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1

Introduction

1.1.1 As explained in Paragraph 3.3.46 of Environmental Statement (ES)
Chapter 3 (6.1, REP2-013), the Anaerobic Digestion facility would convert
organic waste into a constant and high-quality stream of biogas. There would
be three potential options to utilise the biogas:
a.

gas upgrading to compressed natural gas (CNG) quality vehicle fuel;

b.

injection into the local gas network; or

c.

combustion in a combined heat and power (CHP) engine for generation of
renewable energy.

1.1.2 The air quality impacts resulting from the combustion of biogas onsite have
been assessed in the air quality assessment submitted with the DCO
application, ES Chapter 7 Air Quality (6.1, APP-044) and in an updated
assessment, ES Chapter 7 Air Quality (6.1, REP2-019) Rev 1 at Deadline 2.
Both of these assessments apply the assumption that the formation of
nitrogen oxides (NOx)1 in the Anaerobic Digestion facility CHP engine would
be abated using a standard modern combustion control system to control flue
gas temperature and stability.
1.1.3 Since the DCO Application was submitted, the Applicant has made a
commitment to invest in enhanced NOx abatement equipment through the
implementation of a selective catalytic reduction (SCR) system on the CHP
engine. This enhanced mitigation will reduce the NOx emissions associated
with the Anaerobic Digestion CHP engine. In this report the Applicant
considers the consequences of that improved mitigation performance on the
air quality assessment undertaken as part of the Environmental Statement
(ES).
1.2

Purpose of Document

1.2.1 The purpose of this document is to summarise the Applicant’s proposals in
relation to the abatement of emissions of NOx from the Anaerobic Digestion
facility. Within this report, the Applicant will:
a.

confirm the abatement technology that was assessed within the DCO
application and the predicted air quality impacts associated with the
abatement technology;

b.

confirm the abatement technology which is now being proposed and the
changes in the predicted air quality impacts associated with the proposed
abatement technology;

Nitric oxide (NO) and nitrogen dioxide (NO2) are together referred to as nitrogen oxides
(NOx).
1
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c.

describe how this abatement technology choice will be secured within the
DCO and the Environmental Permit (EP); and

d.

explain any consequences of the proposed changes to the abatement
technology and how these will be mitigated.
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2

Biogas combustion within the DCO Application

2.1

Conventional abatement of NOx emissions in a CHP engine

2.1.1

In a CHP engine, higher combustion temperatures will result in higher
concentrations of NOx within the flue gases. Therefore, the most important
parameters to minimise the formation of NOx in the flue gases are combustion
temperature and stability.

2.1.2 The CHP engine proposed by the Applicant for the Anaerobic Digestion facility
would utilise a combustion control system to control flue gas temperature and
stability to minimise the formation of NOx in the flue gases, while
simultaneously recovering energy from the biogas in an efficient manner. This
approach is referred to as a primary combustion control technique and is
considered to represent best available technique (BAT) for NOx emission
abatement in the proposed CHP engine type.
2.2

Emissions modelling and Air Quality Impacts

2.2.1 The original source parameters for the DCO application for the emissions to
air from the CHP engine are presented in Paragraphs 7.5.52 to 7.54 and
Table 7.19 of ES Chapter 7 (6.1, REP2-019). The NOx emission limit
originally proposed, and assessed within the ES, for the CHP engine as set
out in Table 7.19, is consistent with the requirements of the Medium
Combustion Plant Directive (MCPD) of 500mg/Nm3 at 5% oxygen.

2.2.2 Dispersion modelling was undertaken for the DCO application for the NOx
emissions from the CHP engine, assuming that the CHP engine operated
continuously all year round (Paragraph 7.5.53 of ES Chapter 7 (6.1, REP201)).
2.2.3 Contour plots of the process contributions (PCs) for hourly mean NO2, annual
mean NOx and daily mean NOx concentrations are shown in Figures 7.8 to
7.10 of the ES (6.2, APP-056 to APP-057) respectively. The contour plots
indicate that the effects of the anaerobic digestion CHP engine combustion
were limited to the immediate vicinity of the REP site and there is no
interaction (cumulative effects) with the emissions from the Energy Recovery
Facility (ERF) as the impacts of emissions from the ERF are well below the
levels of significance.

