating scenarios: 

 Event 1 – Standby generator test scenario. Currently the standby generators are tested through 

an off-load test and an on-load test. For the off load test each group of generators associated 

with an energy centre start together and run for 10 minutes at no load. These are done monthly, 

except where they coincide with a quarterly on load test or an annual service test. For the on-

load test the group of generators associated with an energy centre start together and run for 15 

minutes. This is done quarterly, except where they coincide with an annual service test; 

 Event 2 – Annual Service Test. Annually a full-Service Test is undertaken where one stand-by 

diesel generator is connected to the load bank, started and run at full load (up to 10% MCR) for 

two hours. This test is carried out on one generator at a time.  Each generator test takes one 

day (to set up run the test and move); 

 Event 3 – Grid Outage Event.  Currently the standby generators are used for standby power 

only. Standby duty will only occur in the event of a power failure. A Grid Outage Event of up to 

five days loss of grid power at a frequency of once per five years has been assumed, as a 

worst-case event.  

2.17. The modelling assumptions used to replicate the above events are discussed below (see 

subheading Modelling Assumptions) and are conservative. 

Emissions Data 

2.18. The Applicant has provided process information and pollutant emissions data for inclusion within 

the modelling study, as supplied by the standby generator manufacturer. 

2.19. The flue parameters and emission data for each of the standby generators, which have been used 

in the air quality assessment, are summarised in Table 3.  

http://www.cerc.co.uk/
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Table 3: Modelled Flue Parameters 

ID 
Rating 
(kW) 

Stack Height 
Stack Diameter 

(m) 
Release Rate 

(m3/s) 
Release 

Temp (oC) 
Grid Reference 
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1 2185 6.5 0.54 7.3 505 535761.6 193055.2 5.522 0.602 0.031 0.002 

2 2185 6.5 0.54 7.3 505 535760.2 193050.1 5.522 0.602 0.031 0.002 

3 2185 6.5 0.54 7.3 505 535758.8 193045.1 5.522 0.602 0.031 0.002 

4 2185 6.5 0.54 7.3 505 535757.5 193040.0 5.522 0.602 0.031 0.002 

5 2185 6.5 0.54 7.3 505 535755.9 193035.1 5.522 0.602 0.031 0.002 

6 2185 6.5 0.54 7.3 505 535754.7 193030.1 5.522 0.602 0.031 0.002 

7 2185 6.5 0.54 7.3 505 535753.1 193024.9 5.522 0.602 0.031 0.002 

8 2185 6.5 0.54 7.3 505 535751.6 193019.7 5.522 0.602 0.031 0.002 

9 2185 6.5 0.54 7.3 505 535740 192978.2 5.522 0.602 0.031 0.002 

10 2185 6.5 0.54 7.3 505 535738.6 192973.3 5.522 0.602 0.031 0.002 

11 2185 6.5 0.54 7.3 505 535737.2 192967.9 5.522 0.602 0.031 0.002 

12 2185 6.5 0.54 7.3 505 535735.8 192962.8 5.522 0.602 0.031 0.002 

13 2185 6.5 0.54 7.3 505 535732.3 192957.9 5.522 0.602 0.031 0.002 

14 2185 6.5 0.54 7.3 505 535732.3 192950.8 5.522 0.602 0.031 0.002 

15 2185 6.5 0.54 7.3 505 535730.8 192945.7 5.522 0.602 0.031 0.002 

Note: Technical sheets for the plant are provided in Appendix A. 
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Meteorological Data 

2.20. Meteorological data to input into the model were obtained from London City Airport Meteorological 

Station, which is the closest to the Site and considered to be the most representative. The air 

quality assessment has used the latest five years of meteorological data, as 2014 to 2018.  Figure 

3 presents the wind-roses for the years 2014 to 2018 at the London City Airport Meteorological 

Station. 

Surface Roughness 

2.21. Surface roughness defines the amount of near-ground turbulence that occurs as a consequence of 

surface features, such as land use (i.e. urbanisation). A surface roughness factor of 1.5 

representative of large urban areas was used for the local surrounding area, and a surface 

roughness factor of 1, representative of cities or woodlands, was used for the area surrounding the 

meteorological station in ADMS 5.   

Buildings and structures 

2.22. Buildings can have a significant effect on the dispersion of pollutants from sources and can 

increase the maximum predicted ground level concentrations. ADMS 5 allows buildings to be 

included in to the model domain as a rectangle or as a circle.  

2.23. As previously discussed, there is one main building adjacent to the standby generators; this has 

been included within the model, as detailed in Table 4. 

Table 4: Modelled Emissions Data 

 Height (m) Length (m) Width (m) Angle (o) 

Main Building 11.7 105.9 65.2 196 

2.24. The building locations were obtained from a combination of site plans and Ordnance Survey 

mapping. 

2.25. From a review of aerial photography of the local area it was identified that most of the nearby 

buildings and structures are of similar height and not taller than the buildings at the Site.  As such 

no other buildings off-site were considered in the modelling. 

