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SUMMARY 

Uniper UK Limited is proposing to build an energy recovery facility, the East Midlands Energy Re-
Generation (EMERGE) Centre, on the Ratcliffe-on-Soar power station site. Article 46 of the Industrial 
Emissions Directive (IED) (European Commission, 2010) provides operators with some operational 
flexibility to resolve plant problems without initiating a complete shutdown of the energy recovery 
facility. These scenarios are termed ‘abnormal operations’ and include incidents such as technically 
unavoidable stoppages and disturbances or failures of the air pollution control equipment or 
monitoring equipment. 

This report quantifies the potential long-term and short-term impact on air quality of the proposed 
installation operating during abnormal operations. Four abnormal operating scenarios have been 
considered for this assessment, which are: 

• Scenario 1: Failure of SNCR abatement system

• Scenario 2: Failure of acid gas abatement system

• Scenario 3: Failure of bag filter

• Scenario 4: Failure of activated carbon injection system

This assessment has been carried out following the requirements in the IED that such abnormal 
operations must not exceed a maximum of four hours at any one time and the cumulative duration of 
these periods must not exceed 60 hours in a year. 

The predicted impact on air quality associated with the abnormal operation emissions has been 
calculated by pro-rating the impact associated with normal operations by the ratio between the 
normal and abnormal operation emission values. 

This study concludes that no human health based ambient air quality standards or guidelines are 
predicted to be exceeded due to emissions from the installation during abnormal operations 
permissible under the IED and hence there will be no significant adverse effects on human health. 
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ABBREVIATIONS/NOMENCLATURE 
 
AEL Associated Emission Level 

AQAL Air Quality Assessment Level 

AQS Air Quality Strategy 

BAT Best Available Techniques 

BREF Best Available Techniques Reference Document 

Cr Chromium 

EA Environment Agency 

ELV(ab) Emission Limit Value (abnormal operations) 

ELV(n) Emission Limit Value (normal operations) 

EMERGE East Midlands Energy Re-Generation 

IED Industrial Emissions Directive 

MDI Mean Daily Intake 

PAH Polycyclic Aromatic Hydrocarbon 

PC(ab)  Process Contribution (abnormal operations) 

PC(n) Process Contribution (normal operations) 

PEC Predicted Environmental Concentration 

PCB Polychlorinated biphenyls 

PM10 Particulate Matter (< 10 µm diameter) 

PM2.5 Particulate Matter (< 2.5 µm diameter) 

SNCR  Selective Non-Catalytic Reduction 
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TDI Tolerable Daily Intake 
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1 INTRODUCTION 
 
The Environmental Permitting Regulations require that abnormal event scenarios are 
considered. 
 
This report quantifies the potential long-term and short-term impact on air quality of the 
proposed East Midlands Energy Re-Generation (EMERGE) Centre (henceforth referred to as 
‘the Installation’) operating during abnormal operations. 
 
Article 46 of the Industrial Emissions Directive (IED) (European Commission, 2010) provides 
operators with some operational flexibility to resolve plant problems without initiating a complete 
shutdown of the energy recovery facility. These scenarios are termed ‘abnormal operations’ and 
include incidents such as technically unavoidable stoppages and disturbances or failures of the 
air pollution control equipment or monitoring equipment. 
 
Specifically, Article 46(6) states that: 
 
“… the waste incineration plant … shall under no circumstances continue to incinerate waste for 
a period of more than 4 hours uninterrupted where emission limit values are exceeded. The 
cumulative duration or operation in such conditions over 1 year shall not exceed 60 hours.” 
 
Article 47 of the IED states that “in the case of a breakdown, the operator shall reduce or close 
down operations as soon as practicable until normal operations can be restored.” 
 
 
2 IDENTIFICATION OF ABNORMAL OPERATING CONDITIONS 
 
The following scenarios are examples of abnormal operating conditions which may lead to 
‘abnormal emission levels’ of pollutants from the installation and have been assessed further in 
this report: 
 

• Scenario 1: Failure of the Selective Non-Catalytic Reduction (SNCR) abatement system – 
reduced efficiency of the SNCR system as a result of blockages or failure of ammonia 
injection system, leading to elevated oxides of nitrogen emissions; 

 

• Scenario 2: Failure of acid gas abatement system – failure of the acid gas abatement 
system leading to elevated emissions of sulphur dioxide, hydrogen chloride and hydrogen 
fluoride; 

 

• Scenario 3: Failure of bag filter – reduced efficiency of particulate filtration system due to 
bag failure and inadequate isolation, leading to elevated particulate emissions, Polycyclic 
Aromatic Hydrocarbon (PAH) emissions and metals in particulate phase; and 

 

• Scenario 4: Failure of activated carbon injection system – complete failure of the activated 
carbon injection system leading to elevated PAH emissions and metal emissions. 

 
2.1 Plant start-up and shutdown 
 
Start-up of the installation from cold will be conducted with clean support fuel (low sulphur gas 
oil). Waste will not be introduced into the furnace unless the temperature is above 850 °C and 
other operating parameters (such as air flow and oxygen levels) are within the range stipulated 
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in the permit. During the warming up period the gas cleaning plant will be operational along with 
the control systems and monitoring equipment. 
 
During shutdown, the waste remaining in the furnace is allowed to burn out with the temperature 
not being allowed to fall below 850 °C by the simultaneous introduction of clean support 
auxiliary fuel. After complete burn-out of the waste, the auxiliary fuel burners will be turned off 
and the system allowed to cool. During this period the gas cleaning equipment is fully 
operational along with the control system and monitoring equipment. 
 
