
Keadby Generation Limited
Environmental Permit Variation Application
Request for Further Information Response

Keadby Generation Limited

20th June 2022

  



Keadby Generation Limited

Prepared for:  Keadby Generation Limited AECOM

Quality information
Prepared by  Checked by  Verified by  Approved by

Helen Watson
Associate Director

 Aakanksha Sinha
Principal Consultant

 Richard Lowe
Director of Power and
Industrial Consents

 Richard Lowe
Director of Power and
Industrial Consents

Revision History

Revision Revision date Details Name Position

1 20/06/2022 Final Issue Helen Watson Associate Director



Keadby Generation Limited

Prepared for:  Keadby Generation Limited AECOM

Prepared for:
Keadby Generation Limited

Prepared by:
Helen Watson
Associate Director
M: 07759 237570
E: helen.watson@aecom.com

AECOM Limited
5th Floor, 2 City Walk
Leeds LS11 9AR
United Kingdom

T: +44 (0)113 391 6800
aecom.com

© 20th June 2022 AECOM Limited. All Rights Reserved.

This document has been prepared by AECOM Limited (“AECOM”) for sole use of our client (the “Client”)
in accordance with generally accepted consultancy principles, the budget for fees and the terms of
reference agreed between AECOM and the Client. Any information provided by third parties and
referred to herein has not been checked or verified by AECOM, unless otherwise expressly stated in
the document. No third party may rely upon this document without the prior and express written
agreement of AECOM.



Keadby Generation Limited

Prepared for:  Keadby Generation Limited AECOM

Table of Contents
1. Introduction.............................................................................................................................. 1
2. Request for Information Responses ......................................................................................... 1
3. Quantitative Risk Assessment of Emissions to Air .................................................................... 4

3.1 H1 Air Assessment Methodology .................................................................................... 4
3.1.1 First Stage of Screening of Emissions ............................................................................ 5
3.1.2 Second Stage of Screening of Emissions ....................................................................... 5
3.2 H1 Assessment Inputs ................................................................................................... 5
3.2.1 Auxiliary Boilers ............................................................................................................. 5
3.2.2 Emergency Diesel Generator ......................................................................................... 6
3.3 H1 Assessment Results ................................................................................................. 7

Appendix A – Water Modelling Assessment ........................................................................................ 9
Appendix B - H1 Assessment........................................................................................................... 10

Tables
Table 3-1: EALs Relevant to the Assessment ..................................................................................... 5
Table 3-2: Emissions Data for the Auxiliary Boilers ............................................................................. 6
Table 3-3: Emissions Data for the Emergency Diesel Generator ......................................................... 6
Table 3-4: H1 Assessment Results – 1st Stage of Screening ............................................................... 7
Table 3-5: H1 Assessment Results – 2nd Stage of Screening .............................................................. 7



Keadby Generation Limited

Prepared for:  Keadby Generation Limited AECOM
1

1. Introduction
Keadby Generation Limited (‘KGL’) submitted an Environmental Permit variation application to add the
operation of the proposed Keadby 3 low carbon combined cycle gas turbine (CCGT) generating station
(EPR/YP3133LL) in July 2021.  On 3rd May 2022 the Environment Agency (‘EA’) issued a Not Duly
Made Request for Information, to assist in their Duly Making process for the Environmental Permit
variation application.

This report details specific responses to the Request for Information questions raised by the EA.

2. Request for Information Responses
The specific points raised in the Request for Information are detailed in this section (in bold italic type),
with responses provided below each point.

Point 1:

Complete Application Form C6 ensuring that you provide a quantitative risk assessment
of emissions to surface water (non-sewage).  This should identify if there are any
hazardous pollutants or sanitary pollutants in the discharge(s) and their impact.

Thermal plume modelling for the emission of cooling water into the River Trent.

A H1 screening assessment, dispersion modelling and thermal plume modelling has been carried out
for the emission to surface water and the assessment is presented in Appendix A.  In addition,
Application Form C6 has been completed and provided with this response.  Please note that question
5 of Application Form C6 is considered not to be relevant as the emissions to surface water will be via
an existing outfall to the River Trent.

