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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 energy 
efficiency 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 energy 
efficiency. 

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 existing standards 
and guidelines presented in published guidance, including: 

 EU Best Available Techniques (BAT) Reference Document for Energy 
Efficiency 1 and  

 BAT Guidance for Post-combustion Carbon Dioxide Capture: Best 
Available Techniques from the Environment Agency (EA)2, 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 UK3 from the technical working group on CCS. 

1.1.3 The Main Supporting Document provides an overall view of the Permit variation 
application being made for the proposed installation.  BAT assessments have 
also been prepared with consideration for the techniques described for Large 
Combustion Plant (LCP) (Appendix D1), the Carbon Capture Plant (CCP) 
(Appendix D2) and for Cooling (Appendix D3) for the proposed installation. 

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 
(unabated) 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, 

 

1 European Commission.  2009.  Reference Document on Best Available Techniques for Energy 
Efficiency. 
2 Available at: Post-combustion carbon dioxide capture: best available techniques (BAT) - GOV.UK 
(www.gov.uk) 
3 Available at: Best Available Technology (BAT) information for CCS | UKCCSRC 
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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), adjacent to the existing 
installation boundary and covers an area of approximately 18.7ha. 

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 Main Supporting Document. 

1.2.6 The electrical, steam and water circuits between the generating station and the 
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. 
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2.0 Design Basis for Energy Efficiency 

2.1 Systems Integration 

2.1.1 The overall performance of the proposed installation for optimised energy 
efficiency depends on the integration, as far as practicable, of electrical, steam 
and water circuits.  The CCP including CO2 compression plant represent a 
parasitic load on the CCGT plant and therefore optimised integration of utilities 
for energy efficiency is paramount to maximising generational output. 

2.1.2 The key interfaces for energy efficiency within the CCP and CCGT (power 
island), at this concept design phase, are considered likely to be: 

 Flue-gas pre-treatment including cooling, prior to CCP, utilising direct 
contact cooling (DCC) and booster fan; 

 Use of steam from the HRSG within the CCP for solvent stripping 
(Regenerator reboiler) CO2, de-oxygenator and solvent recovery 
(Reclaimer); 

 Steam condensate recovery from CCP to HRSG; 

 Integration of cooling water supply to CCGT and CCP to allow for variations 
in steam consumption across system; 

 Cooling water supply and return within Closed Cooling Loop and CCGT 
Condenser;  

 Recovery of process water streams (such as DCC blow-down water) for 
dilution/ make-up water; and 

 Electricity consumption by CCP from CCGT (parasitic load). 

2.1.3 Thermal modelling has been undertaken for the concept design phase to 
identify the key plant and operations for energy performance management.  
Detailed design of the installation has not yet been undertaken but will seek to 
minimise energy losses through optimisation and heat recovery measures 
tailored to the selected solvent and plant design, including potential 
consideration of: 

 Optimised design of the HRSG and location for steam take-off for CCP 
solvent regeneration, for the most energy efficient operation; 

 Use of cross-flow heat exchangers within the CCP solvent streams (subject 
to final technology selection); 

 Optimised design of the hybrid cooling system, to maintain a constant 
temperature rise across the ST condenser – this allows for operational 
variations in steam consumption by the CCP, lower cooling water circulating 
flow and higher design efficiency; 

 Optimised cooling of condensate within the CCP to minimise flash/ hammer 
potential and maximise useful heat recovery; 
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 Operating the Low Pressure (LP) section of the steam turbine on a sliding 
pressure operation to control the inlet pressure of the section at a specified 
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; 

 Use of low-pressure condensate for de-oxygenator pre-heating; 

 De-superheated steam supply to the CCP;  

 Optimised recovery and re-use of low-heat streams, such as compression 
plant condensate.  

 General measures to maximise energy efficiency across the proposed 
installation include: 

 The plant components will be sized appropriately for the design capacity of 
the plant in abated mode, so that each element is operating optimally and 
efficiently.  

 Use of high efficiency motors and drives to minimise parasitic load; 

 The effective insulation of hot surfaces; 

 Regular planned maintenance in order to maximise the efficiency of the 
equipment and plant, with performance monitoring and audits to optimise 
the maintenance schedule. 

2.1.4 The energy performance of the system will be further refined at Front-End 
Engineering Design (FEED) stage. 

2.2 CCGT Specific Techniques 

2.2.1 The proposed installation assumes the use of a high efficiency CCGT, with 
efficiency to be confirmed with final technology selection.  The anticipated 
electrical efficiency of the proposed CCGT plant will be > 52% (LHV) after 
carbon capture and compression (‘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, with no associated carbon capture 
equipment, having a thermal input of >600MWth. 

