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1.0 INTRODUCTION

1.1.1 This report has been prepared by AECOM Limited (‘AECOM’) on behalf of Net Zero
Teesside Power Limited (‘NZT Power’) referred to as ‘the Operator’, in support of an
Environmental Permit application for the proposed Low Carbon Electricity
Generating Station (‘proposed installation’) which forms part of the proposed Net
Zero Teesside (NZT) Carbon Capture, Utilisation and Storage (‘CCUS’) project, to be
located in Redcar, Teesside.

1.1.2 The purpose of this Appendix is to detail the Air Impact Assessment that has been
carried out for the proposed installation and to demonstrate that the emissions from
the proposed installation would not lead to the exceedance of any Air Quality
Standards objectives, Environmental Assessment Levels, Critical Levels and Critical
Loads, as appropriate.

Reference Documents

1.1.3 The assessment has been carried out in accordance with the following guidance:

 Environment Agency (EA).  Risk Assessments for Specific Activities: Environmental
Permits guidance (Defra and EA, 2016);

 EA (Air Quality Modelling and Assessment Unit) (2020).  AQMAU
recommendations for the regulation of impacts to air quality from amine-based
post-combustion carbon capture plant.  AQMAU-C2025-WD01 (DRAFT).

Approach to the Assessment

1.1.4 At this early stage of development from concept to full scale operational plants, and
in recognition of the novel technology associated with carbon capture plants, there
is a need to apply a ‘technology-neutral’ approach within the derivation of Best
Available Techniques (BAT) and the process emissions.  This is driven by the
combined requirements of:

 the carbon capture plant technology licensors requiring commercial
confidentiality of their process and solvent blend to be maintained;

 to allow the Front-End Engineering Design FEED process to progress post consent
without limiting the options for later technology selection; and

 to determine indicative BAT and BAT-Achievable Emission Levels (AELs) for plant
at this development stage such that they are consentable, taking into account
environmental sensitivities and conditions at a particular proposed installation
site, with site-specific BAT assessments for choice of solvent and technology to be
undertaken at the detailed design stage.

1.1.5 It is proposed that the appraisal of BAT and plant emissions will therefore be
undertaken as a two-stage process:

 This Stage One is to confirm that the proposed techniques are in accordance with
the BAT framework and to inform the FEED process.  At this Pre-FEED stage the
air impact assessment has been progressed on the basis of a vendor/ technology-
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neutral process, with the assessment of worst-case emissions profile to inform a
“permit in principle”;

 Stage Two will provide a site-specific impact assessment for the preferred vendor
technology and solvent, following which the Operator will confirm the proposals
for, and undertake a trial and monitoring programme proposed as part of permit
Pre-Operational Conditions.

1.1.6 The Environmental Permit application has been prepared to fulfil the above Stage
One criteria and therefore assumes a vendor neutral approach.  As commercial
discussions are ongoing, no decision has yet been made on the detailed design of the
plant or the selection of a specific vendor for the Combined Cycle Gas Turbine (CCGT)
or licensor for the Capture plant.

1.1.7 This approach has been agreed with the EA in pre-application discussions.
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2.0 ASSESSMENT CRITERIA

2.1 Air Quality Legislation

2.1.1 The principal air quality legislation within the United Kingdom is the Air Quality
Standards Regulations 2010, which transposes the requirements of the European
Ambient Air Quality Directive 20081 and the 2004 fourth Air Quality Daughter
Directive2.  The Air Quality Standards Regulations 20103 set air quality limits for a
number of major air pollutants that have the potential to impact public health, such
as nitrogen dioxide (NO2) and carbon monoxide (CO).

2.1.2 The Environment Act 19954 requires the UK Government to produce a National Air
Quality Strategy (NAQS)5, last reviewed in 2007, containing air quality objectives and
timescales to meet those objectives.  The objectives apply to outdoor locations
where people are regularly present and do not apply to occupational, indoor or in-
vehicle exposure.

2.1.3 The current objectives applicable to this assessment for the protection of human
health are presented in Table 2.1.  Concentrations are expressed in micrograms per
cubic metre (µg/m3).

Table 2.1: National Air Quality Strategy (NAQS) Objectives – Protection of Human
Health

POLLUTANT
NAQS

OBJECTIVE
(µg/m3)

AVERAGING PERIOD

Nitrogen dioxide (NO2)

40 Annual mean

200
1-hour mean, not to be exceeded
more than 18 times a year (99.79th

percentile)
Carbon monoxide (CO) 10,000 Maximum daily running 8-hour mean

2.1.4 The Environment Act 1995 also requires local authorities to undertake an assessment
of local air quality to establish whether the objectives are being achieved, and to

1 Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 on ambient air quality and cleaner air
for Europe’ (2008) Official Journal L152, P.1

2 ‘Directive 2004/107/EC of the European Parliament and of the Council of 15 December 2004 relating to arsenic, cadmium,
mercury, nickel and polycyclic aromatic hydrocarbons in ambient air’ (2004) Official Journal L23, P.3

3 The Air Quality Standards Regulations 2010 (SI 2010/1001). London: The Stationery Office.

4 The Environment Act 1995 (c. 25). London: The Stationery Office.

5 Department for Environment, Food and Rural Affairs (2007). The Air Quality Strategy for England, Scotland, Wales and
Northern Ireland. London: The Stationery Office.
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designate air quality management areas (AQMA) if improvements are necessary to
meet the objectives.  Where an AQMA has been designated, the local authority must
draw up an air quality action plan (AQAP) describing the measures that will be put in
place to assist in achieving the objectives.  Defra has responsibility for coordinating
assessments and AQAPs for the UK as a whole.

2.1.5 The impact of emissions from the proposed installation on sensitive ecological
receptors are quantified within this assessment in two ways:

 as direct impacts arising due to increases in atmospheric pollutant concentrations,
assessed against defined ‘Critical Levels’; and

 as indirect impacts arising through deposition of acids and nutrient nitrogen to
the ground surface, assessed against defined ‘Critical Loads’.

2.1.6 Critical Level for the protection of vegetation and ecosystems have been adopted by,
amongst others, the European Union and the United Nations Economic Commission
for Europe (UNECE) Convention on Long-range Transboundary Air Pollution
(CLRTAP).  The annual average Critical Level for oxides of nitrogen (NOx) has been
transposed in the Air Quality Standards Regulations 2010.  Additional values for daily
NOx and ammonia are also generally used as regulatory standards, although these
have not been formally adopted.  These are shown in Table 2.2.

Table 2.2: Critical Levels – Protection of Vegetation and Ecosystems

POLLUTANT
CRITICAL

LEVEL
(µg/m3)

AVERAGING PERIOD

Oxides of nitrogen (NOx)
30 Annual mean
75 Daily mean

Ammonia (NH3) 3 Annual mean for higher plants
1 Annual mean for lichens and bryophytes

2.1.7 Critical Loads for the deposition of nutrient nitrogen and acidifying species are
dependent on the habitat type and species present, and therefore are specific to the
sensitive receptors considered within the assessment.  The relevant Critical Loads for
the ecological receptors considered in this assessment are defined on the Centre for
Ecology and Hydrology Air Pollution Information System website6 and are detailed in
Section 4.3.

2.2 Environmental Permitting Regulations

Industrial Emissions Directive

6 www.apis.ac.uk

http://www.apis.ac.uk/
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2.2.1 The EU’s Industrial Emissions Directive (IED)7 provides operational limits and controls
to which plant must comply, including Emission Limit Values (ELVs) for pollutant
releases to air.  The CCGT of the proposed installation falls under the Large
Combustion Plant (LCP) requirements (Chapter III) of the IED, since it will be greater
than 50 MW thermal input in capacity.

2.2.2 The operator of a plant covered by the IED is required to employ BAT for the
prevention or minimisation of emissions to the environment, to ensure a high level
of protection of the environment as a whole.  European BAT reference documents
(BRefs) are published for each industrial sector regulated under the IED, and they
include BAT-Associated Emission Levels (BAT-AELs) which are expected to be met
through the application of BAT.  These levels may be the same as the ELVs published
in the IED, or they may be more stringent.  The current version of the LCP BRef8

includes annual average and yearly average BAT-AELs for NOx and indicative values
for yearly average carbon monoxide CO from CCGT plant, which are more stringent
than the ELVs included in the IED.

2.2.3 As an emerging technology, there is currently no finalised BRef or BAT guidance
document available for the Capture plant, and therefore no BAT-AELs have been
defined for the activity to date.  The EA have prepared a draft BAT guidance
document for Post-Combustion Carbon Dioxide Capture using Amine-Based
Technologies9, which is due to be published in mid-2021, however this does not
propose any BAT-AELs at this stage as it is intended that these will be developed once
Capture plant becomes operational in the UK, and collated monitoring data can
confirm suitable levels for which the BAT-AELs should be set.

Environmental Permitting

2.2.4 The Environmental Permitting (England and Wales) Regulations 201610 apply to all
new installations and transpose the requirements of the IED into UK legislation.

2.2.5 Where legislative ambient air quality limits or objectives are not specified for the
pollutant species potentially released from an Installation, Environmental

7 ‘Directive 2010/75/EU of the European Parliament and of the Council of 24 November 2010 on industrial emissions 
(integrated pollution prevention and control) Text with EEA relevance’ (2010). Official Journal L334, P.17.

8 European Commission (2017) Best available techniques Reference document for Large Combustion Plants. [Online]. 
[Accessed 04 February 2020]. Available from: https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-
11/JRC_107769_LCPBref_2017.pdf 

9 Environment Agency (2021). Draft BAT Review for New Build and Retrofit Post-Combustion Carbon Dioxide Capture Using 
Amine-Based Technologies for Power and CHP Plants Fuelled by Gas and Biomass as an Emerging Technology under the IED 
for the UK, and the associated Summary BAT Guidance.

10 The Environmental Permitting (England and Wales) Regulations 2016 (SI 2016/1154). London: The Stationary Office.

https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-11/JRC_107769_LCPBref_2017.pdf
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Assessment Levels (EALs), published in the EA’s Risk Assessments for Specific
Activities: Environmental Permits guidance11 (‘EA’s Risk Assessment Guidance’) can
be used to assess potential health effects on the general population.

2.2.6 For this assessment, this includes an additional EAL for hourly concentrations of CO,
and annual average and hourly EALs for NH3, which can result from the operational
CCGT plant and Selective Catalytic Reduction (SCR) abatement plant respectively.

2.2.7 As well as the combustion emissions from the operational CCGT plant, emissions of
CO2 capture solvent, which may include primary, secondary and tertiary amines, may
be emitted from the Capture plant, and potentially breakdown (oxidation) products
of these species could occur in the atmosphere, dependant on the technology
licensor solvent composition.

2.2.8 Few amine species are included in the latest version of the EA’s Risk Assessment
guidance; however, the EA has recently consulted on recommended EALs for mono-
ethanolamine (MEA) (short- and long-term).  The EAL was formally adopted on the
19th May 2021.

2.2.9 Although MEA has not been confirmed as the carbon capture solvent to be used in
the proposed installation, it is likely that this could form the basis of any solvent
solution used, and is considered appropriate to use as a surrogate species for the
purpose of this assessment.  Therefore, in the absence of further information, this
EAL has been used for the assessment of the impacts of amine emissions from the
proposed installation.

2.2.10 It is also known that some amines can potentially degrade and form nitrosamines
and nitramines (collectively referred to as N-amines) both during the carbon capture
process itself and also in the environment following release.  Therefore, the impacts
of both directly emitted N-amines, and indirectly emitted N-amines (those produced
through atmospheric degradation of emitted amines) have also been considered in
the assessment.

2.2.11 Again, the EA has recently consulted on, and adopted an EAL for N-
nitrosodimethylamine (NDMA) of 0.2 nanograms (ng)/m3.  It is understood that
NDMA has been used as the basis for the EAL, as this is considered to be one of the
most toxic nitrosamines, and therefore results in the derivation of a conservative
EAL.  In addition, it is understood that the EA proposes to compare the total
nitrosamine concentration from CCP emissions with the NDMA EAL, however it
should be recognised that some of the degradation products will be less harmful, and
therefore this is a very conservative assumption

11 https://www.gov.uk/guidance/air-emissions-risk-assessment-for-your-environmental-permit

https://www.gov.uk/guidance/air-emissions-risk-assessment-for-your-environmental-permit
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2.2.12 Other degradation products, such as aldehydes, ketones and acetic acid may also
result from the Capture plant, depending on the amine solvent used, and therefore
these have also been included in the assessment.

2.2.13 The EALs applicable in this assessment for the protection of human health from
pollutants that could be emitted from the proposed installation are presented in
Table 2.3.

Table 2.3: Environmental Assessment Levels – Protection of Human Health

POLLUTANT SOURCE NAQS Objective
(µg/m3) AVERAGING PERIOD

CO EA Risk Assessment
Guidance. 30,000 Hourly mean

NH3
EA Risk Assessment
Guidance.

180 Annual mean
2,500 Hourly mean

Amines
(as MEA)

Environment Agency
proposed EAL.

400 Hourly mean
100 24-hour mean

Nitrosamines Environment Agency
proposed EAL. 0.2 ng/m3 Annual mean

Acetaldehyde

EA Risk Assessment
Guidance.

9,200 Hourly mean
370 Annual mean

Formaldehyde 100 Hourly mean
5 Annual mean

Ketones 89,500 Hourly mean
6,000 Annual mean

Acetic acid 3,700 Hourly mean
250 Annual mean

1 EAL for Methyl ethyl ketone used, as the lowest EAL of any ketone listed in the EA Risk Assessment Guidance, therefore
used for a conservative assessment.

2.2.14 Throughout the remainder of this report NAQS objectives, Critical Levels and
Environmental Assessment Levels are collectively referred to as Air Quality
Assessment Levels (AQALs).
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3.0 ASSESSMENT METHODOLOGY

3.1.1 The EA’s Risk Assessment Guidance provides guidance on the assessment of BAT and
of impacts from permitted installations, for the purposes of Environmental
Permitting.  The guidance also includes the consideration of risk and environmental
impacts from other emissions from an installation, including visible plumes.

3.1.2 Emissions from the proposed installation have been assessed using the EA’s Risk
Assessment methodology in order to identify where emissions can be screened as
having an insignificant impact.  Detailed dispersion modelling using the atmospheric
dispersion model ADMS5.2 has been used to calculate the concentrations of
pollutants at identified receptors.  These concentrations have been compared with
the AQALs for each pollutant species that could be released from the proposed
installation.  Dispersion modelling calculates the predicted concentrations arising
from the emissions to atmosphere, based on Gaussian approximation techniques.
The model employed has been developed for UK regulatory use.

3.1.3 Emissions of SO2 and PM10 from gas fired plant are at such low levels relative to the
AQALs that they are considered negligible and the risk to the achievement of the
PM10 and SO2 AQALs is considered negligible, therefore these have not been
considered in the assessment.

3.1.4 An assessment of nutrient nitrogen enrichment has been undertaken by applying
published deposition velocities to the predicted annual average NO2 and NH3

concentrations at the identified statutory habitat sites, determined through
dispersion modelling, to calculate nitrogen deposition rates.  These deposition rates
have then been compared to the Critical Loads for nitrogen published by UK Air
Pollution Information System (APIS, Centre for Ecology and Hydrology) for the
species present at each habitat site, taking into consideration the baseline air quality.

3.1.5 Increases in acidity from deposition contributions of NO2 and NH3 from the process
contribution have also been considered.  In this assessment, the nitrogen kilo
equivalent (Keq/ha/yr), which are the units in which acidity Critical Loads are
described, have been derived from nitrogen deposition modelling values using
standard conversion factors.  The acidity deposition rates and baseline deposition
rates have been used within the Critical Load Function Tool (APIS) to determine
whether the contribution would result in exceedance of the defined acidity Critical
Loads for the most sensitive feature.

3.1.6 During normal operation, the Capture plant absorber stack (Release Point A1) would
be the only point source of emissions from the proposed installation.

3.1.7 During other than normal operating conditions (OTNOC), there would be a stack
associated with the CCGT heat recovery steam generator (HRSG) (Release Point A2),
which would only be operational when the CCGT is operating in a ‘CO2-unabated’
mode (i.e. combustion emissions only, without passing through the Capture plant).

3.1.8 The combustion emissions (NOx and CO, including NH3 from the SCR) associated with
these two modes of operation would be subject to the same emission limits and
therefore the mass release rates would be comparable.  The emissions from the
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HRSG stack would be released at a higher temperature (~100 °C) compared with the
carbon capture process, which is likely to be between 35 - 60 °C depending on
whether reheat is applied or not.  At higher stack temperatures the thermal
buoyancy is improved, and consequentially the dispersion, resulting in a level of
impact for the CO2-unabated CCGT operation that is no worse than for the CO2-
abated mode of operation.  Initial modelling has confirmed that this is the case, and
therefore, this assessment only considers emissions from the Capture plant absorber
stack (Release Point A1) as this represents the worst-case.