Point 2:

Provide further details of the proposed dedicated on-site effluent treatment plant to treat
process waters prior to discharge to the Trent.  Provide details of the plant’s technology,
layout, capacity, associated pollution prevention measures and an assessment of BAT.
If the plant’s capacity means that it would be a classified as Schedule 1 Part A 5.3 or 5.4
activity, then we also require an additional fee in accordance with the latest
Environmental Permitting Charging Guidance.

The Environmental Permit Variation application detailed that the Direct Contact Cooler (DCC) will
produce wastewater (condensate generated during the cooling of the flue gas from the HRSG).
Ammonia slip from the SCR abatement will mean that the flue gas will contain some ammonia, some
of which will dissolve into the water in the DCC.  It was therefore stated in the application that the
wastewater will require treatment onsite to enable its reuse as cooling tower make-up water or its
release to controlled waters.

The design has progressed such that the reuse within the cooling towers is the option currently being
progressed, thereby reducing the amount of water required for cooling water abstraction and reducing
the quantity of wastewater requiring release to controlled waters.

In the current design, wastewater from the DCC will be generated at a rate of approximately 74m3/hr
and will contain ammonia (calculated to be at a concentration of approximately 355mg/l) and suspended
solids.  There will be no other process derived contaminants.

The wastewater from the DCC will be pumped first to a holding tank and then to Granulated Activated
Carbon (GAC) filters to remove the suspended solids.  The filtered water will then be pumped under
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high pressure to a Reverse Osmosis (RO) unit.  The high pressure is required to overcome the osmotic
potential of the water to remove 95% of the ammonium salts present in the wastewater.

Concentrate from the RO will be higher in ammonium salts and will flow to a second pass RO unit for
further concentration and water separation.  The treated RO permeate (now low in ammonium) will flow
to the Raw Water tank and be combined with incoming canal water for reuse within the cooling water
circuit.

The concentrate from the second pass RO will be treated in the ammonia scrubber.  The ammonia
scrubber will separate ammonium from the concentrate from the second pass RO, targeting a removal
efficiency of 85% of the ammonium from the wastewater.  A first packed column will convert the
ammonium solution back to ammonia gas.  The scrubbed water will go back to the DCC Water Tank for
re-use.

The ammonia gas from the first scrubber column will flow into the second column where it will react with
sulphuric acid and make-up water to create a high strength (35%w/w) ammonium sulphate solution.
The ammonium sulphate will be pumped from the base of the second column to a holding tank for
tankering off-site to be sold to a chemical distributer for use as fertiliser.  An air blower will recirculate
air from the second column back through the first column to extract the ammonia gas.

RO and ion exchange technology have been identified as proposed treatment techniques for the
removal of ammonia, due to their ability to remove dissolved constituents down to ionic species and
generate a clean water stream which can be reused.  RO was selected over ion exchange technology
due to its ability to operate as a continuous process to feed the ammonia scrubber to optimise this
downstream process.  The regeneration of ion exchange plant can only be carried out in a batch
process, with backwash, regeneration and displacement stages being required between cycles.

In terms of whether the treatment plant should be a Schedule 1 Part A listed activity under Section 5.3
or 5.4 of the Environmental Permitting Regulations (2016) (as amended) (EP Regulations), it is first
necessary to determine whether the waste is considered to be hazardous.  The component requiring
the treatment process is the ammonia present.  Ammonia has a number of hazardous properties, in that
it is a flammable gas (H221), is corrosive to skin (H314), is toxic if inhaled (H331) and is toxic to aquatic
life (H400).  The ammonia however will be in solution, at a concentration of <1% and therefore according
to the Environment Agency’s Waste Classification Guidance 1 it would not be classed as hazardous
waste.  Therefore, it is considered that the wastewater treatment is not covered under Section 5.3 Part
A (1)(a) of Schedule 1 of the EP Regulations.

The treatment activity enables the recovery of the water for reuse on site and the ammonia will be
converted ammonium sulphate solution, also for reuse.  It is therefore considered that the treatment
activity represents a recovery operation rather than a waste disposal operation and therefore is not
covered under Section 5.4 Part A(1)(a) of Schedule 1 of the EP Regulations.