2.2.4 Potentially significant impacts are limited to the Crossness LNR, and only a
small area of the LNR has hourly mean NO2 concentrations above 10% of the
objective and therefore considered potentially significant for human health
receptors in the LNR. However, the area where the hourly mean NO2
concentrations are above 10% is not an area where members of the public will
be regularly present and therefore is not an area of relevant exposure for air
quality strategy objectives.
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3

Proposed biogas combustion systems

3.1

Selective catalytic reduction

3.1.1 Nitric oxide (NO) and nitrogen dioxide (NO2) are together referred to as
nitrogen oxides (NOx). Combustion of fossil fuels is by far the dominant source
of NOx emissions. Emission concentrations are dependent on the amount of
nitrogen in the fuel and on the air-fuel mix ratio. High temperatures and
oxidation-rich conditions generally favour NOx formation in combustion.
3.1.2 In order to mitigate the air quality impacts associated with the operation of the
Anaerobic Digestion facility, selective catalytic reduction (SCR), in
combination with a reagent (ammonia solution), has been selected as the
preferred technology choice for the abatement of NOx from the CHP engine.
This is a secondary abatement technique which goes beyond the standard
combustion control system referred to in Paragraph 1.1.2 and can be
employed to achieve low NOx emission rates. This technology choice was not
required or assumed at the time of the ES assessment since the relevant
emissions limits could be achieved using standard combustion control
techniques. However, the inclusion of SCR enables the emissions of NOx to
be reduced further.
3.1.3 SCR is a means of converting NOx, with the aid of a catalyst, into nitrogen,
water and carbon dioxide. Aqueous ammonia or urea is injected into the flue
gas stream and flows across a catalytic surface, typically titanium dioxide.

3.1.4 The SCR system would include a catalyst bed in which the catalyst would be
housed and is where the SCR reaction would take place. The reaction
typically takes place at a temperature of 300 to 450°C which can be achieved
with the selected technology.
3.1.5 SCR technology is extensively deployed throughout Europe.
3.1.6 Ammonia solution (25% concentration) would be used as a reagent for NO x
abatement in the SCR system. Ammonia would be delivered and stored in a
tank in a designated storage area. The ammonia solution would be injected
into the flue gases immediately upstream of the catalyst module.
3.1.7 Extensive dosing of reagent (ammonia) or low reaction temperatures can lead
to ammonia slip, resulting in discharge to atmosphere of unreacted ammonia.
Release of ammonia is not a controlled emission under the MCPD when
operating the CHP engine. An assessment of the revised impacts from both
NOx and ammonia is presented in Section 3.2 of this report.
3.1.8 The Applicant considers SCR to be a ‘cutting-edge’ technology in the
abatement of emissions of NOx from CHP engines and has elected to
incorporate this technology in the event that biogas from the Anaerobic
Digestion facility were combusted onsite in a CHP engine.
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3.2

Air quality impacts

3.2.1 The proposed application of SCR to abate emissions of NOx from the
combustion of biogas in the CHP engine may also lead to emissions of
ammonia due to ammonia slip. Table 7.19 of ES Chapter 7 Air Quality (6.1,
REP2-019) has therefore been updated (in the table below) with information
on reduced NOx emissions from the engine and the resultant ammonia
emissions as a result of the introduction of SCR technology. Ammonia
emissions have been modelled at the level which gives rise to insignificant
impacts for ecological receptors within the Crossness Nature Reserve as this
is the most stringent criteria to meet. The assumed emission levels are set out
in Table 7.1 below.
Table 7.1: Source parameters for Biogas Engine

Parameter

Model set-up

Discharge Location (m)

549391, 1807594

Stack height (m)

8

Internal Stack Diameter (m)

0.64

Flue gas velocity (m/s)

10

Oxygen (wet) (%v/v)

10

Moisture Content (%v/v)

10

Temperature (degree C)

450
3

Actual flow rate each (Am /s)

3.24

Normalized flow rate, dry, 5% oxygen
3
(Nm /s)

0.754

Normalized flow rate, dry, 15% oxygen
3
(Nm /s)