3.1.9 As stated previously, the final design of the proposed installation will not be known
until after the FEED process has been completed.  Therefore, the emission
parameters assessed have been based on technology information provided by a
number of CCGT suppliers and Capture plant licensors, with the emissions and
release parameters that lead to the worst-case impacts being used in the
assessment.

3.1.10 In addition, the layout of the proposed installation is not yet finalised, however the
area of the Site where the Capture plant will be located is known.  In order to allow
flexibility in the design therefore, the Capture plant absorber stack (Release Point
A1) has been modelled in each of the four corners of the proposed installation site
that is allocated for the Capture plant and the worst-case results from all stack
locations modelled are reported in this assessment.

3.1.11 The assessment of worst-case long-term and short-term emissions resulting from
operation of the proposed installation has been undertaken assuming that the plant
is operational at full load for 8,760 days per year, as this represents the worst case
for annual average impacts and predicts the maximum impacts from the worst-case
meteorological data.  As the proposed installation is anticipated to operate in
baseload (i.e. generation that generally runs continuously throughout the year so
that the plant is operated at stable power output levels) for the initial years of its
operation, this is considered appropriate, and conservative, as the plant will be likely
to be subject downtime for a proportion of the year.

3.1.12 Whilst it is recognised that during start-up and shut down there may be short periods
where emissions are higher than those assessed, there is limited data on the duration
and release concentration of these emissions.  It is anticipated that this information
will become available during the FEED process and therefore these emissions will be
assessed during the second stage of the permitting process.

3.2 NOx to NO2 Conversion

3.2.1 Emissions of nitrogen oxides from industrial point sources are typically dominated
by nitric oxide (NO), with emissions from combustion sources typically in the ratio of
nitric oxide to nitrogen dioxide (NO2) of 9:1.  However, it is NO2 that has specified
AQAL due to its potential impact on human health.  In the ambient air, NO is oxidised
to NO2 by the ozone present, and the rate of oxidation is dependent on the relative
concentrations of NO and ozone in the ambient air.
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3.2.2 For the purposes of detailed modelling, and in accordance with EA technical
guidance12 it is assumed that 70% of emitted nitric oxide is oxidised to nitrogen
dioxide in the long term and 35% of the emitted nitric oxide is oxidised to nitrogen
dioxide in the local vicinity of the site in the short-term.

3.3 Human Health Significance Criteria

3.3.1 The EA’s Risk Assessment guidance identifies stage one screening criteria for
comparison of the process contribution (PC) with AQALs state that an emission may
be considered to have an insignificant impact where:

 Short term PC <=10% of the AQAL; and,

 Long term PC <=1% of the AQAL.

3.3.2 If both criteria are met, no further assessment is required, but if they are not met,
the second stage of screening is applied.

3.3.3 The second stage of screening considers the PCs in the context of the existing
background pollutant concentrations; the predicted environmental concentration
(PEC) is considered acceptable where:

 Short term PC <20% of the short term AQAL minus twice the long-term
background concentration; and

 Long term PEC (PC + background concentration) <70% of the AQAL.

3.3.4 The EA’s Risk Assessment guidance indicates that where AQALs are likely to be
breached as a result of contributions from an installation, or where installation
releases constitute a major proportion of the AQAL, such releases are likely to be
considered unacceptable.

3.3.5 Where the PEC is not predicted to exceed the AQAL and the proposed emissions
comply with the BAT-AEL (or equivalent requirements) the emissions may be
considered acceptable by the Environment Agency.

3.4 Ecological Significance Criteria

3.4.1 For European sites (Special Protection Areas (SPA), Special Areas of Conservation
(SAC) or Ramsar sites) an assessment is made as to whether the emissions from an
installation are ‘likely to have a significant effect’, and whether this could lead to an
‘adverse effect on site integrity’.  Sites within 15km have been considered in the
assessment at the request the Planning Inspectorate (PINS), as required in the
Environmental Statement for the Development Consent Order (DCO) application.
This has also included Sites of Special Scientific Interest (SSSIs).

12 https://webarchive.nationalarchives.gov.uk/20140328232919/http://www.environment-
agency.gov.uk/static/documents/Conversion_ratios_for__NOx_and_NO2_.pdf

https://webarchive.nationalarchives.gov.uk/20140328232919/http://www.environment-agency.gov.uk/static/documents/Conversion_ratios_for__NOx_and_NO2_.pdf
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3.4.2 The EA’s Risk Assessment guidance states that PCs may be considered to have an
insignificant impact at the first stage of screening on these sites where:

 Short term PC <=10% of the AQAL; and,

 Long term PC <=1% of the AQAL.

3.4.3 If these requirements are not met for short term impacts, further assessment is
required.  For long term impacts, the PEC must be calculated and if it is less than 70%
of the AQAL, the impacts are considered insignificant.

3.4.4 For SPAs, SACs and Ramsar sites, there is also a requirement to consider the ‘in
combination’ (combined) impact of all permissions, plans or projects that affect the
site.

3.4.5 For local nature sites, the assessment needs to determine whether the emissions are
‘likely to damage’ the site, and is applicable to sites within 2km of the proposed
installation.  The EA’s Risk Assessment guidance screening criteria states that where
PCs are less than 100% of the short or long term AQAL, the impact of emissions is
insignificant.

3.4.6 The impact of point source emissions on ecological receptors, through deposition of
nutrient nitrogen or acidity, has been evaluated using the EA’s and Natural England’s
guidance insignificance criterion of 1% of the long-term objective.
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4.0 RECEPTORS AND BASELINE AIR QUALITY

4.1 Receptors

4.1.1 Receptors potentially affected by the emissions from the proposed installation,
including local residential and amenity receptors, have been identified through site
knowledge and desk study of local mapping.  Isopleth figures of pollutant dispersion
have been examined to identify the receptors that will receive the highest point
source contributions and the assessment of impact has been made at these
receptors.

4.1.2 No AQMAs have been declared for the proposed installation site or the surrounding
areas.  The nearest AQMA is approximately 19 kilometres (km) to the southeast of
the Site, in Staithes, and is designated for the exceedance of the 24-hour PM10 limit
value.  No consideration of AQMAs as receptors has therefore been included in the
assessment.

4.1.3 Ecological receptors potentially affected by the operation of the proposed
installation have been identified through desk study of Defra Magic mapping.
Statutory designated sites (including special protection Areas (SPAs), Special Areas
of Conservation (SACs), Ramsar sites and Sites of Special Scientific Interest (SSSIs))
up to 15 km have been included in the assessment; and non-statutory designations
(LWS) within 2km have been included in the assessment.  Identified receptors are
detailed in Table 4.1.  The receptor locations are shown in Figures 4.1 and 4.2
provided in Annex A.

Table 4.1: Identified Receptors with Potential for Air Quality Impacts from the
Proposed Installation

RECEPTOR
REFERENCE RECEPTOR DESCRIPTION

GRID REFERENCE DISTANCE &
DIRECTION FROM

INSTALLATIONx y
R1 Houses at Warrenby 457950 525045 750 m east
R2 Cleveland Golf Links 458090 525550 880 m northeast

R3 South Gare Fisherman’s
Association 455680 527395 2.5 km northwest

R4 Marine Club 455550 527345 2.5 km northwest
R5 Caravan Park 458675 525415 1.4 km east
R6 Houses at Dormanstown 457895 523735 1.5 km southeast
R7 Houses at Coatham 458900 525060 1.7 km east
R8 Dormanstown Primary School 458250 523585 1.8 km southeast
R9 Coatham C of E School 459195 524980 2 km east
R10 South Tees Development Site 456640 525880 Adjacent west

E1 Teesmouth and Cleveland
Coast SPA, SSSI and Ramsar 457714 525773 500 m north

E2 North York Moors SPA, SAC
and SSSI 463315 514190 11.9 km southeast

E3 Northumbria Coast SPA and
Ramsar 448259 537470 14.6 km northwest
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RECEPTOR
REFERENCE RECEPTOR DESCRIPTION

GRID REFERENCE DISTANCE &
DIRECTION FROM

INSTALLATIONx y
E4 Durham Coast SSSI and SAC 449520 536190 12.9 km northwest
E5 Lovell Hill Pools SSSI 459860 519100 6.3 km southeast
E6 Saltburn Gill SSSI 467000 521265 10 km southeast
E7 Coatham Marsh LWS 457860 524990 650m east
E8 Eston Pumping Station LWS 456370 523890 1.1 km southwest

4.1.4 In addition, there are three further SSSIs within 15 km of the proposed installation
(Roseberry Topping, Cliffe Ridge and Lanbaurgh Ridge), which are designated due to
their geological features.  It is therefore considered that these sites will not be
affected by emissions from the proposed installation, as the Critical Levels and
Critical Loads assigned to such sites are for the protection of vegetation and
ecosystems only, and therefore they have been screened from further assessment.

4.2 Baseline Air Quality – Human Health Receptors

4.2.1 Existing air quality conditions in the vicinity of the proposed installation have been
evaluated through a review of local authority air quality management reports, Defra
published data and other sources.  The key pollutants of concern resulting from
operation of the proposed installation, for which monitoring data on background
concentration are available, are NO2, CO and NH3.

4.2.2 There is little data on background amines concentrations or their potential
degradation products in the UK and therefore background concentrations have been
assumed to be zero in the absence of reliable data.  N-amine levels are likely to be
below the limit of detection of any monitoring technique currently available for these
species.

Redcar and Cleveland Borough Council Monitoring Data

4.2.3 Redcar and Cleveland Borough Council (RCBC) currently operate one automatic
monitoring site, located at Dormanstown Primary School, approximately 1.5 km to
the south east of the proposed installation.  RCBC chose the site in order to monitor
roadside and industrial emissions in the vicinity.  Data for 2019 was available at the
time of writing, with annual concentrations of 9 µg/m3.

4.2.4 In addition, NOx diffusion tube monitoring is carried out at 16 locations within the
borough.  The nearest NO2 diffusion tubes are again located at Dormanstown
Primary School.  At the time of writing, the most recent monitoring data available
from RCBC diffusion tube monitoring is for 2018 and the average measured annual
NO2 concentration was 16.4 µg/m3.

4.2.5 The RCBC monitoring data is presented in Table 4.2.

Table 4.2: RCBC NO2 Monitoring Data for Dormanstown Primary School
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SITE REFERENCE SITE TYPE

2018/ 19 ANNUAL
MEAN

CONCENTRATION
(µg/m3)

Redcar Dormanstown Automatic (suburban) 9
R17 Diffusion tube (suburban) 17.4
R18 Diffusion tube (suburban) 16.5
R19 Diffusion tube (suburban) 15.2

4.2.6 All monitoring locations within the study area are below the annual mean AQAL for
NO2 of 40µg/m3 in 2018.

Defra Background Map Data

4.2.7 Background data has also been reviewed from Defra published maps (available at a
1x1 km resolution for the whole UK) for the locations of likely maximum impact from
point source emissions from the proposed installation, and at identified sensitive
receptor locations.  Data taken for the grid square in which the proposed installation
is located (456500, 525500) is considered to be representative of the all grid squares
containing the human health receptors.

4.2.8 Background mapping data for 2018 (based on 2018 background maps) is
conservatively assumed to be representative of the background concentrations
when the proposed installation becomes operational (assumed to be 2026); as
general trends are showing a reduction in NO2 concentrations over time this is
considered to be a conservative assumption.

4.2.9 Background data assumed for the maximum impact location from the point source
emissions is provided in Table 4.3 and indicates NO2 and CO concentrations within
the vicinity of the proposed installation are consistently well below the AQALs.

Table 4.3: Defra Background Air Quality Data (Annual Mean) (1km2 Average)

POLLUTANT ANNUAL MEAN
CONCENTRATION (µg/m3)

NO2 14.7
CO 110.913

AECOM Monitoring Data

4.2.10 AECOM conducted a diffusion tube monitoring survey of the study area,
commencing in December 2019, in order to gather data on the ambient
concentrations of NO2 at representative human health and ecological receptor
locations.  Due to the National Lockdown, the diffusion tube monitoring survey

13 2018 year adjustment factor applied to value in 2001 background map.
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ceased in March 2020.  The results have been annualised and the relevant data
collected is shown in Table 4.4.

Table 4.4: AECOM Nitrogen Dioxide Diffusion Tube Monitoring – Urban
Background Sites

SITE
REFERENCE MONITORING LOCATION

GRID REFERENCE 2020 ANNUAL
MEAN

CONCENTRATION
(µg/m3)

x y

DT3 North-west corner of
Coatham Marshes 459068 524863 14.4

DT9 Woodlands Drive in Eston 455142 517500 11.9

DT10 Garsbeck Way in
Ormesby 453906 517392 8.8

4.2.11 The monitoring tube data suggests that the urban background monitoring sites have
comparable or lower NO2 concentrations that the Defra data, and therefore it was
considered appropriate to use the Defra data for the assessment, as a worst case.

Ammonia Background Data

4.2.12 Background concentrations for human health receptors have been taken from the
APIS website, in the absence of any Defra monitoring data in the vicinity of the
proposed installation.  The concentration for 2016 – 2018 was reportedly 0.64 µg/m3.

4.2.13 In line with the EA Risk Assessment Guidance, the short-term background
concentrations have been assumed to be twice the annual average concentration.

4.3 Baseline Air Quality – Ecological Receptors

4.3.1 The NOx, NH3 N-Deposition and acid deposition background concentrations are
available from the APIS website for designated SAC, SPA and SSSI sites.  The annual
average concentrations present at the relevant habitat receptor sites are presented
in Table 4.5.

Table 4.5: APIS Background Data

RECEPTOR
REFERENCE SITE NOx

(µg/m3)
NH3

(µg/m3)

N-
DEPOSITION
(kg N/ha/yr)

ACID
DEPOSITION

(keq
N:S/ha/yr)

E1 Teesmouth and
Cleveland Coast 19.43 0.89 10.50 0.75 : 0.25

E2 North York Moors 8.32 1.24 18.06 129 : 0.21

E3 Northumbrian
Coast 9.46 1.56 14.70 1.05 :0.15

E4 Durham Coast 10.57 1.56 14.70 1.05 : 0.15

E5 Lovell Hill Pools 13.22 2.04
No information available on

relevant critical loads for
assessment
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RECEPTOR
REFERENCE SITE NOx

(µg/m3)
NH3

(µg/m3)

N-
DEPOSITION
(kg N/ha/yr)

ACID
DEPOSITION

(keq
N:S/ha/yr)

E6 Saltburn Gill 9.45 1.15 19.74 0.89 : 0.15
E7 Coatham Marsh 26.89 1.42 14.14 1.01 : 0.23

E8 Easton Pumping
Station 22.40 1.42 14.14 1.01 : 0.23
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5.0 DISPERSION MODEL PARAMETERS

5.1 Emission Inventory – Release Point A1

5.1.1 As detailed in Section 3.0, the normal mode of operation will be the CO2-abated
mode, with carbon capture taking place, as such the Capture plant absorber stack
(Release Point A1) will be the primary source of emissions to air when the plant is
operating in abated mode, as the flue gas from the CCGT plant will pass directly into
the Capture plant for CO2 removal.  This emission will therefore comprise the
combustion emissions of NOx and CO from the CCGT plant, and additional emissions
of NH3 slip from the SCR and amines and their degradation products from the carbon
capture process.

5.1.2 The Capture plant absorber stack will be located on top of the absorber building, and
the height of the stack will be up to 115m above ground level, based on the findings
of the Stack Height Assessment (Annex B).

5.1.3 Emissions of NOx have been assumed to be at the annual average BAT-AEL of 34
mg/Nm3 for the normal operational mode, which has been corrected for the energy
efficiency of the CCGT, that being higher than the BAT-AEEL range detailed in the LCP
BRef.

5.1.4 CO emissions have been assessed at the IED Emission Limit Value of 100 mg/Nm3 at
this stage.  The BRef does not contain a BAT-AEL for CO, rather details an indicative
yearly emission range of 5 – 40 mg/Nm3, and therefore it is considered that assessing
the emission at the IED limit represents a worst case.

5.1.5 Until the licensor is chosen at FEED stage there is some uncertainty in the level of
NH3 emissions from the Capture plant absorber stack, however at this pre-FEED stage
an assessment of NH3 emissions has been carried out assuming that an emission of
less than 3 mg/Nm3 can be achieved.