Local Terrain 

2.26. Local terrain can affect wind flow patterns and, consequently, can affect the dispersion of 

atmospheric pollutants. The effects of terrain are not normally noticeable where the gradient is less 

than 1:10. For conservatism terrain was included in the model for an area measuring 10km x 10km, 

centred on the Site. 

Output Grid 

2.27. A data search was undertaken using the Multi-Agency Geographic Information on the Countryside 

(MAGIC) database to determine whether there were any potentially sensitive sites with statutory 

environmental designations. From this review it was identified there are Special Protected Areas 

(SPAs), Special Areas of Conservation (SACs), Ramsar sites, and a Local Nature Reserve within 

5km and a Sites of Special Scientific Interest (SSSIs) within 2km of the Site (discussed below). To 

quantify the impact of the standby generators on the nearby ecological sites, a 6km Cartesian grid 

centred on the Site, with a resolution of 100m was modelled.  
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Sensitive Receptors 

Human Receptors 

2.28. A desk-top study was undertaken to identify any sensitive human receptor (such as residential 

properties, schools, care homes, health facilities, leisure facilities etc.) in the vicinity of the Site that 

required specific consideration due to the potential impact at these locations from emissions from 

the standby generators. These are summarised in Table 5 and shown in Figure 4. 

Table 5: Selected Human Receptors 

ID Location X, Y Coordinates 

R1 Zambezi Drive 535436 193279 

R2 Volta Close 535493 193486 

R3 Picketts Lock Lane West 535793 193918 

R4 Picketts Lock Lane East 536011 193880 

R5 Valley Side 537465 194349 

R6 Waltham Way 536892 193479 

R7 Russel Road 536560 192831 

R8 Mandeville Court 536337 192516 

R9 Rays Avenue 535092 192577 

R10 Montagu Road 535059 192969 

Ecological Receptors 

2.29. Atmospheric emission from the facility also have the potential to impact on receptors of ecological 

sensitivity within the vicinity of the Site. A desktop study was undertaken to identify the following 

sites of ecological or nature conservation importance: 

 Special Areas of Conservation (SACs), Special Protected Areas (SPAs) or Ramsar sites within 

5km of the standby generators; 

 Sites of Special Scientific Interest (SSSI), National Nature Reserves (NNRs), Local Nature 

Reserves (LNRs), local wildlife sites and ancient woodlands within 2km of the standby 

generators.  

2.30. The study was completed using the MAGIC interactive mapping service. A summary of the 

identified ecological receptors, as per the criteria above, is provided in Table 6 and their locations 

are shown in Figure 5.  

Table 6: Ecological Receptors 

ID Location Designation 

E1 Chingford Reservoirs SSSI 

E2 Epping Forest  SSSI, SAC 

E3 Lee Valley SPA, Ramsar 

E4 Walthamstow Reservoirs SSSI 

E5 Ainslie Wood* LNR 

*Ainslie wood is located 2.1km south-east of the Site but has been included for completeness 
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Background Concentrations 

2.31. ADMS 5 has been used to model pollutant concentrations due to the standby generator emissions. 

To estimate the total concentrations due to the contribution of any other nearby sources of 

pollution, background pollutant concentrations need to be added to the modelled concentrations. 

2.32. LBE does not undertake any automatic monitoring within their administrative boundary. As such 

background concentrations for NOx, NO2 and PM10 for 2018 have been obtained from the Defra 

LAQM Support website3 for the grid square the Site is located in (535500, 193500). 

2.33. The 2017 Defra background concentration maps do not include CO or SO2, therefore background 

data for CO and SO2 has been obtained from the 2001 background maps (also available on the 

Defra LAQM Support website) for the grid square the Site is located in.  

2.34. Table 7 presents the background concentrations used in the assessment. 

Table 7: Defra Background Concentrations 

Pollutant Annual Mean Concentration 2018 (µg/m3) 

NOx 38.3  

NO2 24.5 

PM10 18.2 

PM2.5 12.5 

CO* 0.5 

SO2* 6.0 

Note: * concentrations are available for 2001 and have not been factored forward which represents a worst case  

2.35. Background NOx concentrations at the ecological receptors have been taken from APIS and are 

based on their habitat designation. Table 8 presents the background annual mean NOx 

concentrations used in the ecological assessment. 

Table 8: APIS Background Concentrations 

Site NOx (µg/m3) SO2 (µg/m3) 

Chingford Reservoirs 43.85 1.48 

Epping Forest  34.41 1.48 

Lee Valley, Walthamstow Reservoirs 41.17 1.48 

Ainslie Wood 38.53 1.48 

Note: Annual mean concentrations based on three-year average (2015-2017)  

Modelling Assumptions 

2.36. Due to the complex operating characteristics of the standby generators and the difficulties in 

replicating these within ADMS 5 the following assumptions have been made: 

 All modelling scenarios consider the standby generators as operating at full load power 

(100%MCR) rather than a reduced on-load power operation. The results for Events 1 and 2 are 

therefore considered conservative as in reality the test scenarios will operate at a reduced load 

power (Off Load Testing is always zero generation load. As the generators are deployed at N+1 

 
3 http://laqm.defra.gov.uk/ 
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(3 generators in a block of 4 carry the full design generation load) On Load Testing will always 

be less than 75% of the installed generation capacity; 

 For the Event 1 scenario each group of standby generators are tested for 10 minutes at no load.  

