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1.0 INTRODUCTION 

1.1 Purpose of this Report 

1.1.1 This report has been prepared by AECOM Limited (‘AECOM’) on behalf of 
Keadby Generation Limited (KGL) and provides an assessment of the 
techniques used for carbon capture for the proposed Keadby 3 low carbon 
Combined Cycle Gas Turbine (CCGT) generating station (‘proposed 
installation‘).  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 Carbon Capture and Storage (‘CCS‘) as 
outlined in available guidance. 

1.1.2 AECOM has prepared this BAT assessment using concept engineering 
information related to the initial design parameters of the proposed installation, 
available information about the local environment and the BAT Guidance for 
Post-combustion Carbon Dioxide Capture: Best Available Techniques from the 
Environment Agency (EA)1, and accompanying BAT Review for New Build and 
Retrofit Post-Combustion Carbon Dioxide Capture Using Amine-Based 
Technologies for Power and CHP Plants Fuelled by Gas and Biomass as an 
Emerging Technology under the IED for the UK2 from the technical working 
group on CCS. 

1.1.3 The BAT Review document notes that due to limited data availability it is not 
currently possible to determine what ‘Best Available Technology’ performance 
is or will be for CCS.  However, it does review available information on 
operational post combustion carbon capture plants, and highlights learnings 
from those projects, thereby identifying potential approaches that could 
represent BAT. 

1.1.4 The Main Supporting Document provides an overall view of the Environment 
Permit variation application being made for the proposed installation.  The 
proposed installation will be designed to optimise the capture of CO2 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 proposed 
installation as a whole. 

1.2 Proposed Installation Description 

1.2.1 The proposed installation comprises the development of a gas-fired low carbon 
CCGT generating station with a capacity of up to 910MW gross electrical output 

 

1 Available at: Post-combustion carbon dioxide capture: best available techniques (BAT) - GOV.UK 
(www.gov.uk) 
2 Available at: Best Available Technology (BAT) information for CCS | UKCCSRC 
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with post-combustion CCP installed such that the plant can be operated as a 
dispatchable low carbon generating station. 

1.2.2 The proposed installation will include a single high-efficiency gas turbine (GT), 
heat recovery steam generator (HRSG), steam turbine (ST), steam cooling and 
condensate recovery systems, exhaust gas pre-treatment, post combustion 
CO2 capture plant and CO2 compression plant, as well as ancillary plant, 
including cooling infrastructure, and flue gas stack(s).  The proposed installation 
is to be sited within the wider Keadby Power Station site, to the west of Keadby 
2 Power Station (currently undergoing commissioning), and covers an area of 
approximately 18.7ha of the Keadby Power Station site.  The site for the 
Keadby 3 power station will be added to the existing permit boundary for the 
Keadby Power Station by this variation.  

1.2.3 The proposed installation therefore incorporates equipment required for the 
capture and compression of CO2 emissions from the generating station for 
onward transport by a pipeline to be developed by the ZCH Partnership for 
subsequent compression and transport to an offshore geological storage site 
to be developed by the Northern Endurance Partnership. 

1.2.4 The proposed installation has been sited to be able to connect into the 
emerging proposals for ZCH Partnership CO2 pipeline.  The CCGT plant will 
not be developed without the CCP as the operator is fully committed to building 
a generating station which has a clear route to decarbonisation. 

1.2.5 A detailed description of the proposed installation is provided in Section 4.2 of 
the Environmental Permit Variation Main Supporting document. 
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2.0 BRIEF PROPOSED INSTALLATION OVERVIEW 

2.1.1 The CCGT train comprises a gas turbine, HRSG, steam turbine, associated 
generator and electrical equipment, flue-gas treatment (including NOx 
abatement), and associated cooling system.  Flue gas from the CCGT will be 
directed to the CCP.  Exhaust steam from the steam turbine would be 
beneficially used within the CCP where viable, before being cooled and 
condensed prior to return to the steam cycle through the HRSG.  The CCP and 
the compressor station that will pressurise the captured CO2 for export will also 
have a substantial associated cooling load. 

2.1.2 The integrated power generation and carbon capture train will comprise: 

 Natural gas reception facility including National Grid and Applicant Above 
Ground Installation (AGI), gas conditioning, let down and metering 
equipment and instrumentation and electrical building; 

 A CCGT including 

o a gas turbine; 
o a heat recovery steam generator (HRSG); 
o a steam turbine; 
o gas and steam turbine buildings; 
o gas turbine air intake filters; and 
o selective catalytic reduction (SCR) equipment for the removal of 

nitrogen oxides (NOx) from the flue gas. 