5.1.6 Emissions of other species from the Capture plant absorber stack will be dependent
on the final technology licensor’s specific solvent.  Therefore, in order to provide an
assessment of the potential impact of these emissions at this pre-FEED stage,
emissions data provided by all the licensors under consideration has been reviewed,
and all the pollutant species identified have been included and assessed at the
highest emission concentration provided.  It is therefore considered that this
provides a conservative assessment, and enables flexibility in the design going
forward to the FEED stage.

5.1.7 The additional emissions are likely to include amines, aldehydes, ketones and trace
quantities of amine degradation products, such as nitrosamines and nitramines
(collectively referred to as N-amines).

5.1.8 In addition, the temperature of the absorber emission has not been finalised.  The
actual temperature of the release post Capture plant would be in the region of 35°C,
however in order to improve the thermal buoyancy of the emission, there is an
option for reheat to be included, which could increase the release temperature to
60°C.  Whether or not reheat is required may depend on the actual NH3 emission
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concentration once the final licensor is selected, in order to reduce the depositional
impacts of ammonia on the adjacent Teesmouth and Cleveland Coast Ramsar, SPA
and SSSI.  As such, two scenarios have been considered for the NH3 emissions:

 No reheat and a NH3 emission of 2mg/Nm3

 Reheat to 60°C and a NH3 emission of 3mg/Nm3

5.1.9 These two emission scenarios result in roughly comparable impacts on the
Teesmouth and Cleveland Coast Ramsar, SPA and SSSI, and provide flexibility in
design covering both options of the plant to include acid wash, to achieve a lower
NH3 emission concentration, or to have no acid wash, but reheat to improve the
dispersion.  The final option will be subject to a BAT assessment at Stage 2 of the
Permitting process.

5.1.10 The normalisation of Emission Limit Values for CO2-abated flue gas must take into
account the reduction in volume of the gas from removal of CO2 and it is proposed
that this is referenced to a standard 0.5% dry v/v CO2 (comparable to referencing for
O2 at 15% dry v/v for gas turbines).  A methodology and example calculation for this
is provided in Annex C, and has been agreed with the EA in pre-application
discussions.  However, the mass emissions of pollutants from the stack would not be
affected (as both concentration and flow are normalised), and the overall volumetric
flow change from CO2 removal (circa -4%) is unlikely to have a noticeable effect on
the dispersion.  Given the current uncertainties in operational emission parameters
from licensor selection, this effect is not included within the current model scenarios.

5.1.11 The emissions to air from the Capture plant absorber stack are summarised in Table
5.1.

Table 5.1: Worst- Case Emission Parameters for the Capture Plant Absorber
(Release Point A1)

PARAMETER CAPTURE PLANT ABSORBER
STACK

Stack height (m) [m above finished ground level] 115 [128.0]

Assessed stack locations (OS Grid reference)

456808, 525487
457046, 525393
456758, 525359
456995, 525265

Average efflux velocity (m/s) 24.8
Volumetric flow at stack exit parameters (Am3/s) 848
Volumetric flow (Nm3/s)1 1,084

Average stack
exit conditions

Temp (C) 35.0

O2 (% dry) 11.9
CO2 (% dry) 0.34
Moisture (%) 5.5

Approx. flue diameter (m) 6.6
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PARAMETER CAPTURE PLANT ABSORBER
STACK

Assumed maximum operating hours / year for
assessment purposes 8,760

Oxides of nitrogen (NOx) ELV mg/Nm3 34.0
Oxides of nitrogen (NOx) emission rate (g/s) 36.8

Carbon monoxide (CO) ELV mg/Nm3 100
Carbon monoxide (CO) emission rate (g/s) 108.4

Ammonia (NH3) ELV mg/Nm3 2

Ammonia (NH3) emission rate (g/s) 2.2

Amines (as MEA) ELV mg/Nm3 5.5
Amines (as MEA) emission rate (g/s) 6.0

N-amines (direct release) ELV mg/Nm3 0.002
N-amines emission rate (g/s) 0.002

Acetaldehyde ELV mg/Nm3 5.3
Acetaldehyde emission rate (g/s) 5.7

Formaldehyde ELV mg/Nm3 0.5
Formaldehyde emission rate (g/s) 0.5

Ketones ELV mg/Nm3 5
Ketones emission rate (g/s) 5.4

Acetic Acid ELV mg/Nm3 1.2
Acetic Acid emission rate (g/s) 1.3

1 Concentration normalised to reference conditions: 273K, 101.3kPa, dry, 15%v/v
oxygen.

5.2 Meteorological Data

5.2.1 Actual measured hourly-sequential meteorological data is available for input into
dispersion models, and it is important to select data as representative as possible for
the site that is modelled.  This is usually achieved by selecting a meteorological
station as close to the site as possible, although other stations may be used if the
local terrain and conditions vary considerably, or if the station does not provide
sufficient data.
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5.2.2 The meteorological site that was selected for the assessment is Durham Tees Valley
Airport, located approximately 22 km southwest of the proposed installation, at a
flat airfield in a principally agricultural area, and therefore a surface roughness of 0.3
m (representative of an agricultural area) has been selected for the meteorological
site within the model.

5.2.3 The modelling for this assessment has utilised five years of meteorological data for
the period 2015 - 2019, and the worst-case impacts from all years modelled has been
used in the assessment.  The wind roses for Durham Tees Valley Airport are provided
in Figure 5.1.
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Figure 5.1: Roses for Durham Tees Valley Airport, 2015 To 2019
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5.3 Buildings and Terrain

5.3.1 The presence of buildings or structures near to the emission points can have a
significant effect on the dispersion of emissions.  The wind field can become
entrained into the wake of buildings, which causes the wind to be directed to ground
level more rapidly than in the absence of a building.  If an emission is entrained into
this deviated wind field, this can give rise to elevated ground-level concentrations.
Building effects are typically considered where a structure of height greater than 40%
of the stack height is situated within 8 - 10 stack heights of the emissions source.

5.3.2 Model sensitivity testing showed that the only building to affect the predicted
impacts from the Capture plant absorber stack, was the absorber building itself.

5.3.3 The absorber building has been included in the model in all four corners of the area
defined for the Capture plant, as described above for the stack location.  The
modelled locations are shown in Table 5.2and a plan showing the building layout
used in the ADMS simulation is illustrated in Error! Reference source not
found.Figure 5.2.

Table 5.2: Buildings Included in the Modelling Assessment

BUILDING BUIDLING CENTRE GRID
REFERENCE

HEIGHT
(m)

LENGTH
(m)

WIDTH
(m) ANGLE°

Capture
Plant
Absorber
Tower

NW corner 456808, 525487

80 35 25 112
NE corner 457046, 525393

SW corner 456758, 525359

SE corner 456995, 525265
°Orientation of Building Degrees from North

5.3.4 The dimensions of the Capture plant absorber are the maximum measurements that
could potentially be required.  The final stack height for the proposed installation is
still to be determined, however the results reported in this assessment are
considered to be associated with the lowest stack height that could be used, if the
maximum building heights used the assessment are representative of the final
design, and therefore represent a worst case.  Should the maximum absorber height
be reduced through detailed design, there may be potential to reduce the stack
height accordingly, without increasing the predicted impacts.  Any such reduction
would be subject to further modelling to ensure that predicted impacts remained
within those presented in this assessment.

Figure 5.2: Visualisation of the Buildings Modelled
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Ordinance Survey ©Crown Copyright 2021.  All rights reserved. License number 100022432

5.3.5 The immediate local area downwind of the proposed installation is flat and
undeveloped land followed by the coast and the North Sea.  Immediately upwind of
the proposed installation is dominated by industrial land uses and is relatively flat.
The Site is adjacent to the River Tees Estuary to the west.  A surface roughness of 0.3
m, corresponding to the minimum value associated with the terrain type, has been
selected to represent the local terrain.

5.3.6 Site-specific terrain data has not been used in the model, as typically terrain data will
only have a marked effect on predicted concentrations where hills with gradient of
more than 1 in 10 are present in the vicinity of the source.  There are no potentially
significant changes in gradient within the study area.

5.4 Modelled Domain

5.4.1 Emissions from the proposed installation have also been modelled on a receptor grid
of variable spacing, in order to determine:

 The location and magnitude of maximum ground level impacts; and

 To enable the generation of pollutant isopleth plots.

5.4.2 The dispersion model output has been reported at specific receptors (which are
unaffected by the grid resolution selected in the model) and as a nested grid of



NZT Power Ltd
Appendix F: Air Impact Assessment
Document Reference: 60559231-ACM-PM-RP-EN-008-A

June 2021 29

values.  The inner grid extends 500 m at a resolution of 25 m x 25 m. The middle grid
extends from 500 m to 5,000 m at a resolution of 50 m x 50 m.  The outer grid extends
from 5,000 m to 15,000 m at a resolution of 250 m x 250 m.  Details of the receptor
grid are summarised Table 5.3.

Table 5.3: Modelled Domain, Receptor Grid

GRID SPACING
(m)

DIMENSIONS
(km)

NUMBER OF NODES
IN EACH DIRECTION

GRID REFERENCE
OF SW CORNER

25 1 x 1 41 456551, 524770

50 10 x 10 201 452051, 520270

250 30 x 30 121 442051, 510270
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6.0 ASSESSMENT OF AMINE DEGRADATION PRODUCTS

6.1 Introduction

6.1.1 An assessment of amine degradation products has also been undertaken to
determine the potential impact on human health from these species as a result of
the emissions from the proposed installation.

6.1.2 Whilst the assessment of amines has been covered in Section 5.1 above, the
assessment of their potential degradation products, nitrosamines and nitramines
(collectively referred to as N-amines) is more complex.

6.1.3 The proprietary amine solvent used in the Capture plant will require specific storage
conditions as, overtime, degradation of some amines can occur resulting in the
generation of N-amines.  If degradation of the amine solvent has occurred, the amine
emission from the Capture plant will therefore also comprise some N-amines.  This
is considered in the assessment as the ‘direct’ N-amine emission.

6.1.4 Potentially of more significance, is the subsequent atmospheric degradation of the
amines released from the Capture plant absorber stack.  The atmospheric chemistry
of amines that react to form N-amines is complex, dependent on ozone and NO2

concentrations, and with the generation of hydroxyl radical intermediates and other
unstable intermediate species in ultraviolet (UV) light, however the principal
mechanisms are well understood for key species such as MEA, and many studies
have been made of the primary reaction rates and subsequent interactions between
degradation products and these atmospheric species.  This is considered in the
assessment as the ‘indirect’ N-amine emission.

6.1.5 The specific parameters used for the modelling assessment for N-amines from the
proposed installation are detailed in this Section, however the basic amine chemistry
mechanisms likely to occur following release of amines from the Capture plant
absorber stack are described in Annex E.

6.1.6 A comparison has been made between predicted model output concentrations, and
the proposed AQAL for NDMA, as detailed in Section 2.2.

Direct N-Amine Emissions

6.1.7 The proprietary amine solvent used in the Capture plant is contained and recycled
within the plant.  Within the process the amine solvent can degrade to N-amines
through oxidation, thermal degradation and acid gas/ trace impurity reactions.
Losses via the absorber stack can therefore occur through entrainment of the solvent
within the exhaust gas.

6.1.8 It is considered that through best practice storage and management measures for
the amine solvent, that its degradation within the Capture plant can be minimised.
As a result, the direct emissions of N-amines into the atmosphere from the Capture
plant absorber stack, are expected to be at very low levels (i.e. in the parts per billion
(ppb) range).
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6.1.9 Direct N-amine emissions have been assessed at the maximum concentration
provided by licensors, and no atmospheric chemistry has been assumed to occur to
this emission.  The direct N-amine emission has therefore been modelled as a direct
release within the ADMS model at a concentration of 0.002mg/Nm3 (assumed to be
NDMA, as a worst case, as this is considered to be one of the most toxic
nitrosamines).

Indirect N-Amine Emissions

6.1.10 The majority of N-amines resulting from releases from the carbon capture process
are considered to form through reactions in the atmosphere post release.  These
atmospheric reactions are complex, and the rate of N-amine formation and
subsequent destruction depends upon a range of factors, as described in detail in
Annex E.

6.1.11 The ADMS model developers, CERC, have generated a specific amine chemistry
module for use with the ADMS software, for the assessment of emissions of amines
and their atmospheric degradation products.  The ADMS amines chemistry module
is the only commercially available modelling software that can be used to evaluate
potential impacts on air quality from amines and amine degradation products
releases.

6.1.12 The model calculates the rate of amine degradation taking into account the reaction
of amines with other species present in the exhaust gas (i.e. NO2) and also with
hydroxyl (‘OH●’) radicals in the atmosphere.  Whilst the ADMS model itself has been
validated, the specific amines module has not been, and therefore the results should
be regarded as indicative rather than definitive.

6.1.13 Within the ADMS amines chemistry module it is necessary to specify the amine,
nitrosamine, nitramines and radical species that are being modelled, therefore an
emission of a solvent with multiple amine components would need to be modelled
separately for each component, and therefore any reactions between the amine
components themselves are not accounted for.

6.1.14 The module requires the amine-specific branching ratio and the kinetic constants, k
values (specific to each subsequent reaction rate).  These values have been derived
for very few species, and different sources contain different rates for the same
species.  Other input data, such as the OH radical concentration, also has limited data
available.  This is described further in Annex E.

6.1.15 Consequently, there are numerous uncertainties within the ADMS amine chemistry
module, and these are discussed in Section 7.3.

6.2 Methodology for the Assessment of N-Amine Emissions

6.2.1 Due to the limitations in the use of the ADMS amines chemistry module and other
assessment parameters, it has been considered appropriate to carry out a staged
assessment approach for indirect N-amines, comprising an initial screening
assessment, based on literature assumptions on amine degradation, and a second
stage of assessment utilising the ADMS amines chemistry module.
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First Stage - Screening Assessment Approach for Indirect N-amine Emissions

6.2.2 Two aspects for the preliminary screening assessment have been taken into account:

 The proportion of amine that can convert to N-amines in the atmosphere.  This
depends on the actual amine species released, with reported conversions of
different amines being between 0.6 – 10%, based on information from Nielson14.
An average conversion rate of 5% has therefore been assumed for this screening
assessment.

 The fraction of reacted amine that can convert to N-amines based on the time
taken to reach the identified receptors.  This has been based on the average wind
speed in the area and the distance to the identified receptors.  The specified
receptors included in the model are between 800m and 2 km from the emission
source, and therefore considering that the average wind speed in the study area
is approximately 4.5 m/s, the pollutants released from the stacks would take
approximately 3 – 7.5 minutes to reach these receptors.  Due to the slow rate of
the degradation of amine to N-amines in the atmosphere (especially in an area
with low background NO2 concentrations) it is considered that less than 1% of the
amine that could degrade to N-amines would have done so by the time it reaches
the identified receptors (Tonneson15).

6.2.3 Taking both these factors into account, a total of 0.05% of the total amine released
would have been converted to N-amine by the time the plume reaches the sensitive
receptors.  This has therefore been derived from the amine PC presented in Table
7.1, and applying the 0.05% conversion.

6.2.4 It is considered that this screening assessment would lead to an overestimation of
the potential N-amines in the atmosphere, as it does not take into account the
destruction of N-amines within the atmosphere, which occurs following the initial
conversion process by photolysis, as described in Annex E.

Second Stage - Amines Chemistry Module

6.2.5 As discussed above (and in Annex E), the treatment of chemistry within the ADMS
amines model requires a suite of reaction rate parameters derived from laboratory
studies and other sources.  The parameters required by the model in order to
simulate amine chemistry for a specific amine(s) are detailed in Table 6.1.

14 Nielsen C J, D'Anna B, Karl M, Aursnes M, Boreave A, Bossi R, Bunkan A J C, Glasius M, Hallquist M, Hansen A M K, Kristensen 
K, Mikoviny T, Maguta M M, Müller, M, Nguyen Q, Westerlund J, Salo K, Skov H, Stenstrøm Y, Wisthaler A (2011). Atmospheric 
Degradation of Amines (ADA). Summary report: Photo-oxidation of methylamine, dimethylamine and trimethylamine. CLIMIT 
project no. 201604. Kjeller, NILU.

15 Tonnesen.  (2011).  Update and improvement of dispersion calculations for emissions to air from TCMs amine plant Part II 
– Likely case nitrosamines, nitramines and formaldehyde.
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Table 6.1: Amine Information for AMDS Model Set-Up

PARAMETER UNITS NOTES

Amines Release g/s As per the emission rate for the main
assessment (5.5 mg/m3).