For recovery operations carried out under Section 5.4 Part A(1)(b) of Schedule 1 of the EP Regulations
there is a capacity threshold of >75 tonnes per day, however this is only for activities that involve
biological treatment, pre-treatment of waste for incineration, treatment of slags and ashes or treatment
in shredders of metal waste.  Although the treatment capacity will need to enable treatment of the
74m3/hr of DCC waste generated and therefore will be over the 75 tonnes per day threshold, it is
considered that the treatment activity is a physio-chemical process and therefore is not covered by the
activities detailed in Section 5.4 Part A(1)(b) of Schedule 1 of the EP Regulations.  It is therefore
considered that the wastewater treatment is not a Section 5.4 activity either.

The discharge to the River Trent for the Keadby 3 Proposed Installation will be made up of effluent from
the water treatment process and cooling water blowdown.

In order to reduce the abstracted water volume required for cooling, the water treatment plant will
receive water from a raw water tank, which is made up of abstracted canal water, surface water
drainage, treated DCC water, centrate water from the Dissolved Air Flotation (DAF) centrifuge,
backwash from the UltraFiltration (UF) units, cooling tower blowdown, and other wastewaters on site
suitable for reuse.

1 Environment Agency (2015, updated in 2021).  Guidance of the classification and assessment of waste.  Technical Guidance
WM3.
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The water treatment plant will include Dissolved Air Flotation (DAF) units (to remove suspended solids
and algae from the abstracted canal water), Ultrafiltration (UF) units, Reverse Osmosis (RO) units and
an electro-deionisation (EDI) plant

The sludge from the DAF plant will be centrifuged to remove water, with the solids being collected for
offsite treatment and disposal.  The centrate water will be recycled back through the water treatment
plant via the raw water tank.  A continuous flow of concentrate water from the RO will therefore form the
discharged wastewater from the site, which will be sent to a Neutralisation basin prior to discharge, with
cooling water blowdown from W12 discharged into the Keadby 1 cooling water culvert and then W1 to
the River Trent.  The Proposed Installation is entering the second phase of front end design so these
streams may change as the design is optimised.

The impacts of this discharge have been assessed to address Point 1 and the report is provided in
Appendix A.

Point 3:

Provide a drainage plan which covers the proposed new area of the site.
As the Keadby 3 low carbon combined cycle gas turbine power station is still undergoing Front-End
Engineering Design, a detailed drainage plan will not be available until further into the design process.

It is requested that the requirement to provide the drainage plan is deferred until later in the
determination process or is added as a pre-operational condition to the issued Permit.  The Flood Risk
Assessment carried out for the DCO application (Document Reference 6.3, ES Volume II, Appendix
12A) has been provided previously (within the Permit Application Appendix B - Environmental
Statement), and contains an indicative drainage strategy.  It is hoped that this will provide sufficient
additional information to assist in the Duly Making process.

Point 4:

With reference to the auxiliary boiler and emergency diesel generator proposed in the
application, provide further details of your proposals including the size of the combustion
units (MWth), predicted hours of operation/ annum, stack size and associated pollution
prevention measures.  Also provide a quantitative risk assessment of the proposed
emissions to air.

Auxiliary Boilers

The auxiliary boiler referred to the Environmental Permit application will be in the region of 4.3MWth

input and will provide fuel gas heating to the CCGT and therefore will operate continuously when the
CCGT is in operation.  This is in-line with the equivalent equipment installed on the Keadby 2 Generating
Station.

In addition, a building heater in the region of 1.2MWth input will also be installed, again in line with
Keadby 2.  This will not be required to operate during warmer months and therefore it is assumed that
it will only be operational for 50% of the year.

Due to the size of the auxiliary boilers, they would fall under the requirements of the Medium
Combustion Plant (MCP) requirements of the Environmental Permitting (England and Wales)
Regulations 2016 (as amended).  As such their emissions would be in line with emission limits required
by MCP.

An indicative quantitative risk assessment of emissions to air from appropriate auxiliary boiler plant has
been carried out and is provided in Section 3 of this report.

Emergency Diesel Generators

Emergency power to the Proposed Installation would be required in the event of an electrical power cut
for; Heating, Ventilation and Air Conditioning (HVAC), telecoms, emergency lighting and plant control
systems.

Electrical power will be provided to the Keadby 3 Installation via the hierarchy of:

1. Keadby 3 CCGT;
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2. National Grid or Northern Power Grid electrical connection;

3. Keadby 3 emergency diesel generator.

The emergency diesel generator detailed in the Environmental Permit variation application is therefore
the last resort in the event of a power loss and subsequently is very unlikely to ever be required for its
intended purpose.