 Capture plant including: 

o CCP comprising a direct contact cooler (DCC) and associated pumps;  
o an absorber column for carbon capture; 
o solvent regenerator/ carbon dioxide stripper enabling re-concentration 

of the solvent and separation of captured carbon dioxide; 
o carbon dioxide treatment plant, including low/ medium pressure 

compression and metering equipment; 

 Cooling infrastructure, comprising hybrid cooling cells and associated 
pipework, plant and buildings; 

 Stack(s) for the discharge of treated flue gas from the absorber column plus 
a stack discharging emissions to air from the HRSG; 

 A continuous emissions monitoring system (CEMS); 

 Transformers (for the import and export of electricity); and 

 Facilities required in connection with the above including: an emergency 
diesel generator and associated diesel storage tanks; water treatment 
plant; wastewater treatment plant; ancillary equipment (including air 
compressors, pumps, chemical storage, above ground demineralised and 
fire water storage tanks and associated infrastructure). 
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2.1.3 The electrical, steam, steam condensate and water circuits between the power 
generation and capture plant will be integrated as far as is reasonably 
practicable in order to reduce energy use, as discussed in the Energy Efficiency 
BAT Assessment (Appendix D4). 

2.1.4 A high-level process flow diagram for the proposed installation is shown in 
Error! Reference source not found., Annex A.  
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3.0 APPROACH TO BAT APPRAISAL 

3.1.1 The development of CCS 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. 

3.1.2 Furthermore, the regulatory position must be able to adapt to innovation within 
the sector, to allow emerging techniques to be considered without penalising 
those operations that are already consented, and to allow operators to change 
vendor/ solvent selections based on enhanced performance characteristics or 
other future developments, where these may be considered to represent BAT. 

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

 the CCP 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 
proposed installation site, with site-specific BAT assessments for choice of 
solvent and technology to be undertaken at the detailed design stage. 

3.1.4 It is proposed that the appraisal of BAT will be undertaken as a two-stage 
process: 

 Stage One - to confirm that the proposed techniques are in accordance with 
the BAT framework and to inform the FEED process.  At this Pre-FEED 
stage this 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 - will provide a site-specific BAT justification for the preferred 
vendor technology and solvent, following which KGL will confirm the 
proposals for, and undertake a trial and monitoring programme proposed 
as part of permit Pre-Operational Conditions. 

3.1.5 This CCS BAT assessment has therefore been prepared to fulfil the above 
Stage One criteria and therefore assumes a vendor neutral approach.  As 
commercial discussions are ongoing no decision has yet been made on the 
detailed design of the plant or the selection of a specific vendor for the CCGT 
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or licensor for the CCP.  This BAT assessment – which supports the 
Environmental Permit variation application being submitted alongside the DCO 
application – is therefore based on currently anticipated approaches to 
optimising carbon capture and is not based on any specific technology 
selection. 
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4.0 CARBON CAPTURE PLANT PROCESS DESCRIPTION 

4.1 Carbon Capture Technology 

4.1.1 Post-combustion carbon capture removes CO2 from the exhaust stream of a 
conventional combustion process typically using an amine-based chemical 
absorption technology.  The CO2 is typically present in combustion flue gas at 
a composition of 3 - 15% (depending on the fuel type and the ratio of fuel to 
air), with nitrogen as the main constituent of the gas.  For gas-fired plant, this is 
typically 4 – 7%. 

4.1.2 Chemical absorption of CO2 is the most commercially proven method, due to 
considerable experience of the process in the crude oil refining, gas treating 
and sulphur recovery industries. 

4.1.3 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 the Petra Nova plant (located in Houston, 
Texas (USA)).  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. 

4.1.4 The selection of the Original Equipment Manufacturer (OEM) for the CCGT 
plant and the technology licensor for the CCP for the proposed installation 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 balances and process flow diagrams, in 
order to identify maximum operating parameters and emissions. 

Flue Gas Pre-Treatment 

4.1.5 The CCP steam/ heat and cooling requirements, and condensate/ heat 
recovery systems are described in the Energy Efficiency BAT Assessment 
(Appendix D4). 

4.1.6 Primary combustion control measures and turbine design mean that emissions 
of nitrogen oxides (NOx) from the HRSG may achieve the BAT-AEL without use 
of secondary abatement (depending on the OEM selected), however the NOx 
concentration may need to be further reduced to limit reactions with the solvent 
in the CCP Absorber(s).  The flue gas exiting the HRSG will therefore be treated 
using Selective Catalytic Reduction (SCR) based on either ammonia or urea 
injection, to remove NOx that would otherwise preferentially react with the 
amine solvent.  The use of SCR may lead to ammonia slip, but reduces solvent 
degradation and therefore improves overall CCP performance and reduces 
solvent residue waste. 

