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1.0 OVERVIEW

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
the application for environmental permit for the proposed Net Zero Teesside (NZT)
Carbon Capture, Utilisation and Storage (CCUS) project (“proposed installation”) to
be located in Redcar, Teesside.

1.1.2 The purpose of this report is to demonstrate that the proposed installation will be
designed and operated in accordance with indicative best available techniques (BAT)
for Large Combustion Plant (LCP).

1.1.3 The proposed installation will form part of the UK’s first commercial scale, full chain
post-combustion CCUS project and will capture up to 4 million tonnes (Mt) of carbon
dioxide (CO2) emissions per annum. The CCUS project will comprise a number of
elements, including a new gas-fired power station (Combined Cycle Gas Turbine,
‘CCGT’), with state-of-the art carbon capture technology (‘Capture plant’) with a
nominal output of up to 860 MWe CO2-unabated (760 MWe CO2-abated); gas, water
and electricity connections (for the power station); a CO2 pipeline network (a
‘gathering network’) for collecting  CO2 from a cluster of local businesses and
industries on Teesside; a CO2 compressor station and a CO2 export/transport
pipeline.  The CO2 captured from the power station and local businesses/industries
will be transported (via the export/transport pipeline) for secure storage within the
Endurance saline aquifer, located 145 kilometres offshore from Teesside, under the
North Sea.  The export/transport pipeline has the capacity to carry up to 10Mt of CO2

per annum.  The CCUS project will therefore make a significant contribution toward
the UK reaching its net zero greenhouse gas emissions target by 2050.

1.1.4 A high-level process flow diagram for the Installation is provided in Appendix A to
the main supporting document.

1.1.5 The installation will be designed to optimise the capture of carbon from the power
station operating in dispatchable mode, while minimising emissions and waste
generation and maximise energy efficiency.  While individual BAT assessments have
been prepared to address best available techniques for Large Combustion Plant,
Energy Efficiency, Capture plant design and cooling, the system will be integrated to
address multimedia effects across the installation as a whole.

1.1.6 The electrical, steam, steam condensate and water circuits between the power
generation plant and Capture plant will be integrated as far as is technically
practicable in order to reduce energy use, as discussed in the Energy Efficiency BAT
Assessment (Appendix C4; Document reference 60559231-ACM-PM-RP-EN-006-A).

1.1.7 The High Pressure Compression plant, for onward transportation to storage, will be
managed under separate consents by NZNS (not the site operator), as part of the
wider CO2 network and storage operation.

1.1.8 This BAT assessment has been prepared using concept engineering information
provided by the operator related to the initial design parameters of the proposed
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installation, available information about the local environment and the BAT
conclusions for Large Combustion Plant (LCP BRef)1.

1.1.9 The main application document (‘Supporting Document’) (60559231-ACM-PM-RP-
EN-001-A) provides an overall view of the permit application being made for the
installation. Separate BAT assessments have been prepared for the Large
Combustion Plant (LCP) CCGT technology and operation, the Capture plant, the
energy efficiency of the installation and also the choice of cooling technique for the
installation.

1.1.10 This document should be read in conjunction with the Supporting Document.  A
detailed description of the operations to be undertaken at the proposed installation
and how it will be operated is provided in Section 2 of the Supporting Document, and
has not been included here to avoid repetition.

1.1.11 As only the CCGT plant falls within the definition of LCP, this document only covers
the assessment of the operation of the CCGT plant (without carbon capture) against
the BAT techniques identified in the LCP BRef.  The assessment of the Capture plant
is covered under a separate document (Appendix C2; Document reference
60559231-ACM-PM-RP-EN-004-A).

1 EU Best Available Techniques (BAT) Reference Document for Large Combustion Plants (July 2017)
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2.0 GENERAL BAT CONCLUSIONS FOR LARGE COMBUSTION PLANT

Table 2.1: BAT Conclusions for the LCP Process
BAT No. BATc Requirements Demonstration of BAT - Operator Response Operating

to BAT?
1 Environmental Management Systems

In order to improve the overall environmental performance, BAT is to implement and adhere to an environmental management system (EMS) that
incorporates all of the following features:

(i) Commitment of the management, including senior
management;

The CCGT element of the low carbon Power Station will be operated under
an ISO14001 attested Environmental Management System (EMS).  The EMS
will comprise an environmental policy and other relevant management
documents.
The site specific procedures will provide the contact details for applicable
responsible personnel on the site, and their roles and responsibilities.
The EMS will include all elements listed under BATc 1 items as required
under ISO14001.

Yes

(ii) Definition, by the management, of an environmental policy
that includes the continuous improvement of the
environmental performance of the installation;

(iii) Planning and establishing the necessary procedures,
objectives and targets, in conjunction with financial
planning and investment;

(iv) Implementation of procedures paying particular attention
to:
(a) structure and responsibility
(b) recruitment, training, awareness and competence
(c) communication
(d) employee involvement
(e) documentation
(f) effective process control
(g) planned regular maintenance programmes
(h) emergency preparedness and response
(i) safeguarding compliance with environmental
legislation;

(v) Checking performance and taking corrective action, paying
particular attention to:

a. Monitoring and Measurement
─ Emissions to Air: The low carbon Power Station will have an
operational procedure document describing the monitoring of emissions to
air as required by the LCP BRef (and included in the Environmental Permit).

Yes
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BAT No. BATc Requirements Demonstration of BAT - Operator Response Operating
to BAT?

(a) monitoring and measurement (see also the
Reference Report on Monitoring of Emissions to Air and
Water – ROM)
(b) corrective and preventive action
(c) maintenance of records
(d) independent (where practicable) internal and
external auditing in order to determine whether or not the
EMS conforms to planned arrangements and has been
properly implemented and maintained;

This procedure will also cover the procedures for monitoring emissions to
air during periods of abnormal operation (such as start-up and shut-down).
─ The document shall include the responsibilities of site personnel
with regards to emissions monitoring, applicable daily, monthly and annual
emission limits for each pollutant, control measures applied for each
pollutant, and reporting methods and requirements.
─ The operator will ensure that all equipment on site is
appropriately maintained and calibrated as required to ensure monitoring
and reporting of emissions for regulatory compliance and other
requirements; including equipment used for the continuous and
discontinuous monitoring of emissions to air and water.
─ Emissions to Water: The low carbon Power Station operation will
not include any direct discharge of process waters to controlled waters.
Any emissions to controlled waters will be controlled and monitored
appropriately, in line with written procedures developed prior to
commencement of operations.
─ Maintenance Plan:  All plant and equipment at the low carbon
Power Station will be regularly maintained by qualified maintenance
contractors.
b. Corrective and Preventative Actions
─ The low carbon Power Station will be controlled and operated via
an automated control system (such as a Distributed Control System (DCS))
to continuously monitor the operation of the plant and equipment at the
site.  Any non-conformance or deviation in normal operating parameters
will be identified by the DCS to allow the operator to take action to avoid a
breach of permitted emission levels.
c. Records
─ The EMS clearly defines the requirements for maintaining and
storing records.
d. Auditing
─ The EMS will be subject to periodic review and update and is
subject to internal corporate audits as well as external certification audits
(if certified).
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BAT No. BATc Requirements Demonstration of BAT - Operator Response Operating
to BAT?

(vi) Review, by senior management, of the EMS and its
continuing suitability, adequacy and effectiveness;

Regular Management Review of the EMS will be undertaken at the site. Yes

(vii) Following the development of cleaner technologies; – See ix. below. -

(viii) Consideration for the environmental impacts from the
eventual decommissioning of the installation at the stage of
designing a new plant, and throughout its operating life
including;
(a) avoiding underground structures
(b) incorporating features that facilitate dismantling
(c) choosing surface finishes that are easily
decontaminated
(d) using an equipment configuration that minimises
trapped chemicals and facilitates drainage or cleaning
(e) designing flexible, self-contained equipment that
enables phased closure
(f) using biodegradable and recyclable materials
where possible;

The low carbon Power Station will be regulated under the Environmental
Permitting Regulations 2016 (as amended) (“EP Regs”) which requires sites
to have a decommissioning plan in place to manage such considerations.
This plan will be developed prior to commencement of operations and will
be subject to regular reviews to ensure that correct site operations are
reflected in the plan.

Yes

(ix) Application of sectoral benchmarking on a regular basis. The low carbon Power Station will be regulated under the EP Regs, which
requires the application of BAT to the operation of such a facility; this
includes the requirement to undertake sectoral benchmarking as and when
revised sector guidance is issued (e.g. EA BAT reference document) and to
implement compliance with the sector guidance within 4 years of issue.
This is implemented through the Regulation 61 notice process.

Yes

Specifically for this sector, it is also important to consider the following features of the EMS, described where appropriate in the relevant BAT:
(x) Quality assurance/quality control programmes to ensure

that the characteristics of all fuels are fully determined and
controlled (see BAT 9);

See response under BATc 9. -
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BAT No. BATc Requirements Demonstration of BAT - Operator Response Operating
to BAT?

(xi) A management plan in order to reduce emissions to air
and/or to water during other than normal operating
conditions, including start-up and shutdown periods (see
BAT 10 and BAT 11);

See response to BATc10 and 11. -

(xii) A waste management plan to ensure that waste is avoided,
prepared for reuse, recycled or otherwise recovered,
including the use of techniques given in BAT 16;

Opportunities to avoid/reduce waste generation will also be assessed
during FEED process.  The low carbon Power Station will include dedicated
appropriate waste storage areas on site; with the waste handling procedure
outlined in a dedicated procedure which will be developed prior to
commencement of operations

Yes

(xiii) A systematic method to identify and deal with potential
uncontrolled and/or unplanned emissions to the
environment, in particular:
(a) emissions to soil and groundwater from the
handling and storage of fuels, additives, by-products and
wastes
(b) emissions associated with self-heating and/or self-
ignition of fuel in the storage and handling activities;

The potential for fugitive emissions will be regularly reviewed as part of the
EMS environmental aspect and impact identification procedure and on a
daily basis through on-going site observations.  The site operations will
include a procedure describing the processes to be followed with respect to
the monitoring and reporting of emissions for regulatory compliance
(outside of those required under the EP Regs).  Additionally, the site will
have a site-specific emergency plan and accident management plan to
cover management of abnormal emissions and accidents.

Yes

(xiv) A dust management plan to prevent or, where that is not
practicable, to reduce diffuse emissions from loading,
unloading, storage and/or handling of fuels, residues and
additives;

Due to the inherent nature of the site operations, the potential for dust
generation at the site is minimal.  Therefore, no specific dust management
plan is proposed to be developed for the site

Yes

(xv) A noise management plan where a noise nuisance at
sensitive receptors is expected or sustained, including;
(a) a protocol for conducting noise monitoring at the
plant boundary
(b) a noise reduction programme
(c) a protocol for response to noise incidents
containing appropriate actions and timelines

An assessment of potential noise sources at the low carbon Power Station
and impact on the sensitive receptors in the vicinity of the site has been
undertaken as part of the Environmental Impact Assessment for the
proposed Installation.  The assessment concluded that no significant noise
or vibration effects are expected to occur at any identified sensitive
receptor

Yes
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BAT No. BATc Requirements Demonstration of BAT - Operator Response Operating
to BAT?

(d) a review of historic noise incidents, corrective
actions and dissemination of noise incident knowledge to
the affected parties;

(xvi) For the combustion, gasification or co-incineration of
malodourous substances, an odour management plan
including:
(a) a protocol for conducting odour monitoring
(b) where necessary, an odour elimination
programme to identify and eliminate or reduce the odour
emissions
(c) a protocol to record odour incidents and the
appropriate actions and timelines
(d) a review of historic odour incidents, corrective
actions and the dissemination of odour incident knowledge
to the affected parties.

The low carbon Power Station uses deodorised natural gas directly from
the National Transmission System (NTS) as a fuel, therefore is not likely to
generate odour.

Yes

BAT
No.

BATc Requirements Demonstration of BAT - Applicant Response Operating
to BAT?

2 Monitoring
BAT is to determine the net electrical efficiency and/or the net
total fuel utilisation and/or the net mechanical energy efficiency
of the gasification, IGCC and/or combustion units by carrying out
a performance test at full load, according to EN standards, after
the commissioning of the unit and after each modification that
could significantly affect the net electrical efficiency and/or the
net total fuel utilisation and/or the net mechanical energy
efficiency of the unit.  If EN standards are not available, BAT is to
use ISO, national or other international standards that ensure
the provision of data of an equivalent scientific quality.

Periodic Operational Performance tests measuring the load, fuel used,
and power output shall be undertaken in accordance with applicable BE
EN standards.
The low carbon Power Station will develop a procedure for monitoring
and reporting of fuel consumption (both natural gas and other fuels used
on site), and the energy output from the site.  The data shall be regularly
reviewed and reported (as required under relevant regulations).

Yes

3 Monitoring
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BAT
No.

BATc Requirements Demonstration of BAT - Applicant Response Operating
to BAT?

BAT is to monitor key process parameters relevant for emissions to air and water including those given below.
(a) Flue gas – Flow – Periodic or continuous determination The CCGT plant will be able to achieve the required BAT-AELs by the use

of primary abatement measures and potentially with the use of
secondary flue-gas treatment such as Selective Catalytic Reduction (SCR)
for the control of emissions of nitrogen oxides (NOx).
The HRSG will have a dedicated stack for emissions to air from the CCGT
plant, in the event that the Capture plant is not operational, as a bypass
stack.  The emissions from the Capture plant are described within the
separate CCS BAT assessment.
When the bypass stack is operational, the flue gases from the Power
Station will be monitored using MCERTS certified Continuous Emissions
Monitoring system (CEMs) in accordance with BS EN 14181.
This system will include continuous monitoring of flow, oxygen content
and water vapour content as well as pollutant species to facilitate the
conversion of recorded pollutant emission data to standard conditions
within the CEMs and data handling systems.
All monitoring equipment on site will be maintained and calibrated
regularly to ensure appropriate measurements are recorded

The low
carbon
Power
Station is
considered
to be
compliant
with this
BATc.

(b) Flue gas – oxygen content, temperature and pressure -
Periodic or continuous determination

(c) Flue gas – Water vapour content - Periodic or
continuous measurement

(d) Waste water from flue-gas treatment – Flow, pH, and
temperature – Continuous measurement

4 Monitoring
BAT is to monitor emissions to air with at least the frequency given below and in accordance with EN standards.  If EN standards are not
available, BAT is to use ISO, national or other international standards that ensure the provision of data of an equivalent scientific quality.
Parameter Standard Minimum

frequency
Monitoring
associated
with

The flue gases from the site will be monitored using MCERTS certified
Continuous Emissions Monitoring systems (CEMs) in accordance with BS
EN 14181.
This system will continuously monitor NOx, CO and NH3 (associated with
SCR use).  Emissions of CH4 shall be monitored regularly.

Yes

NOx Generic EN
standards

Continuous(1) BAT 42, BAT
43

CO Generic EN
standards

Continuous(1) BAT 49, BAT
56

CH4 EN ISO 25139 Once every
year(1)

BAT 45

NH3 Generic EN
standards

Continuous(1) BAT 7
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BAT
No.

BATc Requirements Demonstration of BAT - Applicant Response Operating
to BAT?

(1) For gas turbines, periodic monitoring is carried out with a
combustion plant load of > 70 %.

5 Monitoring
BAT is to monitor emissions to water from flue-gas treatment in
accordance with EN standards.  If EN standards are not available,
BAT is to use ISO, national or other international standards that
ensure the provision of data of an equivalent scientific quality

The installation will incorporate Selective Catalytic Reduction (SCR) for
the control of NOx emissions in the flue gas for optimised operation of
the Capture plant. Monitoring of emissions to water from flue gas cooling
(that may contain ammonia from SCR) is described in the CCS BAT
Assessment.

Yes

BAT
No.

BATc Requirements Demonstration of BAT - Applicant Response Operating
to BAT?

6 General Environmental and Combustion Performance
In order to improve the general environmental performance of combustion plants and to reduce emissions to air of CO and unburnt
substances, BAT is to ensure an optimised combustion and to use an appropriate combination of the techniques given below:
Technique Description Applicability
Fuel blending
and mixing

Ensure stable
combustion conditions
and/or reduce the
emission of pollutants
by mixing different
qualities of the same
fuel type

Generally applicable The installation will have a contractual agreement to receive natural
gas from the NTS which will include the requirement for the gas to
comply with specified quality criteria.  The operator will not have or
require an ongoing monitoring procedure to manage the quality of the
fuel; however appropriate equipment such as a gas chromatograph
(GC) would be put in place to periodically test the quality of the fuel if
required.

Yes

Maintenance
of the
combustion
system

Regular planned
maintenance according
to supplier’s
recommendations.

Generally applicable All plant and equipment at the site will be regularly maintained,
including the combustion system, by qualified maintenance
contractors.

Yes

Advanced
control
system

The use of a computer-
based automatic
system to control the
combustion efficiency
and support the
prevention and/or

The applicability to old
combustion plants may
be constrained by the
need to retrofit the
combustion system and

The low carbon Power Station operations will be monitored and
operated by suitably trained site personnel and managed via an
automated control system such as a Distributed Control System (DCS)
to continuously monitor the operation of the plant and equipment at
the site.  Any non-conformance or deviation in normal operating

Yes
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BAT
No.

BATc Requirements Demonstration of BAT - Applicant Response Operating
to BAT?

reduction of emissions.
This also includes the
use of high-
performance
monitoring.

/ or control command
system.

parameters shall be identified by the DCS to allow operators to take
action to avoid a breach of permitted emission levels.

Good design
of the
combustion
equipment

Good design of
furnace, combustion
chambers, burners and
associated devices.

Generally applicable to
new combustion plants

Operation of the CCGT units will be controlled by trained site
operators using an automated control system, which will incorporate
controlling the operation of the plant and also recording data on the
plant performance.

Yes

Fuel Choice Select or switch totally
or partially to another
fuel(s) with a better
environmental profile
(e.g. with low sulphur
and/or mercury
content) amongst the
available fuels,
including in start-up
situations or when
back-up fuels are used

Applicable within the
constraints associated
with the availability of
suitable types of fuel
with a better
environmental profile as
a whole, which may be
impacted by the energy
policy of the Member
State, or by the
integrated site's fuel
balance in the case of
combustion of industrial
process fuels.

The CCGT will include Dry Low NOx burners or equivalent to ensure
primary control of NOx. In addition, secondary flue-gas treatment
such as Selective Catalytic Reduction (SCR) will be installed for the
additional control of emissions of NOx for the flue gas in the carbon
capture plant.

Yes

7 General Environmental and Combustion Performance
In order to reduce emissions of ammonia to air from the use of
selective catalytic reduction (SCR) and/or selective non-catalytic
reduction (SNCR) for the abatement of NOx emissions, BAT is to
optimise the design and/or operation of SCR and/or SNCR (e.g.
optimised reagent to NOx ratio, homogeneous reagent distribution
and optimum size of the reagent drops).

The low carbon Power Station is expected to comply with the NOx ELV
without the use of additional abatement. However, the Installation
will include the operation of a SCR plant for NOx control, either to
ensure compliance with the NOx ELV or for the purpose of optimum
carbon capture solvent performance, using use ammonia as a reagent.
The SCR plant will be appropriately designed to maintain optimum
ammonia injection rate.

Yes
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BAT
No.

BATc Requirements Demonstration of BAT - Applicant Response Operating
to BAT?

8 BAT Associated Emission Levels
In order to prevent or reduce emissions to air during normal
operating conditions, BAT is to ensure, by appropriate design,
operation and maintenance, that the emission abatement systems
are used at optimal capacity and availability.

The emissions abatement systems will be designed, operated and
maintained to ensure use at optimal capacity and availability, as
described in response to BAT 6 and BAT 4.

Yes

9 BAT Associated Emission Levels
In order to improve the general environmental performance of
combustion and/or gasification plants and to reduce emissions to
air, BAT is to include the following elements in the quality
assurance/quality control programmes for all the fuels used, as part
of the environmental management system (see BAT 1):
-Initial full characterisation of the fuel used including at least the
parameters listed below and in accordance with EN standards. ISO,
national or other international standards may be used provided they
ensure the provision of data of an equivalent scientific quality;
-Regular testing of the fuel quality to check that it is consistent with
the initial characterisation and according to the plant design
specifications. The frequency of testing and the parameters below
are based on the variability of the fuel and an assessment of the
relevance of pollutant releases (e.g. concentration in fuel, flue-gas
treatment employed);
-Subsequent adjustment of the plant settings as and when needed
and practicable (e.g. integration of the fuel characterisation and
control in the advanced control system).

Initial characterisation and regular testing of the fuel can be
performed by the operator and/or the fuel supplier. If performed by
the supplier, the full results are provided to the operator in the form
of a product (fuel) supplier specification and/or guarantee.