2.032

NOx emission concentration, 5% oxygen
3
(mg/Nm )

125

NOx emission concentration, 15% oxygen
3
(mg/Nm )

46.4

NOx emission rate (g/s)

0.094

NH3 emission concentration, 5% oxygen
3
(mg/Nm )

60

NH3 emission concentration, 15% oxygen
3
(mg/Nm )

22.3

NH3 emission rate (g/s)

0.045
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3.2.2 The results of the dispersion modelling have been used to assess the impact
of a lower NOx emission from the engine and for the emissions of ammonia
from the use of SCR as described in the following paragraphs. It has been
assumed that the use of SCR does not alter any of the other operating
parameters from the engine.
NOx Emissions
3.2.3 Revised contour plots for hourly average NO2 concentrations (Figure 7.8,
Rev01), annual mean NOx concentrations (Figure 7.9, Rev 01) and daily
mean NOx concentrations (Figure 7.10, Rev 01) have been prepared
assuming that an SCR system is fitted to the CHP engine. Figure 7.8 is
relevant for human health exposure whilst Figures 7.9 and 7.10 are relevant
for impacts on terrestrial biodiversity. As there is no residential exposure in the
area, annual mean NO2 concentrations are not relevant.
3.2.4 As shown in Figure 7.8, Rev 01 the area outside of the site boundary with
predicted concentrations above 20µg/m3 (for negligible impacts) is very small.
The area extends at most 15 metres from the south and western boundaries
for the south for approximately 50 metres along the site boundary. As noted in
Paragraph 2.12.3 of the Applicant responses to ExA First Written
Questions (8.02.04, REP2-055) (ExA Q2.0.12) this area would not be a
location where members of the public would be regularly present for a period
of an hour or more. The impact of NOx emissions on human health from the
CHP engine is therefore not significant.
3.2.5 Figure 7.9, Rev 01 shows that the maximum annual mean NOx concentration
in Crossness Nature Reserve is approximately 5µg/m3 and therefore well
below the critical level of 30µg/m3 and in accordance with Paragraph 7.5.65 of
the ES Chapter 7 Air Quality (6.1, REP2-019), for local nature sites the
impact is insignificant.
3.2.6 Figure 7.10, Rev 02 shows that the daily mean NOx critical level of 75µg/m3 is
not exceeded in Crossness Nature Reserve. In accordance with the criteria
set out in Paragraph 7.5.65 of the ES Chapter 7 Air Quality (6.1, REP2-019)
the impacts are therefore insignificant.
3.2.7 Paragraph D.4.10 of Appendix D.4 of the guidance to the assessment of air
quality impacts on designated nature conservation sites (enclosed as
Appendix A) recommends that only the annual mean NOx concentration is
used in assessments as long-term effects are more significant than short-term
effects, unless specifically requested by a regulator. Paragraph D.4.9
recommends that a value of 200µg/m3 is used for the daily mean NOx critical
level instead of 75µg/m3 due to the generally low ozone and SO2
concentrations in the UK. The modelled NOx concentration is well below
200µg/m3 within Crossness Nature Reserve and therefore insignificant in
accordance with Paragraph 7.5.65 of the ES Chapter 7 Air Quality (6.1,
REP2-019).
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NH3 Emissions
3.2.8 For human health impacts, the predicted hourly mean NH3 concentration
within Crossness Nature Reserve is less than 262.5µg/m3 which is 10.5% of
the short-term Environmental Assessment Level of 2,500µg/m3, as set out in
Table 7.7 of the ES Chapter 7 Air Quality (6.1, REP2-019). In accordance
with Table 7.22 of the ES Chapter 7 Air Quality (6.1, REP2-019), the impact
on short-term NH3 concentrations is Negligible.
3.2.9 For terrestrial biodiversity impacts, the maximum predicted annual mean NH 3
concentration on the site boundary with Crossness Nature Reserve is 3µg/m3
which is equal to the critical level of 3µg/m3 for non-lichens and bryophytes, as
set out in Table 7.8 of the ES Chapter 7 Air Quality (6.1, REP2-019). The
impact of ammonia emissions is therefore insignificant in accordance with
Paragraph 7.5.65 of the ES Chapter 7 Air Quality (6.1, REP2-019).
3.3