Direct N-amine
Release g/s

Assessed at the maximum value provided
(0.002mg/m3), and assumed to be NDMA as a
worst case.

Ratio of NOX to NO2

in the exhaust gas % Sensitivity tested at 5% and 10%.

k1 = Amine/OH
radical reaction rate
constant

ppb/s Rate constant for the reaction of the amine with
the hydroxyl radical (OH●).

k2 = Amino
radical/O2 reaction
rate constant

ppb/s Rate constant for the reaction of the amine
radical (‘amine●’) with O2 (to form imine).

k3 = Rate constant
for formation of
nitrosamine

ppb/s Rate constant for formation of nitrosamine
from amine● & NO.

k4a = Rate constant
for formation of
nitramine

ppb/s Rate constant for formation of nitramine from
amine● and NO2.

k4 = Amino
radical/NO2 reaction
rate constant

ppb/s Rate constant for the reaction of the amine●
with NO2 (to form imine or nitramine).

Branching Ratio dimensionless

Branching ratio for the amine / OH● reaction –
representing the reaction split, in formation of
amine radical (amine● which further reacts to
nitrosamine/nitramine) and alternative
hydrocarbyl radical species.

Ratio of J
(nitrosamine) to NO2

dimensionless

The ratio of the photolysis rate constants for
the nitrosamine and NO2 - representing the
relative atmospheric fluctuations of NO2 and
nitrosamine formation as a result of UV light
action.

c = OH concentration
constant s

OH concentration constant, derived for typical
daytime atmosphere.
Calculated following derivation of J(NO2).

Atmospheric oxygen
concentration ppb Representing 21% O2 in air.

NOx baseline µg/m3
Hourly values obtained for Dormanstown
automatic monitor the years of meteorological
data used in the model.

6.2.6 These parameters are entered into an ADMS Additional Information (AAI) file, which
characterises the amine chemistry for the amine species being assessed.

6.2.7 The majority of published data for amine degradation to nitrosamine and nitramines
are presented as relative rates of reaction (for example for the reaction of the amine
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radical to form either the imine or nitramines, and the k1a/k1 branching ratio), rather
than the absolute rates for each reaction required for the Amines module (i.e. k1, k2,
k3, k4a and k4).  The absolute rates of reaction may be derived through scientific
research through experimental observation, for the more stable intermediate
reaction species, or through theoretical computational calculations such as
Transition State Theory.

6.2.8 A review of literature indicates that the availability of published absolute reaction
rates for a whole amine reaction scheme is currently limited to a few primary and
secondary amine species (namely monoethanolamine (MEA), dimethyl amine
(DMA), monomethylamine (MMA)).  Notably, there is scant data published for
tertiary amines or sterically hindered amines (such as aminomethyl propanol (AMP)
or piperazine (Pz) derivatives).  Several papers provide theoretically derived rate
constants (Wen Tan, Liang Zhu et al.16 and Helgesen/Gjernes17), based on relative
reaction rates, however these values have not been verified experimentally.

6.2.9 Given the limited data set available for these parameters, the assessment has been
carried out using the data available for MEA and DMA, assuming that the whole of
the amine emission is either as MEA, or as DMA, and reporting the results of both
species against the NDMA EAL.  It is considered that this is a reasonable worst-case
assumption, given that the majority of primary amines will react similarly in the
atmosphere to MEA, and that the majority of secondary amines will react similarly
in the atmosphere to DMA.

6.2.10 That said, this approach is also likely to lead to an over-estimation of the level of
impact, as it is likely that primary amines would make up a greater proportion of any
solvent solution, with a much smaller proportion (if any) comprising secondary
amines, although it is recognised that this is not necessarily the case for all
proprietary solvents.

6.2.11 As tertiary amines do not feature a labile -H (hence their desired characteristics for
their use as a carbon capture solvent of both thermal stability and the limited
propensity to form nitrosamine), for assessment purposes, it is cautiously assumed
that primary amine nitrosamine formation rates, which are lower than secondary
amine nitrosamine formation rates, are representative of tertiary amines
nitrosamine formation rates in the absence of other data.  However, where primary
amines are not expected to form stable nitrosamine, this is not necessarily the case
for tertiary amine, which is taken into consideration in the discussion of validity of
results.

16 Wen Tan, Liang Zhu et al (2018). Theoretical and Experimental Study on the Reaction of tert-Butylamine with OH Radicals
in the Atmosphere.
17 Helgesen/Gjernes (2016). A way of qualifying Amine Based Capture Technologies with respect to Health and Environmental
Properties.
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6.2.12 In combination with the other worst-case assumptions used in the assessment, such
as the using the maximum emission concentration of all technology licensors and the
fact that photolysis of the N-amines is not taken into account, it is considered that
there is a large degree of conservatism built into this assessment of N-amine impacts.

6.2.13 As stated previously, there is variability in the published branching ratios and kinetic
parameters reported for the same type of amine.  As such, the range of reported
values for MEA and DMA are presented in Table 6.2.  For the main assessment, the
mid-point of these reported values has been used, with sensitivity for the upper and
lower end of the range also being carried out and reported in Section 7.3.  The validity
of any particular published reaction rate value is not possible to confirm with the
currently available information and therefore this approach is considered to be
reasonable until plant trials allow for further verification of data.

Table 6.2: MEA and DMA ADMS Model Set-Up

PARAMETER UNITS MEA DMA SOURCE

Amines Release g/s 5.9 4.3 Section 5.1

Direct N-amine
Release g/s 0.017 0.017 Licensors

Ratio of NOX to NO2

in the exhaust gas % 5 – 10% 5 – 10%
Typical for
combustion
sources

k1 = Amine/OH
radical reaction rate
constant

ppb/s 1.87 – 2.26 1.54 – 1.63 CERC18

Lee & Wexler19

k2 = Amino
radical/O2 reaction
rate constant

ppb/s 3.1e-9* - 9.5e-8* 3.1e-9* - 8.9e-8* CERC
Manzoor20

k3 = Rate constant
for formation of
nitrosamine

ppb/s 1.4e-3 – 6.0e-3 2.0e-3 – 2.1e-3 CERC
Manzoor

k4a = Rate constant
for formation of
nitramine

ppb/s 2.1e-4 - 7.8e-3 7.75e-3 - 7.82e-3 CERC
Manzoor

k4 = Amino
radical/NO2 reaction
rate constant

ppb/s 3.1e-4 - 8.6e-3 8.0e-3 – 9.7e-3 CERC
Manzoor

18 Cambridge Environmental Research Consultants (2012). Contract number 257430174: Atmospheric Chemistry Modelling.
Activity 1: Gaseous Phase Chemistry Modelling (initiated by hydroxyl radical). Prepared for CO2 Capture Mongstad Project
Gassnova SF.
19 Lee & Wexler (2013). Atmospheric amines – Part III: Photochemistry and toxicity, Atmospheric Environment 71, 95-103;
for MEA/DMA.
20 Manzoor et al. (2014). A theoretical study of the reaction kinetics of amines released into the atmosphere from CO2 capture, 
Energy Procedia 63, 822-829.



NZT Power Ltd
Appendix F: Air Impact Assessment
Document Reference: 60559231-ACM-PM-RP-EN-008-A

June 2021 36

PARAMETER UNITS MEA DMA SOURCE

Branching Ratio dimensi
onless 0.05 – 0.15 0.38 – 0.42

CERC
Manzoor
Lee & Wexler

Ratio of J
(nitrosamine) to NO2

dimensi
onless - 0.53* - 0.25* Nielson21

c = OH concentration
constant s 7.1e-4 – 3.9e-3 7.1e-4 – 3.9e-3 CERC

Jackson et al.22

*Upper & Lower values defined according to effect on maximum PC – increase in k2 results in decrease in
PC, similarly for Ratio of J (nitrosamine) to NO2.

6.2.14 The model includes an option to take into account the effects of dilution of pollutant
species and the entrainment of background pollutants.  This ‘dilution and
entrainment’ effect can be switched on and off, however it is recommended that it
is switched on for all model runs involving amine chemistry.  This is employed in the
ADMS chemistry module (and recommended by CERC for low concentration plumes
for the Amines module) to represent slower mixing of the ambient air within the
plume – rather than instantaneous mixing with an ambient air ‘parcel’ at plume
release.

6.2.15 In addition, the amine module includes an option for modelling unstable
nitrosamines, which can be employed when modelling primary amines that do not
form stable nitrosamines.  In effect, this means that the model results generated
when this option is selected include no nitrosamine component, with only nitramines
being predicted to form.  Although this option may be appropriate for modelling the
majority of primary amine species, it has not been included in the assessment as it is
considered that the results would also be valid for predicting likely concentrations of
tertiary amines, as they are more likely to form stable nitrosamines than primary
amines and therefore (as nitrosamines are generally expected to be more toxic than
nitramines) this represents a conservative assumption in the assessment.

21 Nielsen et al. (2010) Atmospheric Degradation of Amines (ADA) Summary Report: Gas phase photo-oxidation of 2-
aminoethanol (MEA)

22 Jackson et al. (2009). Modelling trends in OH radical concentrations using generalized additive models, Atmospheric 
Chemistry and Physics, 9, 2021-2033
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7.0 PREDICTED RESULTS

7.1.1 The PCs of pollutants from the dispersion modelling of the worst-case operational
scenario for human health impacts, and for impacts at designated statutory and non-
statutory ecological receptors, are presented in this Section, and are compared
against the relevant AQALs and screening criteria, as per EA’s Risk Assessment
guidance.

7.1.2 Isopleth figures showing the maximum predicted annual mean and short-term
process contributions of NO2, NOx and nitrogen deposition are provided in Figures
7.1 - 7.5 (presented in Annex A).

7.1.3 The dispersion modelling includes several conservative assumptions in combination,
including:

 Emission concentrations for the process are calculated based on the use of IED
limits, BAT-AEL concentrations, or maximum envisaged emission rates from
licensors; in practice annual average rates would be below this to enable
continued compliance with environmental permit requirements;

 Conservative assumptions on the amine and N-amine species likely to be emitted
(assumes total N-amine release is most toxic species);

 Maximum annual operation for the plant configuration assessed (8,760 hours,
assuming the plant is used for baseloading as a worst case);

 Reporting of the worst-case results from the five years of meteorological data
modelled;

 Maximum absorber building height assessed;

 Presentation of the worst-case impacts from assessment of the absorber stack
being in four locations within plant area defined for the Capture plant; and,

 Conservative estimates of background concentrations for the commencement of
operation at the receptor locations.

7.2 Human Health Receptor Results

7.2.1 The impact of the proposed installation’s process contributions (PCs) from point
source emissions at human health receptors, has been determined from the
maximum model output and, where this has not been screened as insignificant, at
discrete receptor locations.

7.2.2 Table 7.1 shows the maximum results for human health receptors for the majority of
the pollutant species.  The results for N-amine assessment are shown in Table 7.2–
Table 7.6.
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Table 7.1: Maximum Results - Human Health Impacts

SPECIES AQAL
(µg/m3)

PC
(µg/m3)

PC/AQAL
%

SCREENED AS
INSIGNIFICANT?

BC
(µg/m3)

PEC
(µg/m3)

PEC/AQAL
%

SCREENED AS
INSIGNIFICANT?

NO2 hourly mean
(as the 99.79th percentile) 200 7.0 3% Yes - - - -

NO2 annual mean 40 0.8 2% No 14.7 15.5 39% Yes
CO 1-hour mean
(as the 100th percentile) 30,000 84.9 0.3% Yes - - - -

CO 8-hour rolling mean 10,000 75.2 0.8% Yes - - - -
NH3 1-hour mean 2,500 1.7 0.1% Yes - - - -
NH3 annual mean 180 0.2 <0.1% Yes - - - -
Amines (as MEA)
1-hour mean (as the 100th percentile) 400 4.5 1% Yes - - - -

Amines (as MEA)
24-hour mean 100 2.8 2.8% No - 2.8 2.8% Yes

Acetaldehyde
1-hour mean (as the 100th percentile) 9,200 4.8 0.1% Yes - - - -

Acetaldehyde annual mean 370 0.2 <0.1% Yes - - - -
Formaldehyde
1-hour mean (as the 100th percentile) 100 0.4 0.4% Yes - - - -

Formaldehyde annual mean 5 0.02 0.3% Yes - - - -
Ketones
1-hour mean (as the 100th percentile) 89,500 4.8 <0.1% Yes - - - -

Ketones annual mean 6,000 0.2 <0.1% Yes - - - -
Acetic Acid
1-hour mean (as the 100th percentile) 3,700 1.0 <0.1% Yes - - - -

Acetic Acid Annual mean 250 0.04 <0.1% Yes - - - -
PC = Process Contribution, AQAL = Air Quality Assessment Level, BC = Background Concentration, PEC = Predicted Environmental Concentration
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Nitrogen Dioxide Impacts

7.2.3 The maximum predicted annual mean NO2 concentration that occurs anywhere
within the study area as a result of the proposed installation is 0.8 µg/m3, which
represents 2% of the AQAL.  This occurs at the coast at Coatham, just to the north of
the proposed installation, in the vicinity of the Cleveland Links Golf Course.

7.2.4 The annual mean NO2 predicted environmental concentration is 15.5 µg/m3 and
represents 39% of the AQAL, and therefore is well below the second stage of
screening criteria 70%.  NO2 emissions from the proposed installation are therefore
not predicted to lead to a risk of the annual mean AQAL being exceeded anywhere
within the vicinity of the Site.

7.2.5 The maximum predicted hourly mean NO2 concentration (as the 99.79th percentile
of hourly averages) that occurs anywhere as a result of the proposed installation is
7.0 µg/m3, and this occurs again just to the north of the operational proposed
installation.  This represent 3% of the hourly mean NO2 AQAL of 200 µg/m3 and
therefore is below the first stage screening criteria of 10% for short term impacts.
The proposed installation is therefore not predicted to lead to a risk of the hourly
mean NO2 AQAL being exceeded.

Carbon Monoxide

7.2.6 The maximum hourly and 8 hour running mean PCs that occur anywhere as a result
of the proposed installation represent less than 1% of the relevant AQALs and
therefore can be considered to be insignificant at all receptor locations.

Ammonia

7.2.7 The annual and hourly mean PCs of ammonia that occur anywhere as a result of the
proposed installation represent less than 1% of the relevant AQALs and therefore
can be considered to be insignificant at the first level of screening at all receptor
locations.

Amines

7.2.8 The 24 hour annual mean PC of amines that occurs anywhere as a result of the
proposed installation represents 2.8% of the relevant AQAL for MEA.  As the
background concentration is considered to be 0 µg/m3, the PEC is also 2.8% of the
AQAL and therefore can be considered to be insignificant at the second level of
screening.

7.2.9 The hourly mean PC at the maximum impacted location is 4.9 µg/m3, representing
1.2% of the AQAL, and is therefore less than the 10% threshold for insignificance for
short term impacts.

Amine degradation products (Aldehydes, Ketones and Acetic Acid)

7.2.10 The annual and hourly mean PCs of acetaldehyde, formaldehyde, ketones and acetic
acid that occur anywhere as a result of the proposed installation, represent less than
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1% of the relevant AQALs at all locations and therefore can be considered to be
insignificant at the first stage of screening.

7.3 Nitrosamines and Nitramines

Direct N-Amine Releases

7.3.1 Total direct N-amine emissions (i.e. as a result of degradation within the Capture
plant itself) have been modelled at an emission concentration of 0.002mg/Nm3,
without the Amines module (as the module does not include degradation chemistry
of N-amine direct releases), assuming that this release occurs entirely as NDMA, as
a worst-case.  The results are shown in Table 7.2.

Table 7.2: Annual Average N-Amine PCs as a Result of Direct Amine Releases

RECEPTOR
AQAL

(ng/m3)

TOTAL N-AMINES PC

(ng/m3)

PC/AQAL

%

Max anywhere

0.2

0.07 35%
OR1 0.03 13%
OR2 0.05 25%
OR3 0.02 8%
OR4 0.01 7%
OR5 0.04 20%
OR6 0.01 7%
OR7 0.03 15%
OR8 0.01 7%
OR9 0.03 13%

OR10 0.01 7%
PC = Process Contribution, AQAL = Air Quality Assessment Level

7.3.2 The results for the total direct N-amine emission indicate that predicted
concentrations at all receptor locations are well within the AQAL for NDMA.  This
assessment assumes that all the N-amine emission occurs as the nitrosamine NDMA,
when this may only make up a small proportion (if any) of the direct release, with
the total release comprising a number of nitrosamines and nitramines that are likely
to be less toxic than NDMA.  It is therefore considered that the PCs within Table 7.2
represent a worst-case assessment of the potential impact from the direct N-amine
releases.