4.1.7 Concentrations of sulphurous species and particulates are anticipated to be 
negligible in the natural gas supplied to the proposed installation and therefore 
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generation during combustion will be minimal and abatement of these species 
is not considered necessary, either for the purpose of solvent efficiency, or for 
minimisation of emissions to air. 

4.1.8 The flue gas (circa 70 - 100°C) exiting the HRSG will be cooled by a fine water 
spray in a packed column (direct-contact cooler (DCC) or flue gas quencher) to 
cool it to the required temperature (circa 35°C) for the CCP Absorber(s), 
depending on technology selection.  Flue-gas reheat may be achieved through 
the use of steam condensate in order to utilise waste heat for re-heating the 
flue gas from the CCP Absorber(s) post-abatement, to aid plume buoyancy and 
dispersion.  Alternatively, this could be achieved by a gas-gas heat exchanger 
on the flue gas upstream of the DCC. 

4.1.9 A booster fan will be employed to overcome the pressure loss through the flue 
gas path to the CCP stack, this may be located either upstream or downstream 
of the DCC depending on the technology selection.  The backpressure imposed 
by the CCP on the exhaust from the HRSG of a modern H-class CCGT would 
be approximately 120 - 140mbar.  Backpressure is the main issue for 
compatibility between the CCGT and CCP.  The main constituents creating this 
pressure drop are expected to be, in order of significance: 

 CCP Absorber column(s); and 

 Direct-Contact Cooler column. 

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

CCP Absorber(s) 

4.1.11 The actual CCP design will be provided by the technology licensor selected and 
therefore the details described below may be subject to amendments. 

4.1.12 Once cooled, the conditioned flue gases will be introduced into the packed 
section of one or more CCP Absorber column(s).  Lean solvent will be fed to 
the top of the absorption section of packing in the CCP Absorber(s) at a 
temperature of circa 40°C and will contact the flue gas, counter-currently.  The 
acid-base reaction between the CO2 present in the flue gas and the solvent will 
cause the absorption of CO2 into the liquid phase. 

4.1.13 The equilibrium limit for this reaction will be reached at the top of the CCP 
Absorber(s), where the leanest solvent contacts the flue gas with the minimum 
CO2 concentration.  The overall carbon capture efficiency will be given by the 
difference in flue gas inlet and outlet concentrations of CO2. 

4.1.14 The treated flue gas (CO2-lean gas) will then exit the top of the CCP Absorber(s) 
and will pass through solvent retention and air emissions mitigation stages at 
the top of the CCP Absorber(s) (see Section 5), prior to release to atmosphere 
via a dedicated stack at the top of the CCP Absorber(s). 
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4.1.15 Overall CO2 absorption rates are solvent-specific, and the height of the packed 
section of the CCP Absorber(s) varies between solvents.  Flue gas pressure 
throughout the CCP Absorber(s) section will be low, typically below 100mbarg 
to balance the pressure drop of the absorber equipment before the atmospheric 
stack. 

4.1.16 Typical operating temperatures in the CCP Absorber(s) will range from 40°C - 
80°C, depending on the process design parameters, such as the compositions 
of the solvent and flue gas, as well as the presence of any intercooling 
arrangement in the CCP Absorber(s).  The final operating temperatures within 
the CCP Absorber(s) will be confirmed by the technology licensor.  Note that 
towards the exit point of the CCP Absorber(s), the flue gas will generally 
approach a temperature within 5 - 10°C of the lean solvent supply temperature. 

Regenerator 

4.1.17 The CO2-rich solvent will exit the bottom of the CCP Absorber(s), via a lean-
rich solvent interchanger (heat exchanger) where the rich amine will be heated 
to over 100°C.  It will then be fed to the top of the CO2 stripper column 
(Regenerator) which will use hot rising steam to break the CO2-amine bond and 
releases the CO2 from the solvent. 

4.1.18 The stripped CO2-lean solvent will enter the sump at the bottom of the 
Regenerator and pass to the Regenerator-reboiler. 

4.1.19 The Regenerator-reboiler will boil the lean amine using a saturated LP-steam 
heat-exchanger, and some of this will pass back to the base of the Regenerator 
column to strip the residual CO2 from the falling lean solvent. 

4.1.20 An additional stream from the Regenerator-reboiler will be returned to the 
solvent storage tank, via the lean-rich solvent interchanger, heating incoming 
CO2-rich solvent from the CCP Absorber(s). 