Natural gas — LHV 
Natural gas — CH4, C2H6, C3, C4+, CO2, N2, Wobbe index

The installation will have a contractual agreement to receive natural
gas from the NTS which will include the requirement for the gas to
comply with specified quality criteria.  The operator will not have or
require an ongoing monitoring procedure to manage the quality of the
fuel; however appropriate equipment such as a gas chromatograph
(GC) would be put in place to periodically test the quality of the fuel if
required and the parameters listed under BATc 9 for natural gas are
recorded.
Performance tests measuring the load, fuel used, and power output to
calculate overall efficiencies shall be undertaken in accordance with
applicable BE EN standards.

Yes
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BAT
No.

BATc Requirements Demonstration of BAT - Applicant Response Operating
to BAT?

10 General Environmental and Combustion Performance
In order to reduce emissions to air and/or to water during other
than normal operating conditions (OTNOC), BAT is to set up and
implement a management plan as part of the environmental
management system (see BAT 1), commensurate with the relevance
of potential pollutant releases, that includes the following elements:
• appropriate design of the systems considered relevant in causing
OTNOC that may have an impact on emissions to air, water and/or
soil (e.g. low-load design concepts for reducing the minimum start-
up and shutdown loads for stable generation in gas turbines);
• set-up and implementation of a specific preventive maintenance
plan for these relevant systems;
• review and recording of emissions caused by OTNOC and
associated circumstances and implementation of corrective actions
if necessary;
• periodic assessment of the overall emissions during OTNOC (e.g.
frequency of events, duration, emissions quantification/estimation)
and implementation of corrective actions if necessary.

The plant and associated control systems will be designed to minimise
the potential for OTNOC events to occur.
The low carbon Power Station will be operated using an automated
control system to continuously monitor the operation of the plant and
equipment at the site.  Any non-conformance or deviation in normal
operating parameters is expected to be identified by the automated
control system to allow operators to take action to avoid OTNOC
events.
Site operators shall be trained to monitor plant operation and take
appropriate action(s) in the event of a potential OTNOC event being
identified.  Start up and Shutdown procedures shall be put in place
with the aim to minimise the time during which the plant is operating
at non-optimal conditions and operators shall be trained in the
appropriate actions required should the potential for an OTNOC event
be identified.
All plant and equipment at the site will be regularly maintained
including those system provided to minimise the potential for OTNOC
conditions to occur.
The Installation will also have accident management plan (AMP) and
emergency response procedures for the management of spills,
firewater, and the blocking of any discharge outlet to the river

Yes

11 General Environmental and Combustion Performance
BAT is to appropriately monitor emissions to air and/or to water
during OTNOC

The flue gases from the site will be monitored using MCERTS certified
CEMs in accordance with BS EN 14181.  This system will capture
emissions data during OTNOC situations and can be used to inform
subsequent incident investigation. The site will not discharge any
process waters to controlled water

12 Energy Efficiency The anticipated electrical efficiency of the CCGT plant at ISO
conditions will be circa 53 - 54 after carbon capture.  The electrical
efficiency will be greater than 61% for the CCGT operating
independently, which exceeds the required BAT-AEEL range of 57 –
60.5% for CCGTs having a thermal input of >600MWth.  In addition,
the steam extraction from the CCGT plant is circa 50MWe equivalent
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BAT
No.

BATc Requirements Demonstration of BAT - Applicant Response Operating
to BAT?

will result in a reduction in electricity generation capacity and export
to the Grid.
The electrical output from the CCGT plant will also provide for the
parasitic electrical requirements for the Capture plant and other
utilities on site. A separate BAT assessment has been undertaken for
the overall energy efficiency of the proposed installation.

BAT
No.

BATc Requirements Demonstration of BAT - Operator Response Operating
to BAT?

13 Water Usage and Emissions to Water
In order to reduce water usage and the volume of contaminated
waste water discharged, BAT is to use one or both of the techniques
given below.

The installation will be serviced by an open loop wet cooling system
with mechanical draught cooling towers, where a majority of the
cooling water will be recycled, with only a small amount of water
(<2% of the cooling demand) required for cooling water make-up.
The installation will not produce any ash from the combustion
process; therefore, the techniques for dry bottom ash handling are
not applicable to the installation.

Yes

Technique Description Applicability
Water recycling Residual aqueous streams,

including run-off water,
from the plant are reused
for other purposes. The
degree of recycling is
limited by the quality
requirements of the
recipient water stream
and the water balance of
the plant.

Not applicable to
waste water from
cooling systems
when water
treatment
chemicals and/or
high concentrations
of salts from
seawater are
present

Dry bottom ash
handling

Dry, hot bottom ash falls
from the furnace onto a
mechanical conveyor
system and is cooled down
by ambient air. No water
is used in the process.

Only applicable to
plants combusting
solid fuels.
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BAT
No.

BATc Requirements Demonstration of BAT - Operator Response Operating
to BAT?

14 Water Usage and Emissions to Water
In order to prevent the contamination of uncontaminated waste
water and to reduce emissions to water, BAT is to segregate waste
water streams and to treat them separately, depending on the
pollutant content

Waste water streams generated at the low carbon Power Station are
anticipated to comprise surface run-off water, DCC blowdown, bolier
blowdown, cooling water blowdown, demin backwash and and a
small amount of cooling water purge blowdown; all waste water
streams will be appropriately segregated, treated and disposed of.

Yes

15 Water Usage and Emissions to Water
In order to reduce emissions to water from flue-gas treatment, BAT
is to use an appropriate combination of the techniques, and to use
secondary techniques as close as possible to the source in order to
avoid dilution

See response to BAT 7 above. Yes

16 Waste Management
In order to reduce the quantity of waste sent for disposal from the
combustion and/or gasification process and abatement techniques,
BAT is to organise operations so as to maximise, in order of priority
and taking into account life-cycle thinking:
(a) waste prevention, e.g. maximise the proportion of residues
which arise as by-products;
(b) waste preparation for reuse, e.g. according to the specific
requested quality criteria;
(c) waste recycling;
(d) other waste recovery (e.g. energy recovery),
(e) by using appropriate techniques.

The low carbon Power Station will develop a Waste Management
Procedure (WMP) prior to commencement of site operations,
detailing the waste storage and handling procedures on site.  The
WMP shall outline identification of waste streams and how they must
be handled, including appropriate segregation and storage within
designated waste storage areas on site.
The low carbon Power Station will apply the waste hierarchy for the
management of any waste produced on site.  It is expected that due
to the inherent nature of the site operations and fuel used, the site
shall only produce minor quantities of waste, primarily from
maintenance.  The main waste stream generated from the site
activities is likely to comprise used lubricating oil, which will be sent
off site for appropriately management via licenced contractors

Yes

17 Noise emissions
In order to reduce noise emissions, BAT is to use one or a combination of the techniques given below
Operational
measures

These include:
-improved inspection and
maintenance of equipment
-closing of doors and windows
of enclosed areas, if possible
-equipment operated by
experienced staff

Generally
applicable

The site will have a maintenance schedule in place to ensure optimum
operation of all plant and equipment.  The gas turbine will be situated
within an enclosure; and all outdoor equipment having noise
attenuation enclosures, where required.  Any maintenance work will
be undertaken during daylight hours.

Yes
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BAT
No.

BATc Requirements Demonstration of BAT - Operator Response Operating
to BAT?

-avoidance of noisy activities at
night, if possible
-provisions for noise control
during maintenance activities.

Low-noise
equipment

This potentially includes
compressors, pumps and disks.

The low carbon Power Station is a new plant, and all equipment will
be selected to avoid noise impacts either via inherent design qualities,
or where a noise risk exists, via the installation of noise attenuation
measures.

Yes

Noise
attenuation

Noise propagation can be
reduced by inserting obstacles
between the emitter and the
receiver. Appropriate obstacles
include protection walls,
embankments and buildings

Generally
applicable to
new plants

The gas turbine will be situated within an enclosure.
All equipment being installed is new and designed to generate low
levels of noise, below applicable lowest observed adverse effect level
(LOAELs), and all process areas are to be enclosed and not expected to
lead to significant noise emissions.

Yes

Noise-control
equipment

This includes:
-noise-reducers
-vibration or acoustic
insulation, or vibration isolation
-enclosure of noisy equipment
-soundproofing of buildings

The
applicability
may be
restricted by
lack of space

Appropriate
location of
equipment and
buildings

Noise levels can be reduced by
increasing the distance
between the emitter and the
receiver and by using buildings
as noise screens.

Generally
applicable to
new plants
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3.0 BAT CONCLUSIONS FOR THE COMBUSTION OF GASEOUS FUELS

3.1.1 The BAT-AELS in Table 3.1 below, for the combustion of gaseous fuels, apply to the CCGT plant when operating without the Capture
plant (‘Unabated’ operation). The normal operation of the installation will be in ‘Abated’ mode, with the Capture plant; the normalised
volume of the flue gas is reduced in Abated mode as a result of the CO2 removal, and the subsequent emission concentrations are
presented in the Main Application (60559231-ACM-PM-RP-EN-001-A).

Table 3.1: BAT Associated Emission Levels (BAT-AELs) for the Combustion of Gaseous Fuels (CCGT Unabated operation)
BAT Reference Plant Pollutant Yearly Average Daily average or average

over the sampling period
Demonstration of BAT - Operator
Response

New CCGT >50MWth NOx 10-30 mg/Nm3

Corrected to:
32.7 mg/Nm3 at 60% EE

15-40 mg/Nm3

Corrected to:
43.6 mg/Nm3 at 60% EE

The CCGT is expected to achieve the stated
BAT-AELs in Unabated (and Abated)
operation

CO 5-30 mg/Nm3

Corrected to:
32.7 mg/Nm3 at 60% EE

- The CCGT is expected to achieve the stated
BAT-AELs in Unabated (and Abated)
operation

For plants with a net electrical efficiency (EE) greater than 55 %, a correction factor may be applied to the higher end of the BAT-AEL
range, corresponding to [higher end] x EE / 55, where EE is the net electrical efficiency of the plant determined at ISO baseload
conditions
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Table 3.2: BAT Conclusions for the Combustion of Gaseous Fuels
BAT
No.

BATc Requirements Demonstration of BAT - Operator Response Operating
to BAT?

40 Energy Efficiency & BAT-associated energy efficiency levels The anticipated electrical efficiency of the CCGT plant at ISO
conditions will be circa 53 - 54% after carbon capture, or greater
than 61% for the CCGT operating independently, which is
compliant with or exceeds the required BAT-AEEL range of 57 –
60.5% for CCGTs having a thermal input of >600MWth.  When
operating in dispatchable mode, the electrical efficiency of the
CCGT plant will be affected.
The electrical output from the CCGT plant will also provide for the
parasitic electrical requirements for the Capture plant and other
utilities on site. A separate BAT assessment has been undertaken
for the overall energy efficiency of the proposed installation.

41 NOx, CO, NMVOC and CH4 emissions to air
In order to prevent or reduce NOx emissions to air from the combustion of natural gas in boilers, BAT is to use one or a combination of the
techniques given below

Yes

Technique Applicability
Advanced Control
System

The applicability to old combustion plants may
be constrained by the need to retrofit the
combustion system and/or control command
system

Operation of the CCGT units will be controlled by trained site
operators using an automated control system, which will be used
to control the operation of the plant and also record data on the
plant performance, which can also be used by the operations team
to identify potential issues.

Water / Steam
Addition

The applicability may be limited due to water
availability

Water/steam addition for NOx control is not applied at the plant
as Dry Low NOx burners and SCR are used for NOx control.

Dry Low NOx Burners
(DLN)

The applicability may be limited in the case of
turbines where a retrofit package is not
available or when water/steam addition
systems are installed

The CCGT will have Dry Low NOx burners in place to ensure
minimum emissions of NOx.

Low Load Design
Concept

The applicability may be limited by the gas
turbine design

Not applicable as this is limited by the turbine design. Operational
efficiency characteristics of the plant vary according to the load.  .

Low NOx Burners
(LNB)

Generally applicable to supplementary firing
for heat recovery steam generators (HRSGs) in

The CCGT will have Dry Low NOx burners in place to ensure
minimum emissions of NOx, therefore LNBs are not considered to
be required.
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the case of combined-cycle gas turbine (CCGT)
combustion plants.

Selective Catalytic
Reduction (SCR)

Not applicable in the case of combustion
plants operated < 500 h/yr. Not generally
applicable to existing combustion plants of <
100 MWth

See Response to Table 2.1, BAT 7

3.1.2 Not applicable to the installation, so not considered here:

 BAT 41 (combustion of natural gas in boilers)

 BAT 43 (combustion of natural gas in engines)
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4.0 CONCLUSION

4.1.1 On the basis of the assessment against the required BAT Conclusions, as shown in
Sections 2 and 3, it is considered that the proposed installation will be designed and
operated in compliance with the LCP-BRef and in accordance with BAT.
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1.0 OVERVIEW

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
the application for environmental permit for the proposed Net Zero Teesside (NZT)
Carbon Capture, Utilisation and Storage (CCUS) project (“proposed installation”) to
be located in Redcar, Teesside.

1.1.2 The purpose of this report is to demonstrate that the proposed installation will be
designed and operated in accordance with indicative best available techniques (BAT)
for post-combustion carbon dioxide (CO2) capture.

1.1.3 The proposed installation will form part of the UK’s first commercial scale, full chain
post-combustion CCUS project and will capture up to 4 million tonnes (Mt) of carbon
dioxide (CO2) emissions per annum. The CCUS project will comprise a number of
elements, including a new gas-fired power station (Combined Cycle Gas Turbine,
‘CCGT’), with state-of-the art carbon capture technology (‘Capture plant’) with a
nominal output of up to 860 MWe CO2-unabated (760 MWe CO2-abated); gas, water
and electricity connections (for the power station); a CO2 pipeline network (a
‘gathering network’) for collecting  CO2 from a cluster of local businesses and
industries on Teesside; a CO2 compressor station and a CO2 export/transport
pipeline.  The CO2 captured from the power station and local businesses/industries
will be transported (via the export/transport pipeline) for secure storage within the
Endurance saline aquifer, located 145 kilometres offshore from Teesside, under the
North Sea.  The export/transport pipeline has the capacity to carry up to 10Mt of CO2

per annum.  The CCUS project will therefore make a significant contribution toward
the UK reaching its net zero greenhouse gas emissions target by 2050.

1.1.4 A high-level process flow diagram for the Installation is provided in Appendix A to
the main supporting document.

1.1.5 The proposed installation will be designed to optimise the capture of carbon from
the power station operating in dispatchable mode, while minimising emissions and
waste generation and maximise energy efficiency.  While individual BAT assessments
have been prepared to address best available techniques for Large Combustion
Plant, Energy Efficiency, CCS plant design and cooling, the system will be integrated
to address multimedia effects across the installation as a whole.

1.1.6 The electrical, steam, steam condensate and water circuits between the power
generation plant and Capture plant will be integrated as far as is technically
practicable in order to reduce energy use, as discussed in the Energy Efficiency BAT
Assessment (Appendix C4; Document reference 60559231-ACM-PM-RP-EN-006-A).

1.1.7 The High Pressure Compression plant, for onward transportation to storage, will be
managed under separate consents by NZNS (not the site operator), as part of the
wider CO2 network and storage operation.

1.1.8 This BAT assessment has been prepared using concept engineering information
provided by the operator related to the initial design parameters of the proposed
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installation, available information about the local environment and the draft BAT
conclusions from the Environment Agency technical working group on CCS1.

1.1.9 The main application document (‘Supporting Document’) (60559231-ACM-PM-RP-
EN-001-A) provides an overall view of the permit application being made for the
installation. Separate BAT assessments have been prepared for the Large
Combustion Plant (LCP) CCGT technology and operation, the energy efficiency of the
installation and also the choice of cooling technique for the installation.

1.1.10 This document should be read in conjunction with the Supporting Document.  A
detailed description of the operations to be undertaken at the proposed installation
and how it will be operated is provided in Section 2 of the Supporting Document, and
has not been included here to avoid repetition.

1 J.Gibbins, UKCCS, BAT review for new-build and retrofit post-combustion CO2 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 (2020)
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2.0 APPROACH TO BAT APPRAISAL

2.1.1 The development of CCUS from concept to full commercial scale must proceed
alongside the development of the BAT regulatory position, in order for there to be
confidence that a project meets indicative BAT before proceeding with Front-End
Engineering Design (FEED) and to drive the vendor procurement process through
clear and consistent definition of the expected performance parameters, whilst
maintaining the best protection for the environment as a whole.

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

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

 to allow the 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
within this development stage such that they are consentable, taking into account
environmental sensitivities and conditions at a particular site, with site-specific
BAT assessments for choice of solvent and technology to be undertaken at the
detailed design stage.

2.1.3 Therefore, as the proposed installation has yet to under-go FEED, no decision has yet
been made on the selection of a specific vendor for the CCGT or licensor for the
capture plant technology. It is therefore proposed that the Permitting process for
the proposed installation, including the appraisal of BAT, will be undertaken as a two-
stage process:

 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 permit
application has been progressed on the basis of a vendor / technology-neutral
process, with the assessment of worst-case emissions profile to inform a “Permit
in principle”;

 Stage Two, post-FEED, site-specific BAT justifications and impact assessments for
the preferred vendor technology and solvent will be carried out, following which
the Operator will confirm the proposals for, and undertake, a trial and monitoring
programme proposed as part of Permit pre-operational conditions.

2.1.4 This application for environmental permit has been prepared to fulfil the above Stage
One criteria and therefore assumes a vendor neutral approach.

2.1.5 The techniques described within this report and the associated BAT assessments are
therefore based on currently anticipated approaches to optimising carbon capture
efficiencies and BAT for the proposed installation’s operation as a whole, and is not
based on any specific technology selection.
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2.1.6 This approach has been agreed with the EA in pre-application discussions.
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3.0 CARBON CAPTURE PLANT PROCESS DESCRIPTION

Carbon Capture Technology

3.1.1 Post-combustion carbon capture removes CO2 from the exhaust stream of a
conventional combustion process using an amine-based chemical absorption
technology.  The CO2 is typically present in the flue gas composition at 3-15%
(depending on the process and ratio of fuel to air), with nitrogen as the main
constituent of the gas. E.g.

 Flue gas from a gas fired power station is circa 4% CO2

 Flue gas from a coal fired power station is circa 12% CO2

 Flue gas from other processes e.g. reformer can be up to 15-20% CO2

3.1.2  Chemical absorption of CO2 is the most commercially proven method due to
considerable experience with the process in the crude oil refining, gas treating and
sulphur recovery industries.  Practical application of this process has been
demonstrated in several facilities globally including two coal fired power plants - the
Boundary Dam plant (located in Saskatchewan, Canada) and Petra Nova (located in
Houston, Texas (USA)) projects. Demonstration projects for post-combustion carbon
capture for gas fired power plant include SSE Peterhead (to FEED stage), and a slip-
stream scale demonstration project at SSE Ferrybridge coal-fired power station.

3.1.3 The selection of Original Equipment Manufacturer (OEM) for the CCGT plant and the
technology licensor for the Capture plant have not yet been made at this Pre-FEED
stage, however data from OEMs and licensors that would potentially supply the
technology has been used in the preparation of outline heat and mass balance and
process flow diagrams, in order to identify maximum operating parameters and
emissions.

Flue Gas Pre-treatment

3.1.4 The Capture plant steam / heat and cooling requirements, and condensate / heat
recovery systems are described in the Energy Efficiency BAT Assessment (Appendix
C4; document reference: 60559231-ACM-PM-RP-EN-006-A).

3.1.5 The exhaust gas exiting the HRSG will be treated using Selective Catalytic Reduction
(SCR) based on either ammonia (NH3) or urea injection, to remove oxides of nitrogen
(NOx) that would otherwise preferentially react with the amine solvent. Primary
combustion control measures and turbine design mean that emissions of NOx from
the HRSG may achieve the BAT-AEL without use of abatement (depending on OEM),
however the NOx concentration needs to be further reduced to avoid reacting with
the solvent.  The use of SCR as a secondary abatement measure will also ensure that
the emissions from the CCGT plant (when operating independently) remain
compliant with the applicable BAT-AELs.  The use of SCR may lead to NH3 slip, but
reduces solvent degradation and therefore improves overall performance and
reduces solvent residue waste.
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3.1.6 Concentrations of sulphurous species and particulates are anticipated to be
negligible in the natural gas or generated during combustion, and abatement of
these species is not considered to be necessary either for the purpose of solvent
efficiency, or for minimisation of emissions to air.

3.1.7 The exhaust gas (circa 100°C) will be cooled in a direct-contact cooler (DCC) or
exhaust gas quencher to condition the gas to the minimum necessary temperature
(circa 32-42°C) for the absorber . The exhaust gas contacts a fine water spray in a
packed column to cool it to the required temperature.

3.1.8 A booster fan (blower) will be needed to overcome the pressure loss through the
exhaust gas path to the Capture plant stack.  The backpressure imposed by the
Capture plant on the exhaust from the HRSG of a modern H-class turbine would be
approximately 120-140mbar. Backpressure is the main issue for compatibility
between the generation plant and Capture plant. The main constituents creating this
pressure drop are expected to be, in order of significance:

 Absorber column;

 Direct-Contact Cooler column;

 Other residual environmental treatment in the exhaust gas path (such as the SCR).