It should also be noted that start-up and shutdown will be infrequent events. The installation is 
designed to operate continuously and shut down only for the annual maintenance programme. 
 
Elevated dioxin emissions during plant start-up and shutdown have been found to occur in 
research carried out by AEA Energy & Environment (AEA Energy & Environment, 2008) on 
behalf of the Environment Agency (dioxin emissions increased within one order of magnitude). 
These higher emission levels occurred while the waste was not fully established on the grate. 
The report concluded that “The mass of dioxin emitted during start-up and shutdown for a 4–5 
day planned outage was similar to the emission which would have occurred during normal 
operation in the same period. The emission during shutdown and restart is equivalent to less 
than 1 % of the estimated annual emission (if operating normally all year)”. Therefore, it can be 
concluded that start-up and shutdown of the installation will not have a significant impact on 
long-term dioxin concentrations. 
 
It is envisaged that start-up and shutdown will last for 16 hours and 1 hour respectively and 
typically occur on two occasions per year. Given the limited total duration and that the gas 
cleaning plant will remain in operation, start-up and shutdown are not anticipated to have 
significant effects on the air quality impacts of the Installation. 
 
 
3 PLAUSIBLE ABNORMAL EMISSION LEVELS 
 
Emission levels for each abnormal operating scenario discussed in Section 2 are shown in 
Table 1. All emission concentrations are quoted at 11 % oxygen, dry, 101.3 kPa, 273.15 K in 
line with the IED and Waste Incineration BREF. 
 
Abnormal emissions have been based on anticipated boiler performance without abatement for 
modern plants derived to support the BAT case submitted as Appendix E to the Permit 
Application. 
 
In relation to failure of the SNCR system, unabated modern boilers would be able to achieve an 
oxides of nitrogen concentration of 350 mg/Nm3. However, a conservative emission 
concentration of 400 mg/Nm3 has been used as this is the short-term emission limit value in the 
IED for normal operation. 
 
In relation to failure of the acid gas abatement system, unabated emissions are based on 
representative waste fuel composition derived to support the BAT case. 
 
In defining abnormal operating conditions, Annex VI Part 3 (2) of the IED states that “The total 
dust concentration in the emissions into the air of a waste incineration plant shall under no 
circumstances exceed 150 mg/Nm3 expressed as a half hourly average.” This emission level 
has been used for the bag-filter failure scenario and applied to both PM10 and PM2.5 emissions 
as a worst-case scenario. Long- and short-term metal emissions have been scaled based on 
the ratio of abated and non-abated particulate matter emissions. This is likely to be an 
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overestimation of the increase in emissions of mercury as mercury is released predominantly in 
the vapour phase and the bag filter failure will only lead to increased releases of mercury in the 
particulate phase. Therefore, it is a conservative approach to increase mercury emissions by a 
factor of 30 during periods of operation when the bag filter has failed. 
 
With respect to failure of the activated carbon injection system, such systems are up to 98.7 % 
efficient in the removal of dioxins and furans (Moo Been Chang, 2001). Therefore, it has been 
conservatively assumed that in the event of a failure of the activated carbon system all 
emissions will increase by a factor of 100. Activated carbon injection systems are used to 
control vapour phase emissions of metals. Most metals will be released in the particulate phase, 
with only mercury and a limited amount of cadmium emitted as a vapour at the stack 
temperature of 140 °C. Some metals may be volatised at this temperature but it is unlikely that 
elements with a higher melting point (such as vanadium and nickel) will vaporise. Therefore, 
assuming that all metals are released at such high emission levels if the activated carbon 
injection system fails is a conservative approach. 
 
Table 1: Plausible Abnormal Emissions (11% O2, dry, 101.3 kPa, 273.15 K) 
 

Pollutant Permitted Emission Limit (mg/Nm3) Plausible Abnormal 
Emission (mg/Nm3) Long-term Short-term 

Scenario 1: Failure of SNCR abatement system 

Oxides of nitrogen 120 400 400 

Scenario 2: Failure of acid gas abatement system 

Sulphur dioxide 30 200 500 

Hydrogen chloride 6 60 1200 

Hydrogen fluoride 1 4 8 

Scenario 3: Failure of bag filter 

Particulate matter (PM10) 5 30 150 

Particulate matter (PM2.5) 5 30 150 

Benzo[a]pyrene (PAHs) 0.00021 0.00021 0.0063 

Cadmium and Thallium 0.02 0.02 0.6 

Mercury 0.02 0.04 0.6 

Other metals 0.3 0.3 9 

Scenario 4: Failure of activated carbon injection system 

Benzo[a]pyrene (PAHs) 0.00021 0.00021 0.021 

Cadmium and Thallium 0.02 0.02 2 

Mercury 0.02 004 2 

Other metals 0.3 0.3 30 

 
Annex VI Part 3 (2) of the IED states that the air emission limit values prescribed for TOC (Total 
Organic Carbon) and carbon monoxide must under no circumstances be exceeded. As such, 
there is no potential for the impact of emissions of TOC or carbon monoxide to be greater than 
that outlined in the air quality assessment (Appendix D1 of this Permit Application). Therefore, 
TOC and carbon monoxide have not been considered further within this assessment. 
 