The emergency diesel generator will be in the region of 3MWth input, again in line with emergency diesel
generator for Keadby 2.  In order to ensure that the emergency generator remains fit for purpose, they
will undergo routine testing, likely to comprise less than one hour of operation per month.

As the emergency back-up generator that would only be used to provide power at the site during an
emergency, it is excluded from the Specified Generator requirements of the Environmental Permitting
(England and Wales) Regulations 2016 (as amended) and as it would operate for less than 500 hours
per year it would also be exempt from the MCP emission limits.

The type of generator is yet to be confirmed, however an indicative quantitative risk assessment of
emissions to air from appropriate diesel generator plant has been carried out for the emergency diesel
generator, and is provided in Section 3 of this report.

Point 5:

Provide a copy of the data input files for the noise and air quality modelling.

The CadnaA input files for the noise modelling were sent on the 19th May 2022 and the ADMS input
files for the air quality modelling were sent on 9th May 2022.

3. Quantitative Risk Assessment of Emissions to Air

3.1 H1 Air Assessment Methodology
According to the EA’s Risk Assessment Guidance, it is possible to screen out ‘insignificant’ emissions
and those emissions where further assessment is not required, based on the National Air Quality
Standard (AQS) objectives for each pollutant.

Screening of the emissions is achieved by applying the simplified dispersion factors contained within
the EA’s H1 Access database tool to the emissions from a stack.  These dispersion factors are applied,
based on the effective stack height of each emission source and are used to estimate the ground level
concentration per unit release of pollutant.

The effective stack height for the auxiliary boilers and the emergency diesel generator has been
assumed to be zero metres, as defined in the EA’s Risk Assessment methodology, which states that
where stacks are less than three metres above the height of the building they are located, the effective
stack height is zero.  It is considered that the auxiliary boilers and the emergency diesel generator will
be located within the vicinity of buildings that are higher than any stacks installed, and therefore for the
purpose of this indicative H1 assessment, the stack height has been assumed to be zero.

In order to determine the significance of the emissions from the auxiliary boilers and the emergency
generator to air, the EA’s Risk Assessment Methodology details NAQS objectives for pollutant species
that can be released from process activities; with separate Critical Levels in place for NOx impacts at 
ecological sites.  The pollutant species that have been assessed for the auxiliary boilers and generator
include:

 Nitrogen oxides (NOx); 

 Carbon monoxide (CO); and

 Particulates (PM10) – (emergency diesel generator only).

Emissions of sulphur dioxide have not been assessed, as it is considered that low sulphur diesel fuel
will ensure that the impacts of these emissions are below the NAQS objectives.
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The NAQS objectives and Critical Levels are referred to as Environment Assessment Levels (EALs)
within the H1 methodology and screening tool (and therefore throughout the remainder of this section).
The EALs relevant to the assessment are shown in Table 3-1.

Table 3-1: EALs Relevant to the Assessment
Pollutant EAL (µg/m3) Averaging Period Not to be Exceeded More Than

Nitrogen dioxide
(NO2)

40 Annual Not applicable

200 1-hour 18 times per year (i.e. 99.79th percentile of
hourly results)

Oxides of Nitrogen
(NOx)

30 Annual Not applicable
75 24-hour 100th percentile

Particulate matter
(PM10)

40 Annual Not applicable

50 24-hour 35 times per year (i.e. 90.4th percentile of
daily results)

Particulate matter
(PM2.5)

20* Annual Not applicable

Carbon monoxide
(CO)

30,000 1-hour Not applicable
10,000 8-hour (running mean) Not applicable

The predicted ground-level PCs calculated within the H1 tool have been compared against the relevant
EALs, to determine the significance of the long-term and short-term impacts from the assessed
emission sources.  The significance of impacts has been assessed following the EA’s Risk Assessment
guidance criteria as summarised below.

3.1.1 First Stage of Screening of Emissions
The total Process Contribution (PC) is defined as having an ‘insignificant’ impact where:

 PC <= 1% of the EAL for long term releases; and

 PC <= 10% of the EAL for short term releases.