Indirect Releases - Screening Assessment

7.3.3 As stated previously, the screening assessment assumes that 0.05% of the annual
mean amine release could degrade into N-amines in the atmosphere by the time it
reaches the closest receptors following release from the Capture plant absorber
stack.
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7.3.4 Obviously over a greater distance, further degradation could occur (dependent on
the background NO2 and OH concentrations), and therefore this could result in N-
amine concentrations increasing with distance from the absorber stack, although this
would be countered to some extent by the additional dispersion of the plume over
the greater distance and the removal of N-amines from the atmosphere through the
various pathways described previously.

7.3.5 Taking the outlined assumptions into account, the screening assumptions have been
applied to the reported annual average amine concentration from Table 7.1, to
derive the N-amine PCs from atmospheric degradation processes.  These results are
shown in Table 7.3.

Table 7.3: Annual Average N-Amine PCs as a Result of Indirect Amine Releases –
Screening Assessment (atmospheric degradation)

RECEPTOR
AQAL

(ng/m3)

TOTAL N-AMINES PC

(ng/m3)

PC/AQAL

%

Max anywhere

0.2

0.09 46%
OR1 0.04 18%
OR2 0.07 34%
OR3 0.02 11%
OR4 0.02 9%
OR5 0.05 27%
OR6 0.02 10%
OR7 0.04 21%
OR8 0.02 9%
OR9 0.04 18%

OR10 0.01 7%
PC = Process Contribution, AQAL = Air Quality Assessment Level

7.3.6 The screening assessment results indicate that at the receptor experiencing the
maximum impact, the PC represents 34% of the AQAL for NDMA.  This is therefore
well below the AQAL and demonstrates that based on the screening criteria applied,
an exceedance of the AQAL would be unlikely at receptor locations as a result of the
atmospheric degradation of amines.

7.3.7 Together with the direct amine release PCs provided in Table 7.2, the combined PCs
would remain within the AQAL for NDMA, as shown in Table 7.4.

Table 7.4: Combined N-Amine PC/AQAL % for Direct and Indirect Amine Releases
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RECEPTOR
DIRECT AMINE

RELEASE PC/AQAL
%

INDIRECT AMINE
RELEASE PC/AQAL %

COMBINED
PC/AQAL

%

Max anywhere 35% 46% 81%
OR1 13% 18% 31%
OR2 25% 34% 59%
OR3 8% 11% 19%
OR4 7% 9% 16%
OR5 20% 27% 47%
OR6 7% 10% 17%
OR7 15% 21% 36%
OR8 7% 9% 16%
OR9 13% 18% 31%

OR10 7% 7% 14%

Indirect Releases – ADMS Amines Module Assessment

7.3.8 The results when using the mid-point of the reaction rate constants for MEA and
DMA (as shown in Table 6.2), are presented in Table 7.5 and Table 7.6 respectively.
The predicted nitrosamine and nitramine PCs have been combined for assessment
against the NDMA AQAL, as a worst case.

7.3.9 These results include the dilution and entrainment option, as advised by CERC.

Table 7.5: Annual Average N-Amine PCs as a Result of Indirect Amine Releases –
Amines Module Assessment – MEA Results

RECEPTOR
AQAL

(ng/m3)

NITROSAMINE
PC

(ng/m3)

NITRAMINE
PC

(ng/m3)

COMBINED N-
AMINES PC

(ng/m3)

COMBINED N-
AMINES
PC/AQAL

%

Max anywhere

0.2

0.026 0.012 0.038 19%
OR1 0.006 0.002 0.008 4%
OR2 0.019 0.007 0.025 13%
OR3 0.007 0.006 0.013 6%
OR4 0.007 0.005 0.013 6%
OR5 0.017 0.007 0.024 12%
OR6 0.007 0.003 0.010 5%
OR7 0.013 0.005 0.018 9%
OR8 0.006 0.003 0.010 5%
OR9 0.011 0.005 0.016 8%
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RECEPTOR
AQAL

(ng/m3)

NITROSAMINE
PC

(ng/m3)

NITRAMINE
PC

(ng/m3)

COMBINED N-
AMINES PC

(ng/m3)

COMBINED N-
AMINES
PC/AQAL

%

OR10 0.006 0.002 0.008 4%

Table 7.6: Annual Average N-Amine PCs as a Result of Indirect Amine Releases –
Amines Module Assessment – DMA Results

RECEPTOR
AQAL

(ng/m3)

NITROSAMINE
PC

(ng/m3)

NITRAMINE
PC

(ng/m3)

COMBINED N-
AMINES PC

(ng/m3)

COMBINED N-
AMINES PC/AQAL

%

Max anywhere

0.2

0.030 0.066 0.097 48%
OR1 0.008 0.012 0.020 10%
OR2 0.025 0.037 0.061 31%
OR3 0.004 0.032 0.036 18%
OR4 0.004 0.031 0.035 18%
OR5 0.020 0.037 0.057 29%
OR6 0.008 0.018 0.026 13%
OR7 0.014 0.029 0.043 22%
OR8 0.006 0.019 0.026 13%
OR9 0.012 0.027 0.039 20%

OR10 0.008 0.012 0.020 10%

7.3.10 The combined N-amines results for MEA are lower than the combined results for
DMA.

7.3.11 It can be seen that, when using the mid-point value for the reaction rate constants
for both MEA and DMA, the predicted PCs are lower than those predicted in the
screening assessment shown in Table 7.3 above.  As such, these results when
combined with the direct releases would result in lower overall impacts than those
presented in Table 7.4.

7.3.12 In terms of the nitrosamine present, the results for MEA and DMA are very similar,
however, the results for MEA show a greater proportion of the total N-amine being
present as the nitrosamine, whereas the DMA results show a higher proportion being
present as the nitramine.  Therefore, although the combined PCs for DMA results in
a higher PC/AQAL, the proportion of the potentially less toxic nitramine is greater.
This again means that the comparison against the NDMA EAL is very conservative.
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7.3.13 If, for example, the nitramine was assumed to be 6-fold less toxic than the
nitrosamine (Gjernes et al.23), then the predicted nitramine PC could be reduced by
a factor of 6 for comparison with the NDMA AQAL.  This would then result in a
maximum PC that occurs anywhere of:

nitrosamine (0.03 ng/m3) + nitramine (0.066 ng/m3 / 6) = 0.041 ng/m3

7.3.14 This would represent 20.5% of the AQAL, compared to the 48% reported in Table 7.6
above.

7.3.15 In combination with the direct releases from Table 7.2, both the MEA and DMA
results would remain below the AQAL.

7.3.16 Due to the uncertainties in the ADMS model input parameters, the sensitivity of the
model to various amine input parameters has been tested and is reported below.
The results presented above are for the mid-point values for the branching ratios and
reaction rate constants available for the amines MEA and DMA.  The parameters that
have been varied in the model input include:

 Mid-Point rate constant and branching ratio values with no dilution and
entrainment;

 Lowest rate constant and branching ratio values with dilution and entrainment;
and

 Highest rate constant and branching ratio values with dilution and entrainment.

7.3.17 In addition, the percentage of NO2 within the NOx emission was tested at 5% and
10%, however this did not change the results.

7.3.18 The results of this sensitivity testing are shown in Table 7.7, and represent the
process contribution of nitrosamine and nitramine combined as a percentage against
the AQAL.

Table 7.7: Summary of PC/AQAL Results at the Maximum Location, for Various
Amine Rate Constant Input Parameters

MODEL INPUT VARIED
AQAL

(ng/m3)

NITROSAMINE
PC

(ng/m3)

NITRAMINE
PC

(ng/m3)

COMBINED
PC

(ng/m3)

COMBINED
PC/AQAL

%

MEA

23 Gjernes E, Helgesen L I, Maree Y (2013) Health and environmental impact of amine based post combustion CO2 capture. 
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MODEL INPUT VARIED
AQAL

(ng/m3)

NITROSAMINE
PC

(ng/m3)

NITRAMINE
PC

(ng/m3)

COMBINED
PC

(ng/m3)

COMBINED
PC/AQAL

%

Mid-Point Values with
Dilution and Entrainment

(as Table 7.4)

0.2

0.026 0.012 0.038 19%

Mid-Point Values No
Dilution and Entrainment 0.002 0.005 0.008 4%

Lowest Values with Dilution
and Entrainment 0.0009 0.00005 0.001 0.5%

Highest Values with Dilution
and Entrainment 0.46 0.48 0.94 470%

DMA

Mid-Point Values with
Dilution and Entrainment

(as Table 7.5)

0.2

0.030 0.066 0.10 48%

Mid-Point Values No
Dilution and Entrainment 0.003 0.030 0.033 16%

Lowest Values with Dilution
and Entrainment 0.005 0.009 0.014 7%

Highest Values with Dilution
and Entrainment 0.33 0.97 1.29 647%

7.3.19 It can be seen from the results presented in Table 7.7 that the inclusion of the dilution
and entrainment option increases the combined result up to 5-fold for MEA and
nearly 3-fold for DMA, therefore its inclusion in the assessment is considered to
result in a conservative assessment.

7.3.20 When the lowest branching ratios and rate constants are used in the assessment, the
results are considerably lower than those reported in Table 7.5 and Table 7.6.

7.3.21 Using the highest branching ratios and rate constants values leads to a significant
increase in the predicted results, with results nearly 25 times higher for MEA and 13
times higher for DMA.  It is therefore considered unlikely that these results would be
representative of actual impacts.

7.3.22 Further analysis of the rate constant inputs (which included varying each value at a
time) showed that the parameter that has the greatest impact on the predicted PC
is the k2 (Rate constant for the reaction of the amine● with O2 (to form imine)),
which could lead to variations in the predicted PCs of up to nearly 500% for the
nitrosamine generated and up to nearly 1,000% of the nitramine generated from
MEA, with values of a similar order of magnitude for DMA.

7.3.23 The k2 rate constant is effectively a radical “sink” (or loss) from the reaction scheme,
and therefore an increase in k2 leads to a decrease in the formation of nitrosamine
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and nitramine (and consequently a lower PC).  The model run to obtain highest
values for the sensitivity analysis therefore, used the lower end of the range of values
reported for k2, as this leads to a higher PC as it favours the nitrosamine formation.

7.3.24 The published data for k2 varies by nearly a factor of 10, and therefore it is
considered that the value of k2 represents significant uncertainty in the assessment.

7.3.25 Other parameters have a less marked effect varying the predicted PCs.  Further
sensitivity modelling has been carried out to demonstrate this, with all the rate
constants at their upper values, except for k2, which has been kept at the mid-point
value.  The results of this model are shown in Table 7.8.

Table 7.8: PC/AQAL Results at the Maximum Location for k2 Sensitivity

MODEL INPUT VARIED
AQAL

(ng/m3)

NITROSAMINE
PC

(ng/m3)

NITRAMINE
PC

(ng/m3)

COMBINED
PC

(ng/m3)

COMBINED
PC/AQAL

%

MEA

Mid-Point Values with
Dilution and Entrainment

(as main assessment)

0.2

0.026 0.012 0.038 19%

Upper Values for all
Constants Except k2 at

mid-point
with Dilution and

Entrainment

0.091 0.050 0.14 70%

DMA
Mid-Point Values with

Dilution and Entrainment
(as main assessment)

0.2

0.030 0.066 0.10 48%

Upper Values for all
Constants Except k2 at

mid-point
with Dilution and

Entrainment

0.060 0.10 0.16 80%

7.3.26 When all other values are at the upper values reported in literature, and the k2 value
is at the mid-point, the PCs remain below the NDMA AQAL, even when dilution and
entrainment are factored into the model.

7.3.27 The sensitivity analysis shows that several parameters, such as the k2 value and the
inclusion of dilution and entrainment can lead to substantially different predicted
concentrations of nitrosamine and nitramine.  As such, this leads to significant
uncertainty in modelled PCs.
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7.3.28 Nevertheless, the assumed mid-range values, for the typical stack emission
parameters modelled, indicate that amine emission concentrations do not exceed
the AQAL, and following the clarification of the emission’s composition and other
model parameters during the FEED process, the emissions of amines are expected to
be controlled such that the maximum PC is below the AQAL for nitrosamine.

Limitations in the ADMS Amines Chemistry Module

7.3.29 The Environment Agency recognise that the level of uncertainty within the ADMS
amines chemistry model is high24, however, as the only commercially available
model, recognises that it follows first principles and considers available knowledge
on the mechanisms of formation of toxic pollutants from amine emissions in ambient
air.  As such, they recommend that uncertainties are addressed by testing the
sensitivity of the model to different input parameters, and also that validation
exercises are undertaken.  In order to validate the model outcome, an operational
Capture plant utilising the specific amine being assessed would be required.  The
specific limitations include, but are not limited to:

 No time-delay in N-amine formation

7.3.30 The amines chemistry module does not account for the time delay in the initiation
of the amine degradation, which indicates only around 15% reaction completion as
worst-case within 1 hour.  The ADMS model assumes that a "steady state" is achieved
within 1 hour (N-amine formation/ destruction).  The time taken for the peak
concentration to reach a receptor at 1 km is between 1 - 30 minutes.  The model only
calculates spatial dispersion, not temporal change.  In the real world, as the plume
travels further from the source, the amine concentration reduces but the OH
concentration may increase (less NOx for the preferential reaction to occur) leading
to higher potential N-amine formation, but when balanced against N-amine and
amine dispersion the result is a lower N-amine concentration with distance.  The
model has to assume the reaction completion at the point of calculation, and
therefore it is considered that this is overly conservative.

 No interaction between different amine species

7.3.31 The amines chemistry module does not allow for any interactions between different
amine degradation species as only one amine species can be modelled at a time.  This
could result in missing N-amine removal pathways and therefore result in higher
predicted results.

 N-amine degradation processes not accounted for in the module

24 Environment Agency (Air Quality Modelling and Assessment Unit) (2020). AQMAU recommendations for the regulation of 
impacts to air quality from amine-based post-combustion carbon capture plant. AQMAU-C2025-WD01 (DRAFT).
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7.3.32 Once the N-amine has formed in the atmosphere, further degradation/ destruction
processes will occur due to photolysis by sunlight, however this destruction of N-
amine is not accounted for in the model.  It is therefore considered that this leads to
potentially significant overprediction of the potential impact.

7.3.33 Furthermore, no photolysis of the direct N-amine emission is considered in the
model, and this will again lead to an overprediction of the potential impact.

7.3.34 The amines chemistry module also does not account for further amine degradation,
for example the primary amine MEA can degrade to the secondary amine DEA (which
could subsequently degrade into NDMA).  This could result in an increase in N-amine
formation but over longer time periods which could be counterbalanced by the
destruction of N-amine over time discussed above.

 Only day-time reactions considered

7.3.35 The amines chemistry module accounts for diurnal variation in the photolysis (OH)
reaction, but does not account for the slower NO2 degradation reaction that occurs
during night-time.  This would lead to an underprediction of N-amine generation at
night-time.

 No consideration of phase partitioning

7.3.36 Once emitted to the air, amines, nitrosamines and nitramines undergo multiphase
chemistry, i.e. gas, aqueous (aerosols, cloud droplets, fog and rain) and particle
phase (aerosol).  Therefore, the mass of starting amine may be partitioned (e.g. gas
or aqueous phase).  The amines chemistry module is only concerned with the
gaseous phase.

Other Amine Assessment Limitations

 Limited reaction rate constants available

7.3.37 The majority of published data for amine degradation to nitrosamine and nitramines
are presented as relative rates of reaction (for example for the reaction of the amine
radical to form either the imine or nitramines, and the k1a/k1 branching ratio), rather
than the absolute rates for each reaction required for the Amines module (i.e. k1, k2,
k3, k4a and k4).  The absolute rates of reaction may be derived through scientific
research through experimental observation, for the more stable intermediate
reaction species, or through theoretical computational calculations such as
Transition State Theory.  A review of the available literature indicates that the
availability of published absolute reaction rates for a whole amine reaction scheme
is currently limited to a few primary and secondary amine species (namely MEA,
DMA and MMA).  In addition, some kinetic parameters reported for the same type
of amine show different values in published reports.  Sensitivity testing to the range
of kinetic parameters published is therefore required, and has been carried out as
part of this assessment.

 OH Value
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7.3.38 The main reaction of amines in the atmosphere is with the OH radicals and it is this
reaction on which the ADMS amine module is based.  The model set up therefore
requires a OH value to calculate the "c-value" for the reaction rate.  The modelled
predicted impact is directly proportional to c-value, and therefore it is important that
local data is obtained and used in the model set-up.  Halving of the OH value would
result in a halving of the modelled N-amine impact.