Dioxins and dioxin-line PCBs can accumulate in the environment and exposure can be through 
ingestion in addition to inhalation with health impacts being based on long-term exposure. The 
impacts of these species based on emission at the BREF limits is presented in Permit 
Application Appendix D3 Human Health Risk Assessment. The potential impacts of these 
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species has been considered based on an increase of a factor of 100 based on the assumption 
that activated carbon injection systems are up to 98.7 % efficient in the removal of dioxins and 
furans (Moo Been Chang, 2001). 
 
 
4 IMPACTS RESUTING FROM PLAUSIBLE ABNORMAL EMISSIONS 
 
The air quality assessment presented in Appendix D1 of the Permit Application is based on 
continuous operation of the Installation for the entire year with emissions to air for each pollutant 
based on the IED limits or the BAT-AELs (Best Available Techniques – Associated Emission 
Levels) set out in the Waste Incineration BREF (Best Available Techniques Reference 
Document) (European Commission, 2019), as appropriate, for the entire time. The assessment 
in this report is based on Scenario A of Appendix D1 of the Permit Application, which considers 
emissions from the Installation including buildings associated with the Installation as this 
scenario is most representative of the expected impacts of the Installation over its operational 
lifetime. Table 2 includes the predicted ground level concentrations associated with Scenario A 
under normal operation. 
 
In order to assess the effect on long-term ground level concentrations associated with the 
installation operating at the identified abnormal emission levels, the calculated long-term ground 
level concentrations have been increased for a maximum of 60 hours in the year. The process 
contribution (PC) has been calculated using the following formula: 
 

𝑃𝐶𝑎𝑏 = 𝑃𝐶𝑛 × [(
𝐸𝐿𝑉𝑎𝑏

𝐸𝐿𝑉𝑛
×

60

8760
) + (

8700

8760
)]                       𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1 

 
where PCab = process contribution (abnormal operations); 
  PCn = process contribution (normal operations); 
  ELVab = emission limit value (abnormal operations); and 
  ELVn = emission limit value (normal operations). 
 
In order to assess the effect on short-term ground level concentrations associated with the 
installation operating at the identified abnormal emission levels, the calculated short-term (15-
minute mean and hourly mean) ground level concentrations have been increased pro-rata 
following the formula below: 
 

𝑃𝐶𝑎𝑏 = 𝑃𝐶𝑛 ×
𝐸𝐿𝑉𝑎𝑏

𝐸𝐿𝑉𝑛
                                                                  𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2 

 
To calculate the 24-hour mean concentrations of sulphur dioxide and PM10 it has been assumed 
that abnormal emissions occur for four hours and the installation operates at the permitted limits 
for 20 hours as shown in the formula below: 
 

𝑃𝐶𝑎𝑏 = 𝑃𝐶𝑛 × [(
𝐸𝐿𝑉𝑎𝑏

𝐸𝐿𝑉𝑛
×

4

24
) + (

20

24
)]                                 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3 

 
Table 2 shows the predicted ground level concentrations resulting from the four abnormal 
operation scenarios discussed in Section 2. 
 
Table 2 also states whether the predicted process contribution can be classed as insignificant 
using the Environment Agency Stage 1 significance criteria (Environment Agency, 2016a). This 
states that an impact can be considered insignificant if: 
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• The long-term PC is less than 1 % of the long-term environmental standard 

• The short-term PC is less than 10 % of the short-term environmental standard 
 
Stage 2 significance criteria in the EA guidance are that an impact may be considered not 
significant if: 
 

• The long-term PEC is less than 70 % of the long-term environmental standard 

• The short-term PC is less than 20 % of the short-term environmental standard plus twice 
the long-term background concentration (i.e. the short-term PEC < 20 % of the short-term 
AQAL) 

 
Background concentrations in Table 2 used to calculate predicted environmental concentrations 
(PEC = PC + background concentrations) are the same as those used in the air quality impact 
assessment for normal operation in Appendix D1 of the Permit Application. 
 
Table 2 shows that the process contribution is greater than 1 % of the long-term air quality 
assessment level (AQAL) (see Appendix D1 of the Permit Application, Section 3 for details on 
AQALs) and greater than 10 % of the short-term AQAL at the point of maximum impact for the 
following pollutants for each abnormal operating scenario. Therefore, the air quality impact 
cannot be screened out as insignificant under stage 1 of the significance criteria: 
 

• Scenario 2: Failure of acid gas abatement system 
o 15-minute mean and hourly mean sulphur dioxide; and 
o Hourly mean hydrogen chloride. 

 

• Scenario 3: Failure of bag filter 
o Annual mean cadmium; 
o Annual mean arsenic; 
o Annual mean chromium (VI); 
o Annual mean nickel; and 
o Hourly mean vanadium. 

 

• Scenario 4: Failure of activated carbon injection system 
o Annual mean cadmium; 
o Annual mean arsenic; 
o Annual mean chromium (VI); 
o Annual mean nickel; and 
o Hourly mean vanadium. 