3.1.9 It should be noted that depending on licensor requirement, the booster fan could
potentially be located downstream of the quench column.  This will be confirmed
during the FEED stage.

3.1.10 Imposing the Capture plant backpressure on the HRSG and therefore GT exhaust
would decrease the power output of a modern H-class CCGT plant by approximately
20-30MWe by reducing the expansion pressure ratio available to the GT. In
comparison, a booster fan in conjunction with modifications to standard HRSG
design to tolerate higher back pressure, set to overcome the backpressure without
impacting on the power plant would require 15-20MWe.

3.1.11 The conditioned gas then passes to a counter flow absorption column for absorption
of CO2.

Absorber

3.1.12 The Capture plant design will be provided by the technology licensor and therefore
the design described below may be subject to minor amendments.

3.1.13 The gas is fed to the bottom of the packed section of the Absorber. Lean solvent is
fed to the top and contacts the exhaust gas, where CO2 is absorbed. The equilibrium
limit for this reaction is reached at the absorber top where the leanest lean solvent
contacts the exhaust gas with minimum CO2 concentration, and the overall carbon
capture efficiency is given by the difference in exhaust gas inlet and outlet
concentrations.

3.1.14 The treated exhaust gas (CO2-lean gas) then exits the top of the Absorber and passes
through solvent retention and air emissions mitigation stages (see Section 5), and
subsequently released to atmosphere via a dedicated stack.
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3.1.15 Gas pressure throughout the absorber section is low, typically below 100mbarg to
balance the pressure drop of the absorber equipment before the atmospheric stack.

3.1.16  Typical operating temperatures in the absorber include a range from 30°C to 80°C,
depending on the process design parameters such as the compositions of the solvent
and exhaust gas, as well as the presence of any intercooling arrangement in the
absorber. The final operating temperatures within the absorber will be confirmed by
the technology licensor. Note that towards the exit point from the absorber, the
exhaust  gas will generally approach a temperature within 5-10°C of the lean solvent
supply temperature

Regenerator

3.1.17 The CO2-rich solvent exits the bottom of the Absorber, via a lean-rich solvent
interchanger (heat exchanger) and passes to the top of the stripper column
(Regenerator) which uses hot rising vapour to break the CO2-amine bond and
releases the CO2 from the solvent at a pressure slightly above atmospheric pressure.

3.1.18 The hot CO2-lean solvent enters the sump at the bottom of the Regenerator and is
passed to the Regenerator-reboiler.

3.1.19 The Regenerator-reboiler boils the lean amine using saturated LP-steam heat-
exchanger, and some of this is passed back to the base of the Regenerator column
to strip the residual CO2 from the falling lean solvent.

3.1.20 An additional stream from the reboiler may be returned to the solvent storage tank,
via the lean-rich solvent interchanger, heating incoming CO2-rich solvent from the
Absorber.  The solvent storage tank requirement is dependent on licensor
specification, and will need to be confirmed during FEED stage.

3.1.21 The CO2 rich vapour from the top of the Regenerator passes through a reflux stage
to maximise the solvent-CO2 separation. The CO2 is saturated with water and is sent
to the compression stage.

Low-Pressure Compression

3.1.22 The CO2 is compressed in several stages to approximately 15-25 barg, and then
passes through conditioning plant, which will include oxygen removal using a
palladium catalyst and dehydration to meet the specification for onward high-
pressure compression and storage. Cooling is undertaken in stages during the
compression process.

3.1.23 Dehydration water is likely to be recovered into the solvent loop, to minimise
effluent generation.

3.1.24 Heat from low-pressure compression plant is unlikely to be of sufficient quality to
recover and is expected to be lost to atmosphere, via the cooling water system.

3.1.25 Emergency CO2 relief vents will be installed within the LP compression plant to be
used in the event of a downstream blocked outlet scenario.

Thermal Reclaimer
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3.1.26 It is assumed at this stage that thermal solvent reclaiming will be carried out.
Depending on the technology licensor’s design thermal reclaiming for the solvent
may be a continuous or a batch process.  In a continuous process a bleed (circa<5%)
of the hot lean solvent returning to the solvent storage tank (from the Regenerator
reboiler) is passed to the Thermal Reclaimer where it is heat treated to break down
heat-stable salts formed in the process, to recover solvent and remove degradation
products, prior to return to the solvent system.

3.1.27 In a batch process, the thermal reclaiming process may occur for 1 week or so every
2-4 months depending on the degradation profile of the solvent.

3.1.28 The specific design for a Thermal Reclaimer will be confirmed at FEED stage but it is
expected to use low/medium pressure steam. The operating regime will also be
confirmed in the FEED stage based on the individual licensor’s preference for treating
the solvent continuously or in batches.

Capture Efficiency

3.2.1 The Capture plant will be designed for a minimum CO2 capture efficiency of 90% and
a target of up to 95% at baseload.   The actual design capture rate will be confirmed
at FEED stage.

3.2.2 The capture rate of the absorber will be optimised by:

 maximising the contact time between solvent and gas through use of a packed
column specific to the solvent;

 use of reflux at the column head to optimise the lean solvent regeneration;

 maintenance of solvent condition through reclaiming, with backup bleed/feed
(See solvent management Section 3.2.5);

 optimised operational parameters (temperature/ solvent concentration/
pressure) to be determined during the commissioning, start-up and early
operational phase.

3.2.3 As discussed in the main application document (60559231-ACM-PM-RP-EN-001-A),
the installation is proposed to be operated for a number of years at baseload, to
modulate and stabilise CO2 flow to storage, followed by a period of dispatchable
operation.

3.2.4 Dispatchable operation for the installation means being able to export power in the
day-ahead market to match the anticipated intermittency of renewable power in the
future power market. Current indication is that there could be as many as 80-200
starts per year in this future operating mode.

3.2.5 CO2 emission at start-up is higher than at stable operations due to the delay in the
capture plant solvent reaching operating temperature. The time to get to fully
abated power and hence the total amount of CO2 emitted will depend on whether
the plant was in a hot, warm or cold state prior to start-up. There will be 3 phases in
the start-up process:
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 A short duration of very high capture rate enabled by the lean solvent in the
system – from previous shutdown operation.

 A period of low capture rate – duration will depend on whether the plant is
starting from hot, warm or cold condition.

 Ramp up to steady state capture rate.

3.2.6 With frequent start and stop, the effective capture rate (implied capture rate) over
the life of the asset will be lower than the steady state capture rate.

3.2.7 Each start-up is associated with reduced energy efficiency due to reduced GT
efficiency at part load and the requirement to heat up the metal mass of the capture
plant before CO2 capture begins.

3.2.8 The design of the proposed installation will be optimised in FEED to minimise CO2

emissions during start-up.
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4.0 SOLVENT SYSTEM

Licensed Technology and Commercial Confidentiality

4.1.1 Monoethanolamine (MEA) is the most widely studied solvent for use in carbon
capture and is the base-case process against which other solvent development is
typically measured. However, over the last 20 years, licensors have developed other
solvent blends, mainly - but not exclusively - based on amines, that could out-
perform the generic MEA solvent in carbon capture, enhance CO2 capture efficiency,
lower energy consumption, lower solvent degradation within the integrated solvent
recycling system, and lower solvent / degradation products emissions.  Specific
performance data for the selected solvent will be provided during the FEED stage.

4.1.2 The individual solvent blends represent confidential intellectual property of the
technology licensors, with commercial value, and are the product of extensive and
expensive research and development programmes.

4.1.3 The protection of proprietary solvent information is fundamental to successful CCUS
deployment in the UK and without it, licensors may choose to not market their
products in the UK, as international competitors would be able to copy their solvent.
Licensors also may choose to not invest in further solvent development and
optimisation in the UK market, which will stifle innovation. Hence restricted access
to detailed solvent composition and emissions data is needed.

4.1.4 Capture plants are designed and integrated around the bespoke solvent, with
equipment sizing optimised around the solvent properties to minimise capital and
operating costs and to maximise CO₂ capture. The development of solvents that offer
a lower regeneration energy penalty and higher capture efficiency may represent
Best Available Technique (BAT). Generic “MEA-type” solvents and, by inference, the
design of the facilities are typically less efficient, and may require larger, more
expensive plant that represents a higher deployment cost and investment risk to
potential investors2. MEA has a greater level of emissions than the proprietary
solvents. Therefore, reverting back to MEA would lead to a greater level of emissions
into the environment and associated toxicity. More stringent emission mitigation
measures would be needed that further add to the cost.

4.1.5 Most existing carbon capture plants operating around the world today use
proprietary amines. The licensors provide an integrated process design package for
the bespoke solvent, according to the solvent’s properties. The Operator anticipates
that the FEED stage will be based on the use of proprietary amines that have been
deployed on other projects, and will be entering into a contract with the provision of
guarantees by the selected licensor to minimise the financial risk to the project.
Switching to use of generic solvents is likely to lead to higher costs, inefficient capture

2 Overview of World Bank CCUS Program Activities in Mexico, World Bank Group, Secretaría de
Energía de México, 2016
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rates, increased waste management, delayed schedules and therefore greater risk to
the Proposed Development.

4.1.6 It is therefore proposed that proprietary data, including solvent characterisation,
solvent performance (degradation in service) and emissions monitoring data be
made available to the regulator in a controlled way under the provision it is not
disclosed to the general public.

Solvent Selection

4.2.1 The selection of solvent will take into consideration a number of factors, including
(but not limited to) the energy requirement for solvent regeneration, the volatility
of the solvent and expected losses to atmosphere, and the performance in long term,
thermal and oxidative degradation tests. There are significant cost impacts
associated with these elements, both Capex and Opex and so selection of the licensor
is a critical aspect.  The Operator will secure performance guarantees from the
licensor under the terms of contract during the FEED stage.

4.2.2 Details of solvent trials for selection at FEED stage, including duration of the trial(s),
system design and scale of the trial will be available at the FEED stage, and is not
available at this stage.

Solvent Management Techniques

Solvent Management

4.3.1 The efficient management of solvent is fundamental to the performance of the
Capture plant, and hence the efficiency of carbon capture and the proposed
installation as a whole.

4.3.2 Thermal degradation of the solvent is minimised by reduction in temperature of the
regeneration process to circa 120-140°C (solvent dependent), as described above.
Oxidative degradation, which is a separate mechanism where amines react with
oxygen or NOx to form corrosion products including ammonia, can occur at
temperatures between 40-55°C and particularly in the presence of catalytic
impurities. The extent of degradation within a gas-fired plant is likely to be lower
than for coal or biomass plants as the concentration of particulates and other
pollutants in the exhaust gas will be much lower with a natural gas-type exhaust gas
than that from a solid fuel. NOx emissions will be minimised using SCR as described.

4.3.3 Selection of appropriate materials of construction is also necessary to minimise this
risk, and will be specified at the FEED stage once the specific solvent requirements
are known.

4.3.4 Nevertheless, some solvent degradation is expected to occur over time and
degradation products and corrosion products must be removed, via either a thermal
Reclaimer or ion-exchange process, to be determined as part of the technology
licensor selection. The use of solvent management techniques specific to the solvent
will ensure minimum waste generation and optimum capture performance in
accordance with indicative BAT.
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4.3.5 It is assumed at this Pre-FEED stage that thermal solvent reclaiming will be carried
out by continuous processing of a small slip-stream fraction of the hot lean amine
from the bottom of the Regenerator, as described in Section 3.1.

4.3.6 Proprietary amine solvent blends are expected to have significantly lower
degradation and corrosion rates at normal process conditions compared to MEA3

and the required bleed rate for the specific solvent selected for use in the Capture
plant will therefore be based on supplier recommendation, and refined during
commissioning.

4.3.7 Impurities removed in the Reclaimer, including heat-stable salts, amine by-products
and any transition metals will be sent for processing off-site.

Solvent Regeneration Heat Requirement

4.3.8 The specific heat requirement for solvent regeneration will be a key performance
indicator and will be established at FEED stage and refined during commissioning.

Amine Storage

4.3.9 Although MEA is not a named dangerous substance under the Control of Major
Accident Hazards Regulations 2015 (“COMAH Regulations”), it is classified as a
Category 2 and 3 substance with regards to its health hazards.  Therefore, storage of
>50 tonnes of MEA on site would require the registration of the site as a lower tier
COMAH site, whilst storage of >200 tonnes of MEA on site would classify the
proposed installation as an upper tier COMAH site. The current expectation is that
the amine storage volume when aggregated with other hazardous chemical storage
on site could require upper tier COMAH classification as a minimum, to be confirmed
during detailed design once all chemicals and quantities required have been
identified.

4.3.10 Additional considerations for the storage of amines include the potentially high
reactivity of the solvents, leading to corrosion of some metals, and generation of
degradation products.  Some amines can form unstable crystalline complexes which
can ignite at elevated temperatures in the presence of air.

4.3.11 The designer will confirm the construction materials for the amine storage and
dilution tanks and pipework, as well as the operating conditions at FEED stage,
however it is anticipated that this is likely to include stainless steel tanks, with no
heat tracing, and atmospheric fixed roof with nitrogen blanketing.

4.3.12 It is typical practice to include a breather vent in the storage tank to allow for vapour
maintenance/ displacement during tank filling, fire exposure relieving rate from the
tank and/ or nitrogen purging when unloading road tankers or cleaning lines. Due to
the potential toxicity and odorous nature of emissions associated with the venting

3 Evaluation-novel-post-combustion-co2-capture-solvent-concepts, IEA, 2009
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of amine, it is considered that abatement may be required on the breather vent for
the storage tank. These requirements, will full consideration of BAT, will be
considered at FEED stage.
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5.0 CONTROL OF EMISSIONS TO AIR

5.1.1 The final detailed design of the Capture plant is dependent on the selection of
technology licensor, but an overview of the emissions controls is provided here.
Details on proposals for monitoring are provided in the main application document.

5.1.2 Emissions to air from the Capture plant are summarised in Table 3.1 below. 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 is
provided in Appendix 1 to this report.

Table 5.1: Emissions to Air from Capture Plant

Release
Point

Source Pollutant Emission Limit Value
(mg/Nm3)1

A1 Capture plant NOx (expressed as NO2) 342

CO 100
NH3 2.0
Solvent emission (expressed as MEA) 5.5
Total Nitrosamine and Nitramine
(expressed as NDMA)

0.002

Total VOC (expressed as C) Tbc
1. Concentration normalised to reference conditions: 273K, 101.3kPa, dry, 15%v/v O2

2. Corrected for net electrical efficiency of plant (ca. 61%) and 90% CO2  capture (see Appendix 1)

NOx

5.2.1 Selective Catalytic Reduction (SCR) will be employed to minimise NOx from the
combustion process entering the Capture plant. NOx in the exhaust gas would
otherwise reduce the efficiency of the solvent through preferential reaction with
amine and through degradation of the solvent.

5.2.2 SCR abatement can result in a small amount of “NH3 slip”, where the incomplete
reaction of NH3 in the SCR plant leads to a release of NH3 into the atmosphere.  The
LCP BAT conclusions state that the BAT-AEL for emissions of NH3 to air from the use
of SCR and/ or SNCR is < 3–10 mg/Nm3 as a yearly average or average over the
sampling period.  The lower end of the range can be achieved when using SCR.

5.2.3 Some NH3 from the SCR will be removed from the exhaust gas via dissolution in the
DCC water, however, dependent on the proprietary amine used as the carbon
capture solvent, there may be potential for NH3 to be generated as a degradation
product in the Capture plant itself.  As such, further abatement of the NH3 emission
from the Capture plant absorber stack may be necessary, which would take the form
of an acid wash at the top of the Capture plant absorber column.  The requirement
for this will be confirmed during the FEED process, however at this pre-FEED stage
an assessment of NH3 emissions has been carried out assuming that an emission of
less than 2mg/Nm3 can be achieved from the Capture plant absorber stack.
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CO2-Abated Flue Gas

5.3.1 The Capture plant design will employ a solvent retention system, to minimise droplet
and vapour carryover, that minimises the solvent emissions to atmosphere. The
system is expected to include one or two water-wash sections above the Absorber
to condense amine solvent in the CO2-lean flue gas, through direct water contact.
The wash-water is recycled into the solvent circulation system to minimise solvent
and water consumption.

5.3.2 In addition to a small amount of NH3 slip (described above), and dependent on the
proprietary amine used as the carbon capture solvent, NH3 may also be generated
through oxidative degradation of the solvent within the Capture plant; and oxidative
degradation within the Capture plant may be the dominant NH3 source within the
final flue gas. Any NH3 dissolved within the water-wash stage(s) would reach
equilibrium within the solvent circulation system and would not be abated.

5.3.3 As such, further abatement of the NH3 emission from the flue gas may be necessary.
The option of an acid-wash stage is therefore included in the current design (to be
confirmed at FEED), which would have a continuous recirculation of concentrated
sulphuric acid to abate NH3, and simultaneously act as a final amine removal
(polishing) step. Trace nitrosamine and other volatile solvent degradation products
entrained in the flue gas are also expected to be soluble within the acid wash and
further abated. The acid wash effluent would be disposed of off-site in a hazardous
waste treatment facility.

5.3.4 The design requirement for a droplet removal section to minimise acid carry over to
the atmosphere will be considered at FEED stage.

Abnormal CO2 Venting

5.4.1 There is potential for trace emissions, such as solvent carryover, from the process
during abnormal venting of CO2 during start-up.  During start-up, as exhaust gas
enters the Absorber, the initial CO2 capture rate is very high due to lean solvent being
present in the system.  The capture rate rapidly drops off however, as the solvent
quickly becomes rich as there is not enough steam for the Reboiler and Regenerator
to regenerate the solvent.

5.4.2 When steam comes through, the CO2 capture rate increases again, and the system
enters steady state.  This is estimated to be within an hour.

5.4.3 At this time in the pre-FEED design, it is not known whether this initial CO2 will be of
adequate purity to be fed forward through to the low, then high pressure
compression systems.  At this stage in the start-up cycle, the CO2 may contain higher
than normal concentrations of oxygen and trace concentrations of entrained solvent
and ammonia, as the LP oxygen removal unit may not be warm enough for the
catalytic reaction to occur.  It is not known whether this slightly increased oxygen
concentration in the CO2 product could affect the onward systems.

5.4.4 At this stage it is envisaged that the CO2 (with the excursions in oxygen and trace
components) can be fed through to the CO2 pipeline.  However, in the event that the
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CO2 purity is not suitable to be fed to the CO2 pipeline, this may require short-
duration venting (less than one hour) during the start-up sequence.

5.4.5 During this time, it is also possible that there may be some entrained solvent and
ammonia within this emission, however all solvent licensors offer slightly different
chemicals and designs and at this time it is not possible to quantify the effects.  It is
likely that this would be vented up the absorber stack to provide adequate dispersion
of any emission.

5.4.6 At this stage of the Permitting process, the CO2 vent has been included as an
additional emission point in the Permit application, and should this emission point
be required post-FEED, the short term impacts of any potentially entrained ammonia
or solvent will be assessed at Stage 2 of the Permit application process.

5.4.7 Emergency relief vents to facilitate a safe shut-down in the event of an over-
pressurisation of the Capture plant could potentially contain trace solvent emission,
depending on the location in the system that venting were to be required, however
such an event would be considered an abnormal and infrequent event.

Odour

5.5.1 The use of amine-based solvent could lead to fugitive emissions of odour, discussed
in Chapter 7 of the Main Application Supporting document (document reference:
60559231-ACM-PM-RP-EN-001-A).  It is considered that the potential for odour to
occur will be dependent on the final licensor solvent selection, and appropriate
abatement will be installed to mitigate any odour emissions.
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6.0 WATER USE EFFICIENCY

6.1.1 Demineralised water will be required for the dilution of make-up solvent within the
Capture plant and make-up to the steam system, in addition to raw water make-up
for cooling water requirements, as described in the Cooling BAT Assessment. The
Quencher /DCC tower produces water from the cooled exhaust gas and so does not
need make-up water during normal operation.

6.1.2 The anticipated raw water source is from the existing Northumbrian Water Ltd raw
water supply to the Teesworks site, via a treatment package, to be confirmed during
FEED.

6.1.3 The opportunities for re-use and recovery of water within the process will be
determined at FEED stage, but are anticipated to include:

 Steam system condensate recovery (as described in the Energy Efficiency BAT);

 Recovery of flue gas wash water to solvent system;

 Condensate and dehydration water recovery from the compression plant to the
solvent system.
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7.0 WASTE MINIMISATION

7.1.1 Reclaimer waste will be neutralised (aqueous sodium hydroxide) prior to transport
off-site for treatment by licenced contractor at an appropriate hazardous waste
management site. The key operating parameters that affect the generation of
Reclaimer waste are:

 Solvent selection;

 Combustion efficiency (increased efficiency leads to increased NOx generation
which can degrade the solvent);

 Minimisation of NOx via SCR (minimises oxidative solvent degradation);

 Temperature control within Absorber and Regenerator (minimises thermal
solvent degradation); and

 The efficiency of the Reclaiming process.