4.1.21 The CO2 rich vapour from the top of the Regenerator will pass through a reflux 
stage to maximise the solvent-CO2 separation.  The CO2 will be saturated with 
water and will be sent to the compression stage. 

CO2 Compression and Export 

4.1.22 The wet CO2 product vapour will initially be sent to a first stage knock-out drum 
to recover any condensed water and solvent carry over, which will be recovered 
into the solvent loop, to minimise effluent generation. 

4.1.23 The CO2 will then be compressed in several stages to approximately 30 barg, 
and will then pass through a conditioning plant, which will include oxygen 
removal using hydrogen gas and platinum catalyst.  The de-oxygenation 
package will require LP steam to preheat the CO2 product for the catalytic 
oxidation reaction. 
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4.1.24 Following de-oxygenation, the CO2 product enters the dehydration unit which 
will use molecular sieves. 

4.1.25 Further compression to super critical CO2 will then occur prior to export to the 
CO2 pipeline.  

4.1.26 Heat from low-pressure compression plant is unlikely to be of sufficient quality 
to recover and is expected to be lost to atmosphere. 

Thermal Reclaimer 

4.1.27 A bleed (circa <5%) of the hot lean solvent returning to the solvent storage tank 
(from the Regenerator-reboiler) will be passed to the Thermal Reclaimer where 
it is heat treated to break down heat-stable salts formed during the CC process.  
This will enable the recovery of the solvent and the removal of degradation 
products, prior to return to the solvent system.  

4.1.28 The specific design for Thermal Reclaimer will be confirmed at FEED stage but 
it is expected to use a water stream from the flue-gas or solvent contact from 
elsewhere in the system, and to employ LP or MP 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. 

4.2 CO2 Capture Efficiency 

4.2.1 The CCP will be designed to be capable of capturing up to 95% of the CO2 
present in the exhaust gas from the CCGT, with an average capture rate of at 
least 90% (subject to completion of FEED studies and commercial agreement).  
The capture efficiency of the CCP Absorber(s) will be optimised by: 

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

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

 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 commissioning. 

4.2.2 As discussed in the Main Supporting Document, the proposed installation is 
likely to operate in dispatchable mode, i.e. being able to export power into the 
day-ahead market to match the anticipated intermittency of renewable power in 
the future power market.  Operating in dispatchable mode could, in principle, 
involve up to 200 start-up/ shutdown cycles per year or more. 

4.2.3 At start-up, there will be a delay in the CCP reaching operating temperature 
and during such times there may be unabated CO2 emissions from the 
proposed installation.  The length of delay will be dependent on whether the 
plant was in a hot, warm or cold state prior to start-up. 
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4.3 Operational Modes of the Installation 

4.3.1 The proposed installation will be designed to be able to operate in a 
dispatchable mode, as it is considered that past 2030 there will be a need for 
dispatchable low carbon power stations, in order to support seasonal and daily 
power demands given the intermittency of renewable power sources. 

4.3.2 Initial studies indicate that dispatchable low-carbon power is feasible: 

 Dispatchable plant design can replicate the mid-merit role of existing 
CCGTs; 

 Dispatchability, capture rates and value can be enhanced through flexible 
design. 

4.3.3 During the operational life of the facility it is anticipated that there will be four 
potential modes of operation for the proposed installation:  

 Abated mode; 

 Abated turndown mode (from above minimum stable generation up to full 
load; typically, 50 - 100% depending on OEM); 

 Abated turndown mode (minimum stable generation; typically, 40 - 50% 
depending on OEM); 

 Unabated mode, carbon capture unit not operational, CO2 compression 
shutdown. 

Abated Mode 

4.3.4 In this operational mode, the proposed installation will operate as follows:  

 100% load on the CCGT plant, the CCP and on the CO2 compression & 
drying unit;  

 The steam turbine balancing on steam production; and 

 CO2 is recovered and is sent to the ZCH pipeline. 

4.3.5 In this abated mode, the CO2 will be recovered and sent to the ZCH pipeline for 
transport offshore for storage.  This is considered the most efficient and 
economic mode of operation of the abated proposed installation, as carbon 
capture unit flows, and utility production will be stable at design rates. 

Abated Turndown Mode (50 - 100%) 

4.3.6 This is the preferred mode of operation for short to medium periods of reduced 
power demand/ production.  The proposed installation will be operated 
continuously on a flexible basis as required by National Grid energy balancing 
requirements due to changes in demand and power production from renewable 
sources. 
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4.3.7 In this operational mode, the proposed installation will operate as follows:  

 50 - 100% load on the CCGT, CCP and on the CO2 compression & drying 
unit; 

 Steam turbine balancing on steam production; 

 CO2 is recovered and is sent to the ZCH pipeline. 