 
For all other pollutants and averaging periods, the process contribution at the maximum impact 
point can be screened out as insignificant for annual mean and short-term AQALs irrespective 
of baseline concentrations. The predicted ground level concentrations at the local receptors will 
be below the levels stated in Table 2 and, therefore, will also be insignificant at these receptors 
(see Permit Application Appendix D1 – Section 4.10 for details on local sensitive receptors). 
The pollutants and averaging periods that can be classed as insignificant at the maximum 
impact point have not been considered further in this assessment. 
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Table 2:  Predicted ground level concentrations resulting from plausible abnormal emissions 
 
Pollutant Statistic AQAL  

(µg/m3) 
Back- 

ground  
conc  

(µg/m3) 

Normal Abnormal 

PC 
(µg/m3) 

PC 
(µg/m3) 

PC/ 
AQAL 

(%) 

PEC 
(µg/m3) 

PEC/ 
AQAL 

(%) 

PC/AQAL descriptor 
Annual mean < 1 % – 

insignificant 
Short-term < 10 % – 

insignificant 

Scenario 1: Failure of SNCR abatement system  

Nitrogen dioxide Annual mean 40 24.6 0.23 0.234 0.58 % 24.83 62 % Insignificant 

99.79th %ile of hourly means 200 49.2 11.5 11.5 5.8 % 60.7 30 % Insignificant 

Scenario 2: Failure of acid gas abatement system  

Sulphur dioxide Annual mean 50 2.4 0.08 0.09 0.18 % 2.49 5 % Insignificant 

99.9th %ile of 15-min means 266 4.8 21.7 54.3 20.4 % 59.1 22 % - 

99.73rd %ile of hourly means 350 4.8 15.0 37.5 10.7 % 42.3 12 % - 

99.18th %ile of daily means 125 4.8 6.3 7.88 6.3 % 12.7 10 % Insignificant 

Hydrogen 
chloride 

Hourly mean 750 0.84 8.52 170.4 22.7 % 171.2 23 % - 

Hydrogen 
fluoride 

Annual mean 16 2.35 0.0026 0.0027 0.02 % 2.353 15 % Insignificant 

Hourly mean 160 4.7 0.57 1.14 0.71 % 5.84 4 % Insignificant 

Scenario 3: Failure of bag filter  

PM10 Annual mean 40 18.7 0.015 0.018 < 0.1 % 18.72 47 % Insignificant 

90.41st %ile of daily mean 50 37.4 0.29 0.48 0.97 % 37.9 76 % Insignificant 

PM2.5 Annual mean 25 11.9 0.015 0.018 < 0.1 % 11.92 48 % Insignificant 

PAHs (as 
Benzo[a]pyrene) 

Annual mean 0.00025 0.0036 5.8×10-7 7.0×10-7 0.28 % 0.0036 1,440 % Insignificant 

Cadmium Annual mean 0.005 0.0025 5.6×10-5 6.7×10-5 1.34 % 0.0026 51 % Insignificant 

Mercury Annual mean 0.25 0.019 5.6×10-5 6.7×10-5 < 0.1 % 0.019 8 % Insignificant 

Hourly mean 7.5 0.038 0.005 0.075 1.00 % 0.113 2 % Insignificant 

Antimony Annual mean 5 0.0015 0.00088 0.0011 < 0.1 % 0.003 < 0.1 % Insignificant 

Hourly mean 150 0.003 0.045 1.35 0.90 % 1.353 1 % Insignificant 

Arsenic Annual mean 0.003 0.0012 0.00088 0.0011 35 % 0.0023 75 % - 

Chromium Annual mean 5 0.015 0.00088 0.0011 < 0.1 % 0.016 0.3 % Insignificant 

Hourly mean 150 0.03 0.045 1.35 0.90 % 1.38 0.9 % Insignificant 

Chromium (VI) Annual mean 0.0002 0.003 0.00088 0.0011 527 % 0.0041 2,027 % - 

Copper Annual mean 10 0.08 0.00088 0.0011 < 0.1 % 0.081 0.8 % Insignificant 

Hourly mean 200 0.016 0.045 1.35 0.68 % 1.366 0.7 % Insignificant 
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Table 2: Predicted ground level concentrations resulting from plausible abnormal emissions (continued) 
 
Pollutant Statistic AQAL  

(µg/m3) 
Back- 

ground  
conc  

(µg/m3) 

Normal Abnormal 

PC 
(µg/m3) 

PC 
(µg/m3) 

PC/ 
AQAL 

(%) 

PEC 
(µg/m3) 

PEC/ 
AQAL 

(%) 

PC/AQAL descriptor 
Annual mean < 1 % – 

insignificant 
Short-term < 10 % – 

insignificant 

Lead Annual mean 0.25 0.063 0.00088 0.0011 0.42 % 0.064 26 % Insignificant 
Manganese Annual mean 0.15 0.11 0.00088 0.0011 0.70 % 0.111 74 % Insignificant 

Hourly mean 1,500 0.22 0.045 1.35 < 0.1 % 1.57 0.1 % Insignificant 
Nickel Annual mean 0.02 0.0041 0.00088 0.0011 5.27 % 0.0052 26 % - 

Vanadium Annual mean 5 0.012 0.00088 0.0011 < 0.1 % 0.013 0.3 % Insignificant 

Hourly mean 1 0.024 0.045 1.35 135 % 1.37 137 % - 

Scenario 4: Failure of activated carbon injection system  

PAHs (as 
Benzo[a]pyrene 

Annual mean 0.00025 0.0036 5.8×10-7 9.7×10-7 0.39 % 0.0036 1,440 % Insignificant 

Cadmium Annual mean 0.005 0.0025 5.6×10-5 9.4×10-5 1.88 % 0.0026 52 % Insignificant 
Mercury Annual mean 0.25 0.019 5.6×10-5 9.4×10-5 < 0.1 % 0.019 8 % Insignificant 