Revised emission limits for the CHP engine

3.3.1 The EP application for REP was submitted to the EA on 17 December 2018.
The EP application was subsequently Duly Made by the EA on 5 February
2019, with a Duly Made date of 17 December 2018 (permit number
EPR/GP3535QS/A001). The EP application is therefore undergoing its
determination process.
3.3.2 The Applicant responded to a Schedule 5 Request from the EA on 16th August
2019. This provided further information on the impact of REP upon the
Crossness Nature Reserve. In responding to the Schedule 5 Request, the
Applicant agreed with the EA emission limits which are more stringent than
those presented within the EP application. The Applicant expects that these
more stringent limits are included within Requirement 16 of the dDCO (3.1
REP 5-003) will be imposed by EA within the EP. The proposed emission
limits will be set at a concentration where the impact of emissions from the
CHP engine will have an insignificant impact on ecological receptors within the
Crossness Nature Reserve, as this is the most stringent criteria.
3.4

CHP engine stack height

3.4.1 For the purpose of the Air Quality Assessment in the ES, a CHP engine stack
height of 8 metres was assumed. In the revisions to the draft DCO (dDCO)
submitted at Deadline 2, the minimum stack height for the CHP engine (Work
No. 1(b)) was stated to be 4 metres. However, to ensure the dDCO reflects
the assessments undertaken as part of the both ES and the EP, the Applicant
is now proposing to increase the minimum consented height of the CHP
engine stack within the dDCO to 8 metres. This amendment was made to the
dDCO at Deadline 5. This amendment will ensure that emissions dispersion
from the CHP engine stack is maximised.
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4

Summary

4.1.1 The Applicant considers SCR to be a ‘cutting-edge’ technology in the
abatement of emissions of NOx from CHP engines and has elected to
incorporate this technology in the event that biogas from the Anaerobic
Digestion facility were combusted onsite in a CHP engine.
4.1.2 The use of SCR technology would go beyond the Environment Agency best
available technique (BAT) requirement for the CHP engine and would enable
NOx emissions performance to improve beyond the level required through the
relevant permitting legislation, being the MCPD.

4.1.3 Utilising SCR technology will enable NOx emissions to be reduced from
190 mg/Nm3 (the limit permitted under the MCPD) to 46.4 mg/Nm3 (at 15%
oxygen). The reduced figure is equivalent to 125 mg/Nm3 (at 5% oxygen) and
is secured through Requirement 16 of the dDCO. This impact has been
robustly assessed by the Applicant and the revised assessment concludes
that impacts on human health exposure are Negligible, and impacts on
terrestrial biodiversity are insignificant.
4.1.4 Due to the requirement to apply a reagent to ensure high efficacy of the SCR
process, a small risk associated with emissions of ammonia is introduced, but
this is more than offset by the reduction in NOx which results from the
incorporation of SCR abatement. The net outcome in reducing NOx emissions
is beneficial for a proposed ammonia emission level of 22.3 mg/Nm3 (at 15%
oxygen). The figure is equivalent to 60 mg/Nm3 (at 5% oxygen). This impact
has been robustly assessed by the Applicant and the revised assessment
concludes that impacts on human health exposure are Negligible, and impacts
on terrestrial biodiversity are insignificant.
4.1.5 The Applicant has elected to increase the minimum consented height for the
CHP engine stack within the dDCO to 8 metres. This amendment has been
made to the dDCO at Deadline 5.
4.1.6 The approach outlined above ensures that through proven abatement
technology, air quality concerns associated with onsite combustion of biogas
are eliminated. This commitment has been secured through the introduction of
a new requirement in the dDCO to be submitted at Deadline 5 and is also
secured by the EP (subject to Schedule 5 Request outcomes).
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Appendix A
A guide to the assessment of air
quality impacts on designated nature conservation
sites
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Figure 7.8 Predicted Hourly Average NOx
Concentration
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Figure 7.9 Predicted Annual Mean NOx
Concentration
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Figure 7.10 Predicted Daily NOx Concentrations
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