7.3.39 There is limited data on OH concentrations in the atmosphere and the concentration
is highly variable with sunlight, ozone concentration, NOx concentration etc. and the
radical is short-lived.

7.3.40 This therefore represents a significant uncertainty in the modelled results.

 Use of the NDMA AQAL for all N-amines

7.3.41 The use of the NDMA AQAL for the assessment of all N-amines is likely to lead to an
over-prediction of the potential impact.  As previously stated, NDMA is considered
to be one of the most toxic nitrosamines, with nitramines being considered much
less so.  It is therefore reasonable to assume that were AQALs to be developed for
other N-amine species that these would be higher than that proposed for NDMA.

7.3.42 The model output typically presents much higher predicted concentrations of
nitramines (three to ten times higher) than for nitrosamines.  For comparison against
the AQAL for the purpose of assessment, the nitrosamine and nitramine predicted
concentrations have been combined.  As stated previously, nitramines are known to
be less toxic that nitrosamines, and therefore it is considered that this leads to an
overly conservative assessment.

7.4 Ecological Impacts

7.4.1 The results of the dispersion modelling of predicted impacts on sensitive ecological
receptors are presented in Table 7.9 to Table 7.12.  The tables set out the predicted
PC to atmospheric concentrations of NOx and NH3 and also nutrient nitrogen and acid
deposition.

7.4.2 Due to the low nitrogen content in the amine release, compared to NOx and NH3,
this has been discounted from inclusion in the depositional assessment.
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Table 7.9: NOx Dispersion Modelling Results for Ecological Receptors

RECEPTOR
ID SITE NAME CL

(µg/m3)
PC

(µg/m3)

PC % of
CL

SCREENED AS
INSIGNIFICANT?

BC

(µg/m3)

PEC

(µg/m3)

PEC %
of CL

SCREENED AS
INSIGNIFICANT?

E1 Teesmouth and Cleveland Coast
SPA, SSSI and Ramsar

30 1.2 3.9% No 19.43 20.20 67% Yes

75 17.2 22.9% No 29.15 44.6 60% No exceedance
predicted

E2 North York Moors SPA, SAC and
SSSI

30 0.06 0.2% Yes - - - -
75 1.0 1.3% Yes - - - -

E3 Northumbria Coast SPA and
Ramsar

30 0.04 0.1% Yes - - - -
75 0.8 1.0% Yes - - - -

E4 Durham Coast SAC and SSSI 30 0.05 0.2% Yes - - - -
75 0.7 0.9% Yes - - - -

E5 Lovell Hill Pools SSSI 30 0.11 0.4% Yes - - - -
75 1.7 2.3% Yes - - - -

E6 Saltburn Gill SSSI 30 0.06 0.2% Yes - - - -
75 0.8 1.1% Yes - - - -

E7 Coatham Marsh LWS 30 0.36 1.2% Yes <100% for LWS - - - -
75 6.9 9.2% Yes <100% for LWS - - - -

E8 Eston Pumping Station LWS 30 0.46 1.5% Yes <100% for LWS - - - -
75 8.6 11.4% Yes <100% for LWS - - - -

CL = Critical Level, PC = Process Contribution, BC = Background Concentration, PEC = Predicted Environmental Concentration
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Table 7.10: Dispersion Modelling Results for Ecological Receptors – NH3

RECEPTOR
ID SITE NAME CL

(µg/m3)
PC PC % of

CL
SCREENED AS

INSIGNIFICANT?
BC

(µg/m3)

PEC

(µg/m3)

PEC % of
CL

SCREENED AS
INSIGNIFICANT?

E1 Teesmouth and Cleveland
Coast SPA, SSSI and Ramsar

3

0.05 1.5% No 0.89 0.95 32% Yes

E2 North York Moors SPA, SAC
and SSSI 0.004 0.1% Yes - - - -

E3 Northumbria Coast SPA and
Ramsar 0.003 0.1% Yes - - - -

E4 Durham Coast SAC 0.003 0.1% Yes - - - -

E5 Lovell Hill Pools SSSI 0.01 0.2% Yes - - - -

E6 Saltburn Gill SSSI 0.00 0.2% Yes - - - -

E7 Coatham Marsh LWS 0.02 0.7% Yes - - - -

E8 Eston Pumping Station LWS 0.03 0.9% Yes - - - -

CL = Critical Level, PC = Process Contribution, BC = Background Concentration, PEC = Predicted Environmental Concentration
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Table 7.11: Dispersion Modelling Results for Ecological Receptors – Nutrient Nitrogen Deposition (Kg/Ha/Yr)

Receptor
ID SITE NAME

Background
nitrogen

deposition (kg
N/ha/yr)

Most stringent
Critical Load class
applicable for the

site

Lower value
of applicable
Critical Load

range

PC

(kg
N/ha/yr)

PC % Critical
Load

PEC

(µg/m3)
PEC % Critical

Load

E1 Teesmouth and Cleveland
Coast SPA, SSSI and Ramsar 10.5

Coastal stable dune
grassland

(calcareous type)
10 0.39 3.9% 10.9 109%

E2 North York Moors SPA, SAC
and SSSI 18.1 Dry Heath 10 0.03 0.3% 18.5 181%

E3 Northumbria Coast SPA
and Ramsar 14.7

Coastal stable dune
grassland (acid

type)
8 0.02 0.2% 14.7 184%

E4 Durham Coast SAC and SSSI 14.7
Sub-atlantic semi-

dry calcareous
grassland

15 0.02 0.2% 14.7 98%

E5 Lovell Hill Pools SSSI No comparable habitat with established critical load for estimate available.

E6 Saltburn Gill SSSI 19.7
Broad-leaved,

mixed and yew
woodland

15 0.05 0.3% 19.8 132%

E7 Coatham Marsh LWS 14.1
Sub-atlantic semi-

dry calcareous
grassland

15 0.15 1.0% 14.3 95%

E8 Eston Pumping Station LWS 14.1
Sub-atlantic semi-

dry calcareous
grassland

15 0.19 0.9% 14.3 72%
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Table 7.12: Dispersion Modelling Results for Ecological Receptors – Acid Deposition N (Keq/Ha/Yr)

Receptor
ID

Site name Background Acid deposition (keq/ha/yr) PC acid deposition (keq/ha/yr)

Critical Load Baseline Lowest Critical Load
class applicable

Baseline % of
Critical Load

PC PC % of
Critical
Load

PEC% of Critical
Load

E1
Teesmouth and

Cleveland Coast SPA,
SSSI and Ramsar

Min CL Min N 0.856
Min CL Max N 4.856
Min CL Max S 4.00

N: 0.75
S: 0.25 Calcareous grassland 6.3% 0.025 0% 6.3%

E2 North York Moors
SPA, SAC and SSSI

Min CL Min N 0.499
Min CL Max N 0.792
Min CL Max S 0.150

N: 1.29
S: 0.21 Dwarf shrub heath 189.4% 0.002 0% 189.4%

E3 Northumbria Coast
SPA and Ramsar

Min CL Min N 0.223
Min CL Max N 0.786
Min CL Max S 0.420

N: 1.05
S: 0.15 Acid grassland 152.9% 0.001 0% 152.9%

E4 Durham Coast SAC
and SSSI

Min CL Min N 0.223
Min CL Max N 1.03
Min CL Max S 0.81

N: 1.05
S: 0.15 Acid grassland 116.5% 0.001 0% 116.5%

E5 Lovell Hill Pools SSSI No critical loads assigned for the features present.

E6 Saltburn Gill SSSI
Min CL Min N 0.142
Min CL Max N 2.639
Min CL Max S 2.448

N: 0.89
S: 0.15

Unmanaged
Broadleafed/

Coniferous
Woodland

39.4% 0.004 0% 39.4%

E7 Coatham Marsh LWS
Min CL Min N 1.07

Min CL Max N 5.071
Min CL Max S 4.00

N: 1.01
S: 0.23 Calcareous grassland 5.8% 0.017 0% 5.8%



NZT Power Ltd
Appendix F: Air Impact Assessment
Document Reference: 60559231-ACM-PM-RP-EN-008-A

June 2021 54

Receptor
ID

Site name Background Acid deposition (keq/ha/yr) PC acid deposition (keq/ha/yr)

Critical Load Baseline Lowest Critical Load
class applicable

Baseline % of
Critical Load

PC PC % of
Critical
Load

PEC% of Critical
Load

E8 Eston Pumping
Station LWS

Min CL Min N 1.07
Min CL Max N 5.071
Min CL Max S 4.00

N: 1.01
S: 0.23 Calcareous grassland 5.8% 0.022 0% 5.8%
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Oxides of nitrogen emissions – Critical Levels

7.4.3 The assessment results show that the predicted annual average and daily average
NOx impacts are below the criteria for insignificance at seven of the eight receptors.

7.4.4 PCs of more than 1% of the long-term critical level and 10% of the daily critical level
for NOx occur at the adjacent Teesmouth and Cleveland Coast SPA, SSSI and Ramsar.
The annual average PEC at the Teesmouth and Cleveland Coast site is 67% of the
annual average critical level and 60% of the daily average critical level respectively.
The annual average value is therefore under 70% of the critical level threshold for
insignificance.  There is also no exceedance of the daily average critical level
predicted.

Ammonia – Critical Levels

7.4.5 The assessment results show that the predicted annual average NH3 impacts are
below the criteria for insignificance (<1% of the critical level) at seven of the eight
receptors, and therefore can be considered insignificant.  The predicted annual
average NH3 impacts at the Teesmouth and Cleveland coast receptor are slightly over
the threshold of insignificance at 1.5% of the critical level, however in combination
with the background concentration it represents only 32% of the critical level and
therefore can be considered to be insignificant as it is below the second screening
criteria of 70%.

Nitrogen deposition – Critical Loads

7.4.6 The Environment Agency and Natural England have agreed that depositional impacts
that are below 1% of the relevant critical load for a site can be regarded as
insignificant.  Guidance from the Institute of Air Quality Management clarifies that
the 1% threshold is not intended to be precise to a set number of decimal places but
to the nearest whole number (paragraph 5.5.2.6 of Institute of Air Quality
Management, 202025).

7.4.7 The only receptor that experiences impacts that are over the 1% threshold is the
Teesmouth and Cleveland Coast SPA, SSSI and Ramsar, with impacts of 3.9% of the
lower Critical Load.

7.4.8 The Habitats Regulations Assessment (HRA), carried out as part of the DCO
application (Main Permit Application Supporting Document Appendix G) considers
the potential effects of nitrogen deposition on the Teesmouth and Cleveland Coast
site.

25 Institute of Air Quality Management (2020). A Guide to the Assessment of Air Quality Impacts on
Designated Nature Conservation Sites, Version 1.1 [Online]. Available from:
https://iaqm.co.uk/text/guidance/air-quality-impacts-on-nature-sites-2020.pdf
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7.4.9 The HRA details that the sensitivity of the Teesmouth and Cleveland coast site, in the
vicinity of where the highest impacts from the Capture plant stack occurs, is likely to
be low given that some of this area comprises the old slag heaps from the steel works
and some of the area is subject to tidal washing.  In addition, the only species for
which APIS suggests adverse effects may occur due to elevated NOx or nitrogen
deposition is nesting terns and avocets26.

7.4.10 The area of peak nitrogen deposition comprises intertidal mud- and sandflats in the
Coatham Dunes area.  However, parts of this area are subject to frequent tidal
washing, rendering them less sensitive to the impacts of nitrogen.  Most notably
from the point of view of an Appropriate Assessment, the area to the north of the
proposed installation is not used by nesting terns or avocets (the two species groups
for which the SPA is designated that are potentially sensitive to nitrogen deposition
on their habitats).

7.4.11 The main avocet and common tern nesting sites lie in Saltholme Reserve approx 5km
to the south-west of the proposed installation.  The dose forecast at the Reserve
equates to approximately 0.2% of the lower Critical Load for littoral sediment and
the common terns are understood to nest on a raft in the lake, which will be
unaffected by nitrogen deposition.  The main active little tern colonies are at
Crimdon Dene and Seaton Carew, which comprise coastal stable dune grasslands
with a lower Critical Load value of 10 kg N/ha/yr.  The nitrogen deposition dose
forecast at these locations due to the proposed installation is less than 0.5% of the
lower Critical Load.

7.4.12 Given that the known nesting sites for avocets and terns would be subject to a
nitrogen dose far lower than 1% of the lower Critical Load, it is unlikely that nitrogen
deposition from the proposed installation would have significant impacts on the
Teesmouth and Cleveland Coast site’s breeding bird interest.

7.4.13 The tern interest of the Teesmouth and Cleveland Coast site is considered to be of
low susceptibility even if the dose due to the proposed installation exceeded 1% of
the Critical Load and a conclusion of no adverse effect on integrity was reported in
the HRA.

7.4.14 In addition, these results have been discussed with Natural England during the DCO
consultation process, and it has been agreed that an adverse effect on the integrity
of the Teesmouth and Cleveland Coast SPA/ Ramsar via this impact pathway would
not arise.

26 The SRCL for this SPA hasn’t actually been updated to include the avocet feature but their sensitivity can be discovered by
looking at other sites designated for the species
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ANNEX A – Figures
Figure 4.1: Human Health Receptors

Figure 4.2: Ecological Receptors

Figure 7.1: Annual Average NO2 Process Contributions

Figure 7.2: Hourly Average NO2 Process Contributions

Figure 7.3: Annual Average NOx Process Contributions

Figure 7.4: Daily Average NOx Process Contributions

Figure 7.5: Annual Average N-Deposition Process Contributions
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Annex B – Stack Height Assessment
The selection of an appropriate stack release height requires a number of factors to
be taken into account, the most important of which is the need to balance a release
height sufficient to achieve adequate dispersion of pollutants against other
constraints such as the visual impact of tall stacks.

Emissions from the main Capture plant stack (Release Point A1) have been modelled 
at heights between 80 m and 120 m, at 10 m increments.  Graphs, showing the 
predicted ground level concentrations for the annual mean and maximum 1-hour 
NO2 concentrations are presented in Figure B1.

The purpose of the graphs is to evaluate the optimum release height in terms of the 
dispersion of pollutants which would occur, against the visual constraints of further 
increases in release height, with the ‘elbow’ of the resulting curve showing where 
the reductions in ground level concentrations become disproportionate to the 
increasing height.

Analysis of the curves shows that the benefit of incremental increases in release 
heights after 90 m become less pronounced although at heights above 100 m, the air 
quality benefit of increasing release height further is reduced, with this levelling out 
after 110m.

Although the graph suggests that a stack height of 90 – 100 m represents the 
optimum stack height for maximum ground level concentrations of NO2, following 
further analysis of the results, especially those at the habitat receptors, it has been 
concluded that a 115 m stack is more appropriate for ensuring that impacts of 
atmospheric pollutants at these receptors can be considered to be acceptable.

The reported results in the assessment are therefore based on a 115 m stack.
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Figure B1: Predicted Maximum Process Contribution to Ground Level NO2
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Annex C – ELV Reference Conditions for
CO2

Current ELV Reference Conditions

The permitted emission limit values or BAT-AELs for emissions to air from
combustion of gaseous fuels in a gas turbine are expressed as a mass of emitted
substance per volume of flue-gas under the following standard conditions:

 Dry gas at 273.15K, 101.3kPa; and

 At reference oxygen level 15 vol%

The equation for calculating the emission concentration at the reference oxygen
level is:

 ER = EM * (21-OR) / (21 – OM)

Where:

ER = emission concentration at the reference oxygen level;

EM = measured emission concentration;

OR = reference oxygen level in vol% (15%)

OM = measured oxygen level in vol%

Operation at a higher excess air would increase the volume of the flue gas, and
consequently decrease the pollutant concentration within the flue gas; likewise,
different design temperatures and pressures, and moisture content, affect the flue-
gas volumetric flow.

The correction of measured emission concentrations to reference conditions allows
for comparison of the emissions performance of gas turbines operated at different
excess air levels with the BAT-AEL (or ELV).

Proposed ELV Reference Conditions

A similar, additional correction to measured emission concentrations is proposed for
flue gas from Capture plant operated at different CO2 capture performance, to
account for the reduction in flue gas volume as a result of CO2 removal.

The CO2 volume generated from natural gas combustion, corrected to GT reference
conditions above, is 3.4 % by volume, according to stoichiometric calculation and
accounting for excess air (the CO2 volume in air, at 0.04%, is negligible within the
calculation; likewise, typical variation in the natural gas composition makes
negligible difference).