These are done monthly, except where they coincide with a quarterly On-Load Test or an 

annual Event 2 Test. The group of generators associated with an energy centre start together 

and run for 15 minutes at full load. These tests are done quarterly, except where they coincide 

with an annual Event 2.  To allow flexibility on when the test can occur each group of generators 

has been modelled as operating continuously for 15 minutes every hour at full load across the 

entire year and the maximum 1-hour concentration from each generator has been calculated 

and compared against the relevant AEGLs; 

 For Event 2 scenario each generator is only tested for a two-hour period once a year. To allow 

flexibility on when the test can occur each generator has been modelled as operating 

continuously across the entire year and the maximum 1-hour concentration from each generator 

has been calculated and compared against the relevant AEGLs; 

 For Event Scenario 1 the total running time per year will be less than 11 hours in non-

emergency years. Plant emissions will not contribute directly to the relevant percentiles of the 

ESs for NO2 and PM10, however consideration has been given to the AEGLs for NO2. 

 For the purposes of modelling the Event 3 scenario it is assumed that in the event of a power 

outage that all groups of standby generators would be operating for five days for 24 hours each 

day (a total of 120 hours have been modelled). This is unlikely as the Applicant has confirmed in 

the last ten years the maximum number of hours of standby generator use has not exceeded 4 

hours at any of their existing sites. This 5-day running period is long enough to impact on the 

short term NO2 ES but not the PM10 ES;  

 No assessment has been made against the long-term ES because of the extremely short 

duration of the three Events. 

 Given the short-term nature of the emissions the assessment has not considered Acid 

Deposition or Nitrogen Deposition on sensitive habitats as these are based on annual average 

concentrations; 

 Pollutant emission concentrations and flue characteristics were based on data provided by the 

Applicant; 

 The effects of adjacent buildings were taken into account (see Table 4), the location of these 

was taken from aerial mapping; 

 The maximum contribution from the 6x6km grid square within each of the ecological receptors 

(listed in Table 6) have been used to determine the impacts from the standby generators; 

 The Environment Agency checks4 indicate that a short-term conversion of 15% is likely to be 

reasonably representative within the first few hundred meters from the source. At greater 

distances the conversion ratio is likely to increase as the PCs become lower and therefore 

larger proportions are converted. A 15% conversion is more likely to underestimate the impacts 

greater than 500m from the source; however, it is within 500m that potential exceedances are 

more likely. It is therefore considered that a 15% conversion of NOx to NO2 is a reasonable 

assumption for the assessment and has been used in the modelled results; 

 
4 AQMAU C1457 Diesel generator short term NO2 impact assessment, Environment Agency November 2016 
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Modelling Uncertainty 

2.37. Uncertainty in dispersion modelling predictions can be associated with a variety of factors, 

including: 

 Model uncertainty - due to model limitations; 

 Data uncertainty - due to errors in input data, including emission estimates, operational 

procedures, land use characteristics and meteorology; and, 

 Variability - uncertainty of measurements used. 

2.38. Potential uncertainties in the model results were minimised as far as practicable and worst-case 

inputs used in order to provide a robust assessment. This included the following: 

 Choice of model – ADMS 5 is a commonly used atmospheric dispersion model and results have 

been verified through a number of studies to ensure predictions are as accurate as possible; 

 Meteorological data - Modelling was undertaken using five meteorological data sets from the 

closest meteorological station to the Site to take account of local conditions; 

 Background concentrations – These were obtained from the Defra mapping study and national 

monitoring networks. Although these may underestimate actual concentrations in the vicinity of 

pollutant sources, such as roads, they are considered suitable for an assessment of this nature; 

 Receptor locations - A Cartesian Grid was included in the model in order to provide suitable 

data for contour plotting. Receptor points were also included at sensitive locations to provide 

additional consideration of these areas; and, 

 Variability - All model inputs were as accurate as possible and worst-case conditions were 

considered as necessary in order to ensure a robust assessment of potential pollutant 

concentrations. 

Assessment Criteria  

2.39. The Environmental Management Guidance (as above) states that the PC can be considered 

insignificant if: 

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

 the long-term PC is less than 1% of the long-term environmental standard 

2.40. If these criteria are exceeded the following guidance is provided on when further consideration of 

potential impacts may be useful: 

 the short-term PC is less than 20% of the short-term environmental standards minus twice the 

long-term background concentration; and 

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

2.41. If these criteria are achieved, then predicted impacts are insignificant. 
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3. Detailed Modelling Air Quality Assessment 

Event 1 

Human Receptors 

AEGL 

3.1. The results of the maximum 1-hour NO2 CO and SO2 concentrations for Event 1 at the selected 

receptor locations are summarised in Table 9. 