7.1.2 The maintenance of solvent quality is critical to the efficiency of the Capture plant
operation and therefore is higher in the BAT hierarchy to the minimisation of
Reclaimer waste generation. The efficiency of the Reclaiming process to maximise
the quantity of reclaimed solvent, will be optimised during the design process, as far
as practicable to achieve the primary aim of maintain solvent quality and the
secondary aim of waste minimisation.

7.1.3 Other waste streams generated within the process include:

 Oxygen removal catalyst – CO2 conditioning

 Solid desiccant dehydration – CO2 conditioning

 Acid wash waste (if employed); and

 Amine cartridge filters (technology dependent).

7.1.4 The regeneration, treatment or disposal of these waste streams would be carried out
off site by licenced contractor at an appropriate hazardous waste management site.
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8.0 BAT CONCLUSIONS FOR THE CARBON CAPTURE PROCESS

Table 8.1: BAT Conclusions for the Carbon Capture Process (and CCGT operation with CCS)

Ref Indicative BAT Operator Response / Section Indicative BAT
employed?

1 Overall performance:
Including emissions and environmental performance, suitability for
required duties, capture rates, energy use

Provide in this BAT CCS assessment and
associated BAT assessments

Yes

2 BAT justification of overall technology See below Yes
Exhaust Gas Pre-treatment
2.1 Exhaust gas heat recovery to use for stack heater after absorber -

Reduces cooling load, aids dispersion; provision to retrofit if not
actually included

Condensate heat recovery may be
employed for stack gas reheat as it is
considered more efficient than exhaust
gas heat recovery.  Therefore, exhaust
gas heat recovery will not be required
for the installation.

Yes

2.2 DCC or fogging to saturate exhaust gas and reduce temperature -
Both likely to be viable with suitable water management strategy for
whole plant. DCC will be more expensive and will trap NH3. Fogging
can use recycled water from stripper reflux condenser and will allow
NH3 to pass through to acid wash.

Fogging will accumulate additional
water in the solvent which would
require bleed and purification. A DCC is
proposed instead to maintain an
effectively neutral water balance across
the Capture plant.

Yes

Capture Plant - General
2.3 Materials of construction to allow range of solvents (i.e. stainless or

better)
Appropriate materials will be used for
the plant to minimise corrosion and
maximise plant design life.

Yes

2.4 BAT solvent will have been properly tested – 12 months, real HRSG
exhaust gas, actual system design, multiple reclaiming cycles -

Sections 4.1, 4.2 Yes
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solvent has to be reclaimable and to be able to be operated to meet
environmental emission requirements.

Solvent testing has been undertaken
for a variety of HRSG exhaust gas
conditions and will be undertaken
further during commissioning.

2.5 The solvent management system needs to be able to get rid of
everything that gets added, or gets formed, in the solvent at high
enough rates to maintain their concentrations at levels at which
satisfactory operation can be maintained

Section 4.3 Yes

2.6 Intrinsic heat requirements for solvent regeneration; expected range
would correspond to approximately a 3% range in net CCGT+PCC
electrical output

Use of a modern enhanced solvent is
proposed, thus solvent heat
regeneration requirements are
minimised.

Yes

2.7 Designed for 95% CO2 capture but level must be allowed to vary
over time to suit ambient conditions, electricity supply requirements
etc.; future upgrade options for higher capture levels consistent with
net-zero emissions should also have been considered (e.g. reduce
lean loading)

Section 3.1. See Also Main application
supporting document.
At this stage in plant design, a target of
95% CO2 capture is being sought from
licensors.

Yes

Absorber
2.8 Bed height to allow routine 95% capture without excessive energy

consumption; need to consider being able to add some packing
height for new solvents

Absorber packing height base case will
be designed for the selected
technology licensor’s guaranteed
capture rate. This is anticipated to be
95% but will be confirmed during FEED.
Therefore, the packing height is
expected to allow enough solvent
contact time with the exhaust gas
without relying on excessive
(inefficient) additional circulation rate
and lean amine loading.

Yes
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2.9 Water wash – single stage water wash will be satisfactory for
emissions with acid wash, but could be two stage for better solvent
recovery with more volatile solvents. Acid wash, or provision to
retrofit if not actually included

Section 3.4 Yes

2.10 Absorber circuit able to be operated independently with lean and
rich amine storage tanks for start-up and other transients; provision
to retrofit if not actually included

Optimisation of the start-up process to
reduce start-up times and minimise
CO2 emissions will be a key
optimisation activity during FEED.
Amine storage is one of many options
to be considered. Specific details of the
design will be not be known until FEED.

Yes

2.11 Likely that flue gas will be vented from top of absorber rather than a
separate stack, but not essential; adequate stack height for
emissions sampling and plume dispersion required in either case

Stack height assessment is included in
the Air Quality Assessment.
Considerations for monitoring are
included in the main application
document.

Yes

2.12 Stack flue gas heating; provision to retrofit if not actually included Height for flue gas heating has been
included

Yes

2.13 Continuous monitoring of stack emissions (may be multiple stacks)
and process parameters. Operational envelopes for process
parameters for satisfactory emissions control must be established
on commissioning

To be confirmed during the next stage
of permit application.

Yes

2.14 Sampling of stack emissions at frequent intervals (could be
continuous sampling with intermittent analysis) for trace emissions
(e.g. nitrosamines).

To be confirmed during the next stage
of permit application.

Yes

Regenerator
2.15 XFHE approach temperature <10K; XFHE capacity to be able to be

increased for other solvents
Use of modern heat exchanger
technology will ensure exchanger

Yes
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approach temperatures are optimised
for heat integration, dispatchability,
pressure drop and CAPEX

2.16 Optimisations that split off some rich solvent before the XFHE to
match lean solvent heat capacity to be considered

Yes

2.17 Vessel designed for range of operating pressures and temperatures
to allow operating condition and solvent changes (not expected to
be an issue).
Packing height able to accommodate a range of solvents; provision
to retrofit if not actually included.

No pre-investment will be specified in
the licensor’s scope; however, the
selection of solvent will be an ongoing
action as part of the overall
optimisation process, and the Operator
could potentially change the solvent
used if a better alternative is identified,
which can be safely retrofitted without
any loss in capture efficiency.

Yes

2.18 Water wash at exit to reduce solvent carryover (this will help if
water removal is from reflux condensate); provision to retrofit if not
actually included

Section 3.4 Yes

2.19 Reflux condenser able to accommodate range of solvents/operating
conditions including closed-circuit operation for startup, high rates
of thermal reclaiming; provision to retrofit to add capacity if not
actually included

Reflux condenser will be designed for
the selected solvent and consider the
most likely operating modes for the life
of the plant.

Yes

2.20 Reboiler able to support 95% capture rate; provision to be able to
increase reboiler duty in the future for future solvents/higher
capture levels

A target of 95% CO2 capture is being
sought from licensors.

Yes

2.21 Stripper/XFHE have to be able to be operated with recycle flow
while warming up; provision to retrofit if not actually included.

This option will be considered as part of
the start-up optimisation process.

Yes

CO2 Compression and conditioning
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3.1 Compression system may be integrally-geared compressors but has
to be able to accommodate flexible operation (e.g. with recycle).

Efficient operation of the compressor
train(s) at all expected operating loads
will be part of the FEED Contractor’s
scope to consider.

Yes

3.2 Compression train may alternatively be optimised for flexibility
(various approaches likely to be reasonable, e.g. multiple trains,
different machinery types for different stages).

As above

3.3 CO2 drying as part of compression, but may be at remote site for
gas-phase transport on land with compression to dense phase at the
shoreline, commercially-available technology to suit pipeline
requirements

N/A compression and drying are co-
located for this project.

N/A

3.4 O2 removal may be required (ideally, to be confirmed by pilot
testing), currently expected to be cryogenic but may be achieved in
the PCC in the future (direct oxygen removal from the rich solvent).
Duct firing would help, but would reduce power plant efficiency for
routine use

Oxygen removal from the CO2 product
by palladium catalyst is proposed for
this project utilising heat of
compression.

Yes

3.5 Heat recovery from compressors to be considered (but no scope for
steam cycle condensate heating with CCGT).

Heat integration options will be
reviewed as part of the FEED
Contractor’s study. However, due to
the low grade of the heat available will
likely make the option of heat recovery
inefficient.

Yes

3.6 For gas phase CO2 transport section onshore, consider (slight) line
packing as aid to flexibility

N/A Line packing is being considered
for dense phase CO2 but opportunities
are limited due to its almost
incompressible nature.

Yes

Solvent
BAT justification of the selected solvent, considering the following
based on the composition and performance of the solvent inventory

To be developed as part of the second
stage of the Permit application process.

Yes
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in the plant in normal long-term service (i.e. after at least one year
of continuous operation: Known and potential toxicity for the
environment of the solvent and its degradation products that are
formed due to the presence of NOx and other factors
-Emissions to air of amine and amine degradation products including
ammonia (and taking into account any ammonia slip from SCR)
-Further reactions of the amine and amine degradation products in
the atmosphere to form, e.g. nitrosamines
-Solvent reclaimability and factors impacting this
-Wastes (wastewater/reclaimer sludge) produced and
disposal/recovery/treatment options
-Solvent consumption in long-term use
-Electricity Output Penalty consequences for the capture plant
-Availability and cost of the fresh solvent
-Consequences for the relative capital cost of the plant

Data Source:

1. BAT Review _J. Gibbins Oct2020
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9.0 CONCLUSION

9.1.1 The plant will be designed to align with and help to develop the BAT principles based
on the measures indicated and no departures from indicative BAT have been
identified.
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APPENDIX 1: REFERENCE CONDITIONS FOR AIR EMISSION LIMIT VALUES

Current 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
HRSG exhaust -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 HRSG exhaust, and
consequently decrease the pollutant concentration within the HRSG exhaust; likewise,
different design temperatures and pressures, and moisture content, affect the HRSG exhaust
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 Reference Conditions

A similar, additional correction to measured emission concentrations is proposed for flue gas
from CCUS plant operated at different CO2 capture performance, to account for the reduction
in flue gas volume from 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:

 EC = ER * (1-CC) / (1 – CU)

Where

 EC = emission concentration at reference residual CO2 level;
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 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

BAT-associated emission levels (BAT-AELs) for NOX emissions to air from the combustion of
natural gas in gas turbines4

Combined-cycle gas
turbine (1)

BAT-AELs (mg/Nm3) Corrected to 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

(1) For plants with a net electrical efficiency (EE) greater than 55 %, a correction factor may be applied to
the higher end of the BAT-AEL range, corresponding to [higher end] × EE/55, where EE is the net
electrical efficiency of the plant determined at ISO baseload conditions

4 Best Available Techniques (BAT) conclusions under Directive 2010/75/EU for large combustion
plants, EU 2017/1442, 31 July 2017



Net Zero Teesside Project
Environmental Permit Application Reference: EPR/PP3501LR/A001

Appendix C3 - Assessment of Best Available Techniques for Cooling

The Environmental Permitting (England and Wales) Regulations 2016

Applicant: Net Zero Teesside Power Limited

Date: June 2021



NZT Power Ltd
Appendix C3 - BAT for Cooling 
Document Reference: 60559231-ACM-PM-RP-EN-005-A

June 2021

DOCUMENT HISTORY

Document Ref 60559231-ACM-PM-RP-EN-005-A
Revision 3.0
Author Aakanksha Sinha, Rachel Huxham
Signed Date 15 June 2021
Approved By Richard Lowe
Signed Date 15 June 2021
Document
Owner

GLOSSARY

Abbreviation Description
ACC Air Cooling Condenser
BAT Best Available Technique
BRef EU BAT Reference document
CCGT Combined Cycle Gas Turbine
CCUS Carbon Capture, Utilisation and Storage
CO2 Carbon dioxide
DCC Direct Contact Cooler
DCO Development Consent Order
FEED Front End Engineering Design
FOAK First of a Kind
GT Gas Turbine
HRSG Heat Recovery Steam Generator
LCP Large Combustion Plant
MLD Million litres per day
MWe Megawatt electrical
MWth Megawatt thermal
NWL Northumbrian Water Ltd
SPA Special Protection Area (ecological designation)
SSSI Site of Special Scientific Interest (ecological

designation)
ST Steam Turbine
STDC South Tees Development Corporation



NZT Power Ltd
Appendix C3 - BAT for Cooling
Document Reference: 60559231-ACM-PM-RP-EN-005-A

June 2021

CONTENTS

1.0 Introduction ................................................................................................................ 4

2.0 Water Source and Discharge Considerations............................................................... 8

3.0 Installation Cooling Options ...................................................................................... 12

4.0 Existing Environment................................................................................................. 20

5.0 Costs and Benefits of the Cooling Options ................................................................ 24

6.0 Conclusion ................................................................................................................. 29

Appendix A: Indicative Layout ............................................................................................ 30

TABLES
Table 5.1 Cooling Options – Indicative Performance and Operating Parameters (for CO2-
abated mode) ..................................................................................................................... 27
Table 5.2 Comparison of Potential Cooling Options (excluding once-through)..................... 28



NZT Power Ltd
Appendix C3 - BAT for Cooling
Document Reference: 60559231-ACM-PM-RP-EN-005-A

June 2021 4

1.0 INTRODUCTION

1.1 Overview

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
the application for environmental permit for the proposed Net Zero Teesside (NZT)
Carbon Capture, Utilisation and Storage (CCUS) project (“proposed installation”) to
be located in Redcar, Teesside.

1.1.2 The purpose of this report is to demonstrate that the proposed installation will be
designed and operated in accordance with indicative best available techniques (BAT)
for cooling systems.

1.1.3 The proposed installation will form part of the UK’s first commercial scale, full chain
post-combustion CCUS project and will capture up to 4 million tonnes (Mt) of carbon
dioxide (CO2) emissions per annum. The CCUS project will comprise a number of
elements, including a new gas-fired power station (Combined Cycle Gas Turbine,
‘CCGT’), with state-of-the art carbon capture technology (‘Capture plant’) with a
nominal output of up to 860 MWe CO2-unabated (760 MWe CO2-abated); gas, water
and electricity connections (for the power station); a CO2 pipeline network (a
‘gathering network’) for collecting  CO2 from a cluster of local businesses and
industries on Teesside; a CO2 compressor station and a CO2 export/transport
pipeline.  The CO2 captured from the power station and local businesses/industries
will be transported (via the export/transport pipeline) for secure storage within the
Endurance saline aquifer, located 145 kilometres offshore from Teesside, under the
North Sea.  The export/transport pipeline has the capacity to carry up to 10Mt of CO2

per annum.  The CCUS project will therefore make a significant contribution toward
the UK reaching its net zero greenhouse gas emissions target by 2050.

1.1.4 The proposed installation will be designed to optimise the capture of carbon from
the power station operating in dispatchable mode, while minimising emissions and
waste generation and maximise energy efficiency.  While individual BAT assessments
have been prepared to address best available techniques for Large Combustion
Plant, Energy Efficiency, Capture plant design and cooling, the system will be
integrated to address multimedia effects across the installation as a whole.

1.1.5 The electrical, steam, steam condensate and water circuits between the power
generation plant and Capture plant will be integrated as far as is technically
practicable in order to reduce energy use, as discussed in the Energy Efficiency BAT
Assessment (Appendix C4; Document reference 60559231-ACM-PM-RP-EN-006-A).

1.1.6 The High Pressure Compression plant, for onward transportation to storage, will be
managed under separate consents by NZNS (not the site operator), as part of the
wider CO2 network and storage operation.

1.1.7 This BAT assessment has been prepared using concept engineering information
provided by the operator related to the initial design parameters of the proposed
installation, available information about the local environment and the existing
standards and guidelines presented in published guidance, including:
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 EU Best Available Techniques (BAT) Reference Document for Large Combustion
Plants (July 2017);

 EU Reference Document on the application of Best Available Techniques to
Industrial Cooling Systems (December 2001);

 Environment Agency: Risk assessments for your environmental permit (February
2020); and

 Environment Agency Evidence Document SC070015/SR3 Cooling Water Options
for the New Generation of Nuclear Power Stations in the UK (June 2010

1.1.8 The main application document (‘Supporting Document’) (60559231-ACM-PM-RP-
EN-001-A) provides an overall view of the permit application being made for the
installation. Separate BAT assessments have been prepared for the Large
Combustion Plant (LCP) CCGT technology and operation, the Capture plant and the
energy efficiency of the installation.

1.1.9 This document should be read in conjunction with the Supporting Document.  A
detailed description of the operations to be undertaken at the proposed installation
and how it will be operated is provided in Section 2 of the Supporting Document, and
has not been included here to avoid repetition.
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1.2 Cooling Load Assessment

1.2.1 The cooling loads associated with the CCGT plant and the Capture plant will be of the
order 200-260 MWth and 360-390 MWth for the respective plants, as indicated
below, depending on technology selection1.  The principal cooling loads for the
capture plant are likely to be the DCC (circa 30-35%), the overhead condenser to the
CO2 stripper, water wash section(s) cooling, and solvent and condensate cooling.

1.2.2 In a combined power plant with capture plant the number of heat exchangers using
water cooling increases from 1-2 up to 12-15 (depending on the process selected).
In addition, there are more considerations on the selection of the materials of these
heat exchangers to prevent corrosion.

1.2.3 In this respect a combined power plant with capture plant has a different set of costs
and economics compared to a more straightforward CCGT.

1.2.4 The cooling options include either a single cooling system to provide for the cooling
load of both the CCGT power station and the Capture plant, or separate cooling
systems for the CCGT power station and the Capture plant.  A number of options are
available to supply cooling to the proposed installation; these are presented in
Section 3.

1.3 Site Considerations

1.3.1 This is a brownfield site that is being developed by the South Tees Development
Corporation (STDC). The NZT project does not own the land but will lease the land
that is needed to develop the FOAK project.  The surrounding land itself is subject to
additional development (by others) and so there is a need to evaluate land needs
and associated commercial aspects required by the project.

1.3.2 A large proportion of the existing infrastructure would be demolished to make way
for new developments and, as a result, the NZT project needs to fit in to the
associated areas made available to it by the STDC.

1.3.3 The location of the proposed development is discussed in detail in the Environmental
Statement, (Volume 1, Chapter 6, Consideration of Alternatives). In particular, with

1 For reference, the Peterhead FEED calculated a cooling load of 237MWth for the capture plant
servicing the CCGT (net electrical export 384MWe, approximately half the size of the NZT).
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reference to the location within the STDC site, the selected land plot was identified
as the most suitable for the following reasons:

 Proximity to the shoreline, thereby minimising the onshore high pressure CO2

pipeline length, to minimise onshore risk to other development on the Teesworks
site;

 Sufficient space available for the plant and also construction laydown;

 Distance from residential areas / highly populated areas, to minimise onshore risk;

 Access to existing water supply (either Tees Estuary or public raw water supplies
at the time of site selection);

 Few major existing structures requiring demolition and removal on the main site
footprint;

 Access to an existing effluent outfall and the existing Bran Sands wastewater
treatment plant;

 Proximity to construction access including jetties that could be used for delivery
of abnormal indivisible loads;

 Flat area when compared to other areas of the plot (e.g. Long acres); and

 Away from the dusty bulk terminal operations, that could otherwise require the
use of additional pre-treatment of combustion air.

1.3.4 Depending on specific site conditions, it is common practice for CCGTs employing
once-through-cooling to use a canal system to bring in the large quantities of cooling
water (using gravity to reduce the auxiliary load required for pumping).  Due to the
existing ground conditions and the associated environmental concerns it is not
considered viable to entrench a cooling system below ground level, therefore the
proposed installation would need a system of above-ground cooling water pipework
and pumps.

1.3.5 Site-specific environmental considerations are discussed in Section 4.
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2.0 WATER SOURCE AND DISCHARGE CONSIDERATIONS

2.1.1 The combination of the availability of suitable quality and volume of water influences
the selection of BAT for cooling for the site. Two main sources of sufficient quantity
have been assessed as being of sufficient volume, albeit at different quality:

 River Tees raw water (non-saline) via Northumbrian Water Limited (NWL) water
supply (upstream of the Tees barrage); or

 Tees estuary water (saline) via existing intake.

2.1.2 A key objective in the proposed development design is to minimise the pipeline
crossings of the Teesmouth and Cleveland Coast SPA/Ramsar and SSSI, to minimise
disturbance to the habitat and therefore to utilise existing infrastructure where
practicable. Thus, the option for an alternative abstraction point from the North Sea
was discounted at an early stage.  The Tees Bay is shallow (less than 3m depth) for
up to 1km off-shore so any new abstraction point would either require a large
forebay, or would have to be extended a considerable distance into the Bay.  Either
option would lead to significant effects on the designated site and would also require
significant construction works and cost.

2.1.3 The option to utilise treated secondary effluent from the Bran Sands Wastewater
Treatment Plant as a water source has also been considered, although there would
be insufficient flow to meet the complete installation needs.  This in turn leads to
potential increased operational risk from flow/quality variability, and additional
capex/opex for treatment of the water prior to use.