By assuming a reference CO2 capture of 90%, the measured emission concentration
can be corrected to the reference residual CO2 level.  The equation for calculating
the emission concentration at the reference CO2 capture level is:
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 EC = ER * (1-CC) / (1 – CU)

Where:

 EC = emission concentration at reference residual CO2 level;

 ER = emission concentration at the GT reference conditions (Dry gas at 273.15K,
101.3kPa, 15% O2);

 CC = reference residual CO2 with capture 0.34% (90% capture)

 CU = unabated CO2 vol% (3.4%, at GT reference)

Operation at a lower CO2 capture rate would slightly increase the volume of the flue
gas, and consequently decrease the pollutant concentration within the flue gas.
Conversely, a higher CO2 capture rate would slightly decrease the volume of the flue
gas, and increase the pollutant concentration.

An example calculation is provided below:

 EC = ER * (1-CC) / (1 – CU)

 EC = 30 * (1-0.0034) / (1 – 0.034)

 EC = 30.95 mg/Nm3

Table C1: BAT-AELs for NOx Emissions to Air from CCGT Plant

CCGT (1)

BAT-AELs (mg/Nm3)
REFERENCE
CONDITIONS:YEARLY

AVERAGE
DAILY AVERAGE

New CCGT >= 50MWth
(unabated)

10 - 30 15 - 40 Dry gas at 273.15K, 101.3kPa,
15% O2

New CCGT >= 50MWth
(CO2 abated (90%))

10.3 - 30.95 15.5 - 41.3 Dry gas at 273.15K, 101.3kPa,
15% O2, 0.34% CO2
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Annex D - Visible Plumes
Absorber Emission – Release Point A1

There is potential for the plume released from the stack to be visible, due to the initial
water content of the emission from the absorber stack, and the relatively low
temperature of the release.  The ADMS module can assess the potential for visible
plumes to form, based on the initial water content of the release, and the humidity
of the ambient air.

The plume from the stack is described as being “visible” when liquid water is present
in the plume above a critical threshold of 0.002kg/kg.

The original version of the Environment Agency H1 Risk Assessment Guidance
published in 2003 included a methodology for the assessment of the impacts of
visible plumes, although this guidance has now been superceded.

The ADMS model set up is identical to that used for the main assessment of pollutant
emission, except for the selection of plume visibility in the model set-up and the input
of initial water content in the plume.  The initial water vapour mixing ratio of the
plume is 0.030 kg/kg (mass of water vapour per unit mass of dry release at the stack).
ADMS 5 defines the plume to be ‘visible’ at a particular downwind distance if the
ambient humidity at the plume centreline is below 98%, above which it is considered
the plume would be indistinguishable from clouds.  All other model inputs are
identical to those detailed for the main assessment.

The results from the model are shown in Table D1 assuming an emission at 35°C, and
in Table D2 assuming an emission at 60°C.  The results show that the 35°C emission
would lead to the worst-case visible plumes, with plumes being visible for up to 40%
of the time.  The plume would only be longer than 115 metres (i.e. the height of the
stack) for approximately 4% of the time.

Table D1: Summary of Visible Plumes for a 35°C Release

MET YEAR
PERCENTAGE OF

TIME PLUME
VISIBLE

LONGEST
VISIBLE PLUME

LENGTH

AVERAGE
VISIBLE PLUME

LENGTH

PERCENTAGE OF
TIME VISIBLE
PLUME OVER

115m

2015 31% 781 m 21 m 2%

2016 38% 716 m 16 m 3%

2017 33% 675m 15 m 3%

2018 40% 713 m 20 m 4%

2019 39% 629 m 17 m 3%
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Table D2: Summary of Visible Plumes for a 60°C Release

MET YEAR
PERCENTAGE OF

TIME PLUME
VISIBLE

LONGEST
VISIBLE PLUME

LENGTH

AVERAGE
VISIBLE PLUME

LENGTH

PERCENTAGE OF
TIME VISIBLE
PLUME OVER

115m

2015 <1% 232m <1m 0.1%

2016 <1% 229m <1m 0.1%

2017 <1% 217m <1m 0.1%

2018 1% 406m <1m 0.2%

2019 <1% 172m <1m 0.1%

Cooling Towers

In addition to the potential for visible plumes to occur from the Capture plant
absorber stack, there is also potential for visible plumes to occur from the mechanical
draft cooling towers.  The current plant design shows 22 cooling cells positioned in 2
banks of 11 cells.  The potential for visible plumes to occur from the cooling cells has
therefore been modelled as per the information shown in Table D3.

Table D3: Cooling Cell Visible Plume Model Inputs

PARAMETER WET COOLING SYSTEM

Number of vents 22

Release height (m) 25

Vent diameter (m) 12

Flow rate per vent 700 kg/s

Water ratio (kg/kg, dry) 0.0112

Temperature (°C) Ambient

The results for the cooling tower modelling are shown in Table D4.  Although the
results indicate that a short visible plume may be present for the majority of the time
once the proposed installation becomes operational, the amount of time that the
visible plume is predicted to exceed the Installation boundary (taken as being an
arbitrary 100m for the assessment) is less than 1%.

Table D4: Cooling Cell Visible Plumes
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MET YEAR
PERCENTAGE OF

TIME PLUME
VISIBLE

LONGEST
VISIBLE PLUME

LENGTH

AVERAGE
VISIBLE PLUME

LENGTH

PERCENTAGE OF
TIME VISIBLE
PLUME OVER

115m

2015 85% 205 10 0.5%

2016 82% 255 12 0.4%

2017 84% 353 11 0.8%

2018 81% 515 15 1.1%

2019 82% 255 13 0.8%
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Annex E - Background to the Amine
Degradation Assessment
General Amine Information

The group of chemicals known as amines are based on ammonia (NH3).  Primary
amines have one hydrogen (H) atom replaced with an organic (hydrocarbon-based)
functional group, secondary amines have two H atoms replaced, and tertiary amines
have three H atoms replaced.

Typical amine solvents used in carbon capture plant tend to be primary or secondary
amine compounds consisting of hydroxyl (OH) and amino functional groups (referred
to as ‘alkanolamines’).  Examples of typical solvents used are Monoethanolamine
(MEA) and Monomethylamine (MMA), both primary amines, and Dimethylamine
(DMA) a secondary amine.

That said, amine solvents are being optimised and improved over time to improve
their performance, in terms of their carbon capture efficiency, lower energy
requirements and also to reduce emissions.  This has led to some amine solvents
now comprising tertiary amines and alkanolamines, and cyclic amines, such as
Piperazine (Pz).

Amines can react to create new compounds, both within the carbon capture process
itself, and after they are emitted to the environment in the absorber exhaust gas.
The fate of the released amines is determined by atmospheric processes such as
chemical transformation, dispersion and deposition.

General N-Amine Information

Nitrosamines typically comprise nitroso- (NO-) compounds of the original
alkanolamine solvent. The stability of the N-amines produced through amine
degradation varies, for example, primary amines MEA and MMA are not considered
to form stable nitrosamines, such that, following formation, the nitrosamine either
reverts to the amine radical intermediate or rapidly isomerises (changes structure)
and then reacts very quickly with O2 to form an imine (R-N group) (Neilson 2011).
However, MEA can degrade to the nitrosamine NDELA via the secondary amine DEA.

Secondary amines can form more stable nitrosamines (Neilson 2011), as can tertiary
amines although they are less likely to do so than secondary amines.  Degradation
reactions for tertiary amines are not well studied, and therefore there is little
information available to inform this assessment.

N-nitroso-dimethylamine (NDMA) is the nitrosamine formed from DMA degradation,
and is the most widely studied nitrosamine, due to its toxicity.  The proposed EAL for
the assessment of N-amines in the UK has been derived for NDMA.  The EAL for
NDMA is to be applied to all N-amines in order to ensure a conservative assessment.

Toxicity of N-amines
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Nitrosamines and nitramines are known carcinogens.  Whilst there is toxicity data
available for a few of the more generally researched substances (e.g. NDMA), the
environmental toxicity of many of the other individual compounds is not well
understood (SEPA 2015).  NDMA is understood to be the most mutagenic of the
nitrosamines tested (Wagner et al. 2014).

There is less information available on the toxicity of nitramines, which include nitro
(-NO2) compounds of the amine, such as dimethylnitramine (DMNA), however it is
generally considered that they are of lower toxicity than nitrosamines.  Although
they are suspected carcinogens, none are classified as such by the International
Agency for Research on Cancer (IARC).  Animal carcinogenicity studies have indicated
that DMNA is at least 6 times less toxic than NDMA (Gjernes et al. 2013).  This paper
goes on to state that further quantitative evaluation of relevant nitramines is
required to rank them against nitrosamine toxicity, in order that more refined and
less conservative assessments, where all N-amines are assumed to be as toxic as the
most toxic nitrosamine, can be carried out.

The World Health Organisation (WHO 2002) have published a Concise International
Chemical Assessment Document on NDMA, which states that laboratory studies
have shown that exposure to NDMA results in tumours in all species examined; it is
metabolized and does not bioaccumulate.

NDMA can be produced during water treatment processes involving chlorination and
is also found in low levels in cured meat, fish, beer and tobacco smoke.

Atmospheric Processes Generating N-amines

The amine degradation process in the atmosphere requires the presence of either an
OH or a NO3 radical.  The primary method for formation of N-amines in the
atmosphere is a two-step process:

 The OH radical (daytime) or an NO3 radical (night-time) removes a single hydrogen
atom in the amine molecule to form a highly unstable amine radical; then

 The amine radical reacts with either a NO group to form a nitrosamine, or an NO2

group to form a nitramine.

A variety of competing reaction can also take place, preventing the formation of N-
amines:

 The amine can degrade to other radical species via removal of a non-amine
hydrogen, or methyl group (this potential is known as the branching ratio);

 The amine radical can undergo competing reactions, with NO2 and O2 to form an
imine (stable, and not toxic (Helgesen/ Gjernes 2016)); and

 The nitrosamine or nitramine can undergo further degradation or reverse
reaction to the radical.

During daylight hours, atmospheric amine degradation is initiated by reaction with
the OH radical (generated by photolysis of water (H2O) by the action of ultraviolet
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light from sunlight). At night, in the absence of UV light, no OH radical is generated.
Night-time reactions instead proceed by the much slower pathway of NO with ozone
(O3) to form NO2 and subsequent reaction of NO2 with O3 to form the NO3 radical;
amine degradation is then initiated by reaction with the NO3 radical to form N-
amines. The nitrate radical is rapidly photolyzed in daylight and does not represent
a likely reaction pathway during the daytime.

The concentration of NOx and O3 available in the atmosphere therefore influences
the reaction of amine to N-amines.  The night-time reactions are slower than the
daytime reactions as a result of the intermediate reaction step, therefore a higher
rate of formation of N-amines results from daytime reactions.

The steady state concentration of N-amines can be calculated using reaction rate
constants, usually derived through experimental studies.  Such studies have
indicated that not all amines released would convert to N-amines in the atmosphere,
and the conversion of those amines that would degrade in the atmosphere to N-
amines can take many hours to occur.  Typical conversion rates are <1% although
chamber experiments show a range of between 0 and 10%.

The ratio of reaction coefficients in the formation of (1) the amine radical (that can
proceed to N-amine formation) or (2) an alternative species radical (that does not
form N-amine) is described as the Branching Ratio; and for several amine species
these have been published, although values range between published sources.  The
higher the Branching Ratio of the amine, the more likely it is to form N-amines.

Table E13: Amine Branching Ratios

AMINE SPECIES BRANCHING RATIO SOURCE

Monoethanolamine (MEA) 0.05 – 0.15 CERC 2012 and Karl et al.
2012

Monomethylamine (MMA) 0.25 Neilson et al. 2011

Dimethylamine (DMA) 0.38 - 0.42 CERC 2012

Piperazine 0.09 Onel et al. 2015

As can be seen in Table E1, the branching ratios for the primary amines MEA and
MMA, and piperazine, are lower than that for the secondary amine, DMA, therefore
secondary amines are more likely to form N-amines.  Tertiary amines must first
degrade to a primary or secondary amine, through elimination of a hydrocarbon
group, before further reaction to N-amine or other species can occur, and therefore
as other competing reaction may also occur, the likelihood of forming N-amine must
also be lower than for secondary amine; however there is limited published data for
tertiary amine reaction constants.

In addition to the Branching Ratio, the concentration of ambient NOx also influences
the generation of N-amines from amines.  From laboratory tests it is known that
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when more NOx is present, more amines are converted into N-amines.  This function
is called the “amino radical/NO2 reaction rate constant [k4]”.

There is a relatively limited data set available for establishing the proportion of amine
that forms N-amines, upon which a simulation of atmospheric chemistry can be
based.  The reaction rate data that has been identified from laboratory experiments
for DMA is set out in Table E2.  Within this data set, the NOx concentrations, and
whether the simulation is undertaken for daytime or night-time simulations, is
identified.

Table E14: Influence of the NOx Concentration on the Proportion of DMA
Converted to N-amines in Laboratory Trails

FINAL SPECIES
NOx/ NO2

CONCENTRATION IN
EXPERIMENT

PROPORTION OF
AMINE
CONVERTED TO
N-AMINE

REFERENCE COMMENTS

Nitramines
0.2 – 10ppb <2.5% Nielsen et al. (2011) Daytime simulation

20 – 50ppb <8% Nielsen et al. (2011) Daytime simulation

Nitrosamines

0.2 – 10ppb <0.6% Nielsen et al. (2011) Daytime simulation

20 – 50ppb <2.3% Nielsen et al. (2011) Daytime simulation

0.08ppm NO -
0.16ppm NO2

1% Grosjean et al. (1991)
citing Pitts J. et al. (1978)

Night-time simulation

2ppm NO2 - 2ppm
NO

10 – 30%
Grosjean et al. (1991)
citing Hanst et al. (1977)

Night-time simulation.
This experiment is
acknowledged by SEPA to
have been undertaken at
particularly high Nitrous
Acid/NOx concentrations,
at nearly 20 times the
short-term ambient NO2

air quality standard.  This
concentration would
typically only be
observed within a stack
flue gas before
abatement.

4.1.1 In the flue gas from the carbon capture plant, the NOx is composed of around 90-95%
NO to 5-10% NO2.  Once in the atmosphere the NO will react with OH to form NO2.
The reaction of OH is preferential to NO rather than amine as NO is more reactive.
Therefore, as NO concentrations decrease spatially due to reaction with OH, there
becomes more available OH radicals to react with the amines, so amine reaction will
occur at greater distance from the stack.  The details of this process are too uncertain
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to be accurately represented in the ADMS amines chemistry model and therefore the
model does not include this time-delay in the initiation of the amine degradation
reaction, assuming that this occurs instantly on release, therefore potentially
resulting in higher concentrations in close proximity to the stack.  This is therefore
considered to be very conservative.

At night-time the NO3 radical is formed from the reaction of ozone with NO, and then
NO2.  Therefore, the reaction of NO to NO2 is likely to be preferential to the reaction
of NO2 to NO3 or NO3 reacting with amines, which again will slow down the formation
of N-amines.  These details again are too uncertain to be accurately represented in
the amines chemistry module and therefore are not included.

Only a proportion of the N-amines released or generated will remain as N-amines, as
during daylight hours, N-amines are degraded to more basic amines, amides,
ethanoic acid, ketones and simple nitrogen compounds in the presence of sunlight.
At night no destruction of N-amines occurs.

The WHO document (WHO 2002) states that photolysis is the major pathway for the
removal of NDMA from surface water, air, and land and that it is unlikely to be
transported over long distances in air or to partition to soil and sediments.

Not all amines released would convert to N-amine in the environment and the 
conversion of those amines that would degrade in the atmosphere to N-amine can 
take many hours to occur. This is described by the work carried out by Tonnesen in 
2011 (Tonnesen 2011), which demonstrated that less than 5% of the amines that 
would convert to N-amines would have do so in the first 10 minutes after release. 
After 2 hours, only 20% of the amines that would convert to N-amine would have 
done so. The work then goes on to estimate that it would take in the order of 10 
hours for 100% conversion to occur. A graph showing this process is provided in 
Figure E1.

Figure E1.  Conversion of Amines to N-Amine in the Atmosphere Over Time

https://www.google.co.uk/url?sa=i&url=https://www.nilu.no/dnn/52-2011-TCM%20update%20dispersion%20phase%202-dat/?ext%3Dpdf&psig=AOvVaw0pldL2vnWqXrxvqaImcePw&ust=1580903120171000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJCWkpnpt-cCFQAAAAAdAAAAABAE
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Annex F – Sensitivity Analysis
The maximum predicted concentrations of NO2 at the worst-affected human health
receptors and NOx at the worst-affected statutory designated ecological receptor
associated with the variable input parameters, are presented in Table F1 as the
percentage of maximum reported values in Table 7.1 and Table 7.9.