Table 9: Event 1 – Maximum 1 Hour NO2, CO & SO2 AEGL 

 AEGL (ppm) 

Receptor NO2 CO SO2 

R1 Zambezi Drive 0.006 0.008 0.000010 

R2 Volta Close 0.004 0.005 0.000007 

R3 Picketts Lock Lane West 0.003 0.003 0.000004 

R4 Picketts Lock Lane East 0.003 0.003 0.000004 

R5 Valley Side 0.001 0.002 0.000002 

R6 Waltham Way 0.002 0.003 0.000003 

R7 Russel Road 0.003 0.003 0.000004 

R8 Mandeville Court 0.003 0.003 0.000004 

R9 Rays Avenue 0.004 0.004 0.000005 

R10 Montagu Road 0.004 0.005 0.000006 

3.2. Concentrations of NO2, CO and SO2 are below the AEGL 1-hour (60min) as set out in Table 2. As 

such, predicted effects at all receptors from Event 1 are considered to be unlikely to cause a 

notable discomfort, irritation, or certain asymptomatic non-sensory effects. 

Event 2 

Human Receptors 

AEGL 

3.3. The results of the maximum 1-hour concentrations for Event 2 at the selected receptor locations are 

summarised in Table 10. 
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Table 10: Event 2 – Maximum 1 Hour NO2, CO & SO2 AEGL 

Receptor NOx CO SO2 

R1 Zambezi Drive 0.007 0.008 0.000010 

R2 Volta Close 0.005 0.005 0.000007 

R3 Picketts Lock Lane West 0.003 0.003 0.000004 

R4 Picketts Lock Lane East 0.003 0.003 0.000004 

R5 Valley Side 0.002 0.002 0.000002 

R6 Waltham Way 0.002 0.003 0.000004 

R7 Russel Road 0.004 0.004 0.000005 

R8 Mandeville Court 0.003 0.004 0.000005 

R9 Rays Avenue 0.004 0.004 0.000006 

R10 Montagu Road 0.004 0.005 0.000006 

3.4. Concentrations are below the 1-hour (60min) AEGLs as set out in Table 2. As such, predicted 

effects at all receptors from Event 2 are considered to be unlikely to cause a notable discomfort, 

irritation, or certain asymptomatic non-sensory effects  

Event 3 

Human Receptors 

3.5. Predicted maximum short-term concentrations at the nearest selected human receptors are 

summarised in Table 11. 

Table 11: Event 3 – Predicted Maximum Short-Term PC Concentrations 

Receptor 

NO2 NO2 NO2 PM10 CO SO2 

1 hr 
Rolling 120 

hr 

Number of 
Hours 

>200µg/m3 
24 hr 

Rolling 8 
hr 

1 hr 

R1 160.71 52.88 0 3.18 85.4 0.35 

R2 122.51 31.73 0 1.82 59.52 0.26 

R3 71.57 14.61 0 1.18 34.37 0.15 

R4 74.93 19.37 0 1.01 38.70 0.16 

R5 35.85 6.08 0 0.40 12.17 0.08 

R6 59.71 14.78 0 0.62 18.61 0.13 

R7 81.27 17.56 0 1.09 33.22 0.18 

R8 83.44 21.26 0 1.45 40.99 0.18 

R9 94.84 25.33 0 1.47 40.60 0.20 

R10 101.48 32.67 0 1.72 51.69 0.22 
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3.6. As shown in Table 11 the predicted concentrations for Event 3 are likely to meet the relevant EQS 

at all receptor locations should the generators operate for a 5-day period in an emergency. 

3.7. The Applicant has confirmed the maximum number of hours these generators have been used in 

an emergency over the last 10 years, is 4 hours. As such the modelling of 120 hours is 

conservative. If all generator run at 100% loads the impacts are ‘insignificant’.    

AEGL 

3.8. The results of the maximum 1-hour concentrations for NO2 and CH2O, and 8-hour concentration for 

CO and CH2O for Event 3 at the selected receptor locations are summarised in Table 12. 

Table 12: Event 3 – Maximum Nitrogen Dioxide, Carbon Monoxide and Sulphur Dioxide 
AEGLs 

Receptor 
NO2 1hr AEGL 

(ppm) 
CO 8hr AEGL 

(ppm) 
SO2 1hr AEGL 

(ppm) 

R1 Zambezi Drive 0.084 0.070 0.00013 

R2 Volta Close 0.064 0.048 0.00010 

R3 Picketts Lock Lane West 0.037 0.024 0.00006 

R4 Picketts Lock Lane East 0.039 0.029 0.00006 

R5 Valley Side 0.019 0.013 0.00003 

R6 Waltham Way 0.031 0.019 0.00005 

R7 Russel Road 0.042 0.027 0.00007 

R8 Mandeville Court 0.044 0.034 0.00007 

R9 Rays Avenue 0.050 0.035 0.00008 

R10 Montagu Road 0.053 0.039 0.00008 

3.9. Concentrations of NO2 and SO2 are below the AEGL 1-hour and CO is below the AEGL 8-hour as 

set out in Table 2. As such, predicted effects at all receptors from Event 3 are unlikely to cause a 

notable discomfort, irritation, or certain asymptomatic non-sensory effects. 