2.1.4 However, there would be sustainability benefits from reducing the effluent discharge
to Dabholme Gut watercourse from the Bran Sands wastewater treatment plant and
opportunities for diversion of the Bran Sands effluent through the proposed outfall
are being explored.

2.2 NWL Tees Raw Water

2.2.1 The cooling water required for the proposed installation is likely to be sourced from
NWL, the water utilities provider in the North East of England, who provide industrial
and potable water to customers within the region.  NWL previously supplied the
steelworks at the proposed location with both industrial and potable water; the
associated NWL metering station is located 1.2 km from the site and NWL have
confirmed that the wider infrastructure is still connected to the metering house,
although one of the two inlet pipes has been isolated.

2.2.2 This water source benefits from the confirmed existing redundancy and resilience
levels within the NWL network  NWL has confirmed that the existing infrastructure
has considerable capacity and that the existing pipe network to STDC has the capacity
to accommodate up to 2,000m³/h, which is in excess of the capacity required for a
single train.  Although not foreseen at this stage of the development, the abstraction
capacity could be further augmented by:

 introducing the mothballed Low Worsall Raw Water Pumping Station;
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 increasing the current permitted abstraction rates; and/or

 providing additional supply from the wider NWL network (e.g. Kielder Water).

2.2.3 NWL has also confirmed that for one train, Blackwell RWPS and Gateley Moor
Reservoir could supply the required volume to the site under gravity feed conditions.
Therefore, it is considered that use of water supplied by NWL would present the
most appropriate option for the plant, (subject to commercial agreement being
reached), where recirculating cooling systems are employed.

2.3 Tees Estuary

2.3.1 An abstraction licence from the River Tees estuary was previously held for the former
steelworks site; however, this licence has been surrendered.  The discharge outfall
from the former steelworks site that discharges into the North Sea (Tees Bay)
remains in place.  The abstraction licence was originally held for the steelworks site
and allowed for the abstraction of up to 263,832,000m3/year or up to
30,000m3/hour.  The abstraction intake is located some 2.3-2.5 km from the main
site, located on the south bank of the Tees Estuary which could be used subject to
commercial arrangement and upgrades, as an alternative to the NWL supply, as
described below.

2.3.2 The existing intake and distribution system was installed in the mid-1970s and was
originally designed to serve a once-through cooling water system for the Redcar Blast
Furnace with additional spare capacity to serve two more Blast Furnaces in the future
if required.  At the time of last operation (approximately 6 years ago) the existing
infrastructure included:

 5 No. Intake Chambers; one set of Bar/trash screens;

 3 No. Travelling Band Screens;

 1 No. Biocide Dosing Tank and Pumps; and

 3 No. Estuary Cooling Water Pumps

2.3.3 The option to re-use the Tees Estuary intake would involve:

 Application for a new abstraction licence and marine permit;

 Major refurbishment plus equipment and pumphouse replacement to the correct
size for utility; and

 Commercial arrangement with STDC and other land-owners.

2.3.4 The NZT operator would need to apply to the Environment Agency for a new
abstraction licence to abstract the river water for use as cooling water through this
existing infrastructure.  The flowrate of water required would be determined as a
result of the preferred site cooling method.

2.3.5 The Tees river and estuary is an important water body for fish species which make
seasonal migrations between the sea and riverine environment, including salmon,
sea trout, European eel, river lamprey and sea lamprey.
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2.3.6 The existing intake infrastructure would need to be refurbished and upgraded to
meet the Eels (England and Wales) Regulations 2009. Since the River Tees is a habitat
for Glass Eels, any screen installation will require suitable measures to be adopted to
protect them including the use of fine mesh at the intake. The existing intake is not
fitted with eel/fish screens, and the required abstraction flow and cross-sectional
area of the intake would exceed the allowable inlet velocity (which mitigates eel/fish
entrainment); refurbishment and/or limitation on abstraction volume would
therefore be needed for velocity compliance.  This is a substantial marine
refurbishment.

2.3.7 In addition, this option would potentially require a desalination process step into the
water treatment system for the NZT development, depending on technology use,
which would generate a concentrated brine effluent. There is a concern regarding
the compatibility of the material of construction of the existing assets in contact with
this waste stream. Alternatively, plant and equipment using estuarine water,
including filtration stage(s), would need to be fabricated appropriately to avoid
corrosion.

2.3.8 Lastly, it is likely that the existing intakes, pumps and pumphouse would need to be
replaced to upgrade the facilities to meet the requirements of the proposed
development. In addition, to ensure water availability and minimise sediment
entrainment, a forebay structure may be required; and to ensure sufficient head of
water to reach the plant, intake tunnels may be required at depth.  The River Tees at
the intake location is also known to be subject to flooding and would therefore
require installation of flood alleviation measures.  If required, these add further
capital cost and maintenance obligations.

2.3.9 A commercial arrangement for the re-use of assets with the STDC and rights of way
from additional local land owners would also be required.

2.4 Cooling Water Discharge

2.4.1 The discharge outfall from the former steelworks site that discharges into the North
Sea (Tees Bay) remains in place and is proposed to be employed for discharge of
waste water from the installation, including cooling water return and blowdown,
although the outfall may require refurbishment/replacement.  The outfall is
currently in operation and subject to an existing EA permit (reference
EPR/JP3638HM) with a temperature limit of ≤15°C in excess of intake water.

2.4.2 Also under consideration, in the event that the existing discharge outfall is not fit for
purpose, is construction of an alternative outfall alongside the CO2 pipeline corridor
(to minimise potential disturbance to the designated ecological site from two
individual crossings). This would be subject to acquiring necessary permits for
discharge and flood risk activity under the EPR 2016.

2.4.3 Consideration has been made of alternative discharge options including Bran Sands
Wastewater Treatment Plant, however the cooling water discharge would provide
excessive dilution with minimal organic content and NWL advise it would adversely
affect performance of the plant.
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2.4.4 Alternative discharge locations closer to the estuary have been discounted as the
thermal plume could interfere with fish migration up the River Tees.

2.4.5 Initial thermal plume modelling for the discharge outfall to the Tees Bay has been
carried out for the discharge of wastewater, including cooling tower blowdown, and
is appended to the main application document (60559231-ACM-PM-RP-EN-001-A).
The modelling employs CORMIX to simulate the initial dilution of the thermal
effluent within the near-field mixing zone, and Delft3D to simulate sediment
transport.

2.4.6 The potential thermal effects from discharge to coastal water bodies is discussed in
the Environmental Statement, Chapter 14 -Marine Ecology. There are currently no
statutory temperature or temperature rise limits in estuarine and coastal waters,
however the available data suggests that a localised 2-3°C temperature increase
would be tolerable to the sub-tidal habitat present and unlikely to result in changes
to communities of fish and shellfish in terms of abundance and diversity. The thermal
plume is also not predicted to affect the reproductive success of fish species of
conservation and / or commercial importance nor would it represent a barrier to
migratory species.

2.4.7 The thermal plume impact from options with cooling tower blowdown, with a
conservative discharge of <90MWth, is expected to result in a minimal Zone of
Influence.  A higher rate of thermal discharge would increase the extent of the mixing
zone and adversely affect the SPA and SAC.

2.4.8 The Environment Agency and the Marine Management Organisation (MMO) has
been consulted during the development of the thermal model to ensure satisfactory
characterisation of the Tees Bay and confidence in the thermal modelling approach,
and the approach is considered to be consistent with that outlined within the Joint
Environmental Programme (JEP): Protocol on Projects Modelling Cooling Water
Discharges into TrAC Waters within Power Station Developments (2017).



NZT Power Ltd
Appendix C3 - BAT for Cooling 
Document Reference: 60559231-ACM-PM-RP-EN-005-A

June 2021 12

3.0 INSTALLATION COOLING OPTIONS

3.1 Indicative BAT for Power Station Cooling Systems

3.1.1 BAT for cooling systems (for CCGT only) is defined in the Industrial Cooling Systems
BRef document.  This document is referenced in the Large Combustion Plant BRef
and the Environment Agency’s guidance.

3.1.2 Indicative BAT for cooling in relation to power stations is defined as follows:

“In an integrated approach to cooling an industrial process, both the direct and
indirect use of energy are taken into account.  In terms of the overall energy efficiency
of an installation, the use of a once-through system is BAT, in particular for processes
requiring large cooling capacities (e.g. >10MWth).  In the case of rivers and/ or
estuaries once-through can be acceptable if also:

 Extension of heat plume in the surface water leaves passage for fish migration;

 Cooling water intake is designed aiming at reduced fish entrainment; and

 Heat load does not interfere with other users of receiving surface water.

For power stations, if once-through is not possible, natural draught wet cooling
towers are more energy-efficient than other cooling configurations, but application
can be restricted because of the visual impact of their overall height.”

3.1.3 This preference for considering direct cooling as BAT has been called into question,
not least because of the age of the report (2001) but also a number of studies,
particularly in the US, suggest that the impact on fish may be greater than previously
thought.

3.1.4 The EA’s position is understood to be that its preference for direct cooling remains
unchanged, with its own work (Evidence Document SC070015/SR3) confirming this
to be indicative BAT for estuarine and coastal sites (with a follow-up report on
protection of biota within estuarine and coastal waters used for cooling water intake
and outfall (Evidence Document SC180004/R1)).  However, depending on the local
environmental sensitivities, in accordance with EA Technical Guidance, wet, hybrid
or air-cooled systems can also be regarded as BAT, subject to an appropriate and
site-specific assessment.

3.2 Options Overview

3.2.1 The total cooling duty for the installation would be circa 700MWth. However,
consideration has been given to the CCGT plant and the Capture plant utilising
separate cooling systems in order to maximise efficiency, as the needs of each plant
are different.

3.2.2 Cooling is required for the CCGT units to condense the steam after it has passed
through the low-pressure section of the steam turbine; a vacuum is maintained in
the condenser in order to minimise the steam condensation temperature and
therefore maximise the electrical generation from the steam turbine.  By condensing
the steam to the lowest possible pressure (driven by the low achieved temperature),
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the thermal efficiency of the steam cycle can be maximised, and thus the highest
electrical efficiency, is obtained. This upside needs to be weighed against the
additional auxiliary pumping loads for circulating the associated amount of cooling
water – itself driven by the environmental limits of the temperature increase of the
discharged water – the “delta T”.  The anticipated cooling load for the CCGT train is
in the range 200-260 MWth based on the current concept design (see Section 1.2.).

3.2.3 The CO2 capture plant uses cooling water to lower the flue gas temperature prior to
amine stripping and within the solvent recovery process for condensation; the
compression of CO2 also generates heat and has an associated cooling requirement.
The Capture plant will therefore have an associated cooling load of 360-390 MWth.
There are no significant process or efficiency gains associated with cooling the flue
gas below 32 °C as the optimal solvent operating temperature is estimated to be
circa 32-38 °C.

3.2.4 The installation will be designed to maximise energy efficiency, including where
optimal, integration of steam system, water supply and cooling circuits, in
accordance with indicative BAT. This will be carried out during FEED as part of, and
following, the technology selections.

3.2.5 The assessment has been made on the basis of continuous operation of the CCGT
and Capture plant, in “CO2-abated mode”.

3.2.6 There are four main options available to service the cooling duty of the proposed
installation:

 Once-through water cooling;

 Wet cooling tower;

 Hybrid (wet/ dry) cooling tower; and,

 Air-cooled condenser (dry cooling) for the CCGT power station, and wet cooling
tower for the Capture plant.

3.2.7 These options are considered in more detail below.

3.2.8 It is recognised that the EA typically considers direct or once-through cooling as
indicative BAT for coastal-located plant, utilising sea or estuarine water, as this
maximises the thermal efficiency of the system and in theory there is sufficient water
available.  However, other cooling options can also represent BAT based on site-
specific considerations.

3.2.9 An alternative split-system cooling option considered in the initial screening included
once-through cooling for the CCGT with wet cooling tower for the Capture plant
(saline water) however the specific parasitic load (MWe/MWth) for this option was
amongst the highest of the options considered; coupled with the relatively high
abstraction and discharge volumes and high capex, this option is not considered
viable, and has not been carried forward.
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3.3 Once-Through Cooling

3.3.1 Once-through cooling uses water pumped from controlled waters (such as an
estuary, river or other surface water feature) via a large water inlet, directly through
a heat exchanger or condenser, after which the heated water is discharged directly
back into the surface water.  Once through cooling represents one of the most
efficient cooling processes due to the low cooling water temperature and the high
heat transfer characteristic of water-cooled condensers, resulting in a higher
generation efficiency from improved steam turbine performance.  Once-through
cooling systems involve significant water use (some 50-100 times more than with
cooling towers), with the Industrial Cooling Systems BRef stating that such cooling
systems can consume up to 86t/h/MWth for a delta T of 10°C for a simple CCGT
alone; for use on a CCGT with Capture plant this is likely to be more than double.

3.3.2 Thermal modelling for the site indicates that a maximum delta T of circa 4°C would
be necessary to avoid impacts on the receiving water; this therefore significantly
increases the volume of water that would be necessary for once-through cooling for
the installation against the BRef indicative value. The volume required to achieve the
delta T of 4°C, for the installation as a whole, would be in excess of 100,000t/hr; for
the CCGT train alone, would be circa 50,000t/hr.

3.3.3 Once-through systems are affected by the availability of sufficient surface water and
the water quality, as well as discharge limitations, for example the effect of the
thermal load on the receiving water body and its ecological sensitivity.  As all the
cooling water used in once-through systems is usually discharged (rather than being
recirculated), it undergoes only mechanical screening and coarse filtration to prevent
serious damage to downstream equipment, so that there is no change in water
chemistry between the circulating water and the source water.  Scale deposition of
biological fouling is a common issue with once-through cooling systems and if the
water is more corrosive (i.e. sea water or estuary water, as in the case of the
proposed installation) the impact on material costs can be significant.  For the
Capture plant where there are more heat exchangers with potentially corrosive
mediums these costs are very significant.

3.3.4 Other environmental considerations include:

 the use of energy for pumping;

 the risk of fish entrainment and need to restrict approach velocity; and

 the use of additives, such as scale treatment, with subsequent discharge to the
controlled water.

3.3.5 The construction cost of the required infrastructure for once-through cooling can
also be prohibitive given the high water demand (e.g. up to 70 m3/s for the CCGT
element of the plant alone) and the associated size of intake and discharge pipework
that would be required (e.g. at 70 m3/s, a pipe diameter of up to 4.7m may be
required).
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3.3.6 Significant refurbishment and upgrade would be required on the existing intake
arrangement to meet the additional volume requirements for once-through cooling,
including installation of larger pipework, equipment and pumphouse, and to comply
with the Eels Regulations.

3.3.7 As the existing abstraction point on the River Tees estuary is located less than two
kilometres from the mouth of the estuary, the water has a high salinity, and is
effectively characteristic of seawater.  The option to use once-through cooling using
saline water from the River Tees has been considered further in Section 4.4.

3.4 Wet Cooling Towers

3.4.1 Wet cooling condenses steam using a (semi) closed circuit of cooling water as the
main cooling medium in direct contact with a cooling air flow through the towers.
The heat load in the cooling water is removed by evaporation within the cooling
towers and the cooled water is recirculated within the system typically via a reservoir
(cooling tower basin).  A percentage of the cooling water (c.1-2%) is lost through
evaporation and drift (entrainment of droplets); blow-down is required to maintain
water quality resulting from cycles of concentration.  The system level is maintained
through make-up water from the abstraction.  The Industrial Cooling Systems BRef
states that the volume of make-up water required for power stations using an open
loop wet cooling system can be 1-5% of that required for similar sized once-through
cooling systems.

3.4.2 Cooling water from the steam condenser is pumped to the top of the cooling tower
and the water is distributed, by spray, over the cooling tower packing, to maximise
the contact with steam flow though the packing.

3.4.3 Drift eliminators are employed at the top of the tower to minimise the entrainment
of water droplets within the air flow.  The air exiting the tower will be saturated with
water, and therefore visible plumes will frequently occur as the warm air mixes with
colder atmospheric air causing condensation of the water vapour.  The extent of the
plume formation is dependent on weather conditions, with colder or more humid air
resulting in larger plumes.

3.4.4 The continuous evaporation of the cooling water can result in a concentration of
dissolved salts present within the cooling water.  To maintain the dissolved solid
content to within design parameters of the cooling towers, a small amount of water
is removed (purge/blow-down), and make-up  water is added to the cooling tower
recirculation system to compensate for the volume losses from evaporation and
purging (make-up).

3.4.5 Several alternative designs for the water-air evaporative cooling stage can be
employed, including:

 natural-draught air flow, which relies on a pressure differential between top and
bottom of the tower, generated by the change in density of the air, to induce a
draught of air up the tower in a counter-flow to the cooling water; and
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 mechanical-draught air flow, which uses mechanically generated air flow using
fans either at the top (induced-draught) or bottom (forced draught) of the tower;
within these systems the air flow can be perpendicular to the water flow (cross-
current) or in the opposite direction to the water flow (counter-current).

Natural Draught Towers

3.4.6 Natural draught towers are made from reinforced concrete and are high capital cost;
they may be 80-150m in height and can emit continuous visible plumes when
operational and therefore can present significant visual impact, as well as the
potential for generating large visible plumes, plume grounding and the risk of icing
of roads during certain weather conditions.  Natural draught towers are best suited
for areas of high relative humidity; therefore, natural draught towers are considered
to not be efficient for areas such as that for the location of the proposed installation,
having a design relative humidity of 67.5%.  Natural draught towers are not
considered to be appropriate for the site due to efficiency issues arising from
typically lower relative air humidity, limited turndown and flexibility, cost
effectiveness for the cooling duty required and the visual impact of water plumes
and the towers themselves.  The use of natural draught cooling towers has therefore
been discounted from this assessment.  Their use, generally, is rare in the UK of
recent times.

Mechanical Draught Towers

3.4.7 Mechanical draught towers are typically smaller than natural draught towers, and
therefore the capital investment is lower; Mechanical draught systems also produce
visible plumes, albeit at lower tower exit height than for natural draught systems.
The impacts from visible plumes depend on the proximity and sight-lines of nearby
receptors. Their disadvantage compared to natural draught is that the require
motorised fans to assist the air flow, which require use of auxiliary power and result
in significant noise emissions.

3.4.8 Mechanical draught cooling towers can be saline or non-saline.  In both cases, the
water intake system needs to be protected from organic growth to prevent
blockages.  Disinfection processes (e.g. chlorination) can be employed, although this
has a potential environmental impact from the discharge; alternatively, thermal
treatment can be employed although this is more complicated to operate and may
affect thermal efficiency of the installation. Saline cooling towers have the added
disadvantage that the exchanger equipment materials need to be of higher
specification and therefore this increases the equipment cost.

3.4.9 It is known that there is sufficient (non-saline) water supply available for application
of this cooling technology at the site from the NWL supply or the nearby River Tees,
as described in Section 2.

3.4.10 As the River Tees estuary source is highly saline (i.e. chloride levels >20,000 mg/l)
due to the abstraction point on the River Tees being situated less than two
kilometres from the mouth of the estuary, an additional desalination process
(reverse osmosis or similar) would be required to reduce the salt content to
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acceptable levels to make it suitable for various process applications.  Since the
reverse osmosis desalination process has a low water efficiency (typically <45%
recovery), significantly greater abstraction volumes of raw water would be required
from the Tees estuary compared with the non-saline source to achieve the same raw
water output.

3.4.11 The operator therefore has the option to use either water abstracted from the Tees
estuary following implementation of appropriate filtration (retaining the salinity of
the water) or implement desalination of the abstracted river water before use for
cooling.  The potential of a saline cooling tower has been considered as part of this
assessment comprising an assessment of desalinating the make-up water.  The
potential implementation of wet cooling using saline water at the site using filtered
(but not desalinated) river water has also been considered as part of this study, for
completeness.

3.4.12 Alternatively, the plant can utilise raw water supplied by NWL via abstraction from
the River Tees.  A connection from the STDC site to the NWL (River Tees) raw water
network currently exists via the Redcar Metering House, as described previously in
Section 1.3.

3.4.13 NWL has stated that they have supplied a number of major facilities (including the
Wilton International site) with no major issues being reported regarding the water
supply pressures, flows or quality of water.  NWL has confirmed that its existing
system has the capacity to deliver the required quantity of raw water to support the
Project.

3.4.14 NWL has stated that the network currently operates a water abstraction licence from
the River Tees of 30 million litres per day (MLD) and the network is reported to
currently be running at approximately 50% capacity (15 MLD).  It is understood that
the abstraction licence could readily be revised to accommodate the raw water
requirements of the site, should this be required.

3.4.15 Additionally, it is expected that the water sourced from NWL will not require
significant treatment, unlike the water sourced directly from the Tees estuary which
is saline.

3.4.16 The assessment has therefore included consideration of a single wet cooling system
for the proposed installation with mechanical draught cooling towers, using water
from the River Tees, with options of using saline water, desalinated water or raw
water supplied from NWL.