3.1.2 Second Stage of Screening of Emissions
For those PCs not screened as ‘insignificant’ at the first stage of screening, an estimate of the predicted
environmental concentration (PEC) is made, by adding the PC to an appropriate estimate of the
background concentration, where the short-term background concentration is assumed to be
represented by twice the annual mean background concentration.  The PEC can then be compared
with the appropriate EAL to determine whether the emission could result in exceedance of an EAL.

The PEC is defined as having an ‘insignificant’ impact where:

 PEC < 70% of the EAL for long term releases; and

 PC < 20% of the short-term EAL minus twice the long-term BC for short term releases.

3.2 H1 Assessment Inputs

3.2.1 Auxiliary Boilers
The emission parameters used in the H1 screening assessment are based on typical emissions data
for 4.3MWth and 1.2 MWth boiler plant.  It has been assumed that the NOx emission limit for MCP plant
of 100mg/Nm3 is met.

Short-term Impacts
Short-term impacts have been based on assuming continuous operation throughout the year for both
boilers.

Long-term Impacts
Long-term impacts have been based on continuous operation for the 4.3MWth fuel gas heater and
operation for 50% of the year for the 1.2MWth per year for the building heater.  For the purpose of the
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H1 assessment, the annual average concentration for the 1.2MWth boiler has been factored to take
account of the 50% operation per year.

The emissions included in the assessment are shown in Table 3-2.

Table 3-2: Emissions Data for the Auxiliary Boilers
Source/
Scenario

Effective
Stack
Height

(m)

Stack
Diameter

(m)

Flow
Rate

(Am3/s)
Temp
(°C)

O2
Content

(%)

H2O
Content

(%)

Flow
Rate

(Nm3/s) 1
Substance Concn

(mg/m3)
Release

Rate
(g/s)

4.3MWth
Boiler 0 0.7 5.8 100 3.5 10 3.7

Oxides of
nitrogen 100 0.4

Carbon
monoxide 100 0.4

1.2 MWth
Boiler

Short-term
0 0.35 1.6 100 3.5 10 1.0

Oxides of
nitrogen 100 0.1

Carbon
monoxide 100 0.1

1.2 MWth
Boiler

Long-term
2

Oxides of
nitrogen 100 0.05

Carbon
monoxide 100 0.05

1 Corrected to 3% O2. 2 Release rate factored for 50% operation per year.

3.2.2 Emergency Diesel Generator
The emission concentration data used in the H1 screening assessment is based on typical emissions
data for a 3MWth diesel generator.  As there is no requirement to meet the emission limit values for MCP
or Specified Generator Plant, it has been assumed that the emission will be accordance with TA Luft
1986 (also referred to as TA Luft 2g), in accordance with the EA’s guidance on emergency generators
for data centres 2.

The emissions included in the assessment are shown in Table 3-3.

The scenarios assessed for the emergency generators are:

Short-term Impacts
Short-term impacts have been based the generator operating continuously, even though routine testing
will only be carried out for one hour per month, therefore 12 hours per year.

Long-term Impacts
Long-term impacts have been based on one hour of operation per month i.e. 12 hours of operation per
year.  For the purpose of the H1 assessment, the annual average concentration has been factored to
take account of 12 hours operation per year.

Table 3-3: Emissions Data for the Emergency Diesel Generator
Scenario Effective

Stack
Height

(m)

Stack
Diameter

(m)

Flow
Rate

(Am3/s)
Temp
(°C)

O2
Content

(%)

H2O
Content

(%)

Flow
Rate

(Nm3/s) 1

Substance Concn

(mg/m3)
Release

Rate
(g/s)

Short-term
0 0.5 3.9 500 12.1 10 1.9

Oxides of
nitrogen 742 1.4

Carbon
monoxide 241 0.45

Particulates 48 0.09
Long-term

2
Oxides of
nitrogen 742 0.0019

2 https://consult.environment-agency.gov.uk/psc/cr0-4td-digital-realty-uk-
limited/supporting_documents/Data%20Centre%20FAQ.pdf

https://consult.environment-agency.gov.uk/psc/cr0-4td-digital-realty-uk-limited/supporting_documents/Data%20Centre%20FAQ.pdf
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Scenario Effective
Stack
Height

(m)

Stack
Diameter

(m)

Flow
Rate

(Am3/s)
Temp
(°C)

O2
Content

(%)

H2O
Content

(%)

Flow
Rate

(Nm3/s) 1

Substance Concn

(mg/m3)
Release

Rate
(g/s)

Carbon
monoxide 241 0.0006

Particulates 48 0.0001
1 Corrected to 15% O2. 2 Release rate factored for 12 hours of operation per year.