Hourly mean 7.5 0.038 0.005 0.25 3.33 % 0.29 4 % Insignificant 
Antimony Annual mean 5 0.0015 0.00088 0.0015 < 0.1 % 0.0030 < 0.1 % Insignificant 

Hourly mean 150 0.003 0.045 4.5 3.00 % 4.503 3 % Insignificant 
Arsenic Annual mean 0.003 0.0012 0.00088 0.0015 49 % 0.0027 89 % - 

Chromium Annual mean 5 0.015 0.00088 0.0015 < 0.1 % 0.016 0.3 % Insignificant 
Hourly mean 150 0.03 0.045 4.5 3.00 % 4.53 3 % Insignificant 

Chromium (VI) Annual mean 0.0002 0.003 0.00088 0.0015 738 % 0.0045 2,238 % - 

Copper Annual mean 10 0.08 0.00088 0.0015 0.01 % 0.081 0.8 % Insignificant 
Hourly mean 200 0.016 0.045 4.5 2.25 % 4.52 2 % Insignificant 

Lead Annual mean 0.25 0.063 0.00088 0.0015 0.59 % 0.064 26 % Insignificant 
Manganese Annual mean 0.15 0.11 0.00088 0.0015 0.98 % 0.111 74 % Insignificant 

Hourly mean 1,500 0.22 0.045 4.5 0.30 % 4.72 0.3 % Insignificant 
Nickel Annual mean 0.02 0.0041 0.00088 0.0015 7.38 % 0.0056 28 % - 

Vanadium Annual mean 5 0.012 0.00088 0.0015 0.03 % 0.013 0.3 % Insignificant 

Hourly mean 1 0.024 0.045 4.5 450 % 4.52 452 % - 
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It is worth noting that the predicted environmental concentration for PAHs as benzo[a]pyrene is 
above the AQAL for Scenarios 3 and 4 (and when modelling at permitted levels). This is due to 
the background concentration used in the assessment being significantly above the AQAL. The 
process contribution from all of the abnormal operation scenarios modelled is less than 1 % and 
can, therefore, be classed as insignificant regardless of background concentration. Therefore, 
PAHs have not been considered further. 
 
The next stage of the significance criteria is to assess the predicted environmental 
concentration (PEC = PC + background concentration) and compare the PEC to the AQAL. The 
Environment Agency Guidance (Environment Agency, 2016a) states that ground level 
concentrations can be classed as not significant if the PEC < 70 % of the long-term AQAL and 
PEC < 20 % of the short-term AQAL. Table 2 shows that the annual mean cadmium and nickel 
concentrations for both abnormal operation Scenarios 3 and 4 can be classed as not significant 
as the PEC is less than 70 % of the annual mean AQALs. The hourly mean sulphur dioxide 
concentrations predicted for Scenario 2 can also be classed as not significant as the PEC is 
less than 20 % of the relevant AQAL. 
 
The following sections discuss the pollutants that cannot be screened as insignificant within 
Stage 1 or 2 of the Environment Agency significance criteria, which are: 
 

• Scenario 2: Failure of acid gas abatement system 
o 15-minute mean sulphur dioxide; and 
o Hourly mean hydrogen chloride. 

 

• Scenario 3: Failure of bag filter 
o Annual mean arsenic; 
o Annual mean chromium (VI); and 
o Hourly mean vanadium. 

 

• Scenario 4: Failure of activated carbon injection system 
o Annual mean arsenic; 
o Annual mean chromium (VI); and 
o Hourly mean vanadium. 

 
4.1 Scenario 2: Failure of acid gas abatement system 
 
4.1.1 15-minute mean sulphur dioxide concentrations 
 
Table 2 shows that the predicted 99.9th percentile of 15-minute mean sulphur dioxide 
concentration at the maximum impact location is predicted to be 20 % of the AQAL of 
266 µg/m3. This is above the insignificance threshold of 10 %. 
 
The PEC is predicted to be a maximum of 22 % of the AQAL. This shows that there is still a 
significant margin between the PEC and the 99.9th percentile 15-minute mean sulphur dioxide 
Air Quality Strategy (AQS) objective. Additionally, the modelling assessment assumes that the 
abnormal operating conditions occur during the hours of the year that cause the highest ground 
level concentrations which is extremely unlikely. The modelling shows that even if this does 
occur, the AQAL for 15-minute mean sulphur dioxide concentrations will still be easily met at the 
point of maximum impact. 
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4.1.2 Hourly mean hydrogen chloride concentrations 
 
Table 2 shows that the predicted hourly mean hydrogen chloride concentration at the maximum 
impact location is predicted to be just less than 23 % of the AQAL of 750 µg/m3. This is above 
the significance threshold of 10 %. The PEC is predicted to be 23 % of the AQAL. This shows 
that there is still a significant margin between the PEC and the hourly mean hydrogen chloride 
AQAL. The modelling shows that even under this abnormal operation scenario where the acid 
gas abatement system fails the hourly mean hydrogen chloride AQAL will still be easily met at 
the point of maximum impact. 
 