3.5 Dry Air-Cooling Condenser (ACC)

3.5.1 Dry air cooling is the direct condensation of the steam by a cooling flow of air via a
bank of condensing heat exchangers.  These banks of heat exchangers are normally
mounted in an elevated structure to allow good and even air flow across the heat
exchange surfaces; the air flow is created by large fans. The steam is condensed in
the heat exchangers and is then recovered as condensate to be reused in the steam
cycle.
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3.5.2 ACCs require no off-site infrastructure and rely solely on the supply of electrical
energy to operate the fans, however this can be a very considerable auxiliary load
significantly reducing the overall plant efficiency.  ACCs are rarely the cooling option
of choice unless there is a scarcity of water available to a power station site.

3.5.3 The heat transfer characteristics of the air-cooled heat exchangers, and the fact that
the air temperature is normally higher than water-cooled options, means that this
arrangement is the least favourable arrangement from an efficiency point of view;
this is particularly marked at higher ambient air temperatures.  These systems are
best suited for locations with a consistently high relative humidity, with efficiency
decreasing with lower relative humidity levels, as is likely at the proposed site
location.

3.5.4 ACCs have the added disadvantage of the noise generated by the fans and the larger
footprint required to achieve the necessary level of cooling.

3.5.5 However, ACCs offer benefits in other areas such as avoiding the environmental
impacts associated with water abstraction and discharge as well as the construction
effects of the associated infrastructure; and heat is discharged directly to the air
without the generation of visible plumes created by wet methods.

3.5.6 ACC is potentially applicable for the CCGT plant with its high inlet temperature
relative to ambient. However, to achieve the required cooling for the Capture plant
(approximately double that of the CCGT) a substantial sized ACC cooling bank is
required, expected to be larger than the size of the plant, and this option is therefore
not considered viable for the Capture plant due to space limitations.

3.5.7 For ACC to be used for CCGT cooling requirements, the Capture plant could employ
a wet cooling system with mechanical draught towers (as natural draught cooling
towers have been discounted from the assessment see Section 3.4).  The wet cooling
towers for the Capture plant would be similar to those described in Section 3.4, albeit
smaller (or fewer in number) considering the lower cooling load to be provided
compared to the total cooling load for the proposed installation.  This cooling option
would still have considerable spatial requirements, as significant footprint would be
required for both ACC cells and the mechanical draught cooling towers.  It is also
considered that this option would have higher noise emissions and lower efficiency
than the options considering a single combined cooling system as both systems will
have associated efficiency losses.

3.5.8 This option has therefore been discounted from this assessment.

3.6 Hybrid (‘Wet-Dry’) Cooling

3.6.1 Hybrid cooling (also known as plume-abated mechanical draught cooling) also uses
water as the main cooling medium.  The heat load in the cooling water is removed in
the hybrid cooling towers by a combination of dry air cooling, and evaporative
cooling.

3.6.2 The cooling water is first dry-cooled, by passing through tube banks in the hybrid
cooling towers over which air is drawn by forced draught fans; this reduces the
evaporative cooling load in the wet stage. The cooling water then passes to a wet
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cooling stage where it is sprayed over packed bed elements, to provide an extended,
and therefore more efficient, air/ water contact surface area.  In the wet cooling
stage, the water is cooled by two effects: the direct contact of the cold air flow with
the water, and the cooling effect of the evaporation of a small proportion of the
water.

3.6.3 The cooling water demand for a hybrid cooling system at the site could be sourced
from either River Tees estuary or NWL (via River Tees), similar to that for wet cooling
towers, as discussed in Section 2.3 above.

3.6.4 This method of cooling is more efficient than ACC; it benefits from the more efficient
water-cooling heat exchange characteristics but still relies on the ambient air
conditions to achieve some cooling. Hybrid tower systems are comparable in size to
mechanical draught cooling towers.   However, the additional fans result in a higher
associated auxiliary power load and greater noise generation than fully wet cooling
methods.

3.6.5 The hybrid tower system also requires make-up water to compensate the losses
through evaporation and the purge of concentrated salts in the recirculated water;
however, the water consumption is typically c.25% of that for wet cooling systems.
The Industrial Cooling Systems BRef states that the consumption of water for an
open hybrid tower is typically around 0.5m3/h/MWth.

3.6.6 Hybrid cooling towers can, however, still produce  visible plumes of water vapour
under certain weather conditions, in particular during cold or humid weather,
however the incidence of such plumes is significantly less than for fully wet-cooling
systems as the dry-cooled stage reduces the evaporation requirement, and the
evaporated water is heated (thus increasing the saturated vapour pressure of water
in the emission from the hybrid tower) as the vapour passes across the dry cooled
section.

3.6.7 Hybrid cooling costs significantly more, and also uses more power thereby lowering
the overall plant efficiency.  They are, therefore, only considered to be the most
suitable cooling option where plume-abatement is considered important.
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4.0 EXISTING ENVIRONMENT

4.1.1 This section describes the environmental context for the proposed installation, in
particular the local environment with the potential to be impacted by the cooling
options under consideration.

4.1.2 A number of environmental receptors have been identified in the vicinity of the site.
All distances are given as the shortest distance between the receptor and the closest
point of the proposed installation boundary.

4.1 Residential Receptors

4.1.1 Nearby residential communities include the towns of:

 Dormanstown (approximately 1.1km south-east); and

 Redcar (approximately 1.6km east),

4.1.2 The sensitivity of these receptors to visible impacts, such as visible plumes and
buildings and structures, is considered to be relatively low given the historic use of
the site as a steelworks, and the prevalence of industrial land use in the surrounding
area.

4.2 Ecological Receptors

4.2.1 The Teesmouth and Cleveland Coast, located approximately 240m north of the site,
is a statutory site designated as SSSI, Ramsar and a Special Protection Area (SPA).
The site includes a range of coastal habitats (sand- and mud-flats, rocky shore,
saltmarsh, freshwater marsh and sand dunes) on and around the Tees Estuary.

4.2.2 The River Tees is approximately 1.6km to the west of the Main Site, whilst the North
Sea is approximately 0.6km to the north of the Main Site.  The River Tees is tidal at
this location and forms part of the Teesmouth and Cleveland Coast SSSI. The NWL
abstraction via the River Tees is upstream of the normal tidal limit which is
approximately 14km upstream (at the Tees Barrage). The Tees river and estuary is an
important water body for fish species which make seasonal migrations between the
sea and riverine environment, including salmon, sea trout, European eel, river
lamprey and sea lamprey.

4.3 Climate Change Considerations

4.3.1 Considerations include:

4.3.2 Effects of air temperature change – The exchange of heat is driven by the
temperature difference between the ‘hot’ and ‘cold’ side of a heat exchanger.
Therefore, the efficiency of any cooling system is dependent on the temperature of
the cooling medium.  For air-cooled systems, the dry bulb temperature, which is
higher than the wet-bulb temperature, defines the minimum temperature for
cooling.

4.3.3 In effect this means that during hot, dry weather, air-cooled systems are much more
limited in the cooling performance achievable compared with wet-cooled systems
and are affected more generally by fluctuations in air temperature than wet systems.
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The condenser performance and consequently the steam turbine output (and
generation efficiency) is limited by the ambient temperature; warm ambient
temperature can significantly de-rate the steam turbine for systems using ACCs.

4.3.4 Effects of sea-water temperature change – As outlined above, the efficiency of any
cooling system is dependent on the temperature of the cooling medium.  For wet
(evaporative) cooling systems, the wet bulb temperature (that is dependent on the
measured atmospheric temperature, relative humidity and air pressure) influences
the rate of evaporation as this is the theoretical lowest temperature to which water
can be cooled by evaporation.

4.3.5 In addition, the difference between air and water temperatures in winter further
reduces any efficiency gains; most efficiency gains are seen in summer months when
the water temperature is relatively low when compared to ambient air.  An
assessment of the local climatic conditions has shown that the temperature range
for ambient air ranges from -13⁰C in winter to 30⁰C in summer months, whilst the
water temperature in River Tees and Northumbrian coastal waters ranges between
4.2 – 16.8⁰C, and 2.2 – 16.7⁰C respectively.  It should further be noted that the sea
temperature is 1 - 2⁰C colder than the estuary water.

4.4 Key Environmental Considerations

4.4.1 Of the identified receptors, the internationally designated ecological conservation
area is considered to be the most sensitive to impacts from the cooling options.

4.4.2 Potentially significant impacts would be:

 the abstraction of water, with mitigation required to avoid entrainment of aquatic
organisms;

 impacts on water chemistry and biodiversity from the discharge of water with
thermal plume and potential water treatment chemicals;

 noise impacts from fans with potential disturbance of birdlife; and

 temporary construction impacts from installation of additional intake pipework.

4.4.3 On account of closure of the steelworks, the associated abstraction/ intake point has
not been used for some time and the outfall has only been used intermittently or for
low flow.  Both will therefore require assessment of the associated environmental
effects for their use to ensure compliance with the Habitat Regulations Assessment
and Water Framework Directive requirements.

4.4.4 Noise impacts on local residential receptors from any of the cooling options are
considered to be of lower importance because of the distance to receptors, and the
existing industrial environment in which the proposed development would be
located.  It is considered that such impacts could be adequately mitigated for with
appropriate selection of equipment and screening measures as necessary.

Discharge

4.4.5 It is envisaged that the following discharge conditions would need to be met, based
on the sensitivity of the receiving water, and nature of the outfall (including its
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distance from shore, depth, use of diffusers etc).  Conservatively it is assumed that
these conditions would minimise the risk of significant impacts on the receiving
water:

4.4.6 Specific temperature range for the discharge – It is expected that the cooling
discharge would be within specific temperature range to minimise potentially
significant thermal plume effects from the discharge.  The temperature of the cooling
discharge would be dependent on the mixing zone and the extent of the thermal
plume which could have seasonal variation.  The acceptable temperature range of
the cooling discharge has been modelled and 10°C limit is calculated to ensure no
adverse impact on the receiving waters for smaller flows associated with cooling
tower blow-down discharges. Thermal plume modelling of a wet tower cooling water
(blow-down) discharge from the outfall has been undertaken as part of the
Preliminary Environmental Information report and this concluded that no significant
effects on the designated ecological receptor occur as a result of that thermal plume
and that the mixing zone is sufficiently small.

4.4.7 Water quality requirements – It is anticipated that, as a minimum, the following
limitations will be placed on any direct discharges to controlled waters;

 there will be limits on the excess free chlorine in the discharge;

 the heat input from the discharge to the surface waters will need to be within a
specific limit reflecting the temperature range and mixing zone in the receiving
water;

 addition of screens to minimise fish impingement and entrainment.

Abstraction

4.4.8 Based on the concept engineering design for the proposed installation, the predicted
water demand and thermal discharge of the plant is summarised below:

 Cooling demand for the CCGT plant up to 260 MWth;

 Cooling demand for carbon capture/ compression plant up to 390 MWth;

 Cooling water demand for the CCGT plant for once-through cooling circa
50,000t/h – based on the calculated 4°C limit of the discharge;

 Cooling water demand for the Capture plant for once-through cooling circa
80,000t/h – based on the 4°C limit of the discharge.

4.4.9 It is assumed that an equivalent abstraction volume, from the River Tees estuary, to
that licenced for the former the steelworks may be obtained (<30,000 t/h), albeit this
would likely also include hands-off flow provisions, restricting abstractions at times
of low flow in the river.

4.4.10 On this basis, once-through cooling for the CCGT plant alone would exceed the
former licensed abstraction limit.  The Capture plant, with a greater cooling load
would necessitate an even higher abstraction volume which it is considered would
be very unlikely to be licensed, certainly not without seasonal restrictions (hands-off



NZT Power Ltd
Appendix C3 - BAT for Cooling
Document Reference: 60559231-ACM-PM-RP-EN-005-A

June 2021 23

flow conditions) being included within the licence.  The option for once-through
cooling for the Capture plant (or for the whole installation cooling system) has
therefore been discounted.

4.4.11 The option for CCGT once-through cooling has been retained for comparison (with
alternative cooling options for Capture plant system), as the required abstraction
volume would be reduced if a corresponding higher temperature discharge could be
licensed.

4.4.12 NWL have confirmed that the existing pipe network has capacity for up to 2,000m³/h
(and potential for further supply with upgrading works) to accommodate supply of a
circulating cooling water system for the proposed installation. However, based on
the volumetric flow (to accommodate the discharge temperature requirement) it is
considered unviable for once-through cooling water to be supplied via NWL.
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5.0 COSTS AND BENEFITS OF THE COOLING OPTIONS

5.1 Once-Through Cooling

5.1.1 The improved steam turbine performance from a colder cooling medium that
typically promotes the use of  once-through cooling for thermal power plant, is offset
for this site by the high parasitic load from pump use, as a result of the distance to
the abstraction point from the site, coupled with the large volume requirement to
meet the discharge temperature requirement. Additionally, the smaller difference
between air and water temperatures in the winter (compared with summer
conditions) further reduces the gain in efficiency.   The net thermal efficiency is
therefore comparable with other options, but with a higher than average parasitic
load and one of the highest specific parasitic loads (relative to cooling load achieved)
of the considered options.

5.1.2 The intention for future dispatchable operation also has implications for the
maintenance of abstraction equipment to avoid silting/sedimentation during down
time, potentially through maintaining a low flow (with associated parasitic load) to
avoid static conditions in pipework.

5.1.3 The annual operating cost is comparable to other options, however the requirement
for high-specification metallurgy heat exchangers for saline water for the Capture
plant and CCGT, coupled with installation/upgrade of abstraction pipework, fish and
eel screens and pumps, make the capital cost relatively high compared to the other
options.

5.1.4 The receptors in the surrounding area are not expected to be particularly sensitive
to visible impacts, nor is the site very space constrained, both of which
considerations can recommend the technique in other situations.

5.1.5 The energy efficiency advantages of once-through cooling over other techniques are
therefore not realised for this installation, and coupled with the potential effects on
biota from high abstraction volumes and thermal plume effects on the local
environment, the use of once-through cooling is not considered to be BAT for this
installation.

5.1.6 The option for a split system (once-through cooling for the CCGT, cooling tower for
the Capture plant) also has a higher than average specific parasitic load, and the
highest capex and opex and therefore is not considered to be BAT for this installation.

5.2 Mechanical Draught Wet Cooling Towers

5.2.1 Mechanical draught wet cooling towers can provide high heat-transfer
characteristics comparable to other wet cooling techniques but with much reduced
water abstraction requirements compared with once-through cooling.

5.2.2 Mechanical draught cooling can result in frequent visible plume emissions from
condensing water vapour, however the proposed location is not considered to be
particularly sensitive with regard to visual impact, as a result of the likely location of
cooling towers associated with this cooling option being central to the plant (and
therefore surrounded by other buildings/ structures) as well as the current
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surrounding industrial areas and previous use for the former steelworks.  This would
also reduce the potential for visible plume grounding impacts on passing traffic.

5.2.3 The selection of water source affects both the overall efficiency of the technique
(parasitic load), capex and opex considerations. Use of saline water, as make-up
water, directly in the cooling tower would reduce the thermal performance of the
system as a result of dissolved solids, and would present issues of fouling and
corrosion leading to greater downtime for maintenance and higher ongoing costs.
The desalination of abstracted estuary water would result in discharge of a brine
stream with potential impacts on the locally sensitive ecological marine
environment; it would also require higher capital cost. Desalination would also
require a higher abstraction volume and have a greater parasitic load compared than
either saline water or NWL water.

5.2.4 Given the reported availability of NWL water at sufficient volume, the use of NWL
water in mechanical draught wet cooling towers is considered to represent the most
efficient option, with lower parasitic loading compared to use of saline water for
cooling, and with higher heat-transfer characteristics (slightly higher heat capacity
compared with saline water), leading to lower overall water consumption for the
technique. As a result, this option has the lowest specific parasitic load of the options
assessed.  Chemical dosing of the system would be much lower than for other water
sources and therefore also the blow-down would likely represent a lesser impact.
Capital costs for plant using the NWL water use would be lower than for the other
water sources, and the operating cost for purchase of 3rd party water is offset by
lower maintenance costs for the system compared with use of abstraction water.

5.2.5 The use of mechanical draught cooling towers, with 3rd party (NWL) non-saline
water is therefore considered to represent indicative BAT for the proposed
installation cooling system.

5.3 Hybrid (“Wet-Dry”) Cooling

5.3.1 Hybrid cooling or “plume abated” mechanical draught cooling has the lowest water
consumption relative to fully wet cooling techniques, as the air-cooled section
reduces evaporation rates.  However, the costs of the system, and the parasitic load
from fans, are considerably higher than for mechanical draught wet cooling. There is
an increased potential for noise emissions from the additional fans required for
hybrid plant over mechanical draught cooling.

5.3.2 Visually, the plant would be similar to mechanical draught towers but with a reduced
frequency of visible plume emissions, therefore hybrid cooling towers would
represent indicative BAT if visible plume impacts were considered to be a critical
issue.

5.3.3 In terms of water source, the use of NWL water in a hybrid cooling system is subject
to the same considerations as for mechanical draught cooling summarised above.

5.4 Comparison of Cooling Option

5.4.1 Table 5.1 shows a summary of the key performance and other operating parameters
of the different cooling technologies.
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5.4.2 The relative performance of each of the options is summarised in Table 5.2 below for
ease of comparison.  Each option is rated “best”, “average” or “worst” for each
category assessed and considering the local sensitivities.  Where the performance of
multiple systems is similar, they have all been classified as ‘average’ with the ‘best’
and ‘worst’ performances identified as such.
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 Table 5.1 Cooling Options – Indicative Performance and Operating Parameters (for CO2-abated mode)

Parameter Mechanical
draught Cooling

Tower (saline
water)

Mechanical
draught Cooling

Tower
(desalinated

water)

Mechanical
draught Cooling

Tower (NWL
water)

Plume abated
(Hybrid) Cooling

(saline water)

Plume abated
(Hybrid) Cooling

(NWL water)

Once-through
cooling (saline

water)

Split system, CCGT:
Once-through;

CP: Hybrid Cooling
Tower (NWL water)

Net Power Output
(MWe)1

709 704 710 703 703 704 706

Parasitic loading (MWe) 53.7 59.0 51.6 54.2 53.7 58.6 54.7
Net thermal efficiency
(LHV %)

54.4 54.1 54.5 54.2 54.3 54.1 54.5

Potential noise
emissions (dB(A))

80 – 120 80-120 80-120 90-130 90-130 70-120 80-120

Water demand (t/hr) 1,700 2,400 1200 1,600 1,100 >100,000 53,600 (700 of
which NWL)

Relative Capital Cost 1.3 1.5 1.0 1.6 1.3 1.7 1.7
Annual operating costs
(£M/yr)

128 134 129 135 130 131 137

Specific parasitic load
(kWe/MWth cooling)

18 26 16 23 19 25 25

1. Based on mid-range technology expected performance

2. The values reflect the ambient air, water and wet-bulb temperature variations between winter, summer and shoulder seasons
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Table 5.2 Comparison of Potential Cooling Options (excluding once-through)

Cooling Option Mechanical draught
Cooling Tower
(saline water)

Mechanical draught
Cooling Tower

(desalinated water)

Mechanical draught
Cooling Tower (NWL

water)

Plume abated
(Hybrid) Cooling

(saline water)

Plume abated
(Hybrid) Cooling

(NWL water)
Generation efficiency Average Worst Best Average Average
Water demand Average Worst Best Average Best
Noise Best Best Best Worst Worst
Pollutant emissions to air1 Average Worst Average Average Average
Impact on local water
environment2

Average Worst Best Average Best

Capital cost Average Worst Best Worst Average
Operating cost (*subject to
3rd party costs)

Best Average Best * Average Average

Visual impact Average Average Average Best Best
Notes

1. Pollutant emissions to air includes high-level consideration of parasitic load (carbon emissions)

2. Impact on local water environment includes high-level consideration of abstraction volume and discharge of blowdown (temperature and chemicals)

3. Visual impact includes qualitative assessment of physical plant and potential visible plume impacts from cooling towers



NZT Power Ltd
Appendix C3 - BAT for Cooling
Document Reference: 60559231-ACM-PM-RP-EN-005-A

June 2021 29

6.0 CONCLUSION

6.1.1 Although  once-through cooling using estuarine water is usually identified as
indicative BAT in published guidance (for CCGT), the specific geographical and
technical conditions (including the carbon capture elements) for the proposed
installation, as outlined previously, lead to the conclusion that  once-through cooling
does not necessarily represent BAT for this installation, because:

 the parasitic energy consumption offsets the efficiency gains in turbine
performance;

 the environmental effects of the water abstraction and thermal plume discharge
are significant; and

 the costs and environmental effects outweigh the potential efficiency benefits.