2.2.2 The CCGT auxiliary power consumption is expected to be circa 15MWe. 

2.2.3 Elements of the plant’s design that contribute to energy efficiency include: 

 Modern design following current best practices in optimising efficiency; 

 High GT combustion temperatures; 

 The use of triple pressure HRSG, with interstage re-heating and 
superheated steam; 

 Exploitation of steam pressures and temperatures to maximise overall 
efficiency; 
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 Condensate recovery systems, including optimised boiler blowdown and 
use of treatment chemicals to maintain heat-transfer surfaces. 

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

2.2.4 The natural gas and combustion air feeds to the CCGT are anticipated to be 
pre-heated via package systems potentially using heat recovered from the 
process. 

2.2.5 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. 

2.2.6 The indicative steam cycle pressure and temperatures are: 

 High Pressure (HP): 170bar, 600°C 

 Intermediate Pressure (IP): 40bar, 600°C 

 LP: 5bar, 300°C 

2.3 Start-up/ Shut-down 

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

Table 1: Plant Start Definitions 

Shutdown 
Duration 

Type of Start Typical Scenario 

<8 hours Hot start Weekday start 

8-64 hours Warm start Restart after weekend shutdown 

>64 Cold start Start from ambient after overhaul 
 

2.3.2 The proposed installation is expected to operate in dispatchable (flexible) mode,  
following commissioning, in which the typical annual operating profile is circa 
4000 hours per year, with an average cycle time of 40 hours, and in the region 
of 100 starts per year.  

2.3.3 The potential opportunities for minimising efficiency losses during frequent start-
ups, with maximum CO2 capture, will be considered during FEED, and reviewed 
and optimised once operation is established. 
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2.4 Steam Supply to CCP 

2.4.1 The design case for the CCP uses steam from the HRSG for the following 
processes: 

 LP steam in regeneration by heat of amine solvent, within the Regenerator-
reboiler (separation of CO2) (circa 300tph, 150°C); 

 LP steam in CO2 de-oxygenator heating (post-compression) (circa 7tph, 
150°C); and 

 IP steam in solvent conditioning within the Reclaimer (removal of heat-
stable salts) (circa 100tph).  

2.4.2 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 is 
used.  The LP steam is extracted from the IP/ LP cross-over of the steam 
turbine, and is de-superheated, using boiler feed water, to saturation.  

2.4.3 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.  No LP steam is therefore available for use in the Regenerator-
reboiler; alternative options to provide sufficient lean amine at start-up include: 

 De-superheating IP or HP steam and switching to LP steam once in stable 
generation; 

 Using an auxiliary back-pressure turbine with IP steam bleed (in a multi-
shaft configuration) to let-down the steam and then de-superheat with boiler 
feed water; 

 Maintaining a larger solvent inventory, with additional storage for CO2 -rich 
amine, to be batch regenerated. 

2.4.4 The CCP steam extraction generation penalty is expected to be circa 10% of 
the gross power generation.  

2.5 CCP Specific Techniques 

2.5.1 The CCP also has an auxiliary electrical consumption of circa 40MWe. 
Combined with the generation penalty from steam extraction, the net electrical 
efficiency penalty is expected to be circa 10 - 12%, however further efficiencies 
are expected to be achieved from optimised sizing of plant at FEED stage. 

2.5.2 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 
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maximum output from the installation.  This is therefore considered to represent 
BAT for the installation. 

2.5.3 The backpressure imposed by the CCS plant on the exhaust from the HRSG of 
a modern turbine will affect the generational performance and therefore must 
be overcome. The main constituents creating a pressure drop are, in order of 
significance: 

 Absorber column; 

 DCC column; 

 Any residual environmental treatment in the flue gas path (e.g. SCR). 

2.5.4 Imposing the CCS plant back-pressure on the HRSG and therefore GT exhaust 
would decrease the power output of a modern CCGT plant by approximately 20 
- 30MWe by reducing the expansion pressure ratio available to the GT.  The 
plant will instead employ a booster fan set to overcome the CCS back-pressure, 
with an electricity consumption of 15 - 20MWe.  