4.3.8 As the power demand varies, all process and utility flow rates will vary 
proportionately.  Overall efficiency will be slightly below optimum but will still be 
within the design parameters of the installation. 

Abated Turndown Mode (40 - 50%) 

4.3.9 This mode of operation will be for short periods of reduced power production.  
The operation of the proposed installation will be as follows:  

 40 - 50% load on the CCGT, CCP and on the CO2 compression & drying 
unit; 

 Steam turbine balancing on steam production; and 

 CO2 is recovered and is sent to the ZCH pipeline.  

Unabated Mode, Carbon Capture Unit and CO2 Compression Shutdown  

4.3.10 This mode of operation represents an abnormal mode of operation (falling 
within the perimeters of ‘other than normal operational conditions’ (OTNOC)) 
and is likely to be in place for short periods before restart of the CCP.  The 
proposed installation will operate as follows:  

 Minimum stable generation to 100% load on the gas turbine and steam 
turbine units; 

 0% load on the CCP and on the CO2 compression & drying unit; 

 All CO2 will be vented to atmosphere with the other flue gas, using the 
HRSG stack in this operational mode. 
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5.0 SOLVENT SYSTEM 

5.1 Licensor Technology and Commercial Confidentiality 

5.1.1 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.   

5.1.2 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. 

5.1.3 The protection of proprietary solvent information is fundamental to successful 
CCS 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. 

5.1.4 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 BAT for CCS.  Generic ’MEA-type‘ solvents and, by 
inference, the design of the CCP are typically less efficient, and may require 
larger, more expensive plant that represents a higher deployment cost and 
investment risk to potential operators.  MEA also has a greater level of amine 
emissions than the proprietary solvents.  Therefore, reverting back to MEA 
would lead to a greater level of emissions into the environment.  Specific 
performance data for the solvent selected will be provided in support of this 
following the FEED process. 

5.1.5 Most existing CCPs 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.  KGL 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 rates, increased waste management, delayed schedules and therefore 
greater risk to the development of the proposed installation. 
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5.1.6 It is therefore proposed that proprietary data, including solvent characterisation, 
and emissions speciation data be made available to the regulator in a controlled 
way under the provision it is not disclosed to the general public. 

5.2 Solvent Selection 

5.2.1 The selection of the final solvent will take into consideration a number of factors, 
including (but not limited to); the environmental impacts, process safety and 
safety of storage implications (in terms of COMAH and COSHH), 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.  KGL will secure performance guarantees from the licensor 
under the terms of contract during the FEED stage. 

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

5.3 Solvent Management Techniques 

Solvent Management 

5.3.1 The efficient management of the solvent is fundamental to the maximisation of 
efficiency of the proposed installation as a whole. 

5.3.2 Thermal degradation of the solvent will be 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 oxidative 
degradation within a gas-fired plant are likely to be much lower than for coal or 
biomass plants, as the concentration of catalyst species in the flue gas will be 
much lower with a natural gas-type flue gas than that from a solid fuel.  NOx 
emissions will be minimised using SCR as described. 

5.3.3 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. 

5.3.4 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 selected solvent will ensure minimum waste generation and 
optimum capture performance in accordance with indicative BAT. 

5.3.5 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 4.1. 
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5.3.6 Proprietary amine solvent blends are expected to have significantly lower 
degradation rates at normal process conditions compared to MEA and the 
required bleed rate for the specific solvent selected for use in the CCP will 
therefore be based on supplier recommendation, and refined during 
commissioning. 

5.3.7 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 Requirements 

5.3.8 The specific heat requirement for solvent regeneration will be a key 
performance indicator and will be dependent of the final solvent selected.  This 
will therefore be established at FEED stage and refined during commissioning. 

Amine Storage 

5.3.9 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.  It is therefore 
anticipated that any propriety solvent used, would have a similar classification. 

5.3.10 The current expectation is that the amine storage volume when aggregated with 
other hazardous chemical storage on site would require lower tier COMAH 
classification as a minimum, to be confirmed during FEED once all chemicals 
and quantities required have been identified. 

5.3.11 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. 

5.3.12 KGL 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 trace heating, and either atmospheric fixed roof construction or nitrogen 
blanketing. 