4.2 Scenario 3: Failure of the bag filter 
 
4.2.1 Annual mean arsenic concentrations 
 
The predicted annual mean arsenic process contribution when the bag filter is assumed to fail is 
35 % of the AQAL. The PEC is 75 % of the AQAL which is above the insignificance threshold of 
70 % of the AQAL. The Environment Agency has released guidance on the assessment of 
group 3 metal stack emissions from incinerators (Environment Agency, 2016b) for assessing 
the impact of emissions of metals relative to their respective AQALs. This guidance states that 
where the PC for any metal exceeds 1 % of the long term AQAL, the PEC should be compared 
to the AQAL and can be screened out where the PEC is less than the AQAL. Where the PEC is 
less than the AQAL, it can be concluded that there is no risk of exceeding the AQAL and, as 
such, the magnitude of change and significance of effect is considered to be not significant. 
Therefore, following the Environment Agency guidance means that annual mean arsenic 
concentrations at the maximum impact point can be classed as insignificant even under this 
abnormal operating scenario where the bag filter fails to abate releases. 
 
4.2.2 Annual mean chromium (VI) concentrations 
 
The predicted annual mean chromium (VI) process contributions from the installation when 
operating under abnormal operating Scenario 3 (bag filter failure) is 527 % of the AQAL of 
0.0002 µg/m3. The PEC is 2,027 % of the AQAL for chromium (VI). As the PEC is above the 
AQAL when modelled on a worst-case basis (i.e. assuming that during normal operation 
chromium (VI) is released at the ELV for all nine group 3 metals), the second step of the EA 
guidance has been followed (Environment Agency, 2016b). This step revises the predicted 
impacts during normal operation using emissions data which has been measured by the EA at 
municipal waste incinerators during normal operation of the plants. 
 
The group 3 metal emissions increase by a factor of 30 when the bag filter fails. 

Therefore, the predicted process contribution calculated for normal operation 
using the emission concentrations quoted in the Environment Agency 
guidance have been multiplied by a factor of 30 for the hours when the bag 
filter is assumed to fail (i.e. 60 hours in the year).  

Table 3 shows the revised annual mean process contributions and predicted environmental 
concentrations for chromium (VI) using the maximum, mean and minimum emission 
concentrations from the EA guidance (Environment Agency, 2016b) and multiplying the process 
contribution by a factor of 30 for the 60 hours of the year when it is assumed that the bag filter 
fails following equation 1 in Section 4. 
 
 
Table 3 shows that the process contributions for the annual mean chromium (VI) concentrations 
when using the maximum, mean and minimum emission concentrations for normal operation 
from the EA guidance and increasing the impacts from the installation by a factor of 30 for 60 
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hours of the year where it is assumed that the bag filter fails are all below 1 % of the AQAL and, 
therefore, can be classed as insignificant. The PEC for chromium VI is above the AQAL due to 
the background concentrations being 15 times the annual mean AQAL. 
 
4.2.3 Hourly mean vanadium concentrations 
 
The predicted hourly mean vanadium process contributions from the installation when operating 
under abnormal operating Scenario 3 (bag filter failure) is 135 % of the AQAL of 1 µg/m3. The 
PEC is 137 % of the AQAL for short-term vanadium concentrations. As the PEC is above the 
AQAL when modelled on a worst-case basis (i.e. assuming that during normal operation 
vanadium is released at the ELV for all nine group 3 metals), the second step of the EA 
guidance has been followed (Environment Agency, 2016b). This step revises the predicted 
impacts during normal operation using emissions data which has been measured by the EA at 
municipal waste incinerators during normal operation of the plants. 
 
The group 3 metal emissions increase by a factor of 30 when the bag filter fails. Therefore, the 
predicted process contribution calculated for normal operation using the emission 
concentrations quoted in the Environment Agency guidance have been multiplied by a factor of 
30 for the impact assessment of the abnormal operation when the bag filter fails. Table 4 shows 
the revised hourly mean process contributions and predicted environmental concentrations for 
vanadium using the maximum, mean and minimum emission concentrations from the EA 
guidance (Environment Agency, 2016b) and multiplying the process contribution by a factor of 
30 following equation 2 in Section 4. 
 
Table 4 shows that the process contribution for the hourly mean vanadium concentrations when 
using the maximum, mean and minimum emission concentrations for normal operation from the 
EA guidance and increasing the impacts from the installation by a factor of 30 are all below 
10 % of the AQAL and, therefore, can be classed as insignificant. The PEC for vanadium is also 
less than 10 % of the AQAL. 
 
4.3 Scenario 4: Failure of Activated Carbon Injection System 
 
4.3.1 Annual Mean Arsenic Concentrations 
 
The predicted annual mean arsenic process contribution when the activated carbon injection 
system fails for 60 hours in the year is 49 % of the AQAL. The PEC is 89 % of the AQAL which 
is above the insignificance threshold of 70 % of the AQAL. As discussed in Section 4.2.1 the EA 
guidance states that if the PEC is less than the AQAL, it can be concluded that there is no risk 
of exceeding the AQAL and, as such, air quality impact is considered to be not significant. 
Therefore, following the Environment Agency guidance means that annual mean arsenic 
concentrations at the maximum impact point can be classed as insignificant even under 
abnormal operating scenario where the activated carbon injection system fails to abate 
releases. 
 