6.1.2 The use of mechanical draught wet cooling towers, using raw (non-saline) water
sourced from NWL (via River Tees) represents BAT for the proposed installation for
the following principle reasons:

 Much lower water demand and thermal discharge compared to once-through
systems;

 Lower energy consumption than other alternatives considered;

 Comparable net efficiency to once-through cooling – given the site-specific nature
increasing auxiliary pumping loads to a level largely negating the increased gross
output likely to be achieved with once-through cooling;

 Lower noise emissions than plume-abated cooling towers; and

 Availability of raw (non-saline) water within current supplies from NWL, with
better heat-transfer characteristics and lower maintenance and chemical
requirements than estuarine water.

6.1.3 The use of hybrid (plume abated) cooling towers would be indicative BAT if visible
plume impacts were a material consideration. However, the site location is not
considered to be particularly sensitive to visual impacts from thermal plumes given
the industrial landscape and the distances to sensitive receptors and therefore
mechanical draught cooling towers are considered to represent BAT for the
proposed installation.

6.1.4 An indicative layout showing the location of cooling towers and the CCGT and
Capture plant is provided in Appendix A.
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APPENDIX A: INDICATIVE LAYOUT



Net Zero Teesside Project
Environmental Permit Application Reference: EPR/PP3501LR/A001

Appendix C4 - Assessment of Best Available Techniques for Energy Efficiency

The Environmental Permitting (England and Wales) Regulations 2016

Applicant: Net Zero Teesside Power Limited

Date: June 2021



NZT Power Ltd
Appendix C4 - BAT for Energy Efficiency
Document Reference: 60559231-ACM-PM-RP-EN-006-A

June 2021

DOCUMENT HISTORY

Document Ref 60559231-ACM-PM-RP-EN-006-A
Revision 1.0
Author Aakanksha Sinha, Rachel Huxham
Signed Date 15 June 2021
Approved By Richard Lowe
Signed Date 15 June 2021
Document
Owner

GLOSSARY

Abbreviation Description
BAT Best Available Technique
BAT-AEL BAT – Associated Emission Level
CCGT Combined Cycle Gas Turbine
CCUS Carbon Capture, Utilisation and Storage
CEMS Continuous Emissions Monitoring System
CO2 Carbon dioxide
DCO Development Consent Order
DCS Distributed Control System
ELV Emission Limit Value
EMS Environmental Management System
FEED Front End Engineering Design
GT Gas Turbine
HRSG Heat Recovery Steam Generator
LCP Large Combustion Plant
NOx Oxides of Nitrogen
OTNOC Other than normal operating conditions
SCR Selective Catalytic Reduction
ST Steam Turbine



NZT Power Ltd
Appendix C4 - BAT for Energy Efficiency
Document Reference: 60559231-ACM-PM-RP-EN-006-A

June 2021

CONTENTS

1.0 Overview ..................................................................................................................... 1 

2.0 Approach to BAT Appraisal ......................................................................................... 3 

3.0 Energy Efficiency Demonstration for the Installation .................................................. 5 

4.0 BAT Conclusions for the Installation.......................................................................... 13 

5.0 BAT Conclusions for the Large Combustion Plant ...................................................... 23

TABLES
Table 3.1.Indicative steam cycle pressure and temperature data .......................................... 6 
Table 3.2. Indicative CCGT restart category definitions .......................................................... 8 
Table 4.1: BAT Conclusions for Achieving Energy Efficiency at an Installation Level ............. 13 
Table 5.1: BAT Conclusions Large Combustion Plant ............................................................ 23



NZT Power Ltd
Appendix C4 - BAT for Energy Efficiency
Document Reference: 60559231-ACM-PM-RP-EN-006-A

June 2021 1

1.0 OVERVIEW

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
the application for environmental permit for the proposed Net Zero Teesside (NZT)
Carbon Capture, Utilisation and Storage (CCUS) project (“proposed installation”) to
be located in Redcar, Teesside.

1.1.2 The purpose of this report is to demonstrate that the proposed installation will be
designed and operated in accordance with indicative best available techniques (BAT)
for Energy Efficiency.

1.1.3 The proposed installation will form part of the UK’s first commercial scale, full chain
post-combustion CCUS project and will capture up to 4 million tonnes (Mt) of carbon
dioxide (CO2) emissions per annum. The CCUS project will comprise a number of
elements, including a new gas-fired power station (Combined Cycle Gas Turbine,
‘CCGT’), with state-of-the art carbon capture technology (‘Capture plant’) with a
nominal output of up to 860 MWe CO2-unabated (760 MWe CO2-abated); gas, water
and electricity connections (for the power station); a CO2 pipeline network (a
‘gathering network’) for collecting  CO2 from a cluster of local businesses and
industries on Teesside; a CO2 compressor station and a CO2 export/transport
pipeline.  The CO2 captured from the power station and local businesses/industries
will be transported (via the export/transport pipeline) for secure storage within the
Endurance saline aquifer, located 145 kilometres offshore from Teesside, under the
North Sea.  The export/transport pipeline has the capacity to carry up to 10Mt of CO2

per annum.  The CCUS project will therefore make a significant contribution toward
the UK reaching its net zero greenhouse gas emissions target by 2050.

1.1.4 A high-level process flow diagram for the Installation is provided in Appendix A to
the main supporting document.

1.1.5 The proposed installation will be designed to optimise the capture of carbon from
the power station operating in dispatchable mode, while minimising emissions and
waste generation and maximise energy efficiency.  While individual BAT assessments
have been prepared to address best available techniques for Large Combustion
Plant, Energy Efficiency, Capture plant design and cooling, the system will be
integrated to address multimedia effects across the installation as a whole.

1.1.6 The electrical, steam, steam condensate and water circuits between the power
generation plant and Capture plant will be integrated as far as is technically
practicable in order to reduce energy use, as discussed in this Energy Efficiency BAT
Assessment.

1.1.7 The High Pressure Compression plant, for onward transportation to storage, will be
managed under separate consents by NZNS (not the site operator), as part of the
wider CO2 network and storage operation.

1.1.8 This BAT assessment has been prepared using concept engineering information
provided by the operator related to the initial design parameters of the proposed
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installation, available information about the local environment and the existing
standards and guidelines presented in published guidance, including:

 EU Best Available Techniques (BAT) Reference Document for Energy Efficiency1;
and

 The draft BAT conclusions from the Environment Agency technical working group
on CCS2.

1.1.9 The main application document (‘Supporting Document’) (60559231-ACM-PM-RP-
EN-001-A) provides an overall view of the permit application being made for the
installation. Separate BAT assessments have been prepared for the Large
Combustion Plant (LCP) CCGT technology and operation, the Capture plant, and the
choice of cooling technique for the installation.

1.1.10 This document should be read in conjunction with the Supporting Document.  A
detailed description of the operations to be undertaken at the proposed installation
and how it will be operated is provided in Section 2 of the Supporting Document, and
has not been included here to avoid repetition.

1 European Commission.  2009.  Reference Document on Best Available Techniques for Energy
Efficiency
2 J.Gibbins, UKCCS, BAT review for new-build and retrofit post-combustion CO2 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 (2020)
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2.0 APPROACH TO BAT APPRAISAL

2.1.1 The development of CCUS from concept to full commercial scale must proceed
alongside the development of the BAT regulatory position, in order for there to be
confidence that a project meets indicative BAT before proceeding with Front-End
Engineering Design (FEED) and to drive the vendor procurement process through
clear and consistent definition of the expected performance parameters, whilst
maintaining the best protection for the environment as a whole.

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

 the Carbon Capture technology licensors requiring commercial confidentiality of
their process and solvent blend to be maintained;

 to allow the 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
within this development stage such that they are consentable, taking into account
environmental sensitivities and conditions at a particular site, with site-specific
BAT assessments for choice of solvent and technology to be undertaken  at the
detailed design stage.

2.1.3 Therefore, as the proposed installation has yet to under-go FEED, no decision has yet
been made on the selection of a specific vendor for the CCGT or licensor for the
capture plant technology. It is therefore proposed that the Permitting process for
the proposed installation, including the appraisal of BAT, will be undertaken as a two-
stage process:

 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 CCS
BAT assessment has been progressed on the basis of a vendor / technology-
neutral process, with the assessment of worst-case emissions profile to inform a
“permit in principle”;

 Stage Two, post-FEED, site-specific BAT justifications and impact assessments for
the preferred vendor technology and solvent will be carried out, following which
the Operator will confirm the proposals for, and undertake, a trial and monitoring
programme proposed as part of Permit pre-operational conditions.

2.1.4 This application for environmental permit has been prepared to fulfil the above Stage
One criteria and therefore assumes a vendor neutral approach.

2.1.5 The techniques described within this report and the associated BAT assessments are
therefore based on currently anticipated approaches to optimising carbon capture
efficiencies and BAT for the proposed installation’s operation as a whole, and is not
based on any specific technology selection.
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2.1.6 This approach has been agreed with the EA in pre-application discussions
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3.0 ENERGY EFFICIENCY DEMONSTRATION FOR THE INSTALLATION

3.1 Design Basis for Energy Efficiency

Integration of CCGT and Carbon Capture Plant

3.1.1 The overall performance of the CCGT and Carbon Capture plant for optimised energy
efficiency is dependent on the integration, as far as practicable, of electrical, steam,
steam condensate and water circuits.  The Capture Plant and Low-Pressure
Compression Plant have a parasitic load on the CCGT plant and therefore optimised
integration of utilities for energy efficiency is paramount to maximising generational
output.

3.1.2 The anticipated electrical efficiency of the proposed CCGT plant will be circa 53%
(LHV) after carbon capture (‘CO2-Abated mode’), or greater than 61% for the CCGT
operating without carbon capture (‘CO2-Unabated mode’), which is compliant with
or exceeds the required BAT-Associated Energy Efficiency Level (BAT-AEEL) range of
57-60.5% for CCGTs having a thermal input of >600MWth.

3.1.3 Thermal modelling has been undertaken to identify the key plant areas for energy
performance management identified at this stage of design, including consideration
of:

 Optimum location for steam take-off for solvent regeneration;

 Optimised design of the heat recovery steam generator (HRSG) to provide the
steam input for the most efficient operation of the plant;

 The design of the HRSG cold end takes into account the need to guarantee an
adequate sub-cooling at deaerator inlet, for an effective deaeration avoiding
excessive steam venting from the deaerator itself;

 Operating the low pressure (LP) section of the steam turbine (ST) on a sliding
pressure operation to control the inlet pressure of the section at a certain
minimum threshold.  This ensures the best efficiency and integration during the
normal operating conditions, as there is no steam throttling from the ST
extraction point to the delivery point at the users;

 Optimised recovery or re-use of low-heat streams, including reuse of waste heat
from compression and condensate.  However, the reuse of waste heat from
compression is considered to be impractical.  However, reuse of the waste heat
from the condensate return stream is being integrated in the process.

3.1.4 The carbon capture plant is a proprietary unit, and is therefore expected to be
optimised by the technology licensor for the specific solvent characteristics.

3.1.5 Detailed thermal modelling and optimisation of the system for energy performance
will be refined once the gas turbine technology and Capture plant licensor selection
has been made but may include consideration of:

 Insulation of capture plant regeneration loop to reduce heat loss during
shutdown; and
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 Heat recovery from condensate return stream.

3.2 Steam System

3.2.1 Based on the current concept design, the high pressure (HP) drum is expected to
generate steam at a pressure of around 175 bara. The HP steam is heated in two
super-heaters to reach a temperature of around 600°C, before entering in the HP
section of steam turbine.  The medium pressure (MP) evaporator generates steam
at a pressure of around 40 bara.  The superheated MP steam is heated together with
the cold steam leaving the HP steam turbine section up to around 600°C.  The
reheated MP steam is sent to the MP section of steam turbine.  The LP section of the
HRSG is likely to be made by a LP drum that generates steam at a pressure of around
4 - 10 bara that is heated in LP superheater and then sent to LP section of steam
turbine.  The LP drum is expected to be integrated with a deaerator to produce the
Boiler Feed Water.

3.2.2 Indicative quality values for the steam raised in the HRSG of the condensing steam
turbine cycle with reheat are shown in Table 3.1.

Table 3.1.Indicative steam cycle pressure and temperature data

Steam Pressure Level Pressure
(bara)

Temperature
(⁰C)

High pressure (HP) steam 175 600
Medium pressure (MP) steam 40 600
Low pressure (LP) steam 10 230

3.3 Steam supply to Capture plant

3.3.1 Steam off-take from the HRSG will provide heat to the Capture unit for:

 the regeneration of solvent (Regenerator-reboiler, extraction of CO2);

 solvent conditioning (Reclaimer, removal of heat-stable salts); and

 CO2 conditioning during low-pressure compression (oxygen removal).

3.3.2 The Regenerator-reboiler, which represents the main steam demand for the Capture
plant, does not require a high-quality steam as it operates at around 130°C to avoid
thermal degradation of the solvent, and therefore LP steam may be used.  The
enthalpy of LP steam is lower so will be used in preference for optimum energy
efficiency.  The LP steam is extracted from the MP/LP cross-over of the steam
turbine, and is de-superheated, using boiler feed water, to saturation.  At start-up
initially de-superheated HP steam will be used until LP steam is available, to allow
for faster warm-up and start-up of the capture plant.

3.3.3 Where thermal solvent reclaiming is employed, the Reclaimer uses steam (typically
at around 25barg) from the Cold Reheat, within the Reclaimer heat-exchanger to
generate amine/water vapour/steam.  Additional feed water within the Reclaimer
may be taken from process water or condensate elsewhere in the process, and is
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used to drive the solvent vapour (and water) off the solvent Reclaimer Still; steam is
also used to heat the Still. The steam condensate from the heat-exchanger is
returned to the condensate collection drum set at atmospheric pressure.  MP steam
is likely to be used in the thermal reclaiming process, depending on technology
selection.

3.3.4 Steam (LP) is employed in the LP compression plant to pre-heat the CO2 catalytic de-
oxygenator (for CO2 conditioning prior to export) at start-up.

3.3.5 The option to operate the HRSG without steam off-take is desirable so the CCGT can
continue to operate if the Capture plant is down, to maximise power generation.

3.4 Start-up

3.4.1 During CCGT start-up, the HP steam section in the HRSG has insufficient back-
pressure to drive the LP turbine, so this is bypassed, via several reheat loops, with
the LP vacuum brought on-line in a staged process, until working pressure is
achieved.

3.4.2 As a result, LP steam is not available for solvent regeneration at CCGT start-up, so
heat must be obtained from elsewhere.

3.4.3 Several options are available to overcome this issue:

 Bleeding HP steam from the Cold Reheat, with de-superheating, during start-up
and switching to LP steam once in stable generation; and

 Maintaining a large solvent inventory, with storage for spent solvent to be
regenerated in batch during operation (not considered within this document – see
CCS BAT Assessment); and

 Additional lagging and insulation will be installed within the steam and solvent
system to retain the heat in the system for a longer period.

3.4.4 The current concept assumes that the installation will operate in baseload for a
number of years, with potential to shift to dispatchable operation once a period of
stable operation and monitoring has been completed.

3.4.5 It is noted that although energy efficiency loss from start-up during operation in
baseload mode is not likely to be a significant factor in the overall energy efficiency
of the installation, operation in dispatchable mode will consist of one or two start-
ups on a daily basis, thereby affecting the overall energy efficiency of the installation.
It is however considered that even with the loss of efficiency, the installation will be
environmentally beneficial considering the overall emission reduction and
substantial electrical output.

3.4.6 It should be noted that the main energy penalty in the capture plant will be the heat
required to bring the solvent back to operating temperature, resulting in high specific
reboiler duty at start-up.  Insulation is being considered to reduce heat loss during
shutdown.  Other measures to optimise energy efficiency of the plant will be
investigated as an ongoing program.
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3.4.7 The potential opportunities for minimising efficiency losses during frequent start-
ups, while maximising CO2 capture, will be considered during FEED, and reviewed
and optimised once baseload operation is established.

3.5 CCGT specifics

3.5.1 The activities required and time to start-up of the GT generator, following a plant
shut-down or trip, is limited by the temperature of the equipment within the steam
circuit, in particular the HRSG steam drums and steam turbine.  The restart of the GT
generator has been classified into three categories depending on the period of shut-
down and the temperature of the steam cycle components.  A summary of the
restart categories is provided below:

Table 3.2. Indicative CCGT restart category definitions

Start type Time since Shutdown Steam drum/ Steam
turbine temp (°C)

Time to ST
full load

Hot Start Less than 8 hours Greater than 450°C 65 minutes
Warm Start Between 8 and 72 hours Between 160 to 450°C 110 minutes
Cold Start Greater than 72 hours Less than 160°C 200 minutes

3.5.2 The details provided above are indicative of H-class CCGT and final numbers are to
be confirmed by Vendor during FEED.  The FEED Contractor shall specify the control
system and start-up logic, such that the duration of unabated operation following
start-up of the GT generator is minimised to optimise efficiency.

3.5.3 The CCGT includes a stack for flue gas exhaust when the Carbon Capture plant is not
in normal operation.  A flue-gas damper will be installed to divert flue-gas to the
Capture plant once ready to receive the flue gas after the GT has started. The flue-
gas damper will be designed to avoid leakage of air / flue gas within the system.  The
diverter will protect the GT/HRSG from backpressure if there is failure downstream
and provide isolation for downstream equipment when required.

3.5.4 Optimisation of the combustion system, including good design, operation and
maintenance of burners, and minimisation of air leakage through monitoring will be
provided to maximise energy efficiency.

3.6 Carbon Capture Plant specifics

3.6.1 Initial engineering studies indicate that the Carbon Capture plant imposes
approximately 10-12% penalty on the electrical efficiency of the CCGT, against a
published value of 11% net electrical efficiency penalty (NETL, 2019). The penalty is
incurred through a combination of direct electrical loads and indirect heat (as steam
extracted from the steam cycle, equivalent to circa 10% of total heat).

3.6.2 The total internal parasitic power load of the CCGT with operational Carbon Capture
Plant is expected to be around 60MWe (excluding power loss due to capture plant
steam demand), of which around 20MWe is consumed by the CCGT power island and
associated utilities. Flue gas transfer and Capture plant imposes an additional circa
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12-15MWe, with additional utilities consumption of 5-6MWe. The parasitic load of
the LP compression plant is estimated to be around 20MWe.  The reduction in
electricity generation capacity as a result of the steam extraction from the CCGT
plant is circa 50MWe equivalent.

3.6.3 It is considered that the use of electricity and steam generated by the CCGT plant to
power the carbon capture plant instead of a separate power plant (such as an
auxiliary boiler) is the most energy efficient for the installation.  This avoids the
associated energy loss from generation of power in a separate combustion unit,
whilst also making use of LP steam produced in the CCGT unit, to produce maximum
output from the installation.  This is therefore considered to represent BAT for the
installation.

3.6.4 The CO2 compressors will be specified to provide flexible operation in line with the
longer-term objective of dispatchable operation of the plant, rather than the highest
efficiency at baseload operation.

3.6.5 The installation will also comprise additional measures for recovering waste heat
from various process equipment, balancing CO2 capture efficiency with energy
efficiency optimisation.  The waste heat recovery measures to be implemented at
the site are outlined below:

 Exhaust Gas from the Gas Turbine Units – The gas turbine exhaust gas will enter
the HRSG at 650°C and exit the HRSG at circa 100°C.  This flue gas is subsequently
cooled in the DCC to circa 32-38°C in order to meet the optimum operating
temperature within the CO2 absorber.

 Carbon Capture Unit Heat Integration – All capture units under consideration
include application of a high level of heat integration between process hot and
cold streams.  Each unit achieves this heat integration in different ways that are
unique and proprietary to their technology and capture solvent.  Selected
technology will be expected to include heat exchangers that recover heat from
the lean amine solution from the regenerator and use it to pre-heat the rich amine
from the absorber to minimise steam and cooling water required.

 Other Heat Rejection – In addition to the cooling within the Flue Gas Quencher
there will be another 400 MWth of cooling required within the plant split across
both the CCGT power island and the CCP. The temperatures on the process side
in most of these heat exchangers are likely to be relatively low (potentially as low
as 30°C) and thus offer limited potential for useful heat recovery. Heat rejection
will therefore be to cooling water.

3.7 Cooling System

3.7.1 The cooling systems for the installation will be designed to optimised energy
efficiency. The major users of cooling water are the CCGT and the CCP.

3.7.2 The maximum energy efficiency of the CCGT plant is obtained by optimisation of the
condenser vacuum through lowest possible condenser cooling water, to extract the
maximum work through the turbine. The Capture plant uses cooling to lower flue gas
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temperature to optimise CO2 absorption and avoid thermal degradation of the
solvent (and minimise solvent reclaiming and waste generation). The Capture plant
also uses cooling in the reflux of solvent absorption and regeneration processes.

3.7.3 The CCGT and Capture plants will be cooled by mechanical draught cooling towers,
with raw water feed either from Northumbria Water Limited as described in the BAT
assessment for cooling water. The selection of the primary cooling systems is
considered to represent BAT for the installation.