5.3.13 It is typical practice to include a breather vent in the storage tank to allow for 
vapour displacement during tank filling, fire exposure relieving rate from the 
tank and/ or nitrogen purging when unloading road tankers or cleaning lines.  
However, due to the potential for odour emissions associated with the venting 
of amine and the potential environmental effects, it is considered that 
abatement or back-venting to the delivery tanker will be required on the 
breather vent for the storage tank in accordance with BAT. 
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6.0 CONTROL OF EMISSIONS TO AIR 

6.1.1 The final detailed design of the CCP 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 Supporting. 

6.1.2 Proposed emissions to air from the CCP are summarised in Table 5.1.  The 
normalisation of Emission Limit Values for CO2-abated flue gas should 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 Annex B of this Appendix. 

6.1.3 Further consideration is also required as to whether the net electrical efficiency 
(EE) correction factor may be applied to the higher end of the BAT-AEL range, 
dependent on the final CCGT plant efficiencies. 

Table.5.1: Annual Average Emissions to Air from Capture Plant 
RELEASE 

POINT 
SOURCE POLLUTANT PROPOSED 

EMISSION LIMIT 
VALUE (mg/Nm3)1 2 

A1 CCP 
Absorber 
Stack(s) 

NOx (expressed as NO2) 30.95 

CO 103 

NH3 - 

Amine (expressed as MEA) - 

Total Nitrosamine and 
Nitramine (expressed as 
NDMA) 

- 

Total VOC (expressed as C) - 
1. Concentration normalised to reference conditions: 273K, 101.3kPa, dry, 15%v/v O2, 0.5% 

v/v CO2 
2. Corrected for 90% CO2 capture (see Annex B) 

Oxides of Nitrogen (NOx) 

6.1.4 Selective Catalytic Reduction (SCR) may be employed to minimise NOx from 
the combustion process entering the CCP.  NOx in the flue gas would otherwise 
reduce the efficiency of the solvent through preferential reaction with amine, 
thereby reducing its capacity to absorb CO2, and through degradation of the 
solvent itself. 

Ammonia 

6.1.5 Ammonia may be generated within the SCR process as ammonia ‘slip’.  Some 
ammonia from the SCR will be removed from the flue gas via dissolution in the 
DCC water, which will have a continuous bleed to also remove water 
accumulated from the flue gas.  The DCC bleed water will be directed to a 
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Wastewater Treatment Plant (WWTP) which will reduce the nitrogen content of 
the bleed prior to onward use within the process.  Section 5.2 of the Main 
Supporting Document provides details of the treatment if the DCC waste water, 
and further use within the process.  If not feasible, the treatment process will 
enable the discharge to the W12 compliance point, discharging into the River 
Trent (at existing Release Point W1). 

6.1.6 In addition to ammonia slip, ammonia may also be generated through oxidative 
degradation of the solvent within the CCP, depending on the solvent selected.  
As a result, this oxidative degradation of the solvent within the CCP may be the 
dominant ammonia source within the final flue gas.  Any ammonia dissolved 
within the water-wash sections (described below) would reach equilibrium 
within the solvent circulation system and would not be further abated. 

6.1.7 The option of an acid-wash section at the top of the CCP Absorber(s) is 
therefore included in the design, which would have a continuous recirculation 
of concentrated sulphuric acid to remove ammonia, 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 would be further abated.  The acid wash 
effluent would need to be disposed of off-site via a licenced waste contractor. 

Amines 

6.1.8 The CCP design will employ a solvent retention system that minimises the 
solvent emissions to atmosphere post CO2 absorption.  The system is expected 
to include one or two water-wash sections at the top of the CCP Absorber(s), 
which will circulate water to cool the flue gas, condensing volatile compounds 
carried up in the flue gas from the absorption section.  The effectiveness of a 
water wash is likely to be enhanced if multiple stages are used.   

6.1.9 The wash-water is recycled into the solvent circulation system to ensure 
entrained solvent is recycled back into the system and to minimise water 
consumption. 

6.1.10 The EA’s BAT review document recognises that “Reliable air emissions data 
for a PCC plant can only finally be verified from measurements taken on the 
actual plant after an extended period in service to ensure that the solvent 
inventory has reached its long-term composition range and that all operational 
effects (e.g. variations in flue gas compositions and operating requirements) 
are also taken into account.” 

Aerosols 

6.1.11 Wash sections are not effective at removing fine aerosol droplets, if present, 
and therefore the design requirement for a droplet removal section (mist 
eliminator) will be considered at FEED stage. 
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Reheat 

6.1.12 An option for a flue gas reheater, using steam condensate to heat the treated 
flue gas prior to release, is included in the design which may aid droplet removal 
and would also aid dispersion, if required. 