2.5.5 Additional measures for optimising energy efficiency within the CCP may 
include: 

 Optimisation of the CO2 absorption process (described in Section 4.10-Main 
Supporting Document); 

 Use of cross-flow heat-exchanger for rich-lean solvent streams; 

 Use of process water and waste heat from CCP process streams; 

 Use of condensate heat reject.  

2.5.6 The specific energy efficiency measures will be dependent on final technology 
selection and will be optimised during FEED stage. 

2.5.7 The CO2 compression plant will be specified to provide flexible operation. 

2.6 Cooling System 

2.6.1 The cooling systems for the installation will be designed to optimised energy 
efficiency.  

2.6.2 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 CCP uses cooling to lower 
flue gas temperature to optimise CO2 absorption and avoid thermal degradation 
of the solvent (and minimise solvent reclaiming and waste generation).  The 
CCP also uses cooling for condensation of solvent for reflux in absorption and 
regeneration processes. 

2.6.3 The proposed installation processes is proposed to be cooled by hybrid (dry-
wet) cooling towers, with raw water feed from the Stainforth and Keadby Canal, 
subject to abstraction license from the Canals and Rivers Trust.  This cooling 
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option was identified as the highest ranked option in the cooling BAT 
assessment. 

2.6.4 The selection of the primary cooling system is considered to represent BAT for 
the installation, as described in Appendix D3. 

2.7 Maintenance Philosophy 

2.7.1 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), in accordance with the original equipment 
manufacturer recommendations.   

2.7.2 The plant will be subject to regular planned maintenance in order to optimise 
the efficiency of the equipment, 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; and 

 Inspections and overhaul of major plant. 
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3.0 BAT Conclusions for the Proposed Installation  

Table 2: BAT Conclusions for Achieving Energy Efficiency at Installation Level 

BAT No. BATC Requirement Demonstration of BAT-Operator Response 
Indicative 

BAT? 

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):  

The Operator will operate the Installation in accordance 
with SSE’s Environmental Management System (EMS), 
which will includes operational and commercial 
management of the operations and covers the BAT 
elements detailed. 
As a first-of-a-kind project, there are no defined 
benchmarks for the proposed installation as a whole.  It is 
expected that benchmarks for operational parameters will 
be developed during commissioning and ongoing 
operation in consultation and agreement with the 
Regulator.  
SSE’s environmental management is integrated within the 
SSE SHE Management system, which is accredited to 
ISO14001:2015 standard.  
Both the SSE Safety and Health Policy (including Major 
Accident Prevention Policy) and the SSE Environment 
Policy, Sustainability Policy and Climate Change Policy 
underpin the Safety, Health and Environmental 
management system, which addresses such matters 
needed to properly address SHE management, including:  

- Management organisation and responsibilities  
- Workforce (and contractor) competence, training 

and support 
- Systematic identification of hazards and risk 

assessment 

Yes 

a. commitment of top management (commitment of the top 
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  
vi. effective control of processes (see BAT 14)  
vii.  maintenance (see BAT 15)  
viii. emergency preparedness and response 
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ix. safeguarding compliance with energy efficiency-related 
legislation and agreements (where such agreements exist).  

- Legal and other requirements 
- Plant integrity and maintenance 
- Safe systems of work 
- Controls for the safe operation of processes 
- Emergency planning  
- SHE (including energy) performance indicators 

and continuous improvement 
- Document & record control 
- Communications 

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 
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 

The proposed installation will be designed to current 
compliance and design standards.  It will be operated in 
accordance with the EMS, with regular appraisal of the 
plant and equipment in use at the installation. The EMS 
sets periodic objectives and targets through the SHE plan 
to control and minimise the impact of operations, 

Yes 
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including energy consumption (considering the cost 
benefits).  

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). 

The proposed installation will be designed to current 
compliance and design standards.  It will be operated in 
accordance with the EMS, with regular appraisal of the 
plant and equipment in use at the installation. Periodic 
energy efficiency assessments are conducted for 
operational sites to identify opportunities for energy 
savings.  

Yes 

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:  
• 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 

The EMS includes a process for regular energy efficiency 
auditing as part of the performance evaluation.  The BAT 
requirements (a-f) are considerations during the 
assessments where applicable.  

Yes 

5 Identification of energy efficiency aspects of an installation 
and opportunities for energy savings 

The FEED for the proposed installation, and its ongoing 
optimisation will include the use of industry standard 

Yes 
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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) 

energy model tools, to identify energy efficiency 
optimisation measures. 