3.7.4 The Low-Pressure Compression Plant is likely to use water cooling inter-stage to
maximise compressor efficiency, with the associated cooling load estimated to be
30MWth.  The cooling option for the Low Pressure Compression Plant will be
finalised during the FEED stage.  Currently the heat from the CO2 in the later stages
is used to support the catalysed reaction to deoxygenate the CO2.  Opportunities for
recovery of this heat will be considered during FEED, although such use is expected
to be modest.

3.7.5 During abated operation, steam extracted from the steam cycle will bypass the CCGT
steam turbine condenser and reduce the demand for heat rejection at the
condenser, by approximately 50%. For example (dependent on technology), the
overall site cooling demand for power island (~200MWth) plus capture plant
(~360MWth) would be approximately 560MWth, whilst than the power island
operating alone in unabated mode would be approximately 380MWth.  The cooling
towers will be designed to flexibly deliver energy efficient heat rejection in both
abated and unabated modes.

3.7.6 The cooling system designs will be refined during FEED and optimised during
commissioning to maximise the energy efficiency of the installation as a whole.

3.8 Water Treatment

Raw Water

3.8.1 It is estimated that the parasitic load for the mechanical draught cooling towers using
third party raw water use will be around 11MWe, of which the water treatment plant
will require a power input of 0.5MWe.  This is the lowest parasitic load compared
with the other cooling water source options considered, and combined with the
cooling tower performance represents BAT for the installation as described in the
Cooling BAT assessment; thus the use of the most efficient cooling option will result
in highest plant output and efficiency.

Effluent

3.8.2 The utilities area will include an effluent treatment plant for the treatment of
effluent from the Direct Contact Cooler, and surface water run-off from areas at
potential risk of contamination.  Where practicable, effluent streams will be
segregated for treatment and/or disposal to minimise treatment volumes. The
minimisation of effluent requiring treatment, in accordance with indicative BAT, will
consequently minimise the energy consumption in this area.
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3.9 Maintenance philosophy

3.9.1 The operator will minimise the number of planned shutdowns as far as is practicable
by harmonising and scheduling the maintenance of major equipment within the
installation, and by implementing an appropriate design, maintenance philosophy
and spares strategy.  Maintenance routines will follow a cycle as shutdowns are
required after a set number of GT operating hours or start-ups (whichever comes
earliest).

3.9.2 All equipment for use in the proposed plant will be selected to maximise energy
efficiency in the proposed duties, whilst considering the reliability, part load
efficiency and other operating parameters.

3.9.3 Elements of the plant’s design that help achieve the high energy efficiency include
the following.

 Modern design following current best practices in optimising efficiency;

 High GT combustion temperatures;

 The use of triple pressure HRSGs;

 The use of wet cooling instead of air cooling or direct once through cooling;

 High efficiency motors and drives to reduce parasitic loads;

 The use of plant components sized appropriately for the design capacity of the
plant, so that each element is operating optimally and efficiently;

 Where needed variable speed drives (VSDs) will be included on all sizeable motors
(such as boiler feed pumps and cooling water pumps) to optimise process control;

 The effective insulation of hot surfaces; and

 The plant is designed to be CHP ready, to enable the potential for future use of
heat from the plant and thus increase efficiency further.

3.9.4 The plant will also be subject to regular planned maintenance in order to optimise
the efficiency of the equipment on site, including (but not limited to):

 Continuous and intermittent water quality maintenance activities, such as
blowdown of the steam drum and injection of chemicals, to maintain the cycle
water quality and optimum working medium;

 Gas turbine washing;

 HRSG chemical cleaning and passivation;

 Optimised lubrication schedules in accordance with OEM specifications;

 Performance monitoring for motors, pumps, blowers and compressors;

 Gas Turbine combustion inspection;

 Steam Turbine minor inspection;

 Gas Turbine hot gas path inspection;



NZT Power Ltd
Appendix C4 - BAT for Energy Efficiency
Document Reference: 60559231-ACM-PM-RP-EN-006-A

June 2021 12

 Gas Turbine major inspection/overhaul; and

 Steam turbine overhaul.
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4.0 BAT CONCLUSIONS FOR THE INSTALLATION

Table 4.1: BAT Conclusions for Achieving Energy Efficiency at an Installation Level

BAT No. BATc Requirements Operating
to BAT

Demonstration of BAT - Operator Comments

1 Energy efficiency management
BAT is to implement and adhere to an energy efficiency
management system (ENEMS) that incorporates, as appropriate to
the local circumstances, all of the following features (see Section
2.1. The letters (a), (b), etc. below, correspond those in Section
2.1):

a. commitment of top management (commitment of the t op
management is regarded as a precondition for the successful
application of energy efficiency management)

b. definition of an energy efficiency policy for the installation
by top management

c.    planning and establishing objectives and targets (see BAT
2, 3 and 8)

d. implementation and operation of procedures paying
particular attention to:

i. structure and responsibility

ii. training, awareness and competence (see BAT 13)

iii. communication

iv. employee involvement

v. documentation

Yes The Operator will operate the installation in accordance
with an Environmental Management System (EMS).  It
is anticipated that the management of energy
efficiency of the installation will form part of the
installation management system.  It should be noted
that as a First Of A Kind project, there are limited or no
benchmarks available for the operation of the
proposed installation.  It is expected that benchmarks
for various operational parameters will be developed
and agreed with the Regulator as an ongoing program.
Further details of the management system will be
developed prior to commencement of operations.
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BAT No. BATc Requirements Operating
to BAT

Demonstration of BAT - Operator Comments

vi. effective control of processes (see BAT 14)

vii. maintenance (see BAT 15)

viii. emergency preparedness and response

ix. safeguarding compliance with energy efficiency-related
legislation and agreements (where such agreements exist).

e. benchmarking: the identification and assessment of energy
efficiency indicators over time (see BAT 8), and the systematic
and regular comparisons with sector, national or regional
benchmarks for energy efficiency, where verified data are
available (see Sections 2.1(e), 2.16 and BAT 9)

f.checking performance and taking corrective action paying
particular attention to:

i. monitoring and measurement (see BAT 16)

ii. corrective and preventive action

iii. maintenance of records

iv. independent (where practicable) internal auditing in order
to determine whether or not the energy efficiency
management system conforms to planned arrangements
and has been properly implemented and maintained (see
BAT 4 and 5)

g. review of the ENEMS and its continuing suitability,
adequacy and effectiveness by top management
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BAT No. BATc Requirements Operating
to BAT

Demonstration of BAT - Operator Comments

For (h) and (i), see further features on an energy efficiency
statement and external verification, below
- when designing a new unit, taking into account the
environmental impact from the eventual decommissioning of the
unit
- development of energy efficient technologies, and to follow
developments in energy efficiency techniques.

2 Planning and establishing objectives and targets
Continuous environmental improvement
BAT is to continuously minimise the environmental impact of an
installation by planning actions and investments on an integrated
basis and for the short, medium and long term, considering the
cost-benefits and cross-media effects

Yes The installation will be designed to current compliance
and design standards.  It will be operated in accordance
with an EMS, with regular appraisal of the plant and
equipment in use at the installation.

3 Identification of energy efficiency aspects of an installation and
opportunities for energy savings
BAT is to identify the aspects of an installation that influence
energy efficiency by carrying out an audit. It is important that an
audit is coherent with a systems approach (see BAT 7).

Yes The installation will be designed to current compliance
and design standards.  It will be operated in accordance
with an EMS, with regular appraisal of the plant and
equipment in use at the installation.

4 Identification of energy efficiency aspects of an installation and
opportunities for energy savings
When carrying out an audit, BAT is to ensure that the audit
identifies the following aspects (see Section 2.11):

a. energy use and type in the installation and its component
systems and processes

b. energy-using equipment, and the type and quantity of energy
used in the installation

c. possibilities to minimise energy use, such as:

Yes The EMS will include procedures for regular energy
efficiency auditing.
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BAT No. BATc Requirements Operating
to BAT

Demonstration of BAT - Operator Comments

 controlling/reducing operating times, e.g. switching off
when not in use (e.g. see Sections 3.6, 3.7, 3.8, 3.9, 3.11)

  ensuring insulation is optimised, e.g. see Sections 3.1.7,
3.2.11 and 3.11.3.7

  optimising utilities, associated systems, processes and
equipment (see Chapter 3)

d. possibilities to use alternative sources or use of energy that is
more efficient, in particular energy surplus from other
processes and/or systems, see Section 3.3

e. possibilities to apply energy surplus to other processes
and/or systems, see Section 3.3

f. possibilities to upgrade heat quality (see Section 3.3.2).
5 Identification of energy efficiency aspects of an installation and

opportunities for energy savings
BAT is to use appropriate tools or methodologies to assist with
identifying and quantifying energy optimisation, such as:
  energy models, databases and balances (see Section 2.15)
  a technique such as pinch methodology (see Section 2.12)

exergy or enthalpy analysis (see Section 2.13), or
thermoeconomics (see Section 2.14)

  estimates and calculations (see Sections 1.5 and 2.10.2)

Yes Appropriate tools will be used at the detailed design
stage

6 Identification of energy efficiency aspects of an installation and
opportunities for energy savings
BAT is to identify opportunities to optimise energy recovery within
the installation, between systems within the installation (see BAT

Yes See Section 3.1 of this document.
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BAT No. BATc Requirements Operating
to BAT

Demonstration of BAT - Operator Comments

7) and/or with a third party (or parties), such as those described in
Sections 3.2, 3.3 and 3.4.

7 A systems approach to energy management
BAT is to optimise energy efficiency by taking a systems approach
to energy management in the installation. Systems to be
considered for optimising as a whole are
 process units (see sector BREFs)

  heating systems such as: steam (see Section 3.2) hot water
  cooling and vacuum (see the ICS BREF)
  motor driven systems such as: compressed air (see Section 3.7)

pumping (see Section 3.8)
  lighting (see Section 3.10)
  drying, separation and concentration (see Section 3.11).

Yes See Section 3 of this document.

8 Establishing and reviewing energy efficiency objectives and
indicators
BAT is to establish energy efficiency indicators by carrying out all of
the following:

a. identifying suitable energy efficiency indicators for the
installation, and where necessary, individual processes,
systems and/or units, and measure their change over time or
after the implementation of energy efficiency measures (see
Sections 1.3 and 1.3.4)

b. identifying and recording appropriate boundaries associated
with the indicators (see Sections 1.3.5 and 1.5.1)

Yes Objectives will be developed by the plant operational
team following commissioning of the plant to ensure
compliance with this BAT conclusion.
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BAT No. BATc Requirements Operating
to BAT

Demonstration of BAT - Operator Comments

c. identifying and recording factors that can cause variation in
the energy efficiency of the relevant process, systems and/or
units (see Sections 1.3.6 and 1.5.2).

9 Benchmarking
BAT is to carry out systematic and regular comparisons with sector,
national or regional benchmarks, where validated data are
available.

The plant performance guarantees will be developed
through the FEED process and benchmarked against
performance information published from other
developing CCS projects as well as performance data
from test and commercial facilities in Norway and
North America.  At this stage there are no published
benchmarks or BAT-Achievable Energy Efficiency Levels
for CCS projects to compare against and the work
associated with this installation will form part of the
evidence base being developed.

10 Energy efficient design (EED)
BAT is to optimise energy efficiency when planning a new
installation, unit or system or a significant upgrade (see Section
2.3) by considering all of the following:

a. the energy efficient design (EED) should be initiated at the
early stages of the conceptual design/basic design phase,
even though the planned investments may not be well-
defined. The EED should also be taken into account in the
tendering process

b. the development and/or selection of energy efficient
technologies (see Sections 2.1(k) and 2.3.1)

Yes See Section 3 of this document.
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BAT No. BATc Requirements Operating
to BAT

Demonstration of BAT - Operator Comments

c. additional data collection may need to be carried out as part
of the design project or separately to supplement existing
data or fill gaps in knowledge

d. the EED work should be carried out by an energy expert
e. the initial mapping of energy consumption should also

address which parties in the project organisations influence
the future energy consumption, and should optimise the
energy efficiency design of the future plant with them. For
example, the staff in the (existing) installation who may be
responsible for specifying design parameters.

11 Increased process integration
BAT is to seek to optimise the use of energy between more than
one process or system (see Section 2.4), within the installation or
with a third party.

Yes See Section 3.1 of this document.

12 Maintaining the impetus of energy efficiency initiatives
BAT is to maintain the impetus of the energy efficiency programme
by using a variety of techniques, such as:

a. implementing a specific energy efficiency management
system (see Section 2.1 and BAT 1)

b. accounting for energy us age based on real (metered) values,
which places both the obligation and credit for energy
efficiency on the user/bill payer (see Sections 2.5, 2.10.3 and
2.15.2)

c. the creation of financial profit centres for energy efficiency
(see Section 2.5)

d. benchmarking (see Section 2.16 and BAT 9)

Yes The installation will be subject to regular preventative
maintenance cycles to ensure the efficiency of plant
and equipment is maintained.
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BAT No. BATc Requirements Operating
to BAT

Demonstration of BAT - Operator Comments

e. a fresh look at existing management systems, such as using
operational excellence (see Section 2.5)

f. using change management techniques (also a feature of
operational excellence, see Section 2.5).

13 Maintaining expertise
BAT is to maintain expertise in energy efficiency and energy-using
systems by using techniques such as:

a. recruitment of skilled staff and/or training of staff. Training
can be delivered by in-house staff, by external experts, by
formal courses or by self-study/development (see Section
2.6)

b. taking staff off-line periodically to perform fixed
term/specific investigations (in their original installation or in
others, see Section 2.5)

c. sharing in-house resources between sites (see Section 2.5)
d. use of appropriately s killed consultants for fixed term

investigations (e.g. see Section 2.11)
e. outsourcing specialist systems and/or functions (e.g. see

Annex 7.12).

Yes The installation will be operated by suitable personnel
with required skills and training.  The maintenance
activities associated with the installation will be
undertaken by appropriately licensed contractors.

14 Effective control of processes
BAT is to ensure that the effective control of processes is
implemented by techniques such as:

a. having systems in place to ensure that procedures are
known, understood and complied with (see Sections
2.1(d)(vi) and 2.5)

Yes The installation operations will be controlled via a
central control room equipped with a system such as a
DCS, to continuously monitor key performance aspects.
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BAT No. BATc Requirements Operating
to BAT

Demonstration of BAT - Operator Comments

b. ensuring that the key performance parameters are identified,
optimised for energy efficiency and monitored (see Sections
2.8 and 2.10)

c. documenting or recording these parameters (see Sections
2.1(d)(vi), 2.5, 2.10 and 2.15).

15 Maintenance
BAT is to carry out maintenance at installations to optimise energy
efficiency by applying all of the following:

a. clearly allocating responsibility for the planning and
execution of maintenance

b. establishing a structured programme for maintenance based
on technical descriptions of the equipment, norms, etc. as
well as any equipment failures and consequences. Some
maintenance activities may be best scheduled for plant
shutdown periods

c. supporting the maintenance programme by appropriate
record keeping systems and diagnostic testing

d. identifying from routine maintenance, breakdowns and/or
abnormalities possible losses in energy efficiency, or where
energy efficiency could be improved

e. identifying leaks, broken equipment, worn bearings, etc. that
affect or control energy usage, and rectifying them at the
earliest opportunity

Yes The installation will be subject to regular preventative
maintenance cycles to ensure the efficiency of plant
and equipment is maintained.

16 Monitoring and measurement
BAT is to establish and maintain documented procedures to
monitor and measure, on a regular basis, the key characteristics of

Yes The operations at the installation will be monitored
continuously to ensure optimum performance,
including meeting energy efficiency objectives.
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BAT No. BATc Requirements Operating
to BAT

Demonstration of BAT - Operator Comments

operations and activities that can have a significant impact on
energy efficiency. Some suitable techniques are given in Section
2.10.

17 Best available techniques for achieving energy efficiency in energy-
using systems, processes, activities or equipment
Combustion
BAT is to optimise the energy efficiency of combustion by relevant
techniques such as:
those specific to sectors given in vertical BREFs

Yes See Section 5 of this document, and LCP BAT
assessment.

18 Steam systems
BAT for steam systems is to optimise the energy efficiency by using
techniques such as:
those specific to sectors given in vertical BREFs

Yes See Section 5 of this document.

19 Heat recovery
BAT is to maintain the efficiency of heat exchangers by both:
monitoring the efficiency periodically, and
preventing or removing fouling.

Yes See Section 3.9 of this document.

20 BAT 20 – 29 N/A N/A
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5.0 BAT CONCLUSIONS FOR THE LARGE COMBUSTION PLANT

Table 5.1: BAT Conclusions for Large Combustion Plant

BAT No. BATc Requirements Operating
to BAT

Demonstration of BAT - Operator Comments

LCP 12 BAT 12. In order to increase the energy efficiency of combustion, gasification
and/or IGCC units operated ≥ 1,500h/yr, BAT is to use an appropriate
combination of the techniques given below

Yes

Technique Description
Combustion
optimisation

Optimising the combustion minimises the content of
unburnt substances in the flue-gases and in solid
combustion residues

The specific control settings for the combustion units shall be pre-
set in the control system to achieve efficient combustion and
optimise plant efficiency.

Optimisation of
the working
medium
conditions

Operate at the highest possible pressure and temperature
of the working medium gas or steam, within the constraints
associated with, for example, the control of NOx emissions
or the characteristics of energy demanded

Performance tests of the Power Station shall be undertaken
periodically in accordance with applicable BE EN standards.

Optimisation of
the steam cycle

Operate with lower turbine exhaust pressure by utilisation
of the lowest possible temperature of the condenser
cooling water, within the design conditions

The efficiency of the plant will be driven by the design of the CCGT
including the HRSG.  The plant will be designed to exploit optimum
steam pressure and temperature settings to maximise the overall
efficiency.

Minimisation of
energy
consumption

Minimising the internal energy consumption (e.g. greater
efficiency of the feed-water pump)

All plant and equipment will be designed or specified and
maintained to ensure optimal operation.

Preheating of
combustion air

Reuse of part of the heat recovered from the combustion
flue-gas to preheat the air used in combustion

Combustion air will be pre-heated via a pre-heater package
utilising recovered heat, to optimise combustion.

Fuel preheating Preheating of fuel using recovered heat The natural gas used as a fuel will be pre-heated via a pre-heater
package utilising recovered heat within the steam system, to
optimise combustion.

Advanced control
system

See description in Section 10.8.2. Computerised control of
the main combustion parameters enables the combustion
efficiency to be improved

Operation of the CCGT unit will be controlled by trained site
operators using an automated control system, which will be used
to control the operation of the plant and also records data on the
plant performance, and which can be used by the operations team
to identify potential issues. The specific control settings for the
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BAT No. BATc Requirements Operating
to BAT

Demonstration of BAT - Operator Comments

combustion units shall be pre-set in the control system to achieve
efficient combustion and optimise plant efficiency.

Feed-water
preheating using
recovered heat

Preheat water coming out of the steam condenser with
recovered heat, before reusing it in the boiler

Once steam energy has been used, the remaining energy will be
recovered by condenser and transferred to the feed-water system.

Heat recovery by
cogeneration
(CHP)

Recovery of heat (mainly from the steam system) for
producing hot water/steam to be used in industrial
processes/activities or in a public network for district
heating.

The plant has the potential to supply heat to other users; and an
appraisal of CHP opportunities will be undertaken. However, the
steam demand for the Carbon Capture plant would take
precedence over off site users.

CHP readiness See description in Section 10.8.2. The plant has the potential to supply heat to other users and will
be designed to be CHP ready.

Flue-gas
condenser

See description in Section 10.8.2. The plant does not operate as a CHP; hence no flue gas condenser
is installed on site.

Heat
accumulation

Heat accumulation storage in CHP mode This is applicable when a CHP is installed.  This technique is
therefore not applied at the low carbon Power Station.

Advanced
materials

Use of advanced materials proven to be capable of
withstanding high operating temperatures and pressures
and thus to achieve increased steam/combustion process
efficiencies

The site will be a new low carbon Power Station, and will be
designed using suitable materials available at the time of
construction to optimise operations.

Steam turbine
upgrades

This includes techniques such as increasing the
temperature and pressure of medium-pressure steam,
addition of a low-pressure turbine, and modifications to the
geometry of the turbine rotor blades

A three-pressure steam cycle (HP, MP and LP) with appropriate
turbine configuration will be implemented as part of the overall
plant design.

Supercritical and
ultra-supercritical
steam conditions

Use of a steam circuit, including steam reheating systems,
in which steam can reach pressures above 220.6 bar and
temperatures above 374 °C in the case of supercritical
conditions, and above 250 – 300 bar and temperatures
above 580 – 600 °C in the case of ultra-supercritical
conditions

The steam circuit at the CCGT plant will incorporate steam inter-
stage reheating systems and include evaporator/economiser and
superheated steam; the final design points will be established
during FEED.
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5.1.1 On the basis of the assessment against the required BAT Conclusions, as shown in
Sections 4 and 5, and in the principles to be applied in the design and integration of
the Capture plant with the power generation plant, it is considered that the proposed
installation will be designed and operated in compliance with the Energy Efficiency
BRef and in accordance with BAT for energy efficiency.
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