Monitoring 

6.1.13 The EA’s Post CCS BAT review document details the need for a Monitoring 
Plan to be developed for the CCP plant, which should detail proposed 
monitoring techniques and “take into account what preliminary data is available, 
or will become available before operation, from representative pilot testing.  If 
limited evidence is available (i.e. no representative long-term pilot plant data) 
then the operator should propose precautionary limits to ensure no harm 
occurs.” 

6.1.14 In addition, monitoring of combustion emissions from the CCGT will also be 
monitored from the CCP Absorber stack(s) via CEMS, as detailed within the 
Main Supporting Document. 

Abnormal CO2 Venting 

6.1.15 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 
flue gas enters the CCP Absorber(s), 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. 

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

6.1.17 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-pressure 
compression system and the ZCH pipeline.  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. 

6.1.18 At this stage it is envisaged that this CO2 (with the excursions in oxygen and 
trace components) can be fed through to the CO2 pipeline.  However, in the 
event that the 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. 

6.1.19 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 



 
Keadby 3 Low Carbon CCGT 

Appendix D2 – BAT for Carbon Capture and Storage 
Document Ref: 60625943-ACM-PM-RP-EN-004-A 

 
 

 
 

July 2021 Page 19 
 

effects.  It is likely that this would be vented up the absorber stack to provide 
adequate dispersion of any emission. 

6.1.20 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. 

6.1.21 Emergency relief vents to facilitate a safe shut-down in the event of an over-
pressurisation of the CCP 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 

6.1.22 The use of ammonia and amine-based solvent could lead to fugitive emissions 
of odour, discussed in the Main Application.   

6.1.23 The odour threshold for ammonia is reportedly around 17 – 37 ppm3 or 12.9 – 
28.1mg/m3 and MEA is 2.6 – 25 ppm4 or 7.1 – 68.2 mg/m3.  It is therefore 
considered that due to the emission concentrations from the CCP Absorber(s) 
being lower than these values even before dispersion, there is no potential for 
odour nuisance to occur as a result of emissions from the CCP stack(s). 

6.1.24 Suitable controls will be in place (in accordance with BAT), to ensure that 
odourous emissions due to storage of these substances on site are minimised. 

6.1.25 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. 

 

3https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/29
0981/scho0307bmkt-e-e.pdf  

4 https://www.ncbi.nlm.nih.gov/books/NBK208294/  
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7.0 WATER USE EFFICIENCY 

7.1.1 Process water will be required in order to provide make-up to the DCC and 
dilution of make-up solvent within the CCP, in addition to cooling water 
requirements, as described in the Cooling BAT Assessment, and make-up to 
the steam system. 

7.1.2 The anticipated process water source is from the Keadby and Stainforth Canal 
raw water supply to the Keadby Power Station site, via a treatment package, 
to be confirmed during FEED. 

7.1.3 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 DCC bleed water for reuse on site; 

 Recovery of flue gas wash water to solvent system; 

 Condensate and dehydration water recovery from the compression plant to 
the solvent system; and 

 Capture plant water recovery systems specific to licensed technology. 
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8.0 WASTE MINIMISATION 

8.1.1 Reclaimer waste will be neutralised (aqueous sodium hydroxide) prior to 
transport off-site for treatment by licenced contractor.  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 CCP Absorber(s) and Regenerator (minimises 
thermal solvent degradation); and 

 The efficiency of the Reclaiming process. 

8.1.2 The maintenance of solvent quality is critical to the efficiency of the CCP 
operation and therefore is higher in the BAT hierarchy than the minimisation of 
Reclaimer waste generation.  The efficiency of the Reclaiming process will be 
optimised during the commissioning phase, as far as practicable to achieve the 
primary aim of maintain solvent quality and the secondary aim of waste 
minimisation. 

8.1.3 Other waste streams generated within the process include: 

 Oxygen removal catalyst – CO2 conditioning 

 Molecular sieves, dehydration – CO2 conditioning 

 Acid wash waste (if employed); and 

 Amine cartridge filters (technology dependent). 

8.1.4 The potential for reuse of wastes (such as output from the WWTP) generated 
on site will be reviewed during the FEED process, and plant operations.  

8.1.5 The regeneration, treatment or disposal of these waste streams would be 
carried out off site by licenced contractor.  All waste generated on Site will be 
managed in line with the waste hierarchy and disposed of by licenced waste 
contractors where necessary.
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9.0 BAT CONCLUSIONS FOR THE CARBON CAPTURE PROCESS 

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

Ref Indicative BAT KGL Response / Covered in 
Section of this Report. 

Indicative BAT 
employed? 