Ecological Receptors 

Daily Mean NOx  

3.10. The full modelling results for the maximum predicted daily mean NOx concentration at the 

ecological receptors for the modelled meteorological years because of Event 3 are summarised in 

Table 13. The other Events have been discounted due to the short-term running period.  
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Table 13: Event 3 – Predicted Daily Mean NOx Concentrations 

Receptor 

Predicted 24-Hour Mean 
NOX Concentration (µg/m3) 

Proportion of EQS (%) 

PC PEC PC PC 

E1 Chingford Reservoirs 145.0 - 193.3 557.5 

E2 Epping Forest  8.5 - 11.3 32.5 

E3 
Lee Valley, Walthamstow 

Reservoirs 

4.5 - 6.0 
17.2 

E4 Ainslie Wood 6.8 - 9.1 26.2 

3.11. As shown in Table 16 predicted NOx concentrations for Event 3 are below the daily mean EQS of 

75μg/m3 at all ecological receptor locations for all meteorological years except for the Chingford 

Reservoirs (E1) and Epping Forest (E2) receptors. As such, predicted effects on daily mean NOx 

concentrations from Event 3 are not insignificant at all ecological receptors. However as stated 

previously it is unlikely that emergency operation would last for more than 4 hours. 
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4. Emergency Operation 

4.1. The modelling, using very conservative assumptions, indicates that in the unlikely event of a mains 

power failure occurring for a continuous 120-hour period (rather than the single event of less than 

four hours in the previous 10 years of operation) would result in: 

 Based on continuous running for 120 hours, concentrations are likely to meet the relevant EQS 

at all receptor locations should the generators operate for a 5-day period in an emergency. The 

impacts will be short-lived and not long lasting; 

 No notable discomfort, irritation, or certain asymptomatic non-sensory effects at any of the 

nearest human receptors; 

 NOx concentrations at ecological receptors E1 and E2 are potentially significant, however the 

impacts will be short-lived and not long lasting. 

4.2. As discussed in this report the Applicant has confirmed in the past 10 years of operation the 

maximum number of hours that the generators have been required to run has been 4 hours. 

4.3. Given that, based on historical analysis of previous events, the likelihood of Event 3 (120 hours 

continuous running) is improbable the risk of an air quality exceedence is low. 
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5. Summary and Conclusions 

5.1. This air quality assessment has been undertaken using the detailed dispersion model ADMS 5 to 

assess the 15 standby generators at Meridian Park in the event of a power failure from the National 

Grid. The assessment has been based on data for the standby generators provided by the 

Applicant. The pollutants associated with the generators, as provided by the generator 

manufacturers, are NOx, CO, PM10; and SO2 and therefore the assessment focuses on these 

pollutants.  

5.2. To consider the potential impact from the operation of the standby diesel generators the following 

operating scenarios have been considered: 

 Event 1 – Standby generator test scenario. Currently the standby generators are tested through 

an off-load test and an on-load test. For the off load test each group of generators associated 

with an energy centre start together and run for 10 minutes at no load. These are done monthly, 

except where they coincide with a quarterly on load test or an annual service test. For the on-

load test the group of generators associated with an energy centre start together and run for 15 

minutes. This is done quarterly, except where they coincide with an annual service test; 

 Event 2 – Annual Service Test. Annually a full-Service Test is undertaken where one stand-by 

diesel generator is connected to the load bank, started and run at full load (up to 10% MCR) for 

two hours. This test is carried out on one generator at a time.  Each generator test takes one 

day (to set up run the test and move); 

 Event 3 – Grid Outage Event.  Currently the standby generators are used for standby power 

only. Standby duty will only occur in the event of a power failure. A Grid Outage Event of up to 

five days loss of grid power at a frequency of once per five years has been assumed, as a 

worst-case event. Although in the past 10 years of operation the maximum number of hours that 

the generators have been required to run has been 4 hours. 

5.3. Emissions from the standby diesel generators shall be free from odour levels likely to cause 

pollution outside the Site and as such odours have not been considered further.  

5.4. The air quality assessment has been based on a 6x6km grid to identify the maximum contribution. 

The nearest selected individual residential receptors have been identified and assessed, as well as 

ecological receptors within the distances detailed within the EA assessment methodology. 

5.5. Based on the modelling results and the existing baseline conditions, the results show that in Events 

1 and 2 the emissions to air from the standby generators are insignificant. 

5.6. Under Event 3 conditions (emergency operation) there is the potential for minor adverse impacts at 

some sensitive receptor locations, however as stated in 4.1 these impacts would result in: 

 No notable discomfort, irritation, or certain asymptomatic non-sensory effects to the nearest 

human receptors; 

 Impacts will be short-lived and not long lasting. 