It is worth noting that the activated carbon injection system is used to control vapour phase 
emissions of metals. Arsenic is likely to be in the particulate phase at the stack exit temperature 
and, therefore, concentrations of arsenic are unlikely to increase significantly due to failure of 
the activated carbon injection system. This assessment is very conservative, and emissions of 
arsenic are unlikely to be a factor of 100 higher during an incident where the activated carbon 
injection system was not operating. 
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4.3.2 Annual Mean Chromium (VI) Concentrations 
 
The predicted annual mean chromium (VI) process contributions from the installation when 
operating under abnormal operating Scenario 4 (failure of the activated carbon injection system) 
is 738 % of the AQAL of 0.0002 µg/m3. The PEC is 2,238 % of the AQAL for chromium (VI). As 
discussed in Section 4.2.2, the second step of the EA guidance has been followed 
(Environment Agency, 2016b) where revised normal operation emission concentrations have 
been used which have been measured by the EA at municipal waste incinerators. 
 
The group 3 metal emissions increase by a factor of 100 when the activated carbon injection 
system fails. Therefore, the predicted process contribution calculated using the normal 
operation emission concentrations quoted in the Environment Agency guidance have been 
multiplied by a factor of 100 for the hours when the activated carbon injection system fails. 
 
Table 5 shows the revised annual mean process contributions and predicted environmental 
concentrations for chromium (VI) using the maximum, mean and minimum emission 
concentrations from the EA guidance (Environment Agency, 2016b) and multiplying the process 
contribution by a factor of 100 for the 60 hours of the year when it is assumed that the activated 
carbon injection system fails following equation 1 in Section 4. 
 
Table 5 shows that the process contribution for the annual mean chromium (VI) concentrations 
when using the maximum, mean and minimum emission concentrations for normal operation 
from the EA guidance and increasing the impacts from the installation by a factor of 100 for 60 
hours of the year where it is assumed that the activated carbon injection system fails are all 
below 1 % of the AQAL and, therefore, can be classed as negligible. The PEC for chromium VI 
is above the AQAL due to the background concentrations being 15 times the annual mean 
AQAL. 
 
It is worth noting that the activated carbon injection system is used to control vapour phase 
emissions of metals. Chromium (VI) is likely to be in the particulate phase at the stack exit 
temperature and, therefore, concentrations of chromium (VI) are unlikely to increase 
significantly due to failure of the activated carbon injection system. Therefore, this assessment 
is very conservative and emissions of chromium (VI) are unlikely to be a factor of 100 higher 
during an incident where the activated carbon injection system was not operating. 
 
4.3.3 Hourly Mean Vanadium Concentrations 
 
The predicted hourly mean vanadium process contribution from the installation when operating 
under abnormal operating Scenario 4 (activated carbon injection system failure) is 450 % of the 
AQAL of 1 µg/m3. The PEC is 452 % of the AQAL for short-term vanadium concentrations. As 
the PEC is above the AQAL when modelled on a worst-case basis (i.e. assuming that during 
normal operation vanadium is released at the ELV for all nine group 3 metals), the second step 
of the EA guidance has been followed (Environment Agency, 2016b). This step revises the 
predicted impacts during normal operation using emissions data which has been measured by 
the EA at municipal waste incinerators. 
 
The group 3 metal emissions increase by a factor of 100 when the activated carbon injection 
system fails. Therefore, the predicted process contribution calculated using the normal 
operation emission concentrations quoted in the Environment Agency guidance have been 
multiplied by a factor of 100 for the impact assessment when the activated carbon injection 
system fails. 
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Table 6 shows the revised hourly mean process contributions and predicted environmental 
concentrations for vanadium using the maximum, mean and minimum emission concentrations 
from the EA guidance (Environment Agency, 2016b) and multiplying the process contribution by 
a factor of 100 following equation 2 in Section 4. 
 
 
Table 6 shows that the process contribution for the hourly mean vanadium concentrations when 
using the maximum, mean and minimum emission concentrations for normal operation from the 
EA guidance and increasing the impacts from the installation by a factor of 100 are all below 
10 % of the AQAL and, therefore, can be classed as insignificant. The PEC for vanadium is a 
maximum of 11 % of the AQAL which show that the AQAL will be met by a significant margin 
even under this abnormal operation scenario. 
 
It is worth noting that the activated carbon injection system is used to control vapour phase 
emissions of metals. Vanadium is likely to be in the particulate phase at the stack exit 
temperature and, therefore, concentrations of vanadium are unlikely to increase significantly 
due to failure of the activated carbon injection system. Therefore, this assessment is very 
conservative, and emissions of vanadium are unlikely to be a factor of 100 higher during an 
incident where the activated carbon injection system was not operating. 
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Table 3: Revised annual mean process contributions and predicted environmental concentrations for chromium (VI) under 

abnormal operating Scenario 3: Failure of bag filter 
 

Pollutant AQAL 
(µg/m3) 

Back- 
ground 

conc 
(µg/m3) 

Normal Abnormal 

PC 
(µg/m3) 

PC 
(µg/m3) 

PC/ 
AQAL 

(%) 

PEC 
(µg/m3) 

PEC/ 
AQAL 

(%) 

PC/AQAL descriptor 
Annual mean < 1 % – 

insignificant 

Cr (VI) Max emissions 0.0002 0.003 3.6×10-7 4.3×10-7 0.2 % 0.003 1,500 % Insignificant 

Mean emissions 0.0002 0.003 9.7×10-8 1.2×10-7 < 0.1 % 0.003 1,500 % Insignificant 

Min emissions 0.0002 0.003 6.4×10-9 7.6×10-9 < 0.1 % 0.003 1,500 % Insignificant 

 
Table 4: Revised hourly mean process contributions and predicted environmental concentrations for vanadium under 

abnormal operating Scenario 3: Failure of bag filter 
 

Pollutant AQAL 
(µg/m3) 