1.1 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 

1.2 BAT justification of overall technology. See below. Yes 

Flue Gas Pre-treatment 

2.1 Flue gas heat recovery to be used for stack heater after absorber - reduces 
cooling load, aids dispersion; provision to retrofit if not actually included. 

Section 3.1 Yes depending on 
final design 

2.2 DCC or fogging to saturate flue 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 CCP. 

Yes 

Carbon Capture Plant - General 

3.1 Designed for flexible operation Section 3.3 Yes 

3.2 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 

3.3 BAT solvent will have been properly tested – 12 months, real flue gas, actual 
system design, multiple reclaiming cycles - solvent has to be reclaimable and 
to be able to be operated to meet environmental emission requirements. 

Sections 4.1, 4.2 Yes 



 
Keadby 3 Low Carbon CCGT 

Appendix D2 – BAT for Carbon Capture and Storage 
Document Ref: 60625943-ACM-PM-RP-EN-004-A 

 
 

 
 

July 2021 Page 23 
 

3.4 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 

3.5 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 proprietary 
solvent is proposed, thus 
solvent heat regeneration 
requirements are minimised. 

Yes 

3.6 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 
Supporting Document. 

Yes 

CCP Absorber 

4.1 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 for at least 95% 
capture.  Therefore, the packing 
height will allow enough solvent 
contact time with the flue gas 
without relying on excessive 
(inefficient) additional circulation 
rate. 

Yes 

4.2 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 

4.3 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 

Yes 



 
Keadby 3 Low Carbon CCGT 

Appendix D2 – BAT for Carbon Capture and Storage 
Document Ref: 60625943-ACM-PM-RP-EN-004-A 

 
 

 
 

July 2021 Page 24 
 

considered.  Specific details of 
the design will be not be known 
until FEED. 

4.4 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 

4.5 Stack flue gas heating; provision to retrofit if not actually included. Space for flue gas heating has 
been reserved. 

Yes 

4.6 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 at Stage 2 of 
the Permit application. 

Yes 

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

To be confirmed at Stage 2 of 
the Permit application. 

Yes 

Regenerator 

5.1 XFHE approach temperature <10K; XFHE capacity to be able to be increased 
for other solvents. 

Use of modern heat exchanger 
technology will ensure 
exchanger approach 
temperatures are optimised for 
heat integration, pressure drop 
and CAPEX 

Yes 

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

 Yes 

5.3 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. 

The solvent selection will remain 
under review, such that 
innovations in solvent 
technology could be 
accommodated where improved 

Yes 
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alternatives become available, 
and could be safely retrofitted 
without loss of performance.  

5.4 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 

5.5 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 

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

Section 3.2. Yes 

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

To be considered during FEED. Yes 

CO2 Compression and Conditioning 

6.1 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 

6.2 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. Yes 

6.3 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. 

Initial compression and drying to 
be carried out onsite. 

N/A 

6.4 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 

Oxygen removal from the CO2 
product by a catalyst is 
proposed for this project 

Yes 
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future (direct oxygen removal from the rich solvent). Duct firing would help, 
but would reduce power plant efficiency for routine use. 

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

Heat integration options will be 
part of the FEED Contractor’s 
study, however, the low-grade 
heat that would be available 
would be unlikely to make the 
option of heat recovery viable. 

 

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

Beyond installation boundary  

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

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

Yes 

Data Source: 

1. BAT Review _J. Gibbins Oct2020 
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10.0 CONCLUSIONS 

10.1.1 The plant will be designed in accordance with the principles of BAT, based on 
the measures indicated and no departures from indicative BAT have been 
identified. 
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ANNEX A: FIGURES 

Figure 1: Process Flow Diagram for the Installation 
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ANNEX B: 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 flue-gas under the following standard conditions: 

 Dry gas at 273.15K, 101.3kPa; and 

 At reference oxygen level 15 vol. 

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

 ER = EM * (21-OR) / (21 – OM) 

Where: 

 ER = emission concentration at the reference oxygen level; 

 EM = measured emission concentration; 

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

 OM = measured oxygen level in vol% 

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

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

Proposed 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: 
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 EC = ER * (1-CC) / (1 – CU) 

Where: 

 EC = emission concentration at reference residual CO2 level; 

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

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

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

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

An example calculation is provided below: 

 EC = ER * (1-CC) / (1 – CU) 

 EC = 30 * (1-0.0034) / (1 – 0.034) 

 EC = 30.95 mg/Nm3 

BAT-BAT-AELs for NOx Emissions to Air from Carbon Abated CCGT Plant5 

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 

 

 

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