5.7. Therefore, given that, based on historical analysis of previous events, the likelihood of Event 3 (120 

hours continuous running) is improbable the risk of an air quality exceedence is low. 
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Figure 2: Location of Standby Generators
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Figure 3: Wind-roses for the years 2014 to 2018 
for London City Airport Meteorological Station
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DIESEL GENERATOR SET
MTU 16V4000 DS2500
380V – 11 kV/50 Hz/Standby Power/NEA (ORDE) Optimized 
MTU 16V4000G84F/Water Charge Air Cooling

PRODUcT HIGHLIGHTS

Optional equipment and finishing shown. Standard may vary. 

//  Benefits 
- Low fuel consumption
- Optimized system integration ability
- High reliability
- High availability of power
- Long maintenance intervals

//  MTU Onsite Energy is a single-source supplier

//  Support 
- Global product support offered

//  Standards 
- Engine-generator set is designed and manufactured in

facilities certified to standards ISO 2008:9001 and
ISO 2004:14001

- Generator set complies to ISO 8528
- Generator meets NEMA MG1, BS5000, ISO, DIN EN and

IEC standards
- NFPA 110

//  Power Rating 
- System ratings: 2260 kVA - 2610 kVA
- Accepts rated load in one step per NFPA 110
- Generator set complies to G3 according to ISO 8528-5
- Generator set exceeds load steps according to ISO 8528-5

//  Performance Assurance Certification (PAC) 
- Engine-generator set tested to ISO 8528-5 for transient

response
- 85% load factor
- Verified product design, quality and performance integrity
- All engine systems are prototype and factory tested

//  Complete range of accessories available 
- Control panel
- Power panel
- Circuit breaker/power distribution
- Fuel system
- Fuel connections with shut-off valve mounted to base frame
- Starting/charging system
- Exhaust system
- Mechanical and electrical driven radiators
- Medium and oversized voltage alternators

//  Emissions 
- NEA (ORDE) optimized

//  Certifications 
- CE certification option
- Unit certificate acc. to BDEW (German Grid-Code)



2      / //  / MTU 16V4000 DS2500 / 50 Hz / 380V - 11kV

APPLIcATION DATA➀

//  Engine

Manufacturer MTU
Model 16V4000G84F
Type 4-cycle
Arrangement 16V
Displacement: l 76.3
Bore: mm 170
Stroke: mm 210
Compression ratio 16.4
Rated speed: rpm 1500
Engine governor ECU 9
Max power: kWm 2185
Air cleaner Dry 

//  Fuel System

Maximum fuel lift: m 5
Total fuel flow: l/min 20

//  Fuel Consumption➁

l/hr g/kwh
At 100% of power rating: 526.5 200
At 75% of power rating: 394.9 200
At 50% of power rating: 271.2 206

//  Liquid Capacity (Lubrication)

Total oil system capacity: l 300
Engine jacket water capacity: l 175
Intercooler coolant capacity: l 50

//  Combustion Air Requirements

Combustion air volume: m3/s 2.7
Max. air intake restriction: mbar 50

//  Cooling/Radiator System

Coolant flow rate (HT circuit): m3/h 68.5
Coolant flow rate (LT circuit): m3/h 30
Heat rejection to coolant: kW 730
Heat radiated to charge air cooling: kW 510
Heat radiated to ambient: kW 90
Fan power for electr. radiator (40°C): kW 70

//  Exhaust System

Exhaust gas temp. (after turbocharger): °C 505
Exhaust gas volume: m3/s 7.3
Maximum allowable back pressure: mbar 85 
Minimum allowable back pressure: mbar 30

➀ All data refers only to the engine and is based on ISO standard conditions (25°C and 100m above sea level).
➁ Values referenced are in accordance with ISO 3046-1. Conversion calculated with fuel density of 0.83 g/ml.  

All fuel consumption values refer to rated engine power.

//     Generator Emissions

NOx @100% Generator Standby Load (mg/Nm³ 5% O2) 2157
CO @100% Generator Standby Load (mg/Nm³ 5% O2) 235
HC @100% Generator Standby Load (mg/Nm³ 5% O2) 61 
PM @100% Generator Standby Load (mg/Nm³ 5% O2) 12

//      Thermal Balance

Thermal Input (kW) 5650
Heat Rejected to Exhaust (kW) 2193

//      Soundproofing -Bespoke Canopy Solution

Sound Pressure (dB(A) @ 1m) 86
Canopoy Length (mm) 12,200
Canopy Width (mm) 3,400 
Overall Canopy Height (mm) 7,745
Fuel Tank Capacity (Nominal litres) 38,000



3      / //  / MTU 16V4000 DS2500 / 50 Hz / 380V - 11kV

//  Engine

■ 4-Cycle
■ Standard single stage air filter
■ Oil drain extension & shut-off valve

■ Closed crankcase ventilation
■ Governor-electronic isochronous
■ Common rail fuel injection