Back- 
ground 

conc 
(µg/m3) 

Normal Abnormal 

PC 
(µg/m3) 

PC 
(µg/m3) 

PC/ 
AQAL 

(%) 

PEC 
(µg/m3) 

PEC/ 
AQAL 

(%) 

PC/AQAL descriptor 
Short-term < 10 % – 

insignificant 

V Max emissions 1 0.024 8.5×10-4 0.026 2.6 % 0.050 5 % Insignificant 

Mean emissions 1 0.024 5.7×10-5 0.0017 0.2 % 0.026 3 % Insignificant 

Min emissions 1 0.024 1.4×10-5 0.00043 < 0.1 % 0.024 2 % Insignificant 

 
Table 5: Revised annual mean process contributions and predicted environmental concentrations for chromium (VI) under 

abnormal operating Scenario 4: Failure of activated carbon injection system 
 

Pollutant AQAL 
(µg/m3) 

Back- 
ground 

conc 
(µg/m3) 

Normal Abnormal 

PC 
(µg/m3) 

PC 
(µg/m3) 

PC/ 
AQAL 

(%) 

PEC 
(µg/m3) 

PEC/ 
AQAL 

(%) 

PC/AQAL descriptor 
Annual mean < 1 % – 

insignificant 

Cr (VI) Max emissions 0.0002 0.003 3.6×10-7 6.0×10-7 0.3 % 0.003 1,500 % Insignificant 

Mean emissions 0.0002 0.003 9.7×10-8 1.6×10-7 < 0.1 % 0.003 1,500 % Insignificant 

Min emissions 0.0002 0.003 6.4×10-9 1.1×10-8 < 0.1 % 0.003 1,500 % Insignificant 
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Table 6: Revised hourly mean process contributions and predicted environmental concentrations for vanadium under 

abnormal operating Scenario 4: Failure of activated carbon injection system 
 

Pollutant AQAL 
(µg/m3) 

Back- 
ground 

conc 
(µg/m3) 

Normal Abnormal 

PC 
(µg/m3) 

PC 
(µg/m3) 

PC/ 
AQAL 

(%) 

PEC 
(µg/m3) 

PEC/ 
AQAL 

(%) 

PC/AQAL descriptor 
Short-term < 10 % – 

insignificant 

V Max emissions 1 0.024 8.5×10-4 0.085 8.5 % 0.11 11 % Insignificant 

Mean emissions 1 0.024 5.7×10-5 0.0057 0.6 % 0.030 3 % Insignificant 

Min emissions 1 0.024 1.4×10-5 0.0014 0.1 % 0.025 3 % Insignificant 
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4.3.4 Consideration of the Impacts of Dioxins And Dioxin Like PCBs 
 
The impacts of the emission of dioxins and dioxin-like PCBs under normal operation are 
considered in Permit Application Appendix D3 Human Health Risk Assessment. Process 
contributions and total impacts (the PC plus the mean daily intake (MDI) arising from 
background concentrations) are assessed against the tolerable daily intake (TDI). 
 
The maximum process contribution was for an agricultural child receptor and is shown in  
Table 7. The long-term PC has been scaled based on 60 hours abnormal per year using the 
formula set out in equation 1 in Section 4 assuming a factor of 100 increase in emissions. It can 
be seen that the total impact changes by only 0.8 % and remains below the applicable TDI. 
 
Table 7: TDI impact analysis for dioxins and dioxin-like PCBs for a child agricultural 

receptor at the maximum impact point for normal and abnormal operations 
 

COPC MDI as % of TDI Process contribution 
as % of TDI 

Total as % of TDI 

Ingestion + Inhalation Ingestion + Inhalation Ingestion + Inhalation 

Normal operation 90 % 1.14 % 91.1 % 

Abnormal operation 90 % 1.91 % 91.9 % 

 

For normal operation, the total accumulation of dioxins in an infant, considering the breast milk 
pathway and based on an adult agricultural receptor at the point of maximum impact feeding an 
infant, was 11.8 % of the TDI, with background exposure not relevant to this exposure route. 
This increases to 19.8 % based on abnormal operations, remaining well below the TDI. 
 

As such it can be concluded that there will be no significant adverse effects on human health 
associated with the release of dioxins and dioxin like PCBs under abnormal operation. 
 
 

5 CONCLUSIONS 
 

This report quantifies the potential long-term and short-term impact on air quality of the 
proposed installation operating during abnormal operations. Four abnormal operating scenarios 
have been considered for this assessment which are: 
 

• Scenario 1: Failure of SNCR abatement system 

• Scenario 2: Failure of acid gas abatement system 

• Scenario 3: Failure of bag filter 

• Scenario 4: Failure of activated carbon injection system 
 

This assessment has been carried out following the requirements in the IED that such abnormal 
operations must not exceed a maximum of four hours at any one time and the cumulative 
duration of these periods must not exceed 60 hours in a year. 
 

The predicted impact on air quality associated with the abnormal operation emissions has been 
calculated by pro-rating the impact associated with normal operations by the ratio between the 
normal and abnormal operation emission values. 
 

This study concludes that no human health based ambient air quality standards or guidelines 
are predicted to be exceeded due to emissions from the installation during abnormal operations 
permissible under the IED and hence there will be no significant adverse effects on human 
health. 
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