Table F1: Point Source Dispersion Model Sensitivity Analysis

MODEL INPUT 
VARIABLE

HUMAN HEALTH RECEPTORS ECOLOGICAL RECEPTORS

SHORT-TERM LONG-TERM SHORT-TERM LONG-TERM

Meteorological data    
(5-year min-max) 95% 59% 31% 61%

Stack and absorber 
position 91% 85% 85% 75%

Surface roughness 
representation (0.5m) 100% 108% 106% 115%

Surface roughness 
representation (0.2m) 98% 94 97% 90%

The main uncertainty associated with the model is considered to be the
meteorological data, with a NO2 process contribution variation of 95% in the hourly
mean NO2 results; this is equivalent to an overall uncertainty at the worst-affected
receptor of -0.3 µg/m3 (or -0.2% of the relevant AQAL).

The annual average NO2 process contribution varies by 59%, equivalent to an overall
uncertainty at the worst-affected receptor of -0.25 µg/m3 (or -0.6% of the relevant
AQAL).

The position of the absorber and stack as a less marked effect on the predicted
process contributions than the meteorological data.

The surface roughness representation in the main model has been assessed at 0.3m,
representative of the maximum surface roughness associated with agricultural land.
The surface roughness has been varied and it was found that a higher surface
roughness (0.5m), on the whole resulted in higher impacts at the worst case
receptor, however for receptors further away from the source, the impacts would be
reduced over those reported in the main assessment.

The lower surface roughness of 0.2m resulted in lower impacts.
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Annex G – Cumulative Impacts
Introduction

This Annex provides an assessment of the cumulative impacts on the ecological
receptors from the proposed installation and other industrial emission sources in the
vicinity.

Cumulative impacts from existing sources of pollution in the area are accounted for
in the adoption of site-specific background pollutant concentrations from archive
sources and a programme of project-specific baseline air quality monitoring in close
proximity to the proposed installation.

It is recognised, however, that there is a potential impact on local air quality from
emission sources which have either received or are about to receive planning
permission but have yet to come into operation.  Those that are relevant for
consideration due to their potential operational air quality impacts are:

 Redcar Energy Centre, Energy Recovery Facility (R/2020/0411/FFM) (adjacent to
the west) (ID 77);

 Grangetown Praie, Energy Recovery Centre (R/2019/0767/OOM) (approximately
4 km Southwest) (ID 16);

 MGT Teesside, Tees Dock Road, Grangetown, Biomass Power Station
(R/2008/0671/EA) (approximately 3 km Southwest) (ID 68);

 Tees CCPP (DCO Reference 2019) (approximately 5 km South) (ID3);

 Land to the South of Tofts Road West, Graythorp, Hartlepool, Energy Recovery
Centre (H/2019/0275) (approximately 5 km Northwest) (ID 36);

 Land at Grid Reference 450674, 521428 Port Clarence Road Port Clarence,
Renewable Energy Plant (14/1106/EIS) (approximately 7 km Southwest) (ID78).

There are also a number of developments planned for the adjacent STDC site,
however it is not considered that any of these developments will have cumulative
point source emissions, and therefore have not been included in this assessment.

Given the distance of a number of these developments from the proposed
installation, it is considered that the cumulative impacts will not be significant, such
as the Port Clarence development.  In addition, the prevailing wind direction for the
area would mean that significant cumulative impacts with the Land to the South of
Tofts Road West would be unlikely.

Therefore, the cumulative assessment carried has utilised the same ADMS model as
the main assessment for the proposed installation presented above, and has
included emission sources for:

 Redcar Energy Centre;

 Grangetown Prairie;
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 MGT Teesside; and

 Tees CCPP.

Information on the emissions from these sources has been derived from the
available Planning Applications, and has been included in the ADMS model.  Due to
the nature of these emissions, the cumulative assessment has only included
emissions of NOx, CO and NH3, as these are the only pollutant species common to all
the cumulative schemes.

Model Inputs

All cumulative model schemes have been assumed to run continuously at full output,
therefore providing a worst-case assessment of the potential cumulative impact.
The model inputs for the proposed installation are as described in Table 5.1, and
those for the cumulative schemes are shown in Table G1.

Table G1: Emission Inventory for the Cumulative Schemes

PARAMETER REDCAR ENERGY 
CENTRE

GRANGETOWN 
PRAIRIE

MGT   
TEESSIDE TEES CCPP

No. Stacks 2 1 1 2

Stack Location 
NGR x, y

455890, 526032,

455895, 526030
454592, 521251 454124,523184

Not stated

(estimated at:

456454,520437

456513, 520466)

Stack Height (m) 80 70 95 75

Stack diameter (m) 2.3 3.48 5.2 8

Stack Temperature 
(°C) 140 140 95 72.4

Actual Flow Rate 
(Am3/s) 79.1 142.5 541.5 928

Stack Velocity 
(m/s) 19.1 15 25.5 18.5

Normalised Flow 
Rate (Nm3/s)1 55.4 80.7 323 744

NOx Emission 
Concentration 
(mg/Nm3)

1202 1202 150 303



NZT Power Ltd
Appendix F: Air Impact Assessment
Document Reference: 60559231-ACM-PM-RP-EN-008-A

June 2021 74

PARAMETER REDCAR ENERGY 
CENTRE

GRANGETOWN 
PRAIRIE

MGT   
TEESSIDE TEES CCPP

NOx Release Rate 
(g/s) 6.7 9.7 48.5 22.3

CO Emission 
Concentration 
(mg/Nm3)

50 50 100 30

CO Release Rate 
(g/s) 2.8 4.0 32.3 22.3

NH3 Emission 
Concentration 
(mg/Nm3)

102 102 10 Not released

NH3 Release Rate 
(g/s) 0.55 0.81 3.2 Not released

1 STP, dry gas and the relevant O2 correction factor applied for the process.

2 Modelled at the BAT-AEL for Waste Incineration Plant

3 Not assessed in the CCPP DCO, but assumed to be indicative BAT as in LCP BATc

The buildings for each of the cumulative schemes, that may affect the dispersion of
the emissions from the stacks have been included in the model run for the
assessment of cumulative impacts.  The buildings included in the model are shown
in Table G2.

Table G2: Buildings for Inclusion in the Cumulative Scheme Model

CUMULATIVE 
SCHEME BUILDING GRID 

REFERENCE
HEIGHT 
(m)

LENGTH 
(m) WIDTH (m) ANGLE (°)

Redcar Energy 
Centre Boiler Hall 455863, 

525961 49 25 63 112

Grangetown 
Prairie

Main 
Building

454568, 
521275 45 25 63 75

Land at 
Teesport Main Boiler 454125, 

523104 55 45 45 90

Teesport CCPP

HRSG 1 456467, 
520407 45 30 26 65

HRSG 2 456528, 
520434 45 30 26 65
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Cumulative Impacts Ecological Receptors

The cumulative assessment results show that the predicted annual average NOx

impacts are below the criteria for insignificance at three sites, and a further two sites
are only just over the threshold for insignificance.  The remaining three sites are the
Teesmouth and Cleveland Coast SPA, Coatham Marsh LWS and also the Eston
Pumping Station LWS.  Both the LWS sites have impacts that remain <100% of the
Critical Level when the background concentrations are taken into consideration.  The
cumulative impacts at the Teesmouth SPA are 72% of the Critical Level when the
background concentration is also taken into consideration, and therefore remains
well below the Critical Level.

The daily average NOx impacts are below the criteria for insignificance at seven of
the eight receptors.  The remaining site is again the Teesmouth and Cleveland Coast
SPA which has cumulative impacts that represent 21% of the Critical Level, however
when the background concentration is taken into consideration, the impacts
represent 60% of the Critical Level, and therefore remains well below it.

The assessment results show that the predicted cumulative annual average NH3

impacts over the criteria for insignificance (<1% of the critical level) at only three of
the eight receptors.  The predicted annual average NH3 impacts at the Teesmouth
and Cleveland are 4.1% of the Critical Level, however in combination with the
background concentration it represents only 34% of the Critical Level and therefore
can be considered to be not significant.

The impacts of nitrogen deposition at the Teesmouth and Cleveland Coast Ramsar
site increase from a maximum of 3.9% with the proposed installation to 8.6% for the
cumulative impact assessment.  This is largely due to the close proximity of the
Redcar Energy Centre, which itself predicted n-deposition impacts of a maximum of
16% on the Teesmouth and Cleveland Coast site.

As the location of the maximum impacts from these two sources do not coincide, the
combined maximum PC is 8.6%, and therefore is below the reported maximum for
the Redcar Energy Centre alone.  As reported in Section 7.4, the sensitivity of the
Teesmouth and Cleveland Coast site is considered to be low, and the location of
breeding bird species that could be affected by n-deposition, does not coincide with
this area of peak impact.  It is therefore considered that the cumulative impacts at
the Teesmouth and Cleveland Coast site would not result in any adverse effects on
this habitat site.
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Table G3: NOx Dispersion Modelling Results for Ecological Receptors

Receptor 
ID Site Name

Annual Average Daily Average

Critical 
Level 

(µg/m3)

PC

(µg/m3)
PC % of 

CL
BC

(µg/m3)

PEC

(µg/m3)
PEC % of 

CL

Critical 
Level 

(µg/m3)

PC

(µg/m3)
PC % of CL BC 

(µg/m3)
PEC

(µg/m3)
PEC % of 

CL

E1

Teesmouth
and Cleveland
Coast SPA,
SSSI and
Ramsar

30

2.3 7.6% 19.43 21.7 72%

75

15.6 20.8% 29.15 44.7 60%

E2
North York
Moors SPA,
SAC and SSSI

0.23 0.8% 8.32 8.6 29% 3.2 4.3% 12.48 15.7 21%

E3
Northumbria
Coast SPA and
Ramsar

0.23 0.8% 9.46 9.7 32% 2.5 3.4% 14.19 16.7 22%

E4 Durham Coast
SAC and SSSI 0.29 1.0% 10.57 10.9 36% 2.6 3.5% 15.86 18.5 25%

E5 Lovell Hill
Pools SSSI 0.47 1.6% 13.22 13.7 46% 4.9 6.6% 19.83 24.8 33%

E6 Saltburn Gill
SSSI 0.39 1.3% 9.45 9.8 33% 3.0 4.0% 14.18 17.2 23%

E7 Coatham
Marsh LWS 1.31 4.4% 26.89 28.2 94% 7.7 10.3% 40.34 48.1 64%

E8
Eston
Pumping
Station LWS

1.77 5.9% 22.40 24.2 81% 6.8 9.1% 33.60 40.4 54%
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Table G4: Dispersion Modelling Results for Ecological Receptors – NH3

Receptor ID Site Name

Annual Average (µg/m3)

CL

(µg/m3)
PC PC % of CL

BC

(µg/m3)

PEC

(µg/m3)
PEC % of CL

E1
Teesmouth and

Cleveland Coast SPA,
SSSI and Ramsar

3

0.12 4.1% 0.89 1.0 34%

E2 North York Moors SPA,
SAC and SSSI 0.01 0.3% 1.24 1.2 42%

E3 Northumbria Coast SPA
and Ramsar 0.01 0.4% 1.56 1.6 52%

E4 Durham Coast SAC 0.01 0.4% 1.56 1.6 52%
E5 Lovell Hill Pools SSSI 0.02 0.6% 2.04 2.1 69%
E6 Saltburn Gill SSSI 0.01 0.5% 1.15 1.2 39%
E7 Coatham Marsh LWS 0.05 1.7% 1.42 1.5 49%

E8 Eston Pumping Station
LWS 0.07 2.4% 1.42 1.5 50%

CL = Critical Level, PC = Process Contribution, BC = Background Concentration, PEC = Predicted Environmental Concentration



NZT Power Ltd
Appendix F: Air Impact Assessment
Document Reference: 60559231-ACM-PM-RP-EN-008-A

June 2021 78

Table G5: Dispersion Modelling Results for Ecological Receptors – Nutrient Nitrogen Deposition (Kg/Ha/Yr)

Receptor 
ID Site name

Background nitrogen 
deposition (kg 

N/ha/yr)

Most stringent 
Critical Load class 
applicable for the 

site

Lower value of 
applicable 

Critical Load 
range

PC

(kg 
N/ha/yr)

PC % Critical 
Load

PEC

(µg/m3)
PEC % Critical 

Load

E1 Teesmouth and Cleveland
Coast SPA, SSSI and Ramsar 10.5

Coastal stable dune
grassland

(calcareous type)
10 0.86 8.6% 11.4 114%

E2 North York Moors SPA, SAC
and SSSI 18.1 Dry Heath 10 0.07 0.7% 18.1 181%

E3 Northumbria Coast SPA and
Ramsar 14.7

Coastal stable dune
grassland (acid

type)
8 0.08 1.0% 14.8 185%

E4 Durham Coast SAC and SSSI 14.7
Sub-atlantic semi-

dry calcareous
grassland

15 0.10 0.6% 14.8 99%

E5 Lovell Hill Pools SSSI No comparable habitat with established critical load for an estimate available.

E6 Saltburn Gill SSSI 19.7
Broad-leaved,

mixed and yew
woodland

15 0.19 1.3% 19.9 133%

E7 Coatham Marsh LWS 14.1
Sub-atlantic semi-

dry calcareous
grassland

15 0.39 2.6% 14.5 97%

E8 Eston Pumping Station LWS 14.1
Sub-atlantic semi-

dry calcareous
grassland

15 0.55 2.7% 14.7 73%
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Table G6: Dispersion Modelling Results for Ecological Receptors – Acid Deposition N (Keq/Ha/Yr)

Receptor
ID

SITE NAME

Acid deposition (keq/ha/yr) PC acid deposition (keq/ha/yr)

Critical Load27 Baseline Lowest Critical Load
class applicable

Baseline % of
Critical Load

PC PC % of
Critical Load

PEC% of Critical
Load

E1

Teesmouth and
Cleveland Coast

SPA, SSSI and
Ramsar

Min CL Min N
0.856

Min CL Max N
4.86

Min CL Max S
4.00

N: 0.75

S: 0.25
Calcareous grassland 6.3% 0.061 1.2% 6.3%

E2
North York Moors
SPA, SAC and SSSI

Min CL Min N
0.499

Min CL Max N
0.792

Min CL Max S
0.150

N: 1.29

S: 0.21
Dwarf shrub heath 189.4% 0.005 1.3% 190.7%

E3
Northumbria Coast

SPA and Ramsar
Min CL Min N

0.223

N: 1.05

S: 0.15
Acid grassland 152.7% 0.006 1.3% 153.9%

27 Critical Load (as obtained from APIS, July 2018).
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Receptor
ID

SITE NAME

Acid deposition (keq/ha/yr) PC acid deposition (keq/ha/yr)

Critical Load27 Baseline Lowest Critical Load
class applicable

Baseline % of
Critical Load

PC PC % of
Critical Load

PEC% of Critical
Load

Min CL Max N
0.786

Min CL Max S
0.420

E4
Durham Coast SAC

and SSSI

Min CL Min N
0.223

Min CL Max N
1.03

Min CL Max S
0.81

N: 1.05

S: 0.15
Acid grassland 116.5% 0.007 1.0% 117.5%

E5
Lovell Hill Pools

SSSI
No critical loads assigned for the features present.

E6 Saltburn Gill SSSI

Min CL Min N
0.142

Min CL Max N
2.639

Min CL Max S
2.448

N: 0.89

S: 0.15

Unmanaged
Broadleaved/Conifer

ous Woodland
39.4% 0.014 0.4% 39.8%



NZT Power Ltd
Appendix F: Air Impact Assessment
Document Reference: 60559231-ACM-PM-RP-EN-008-A

June 2021 81

Receptor
ID

SITE NAME

Acid deposition (keq/ha/yr) PC acid deposition (keq/ha/yr)

Critical Load27 Baseline Lowest Critical Load
class applicable

Baseline % of
Critical Load

PC PC % of
Critical Load

PEC% of Critical
Load

E7
Coatham Marsh

LWS

Min CL Min N
1.07

Min CL Max N
5.071

Min CL Max S
4.00

N: 1.01

S: 0.23
Calcareous grassland 5.8% 0.047 0% 5.8%

E8
Eston Pumping

Station

Min CL Min N
1.07

Min CL Max N
5.071

Min CL Max S
4.00

N: 1.01

S: 0.23
Calcareous grassland 5.8% 0.065 1.4% 7.2%
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