■ NEA (ORDE) optimized engine

■ Represents standard features  Represents optional features

//  Generator

■ 4 pole three-phase synchronous
generator

■ Brushless, self-excited, self-regulating,
self-ventilated

■ Digital voltage regulator
■ Anti condensation heater
■ Stator winding Y-connected,

accessible neutral (brought out)
■ Protection IP23
■ Insulation class H, utilization acc. to H
■ Radio suppression EN55011,

group 1, cl. B

■ Short circuit capability 3xIn for 10sec
■ Winding and bearing RTDs

(without monitoring)
■ Excitation by AREP + PMG
■ Mounting of CT ś: 2 core CT ś
■ Winding pitch: 2/3 winding
■ Voltage setpoint adjustment ± 10%
■ Meets NEMA MG-1, BS 5000,

IEC 60034-1, VDE 0530,
DIN EN 12601, AS1359 and ISO 8528
requirements

■ Leroy Somer medium voltage generator

STANDARD AND OPTIONAL FEATURES

//  System Ratings (kW/kVA)

Generator model Voltage NEA (ORDE) optimized
without radiator with mechanical radiator

kWel kVA* AMPS kWel kVA* AMPS
Leroy Somer LSA52.3 L12 380 V 2088 2610 3965 2024 2530 3844
(Low voltage  400 V 2088 2610 3767 2024 2530 3652
Leroy Somer standard) 415 V 2088 2610 3631 2024 2530 3520
Leroy Somer LSA53.2 M7 380 V 2088 2610 3965 2024 2530 3844
(Low voltage  400 V 2088 2610 3767 2024 2530 3652
Leroy Somer oversized) 415 V 2088 2610 3631 2024 2530 3520
Marathon 744RSL7092 380 V 1912 2390 3631 1912 2390 3631
(Low voltage Marathon) 400 V 1952 2440 3522 1952 2440 3522

415 V 1808 2260 3144 1816 2270 3158
Marathon 1020FDL7093 380 V 1912 2390 3631 1912 2390 3631
(Low voltage   400 V 1952 2440 3522 1952 2440 3522
Marathon oversized) 415 V 1808 2260 3144 1808 2260 3144
Marathon 1020FDH7099 11 kV 2064 2580 135 2016 2520 132
(Medium volt. marathon)
Leroy Somer LSA53.2 XL11 11 kV 2088 2610 137 2024 2530 133
(Medium volt. Leroy Somer)

* cos phi = 0,8

Represents included feature
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4      / //  / MTU 16V4000 DS2500 / 50 Hz / 380V - 11kV

■ Represents standard features  Represents optional features

STANDARD AND OPTIONAL FEATURES, CONTINUATION

//  Control Panel

 Island operation (V2)
 Automatic mains failure operation 

with ATS (V3a)
 Automatic mains failure operation 

incl. control of generator and mains 
breaker (V3b)

 Island parallel operation of multiple 
gensets (V4)

 Automatic mains failure operation 
with short (< 10s) mains parallel 
overlap synchronization (V5)

 Mains parallel operation of  
a single genset (V6)

 Mains parallel operation of 
multiple gensets (V7)

■ ComAp controller
■ Complete system metering
■ Digital metering
■ Engine parameters
■ Generator protection functions
■ Engine protection
■ SAE J1939 engine ECU

communications
■ Parametrization software
■ Multilingual capability
■ Multiple programmable contact inputs
■ Multiple contact outputs
■ Event recording
■ IP 54 front panel rating with

integrated gasket

 Different expansion modules 
 Remote annunciator 
 Daytank control 
 Generator winding temperature 

monitoring 
 Generator bearing temperature 

monitoring
 Modbus TCP-IP

//  Cooling System

■ Jacket water pump
■ Thermostat(s)
■ Water charge air cooling

//  Power Panel

 Available in 600x600 and 600x1000
 Phase monitoring relay 230V/400V
 Supply for battery charger
 Supply for jacket water heater

 Supply for anti condensation heating
 Plug socket cabinet for 230V  

compatible Euro/USA

 Supply electrical driven radiator 
from 45kW – 75kW (PP 600x1000)

//  Circuit Breaker/Power Distribution

 3-pole circuit breaker
 4-pole circuit breaker

 Manual-actuated circuit breaker
 Electrical-actuated circuit breaker

 Stand-alone solution in seperate 
cabinet

Represents included feature

■ Jacket water heater
■ Mechanical radiator
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■ Represents standard features  Represents optional features