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

The proposed installation will be designed to maximise 
systems integration, including integration of the steam 
system, optimised use of hot and cold streams, and will 
be CHP-ready, to optimise the potential for energy 
recovery. 

Yes 

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). 

See response to BAT 5 – the use of energy models 
considers the system as a whole. 

Yes 

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 

Energy efficiency indicators, boundaries and variables will 
be developed during FEED and commissioning of the 
plant. 

Yes 
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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)  
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 CCGT plant will be subject to benchmarking as 
applicable for ‘unabated’ operation, however as a first-of-
a-kind project, there are no defined benchmarks for the 
proposed installation as a whole.  It is expected that 
benchmarks for operational parameters will be developed 
during commissioning and ongoing operation in 
consultation and agreement with the Regulator.  

Yes 

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)  
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 

See response to BAT 5,6 above Yes 
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(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 

The proposed installation will be designed to maximise 
systems integration, including integration of the steam 
system, optimised use of hot and cold streams, and will 
be CHP-ready, to optimise the potential for energy 
recovery. 

Yes 

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 usage 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)  
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). 

See response to BAT 1 -The efficient use of energy is 
embedded in the management system and performance 
requirements of the proposed installation. 

Yes 

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)  

The proposed installation will be operated by suitable 
personnel with required skills and training.   
Maintenance activities associated with the installation will 
be undertaken by appropriately skilled and trained staff 
and contractors. 
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d. use of appropriately skilled consultants for fixed term 
investigations (e.g. see Section 2.11)  
e. outsourcing specialist systems and/or functions (e.g. see Annex 
7.12 

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)  
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). 

The operation of the proposed installation will be highly 
automated, with a site-wide Distributed Control System 
(DCS) providing monitoring and control.  The design 
philosophy of the DCS is to provide the maximum 
possible level of automation for all systems installed and 
the plant will, in general, operate automatically under 
operator supervision during normal operation.  
Semi-automatic sequences and manually requested 
actions will also be available via the DCS when required, 
for instance operator intervention may be required to 
maintain minimum utility flows by the opening of 
equipment by-passes or shutting down unnecessary 
equipment.  The proposed installation will be operated via 
a DCS, in accordance with the systems and procedures 
documented within the EMS. 

Yes 

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  

The proposed installation will be subject to regular 
preventative maintenance cycles to ensure the efficiency 
of plant and equipment is maintained.  Reactive 
maintenance will be implemented as appropriate to rectify 
issues that may impact on plant efficiency. Asset 
management techniques will use plant and breakdown 
data to enhance and adjust maintenance programmes.  

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

16 Monitoring and measurement 
BAT is to establish and maintain documented procedures to 
monitor and measure, on a regular basis, the key characteristics of 
operations and activities that can have a significant impact on 
energy efficiency. Some suitable techniques are given in Section 
2.10 

Monitoring and measurement of key performance 
parameters that could have an effect on energy efficiency 
will be integral to the DCS. 

Yes 

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 

See Table 2 Yes 

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 

See Table 2 Yes 

19 Heat recovery 
BAT is to maintain the efficiency of heat exchangers by both:  

- monitoring the efficiency periodically, and  
- preventing or removing fouling. 

Heat exchanger efficiency and maintenance will be 
included within the preventative maintenance cycle. 

Yes 

BAT 20 – 29 N/A N/A 
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4.0 BAT Conclusions for Large Combustion Plant 

Table 3: BAT Conclusions for Large Combustion Plant 

BAT 
No. 

BAT Requirement Demonstration of BAT-Operator Response 
Indicative 

BAT? 

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 

  

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

Yes 

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 will 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 
to optimise combustion, and use of recovered heat will be 
explored during FEED. 
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Fuel preheating Preheating of fuel using recovered heat The natural gas used as a fuel will be pre-heated via a pre-
heater package, to optimise combustion, and use of 
recovered heat will be explored during FEED.  

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 a DCS, which also records data on the 
plant performance, and will be used by the operations team 
to identify potential issues. The specific control settings for 
the 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 
once the domestic requirement has been met; and a CHP-
Readiness assessment is submitted as part of the permit 
variation application. 

CHP readiness See description in Section 10.8.2.   See CHP-Readiness Assessment (Appendix E). 

Flue-gas 
condenser 

See description in Section 10.8.2.   See CHP-Readiness Assessment (Appendix E). 

Heat accumulation Heat accumulation storage in CHP mode  See CHP-Readiness Assessment (Appendix E). 

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.   
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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. 