3.3 H1 Assessment Results
The completed H1 Access electronic database is included in Appendix B.  A summary of the results is
provided in Table 3-4 and Table 3-5.

Table 3-4: H1 Assessment Results – 1st Stage of Screening

Substance Long
Term
NAQS
(µg/m3)

Short
Term
NAQS
(µg/m3)

Long Term Short Term

PC
(µg/m3)

% PC of
NAQS

>1%
of
NAQS

PC
(µg/m3)

% PC of
NAQS

>1% of
NAQS

Nitrogen dioxide
(human health) 40 200 43.9 110% Yes 2,528 1,264 Yes

Oxides of nitrogen
(NOx) (ecological
receptors)

30 75 62.7 209% Yes 7,218 9,624 Yes

Carbon monoxide - 10,000 - - - 3,590 36% Yes

Particulate (PM10) 40 50 0.02 0.05% No 348 695% Yes

It can be seen from Table 3-4 that long-term impacts of PM10 can be screened out from requiring further
assessment as being ‘insignificant’ at the first stage of screening.  All other impacts have been carried
through to the second stage of screening.

The background concentrations of NO2, CO and PM10 have been derived from the Defra background
maps, produced for this purpose 3 for the location of the Keadby site (NGR 482500,411500).  The results
of the second stage of screening are shown in Table 3-5.

Table 3-5: H1 Assessment Results – 2nd Stage of Screening

Substance
Backg’d
Concn

(µg/m3)

Long Term Short Term

PC
(µg/m3)

PEC
(µg/m3)

%
PEC
of

NAQS

>70%
of

NAQS
PC

(µg/m3)

% PC of
headroom
(NAQS –
Backg’d)

>20% PC
of

headroom

Nitrogen dioxide
(human health) 9.5 43.9 53.4 133 Yes 2,528 1,397 Yes

Oxides of nitrogen
(NOx) (ecological
receptors)

12.5 62.7 75.2 250 Yes 7,218 14,436 Yes

Carbon
monoxide 111.8 - - - - 3,590 36.8 Yes

Particulate (PM10) 15.6 - - - - 348 1,849 Yes

Table 3-5 shows that no further impacts can be screened as not requiring further assessment at the
second stage.

3 https://uk-air.defra.gov.uk/data/laqm-background-home
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It should be noted that the H1 assessment is very conservative in the assumptions applied.  It predicts
the maximum ground level concentration, which may not be in a location where there is relevant
exposure.  Given the low stack height assumed in the assessment, this would occur within the
Installation Boundary, with predicted impacts at receptors being much lower.  It also takes no
consideration of the temperature of the release, which for diesel generator is likely to be in the region
of 400°C, and therefore provide significant thermal buoyancy to aid dispersion.

It should be noted that the g/s release rate for NOx of the largest auxiliary boiler (i.e. the only unit that
will be in continuous operation) is 0.4 g/s.  The release rate of the Carbon Capture plant absorber is
32.4g/s, therefore the largest auxiliary boiler represents only 1% of the absorber emission for this
pollutant.  The impacts at receptor locations from the Keadby 3 Installation will be dominated by the
emissions from the absorber, and it is considered that dispersion modelling of the auxiliary boilers and
diesel generator would demonstrate this to be the case.

Given the current uncertainty in the plant layout, the actual size of the proposed boilers and generator
and their emission concentrations, it is considered that there would be limited benefit in carrying out a
detailed dispersion modelling exercise.  In addition, as MCP plant, it is likely that units of the sizes
proposed would not require dispersion modelling in their own right, as they would be likely to be
considered low risk to air quality and potentially fall under standard rules permits.

It is therefore proposed that when the actual plant and their locations is confirmed post FEED, further
assessment is carried out in order to determine suitable stack heights and plant locations for the
equipment to ensure that the impacts of the emissions can be considered to be ‘insignificant’ in
accordance with the EA’s guidance at relevant receptor locations.
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Appendix A – Water Modelling Assessment
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Appendix B - H1 Assessment
Electronic Access Database – Appendix B
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