STANDARD AND OPTIONAL FEATURES, CONTINUATION

//  Exhaust System

 Exhaust bellows with connection 
flange

 Exhaust silencer with 10 dB(A) sound 
attenuation 

 Exhaust silencer with 30 dB(A) sound 
attenuation 

 Exhaust silencer with 40 dB(A) sound 
attenuation 

 Y-connection-pipe

//  Mounting System

■ Welded base frame ■ Resilient engine and generator
mounting

■ Modular base frame design

//  Fuel System

■ Flexible fuel connectors mounted to
base frame

 Fuel filter with water separator
 Fuel filter with water separator 

heavy-duty

 Switchable fuel filter with 
water separator

 Switchable fuel filter with 
water separator heavy-duty    

 Seperate fuel cooler

 Fuel cooler integrated into 
cooling equipment

Represents included feature

//  Starting/Charging System

■ Dual 24V starter  Dual starter batteries, cables, 
rack, disconnector switch 

 Dual Battery Charger 
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WEIGHTS AND DIMENSIONS

System Dimensions (L x W x H) Weight (dry/less tank)
Open Power Unit (OPU) 4766 x 1810 x 2330 mm 13395 kg

Drawing above for illustration purposes only, based an standard open power 400 Volt engine-generator set. Lengths may vary with other voltages. Do not use for installation design. 
See website for unit specific template drawings.

MTU Onsite Energy 
Part of the Rolls-Royce Group

www.mtuonsiteenergy.com

//  consult your local MTU Onsite Energy distributor for sound data. 

EMISSIONS DATA

//  consult your local MTU Onsite Energy distributor for emissions data. 

RATING DEFINITIONS AND cONDITIONS

//  Standby ratings apply to installations served by a reliable utility source. The standby rating is applicable to varying loads for 
the duration of a power outage. No overload capability for this rating. Ratings are in accordance with ISO 8528-1, ISO-3046-1, 
BS 5514 and AS 2789. Average Load Factor: ≤ 85%. Operating hours/year: max. 500.

//  consult your local MTU Onsite Energy Power Generation Distributor for derating information.

Materials and specifications subject to change without notice.

Weights and dimensions are based on open power units and are estimates only. consult the factory for accurate weights and dimensions for your specific engine-generator set.

SOUND DATA
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Motordaten

engine data
Genset Marine O & G Rail C & I

Application x

Engine model

Application group

Emission Stage/Optimisation

Test cycle

fuel sulphur content [ppm]

mg/mN³ values base on 

residual oxygen value of [%]

Motor Rohemissionen*

Engine raw emissions*
Cycle point [-] n1 n2 n3 n4 n5 n6 n7 n8

Power (P/Pcycle) [-] 1 0,75 0,50 0,25 0,10

Power [kW] 2196 1644 1095 547 220

Speed (n/nN) [-] 1 1 1 1 1

Speed [rpm] 1503 1503 1503 1503 1503

Exhaust temperature

after turbine
[°C] 506 476 447 376 273

Exhaust massflow [kg/h] 11695 9697 7347 5134 4330

Exhaust Volumetric Flowrate [m³/s] 6,71 5,46 4,08 2,61 1,90

Exhaust back pressure (total) [mbar] 66 42 25 14 8

[g/kWh] 6,4 5,7 5,1 4,4 9,0

[g/s] 3,9 2,6 1,5 0,7 0,5

[mg/mN³] 2157 1891 1626 1253 2049

[g/kWh] 0,7 0,7 0,8 1,5 2,1

[g/s] 0,4 0,3 0,2 0,2 0,1

[mg/mN³] 235 234 249 444 459

[g/kWh] 0,17 0,25 0,38 0,78 1,42

[g/s] 0,11 0,11 0,12 0,12 0,09

[mg/mN³] 61 86 127 229 313

O2 [%] 8,9 9,9 11,0 13,1 16,1

[g/kWh] 0,03 0,05 0,10 0,29 0,48

[g/s] 0,02 0,02 0,03 0,04 0,03

[mg/mN³] 12 16 32 87 106

[g/kWh] - - - - -

[mg/mN³] - - - - -

Dust (only TA-Luft) [mg/mN³] - - - - -

FSN [-] 0,2 0,3 0,5 1,2 0,8

NO/NO2** [-] - - - - -

[g/kWh] 619,8 621,0 640,8 707,0 969,9

[g/s] 378,0 283,5 194,9 107,5 59,2

[mg/mN³] 216832 213087 212450 208636 214430

[g/kWh] 0,002 0,002 0,002 0,002 0,003

[g/s] 0,001 0,001 0,001 0,000 0,000

[mg/mN³] 0,7 0,7 0,7 0,7 0,7

[g/kWh] - - - - -

[mg/mN³] - - - - -

SO2

CH2O

* Emission data measurement procedures are consistent with the respective emission evaluation process. Noncertified engines are measured to

sales data (TVU/TEN) standard conditions.

These boundary conditions might not be representative for detailed dimensioning of exhaust gas aftertreatment, in this case it is recommended

to contact the responsible department for more information.

Measurements are subject to variation. The nominal emission data shown is subject to instrumentation, measurement, facility, and engine-to-

   engine variations.

   All data applies to an engine in new condition and were measured after combined exhaust streams. Over extended operating time deterioration 

   may occur which might have an impact on emission. Exhaust temperature depends on engine ambient conditions.

** No standard test. To be measured on demand.

CO2

Particulate measured

Particulate calculated

CO

HC

NOx
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