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Acronyms / Abbreviations 

BAT – Best Available Technique 

CO – Carbon Monoxide 

DEFRA – Department for Environment, Food & Rural Affairs 

EA – Environment Agency 

EDNUP – Electrical Distribution Network Upgrade Project 

ELV – Emission Limit Values 

EPD – Essential Power Distribution 

EPR – Environmental Permit Regulations 

HVO – Hydro-treated Vegetable Oil 

IED – Industrial Emissions Directive 

MCA – Marine Conservation Area 

MCERTS – Environment Agency’s Monitoring Certification Scheme 

MCP – Medium Combustion Plant. 

MCPD – Medium Combustion Plant Directive 

MTU – MTU Friedrichshafen GmbH (a Rolls Royce company) 

MVA – Mega Volt-Amp 

MWe – Mega Watt – (Electrical output) 

MWth – Mega Watt (Thermal input) 

NOx – Oxides of nitrogen 

NO2 – Nitrogen dioxide 

PM – Particulate Matter (the subscripts 10 and 2.5 denote the diameter in microns, respectively) 

ONR – Office for Nuclear Regulation  

OS – Ordnance Survey 

SAC – Special Area of Conservation 

SBG – Specified Back-up Generators 

SL – Sellafield Limited  

SO2 – Sulphur dioxide 

SPA – Special Protection Area 

SSSI – Site of Special Scientific Interest 

SUB99 – Substation 99 

SUB100 – Substation 100 
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1 Introduction 

1.1 Background 

Sellafield Ltd (SL) are upgrading the existing electrical network on site as part of the Electrical 

Distribution Network Upgrade (EDNU) Project. The purpose of this upgrade is to reinforce the 

main Sellafield site electrical distribution network and increase the capability of the Standby 

Generation system to improve operational resilience and business continuity at the site in the 

event of an electrical mains (grid) failure. 

1.2 Purpose of the Report 

Operations at the Sellafield site are regulated by the Environment Agency (EA) via an 

environmental permit for the Sellafield Installation. Sellafield hold a non-radiological 

environmental permit (BM4317IX) under the Environmental Permitting Regulations (EPR). An 

application to vary the permit under the EPR is required to account for the changes associated 

with the potential emissions to air/land/water from the installation and operation of the proposed 

generators. Due to the standby power supply requirements needed for the site, the proposed 

installed capacity of the generators falls within the remit of the Medium Combustion Plant 

Directive (MCPD) (1 - 50MWth) and therefore require a permit to be operated. 

This report presents the approach and results of a Best Available Technique (BAT) assessment 

of the proposed EDNUP selection process and reduction of emissions to air, land and water, to 

support the Environmental Case. Therefore, it provides evidence to support the application to 

vary the Sellafield Ltd Environmental Permit to register the standby generators as medium 

combustion plant (MCP). 

This BAT assessment has been produced to consider and assess functional requirements along 

with the design decisions taken at the Sub 99 and Sub 100 generation ‘islands’ to demonstrate 

the most appropriate solution is taken forward. 

The assessment comprises a qualitative environmental appraisal of potential impact of the 

proposed generators in line with EA guidance, Sellafield Ltd Environmental Case methodology1 

and supporting guidance, relating primarily to the release of emissions to air. The report 

recognises the philosophy of mitigating and managing environmental impacts through 

implementing BAT. In parallel to this assessment, a detailed Aerial Emissions Impact 

Assessment has been undertaken to consider and assess the potential effects of the EDNU project 

on local air quality2. 

 
1 SLP 2.11.01. How do I develop, maintain and implement a live Environment Case? Sellafield 

Ltd., Issue 7, Effective date 01/2022. 
2 EM-2021-058 - EDNUP Air Quality Assessment JUN22 ISSUED [OFFICIAL MARKED].pdf 
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2 Legislation / Guidance 

2.1 Relevant legislation 

The following guidance is relevant to the assessment and has been taken into consideration in 

developing the approach to the assessment: 

 

1. EU, 2015.  Directive (EU) 2015/2193 on the limitation of emissions of certain pollutants 

into the air from medium combustion plant.  

 

2. The Environmental Permitting (England and Wales) Regulations 2016, SI2016/1154 (as 

amended). 

 

3. Best available techniques: environmental permits3 

 

4. Risk assessments for specific activities: environmental permits4. 

 

5. Supplementary combustion sector advice for EDNUP5 

 

 

2.2 Sellafield Guidance 

1. SLP 2.11.01. How do I develop, maintain and implement a live Environment Case? 

Sellafield Ltd., Issue 7, Effective date 01/2022. 

 

2. SLSP 2.11.01.09. Guidance on undertaking raw materials reviews. Sellafield Ltd., Issue 2 

Effective date 07/2017  

 

3. SLP 2.11.13. How do I comply with Energy & Water Efficiency Requirements of the 

Environmental Permitting Regulations? Sellafield Ltd., Issue 3, Effective date 05/2019 

 

4.  SLSP 2.11.113. Best Practice Guidance for the Management of Wildlife and Habitats. 

Sellafield Ltd., Issue 1, Effective date 04/2014 

 

5. SLM 2.11.01 Environmental Management Manual, Sellafield Ltd, Issue 4, Effective date 

08/2018  

 

 
3 https://www.gov.uk/guidance/best-available-techniques-environmental-permits 
4 https://www.gov.uk/guidance/risk-assessments-for-your-environmental-permit  
5 Guidance document provided to SL, 15 December 2021 as part of enhanced pre-application discussions with EA 

https://www.gov.uk/guidance/best-available-techniques-environmental-permits
https://www.gov.uk/guidance/risk-assessments-for-your-environmental-permit
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3 Environmental Constraints 

There are a number of sensitive human health receptors within the vicinity of the Sub 99 and Sub 

100 sites, together with ecological receptors of local, national and international designations 

within 10 km. These are detailed in Table 1 below.   

Table 1: Location of sensitive receptors 

Name OS X (m) OS Y (m) 

Mid Tarn Farm  302173  504063  

Tarn Head Farm  302080  504360  

How Farm  303672  502215  

Lane Head Farm  304074  502100  

Seascale School  304276  501702  

Seascale Hall  303879  502872  

Calder Farm  303821  503552  

Lingbank  304811  504757  

Church House Farm  304121  505274  

Yottenfews Farmhouse  303093  505176  

Greenmoor Side  302280  505356  

Low Church Moss (Site of Special Scientific Interest (SSSI)) 301626  505388  

Silver Tarn, Hollas & Harnsey Mosses (SSSI)  300015  506845  

Haile Great Wood (SSSI)  303014  508885  

Drigg Coast (Special Area of Conservation (SAC))  304339  500288  

Drigg Coast (SSSI)  304341  500287  

Hallsenna Moor (SSSI)  306208  500748  

Florence Mine (SSSI)  301990  510240  

Black Moss (SSSI)  302946  510509  

Drigg Holme (SSSI)  307383  499043  

Clints Quarry (SSSI)  300863  512073  

St Bees Head (SSSI)  297134  510365  

River Calder Section (SSSI)  306797  511630  

River Ehen (SAC)  301191  512888  

River Ehen (Ennerdale Water to Keekle Confluence) (SSSI)  301192  512891  

Morecambe Bay and Duddon Estuary (Special Protection Area (SPA)) 306809  498595  

Cumbrian Coast (Marine Conservation Area (MCZ))  302429  502742  

 

 

 

  



  

Infrastructure Strategic Alliance EDNU – Standby Generation 
Best Available Technique 

 

Page 5 
ISA-WP3-RP-251v1.0P1ISA-WP3-RP-251v1.0P1 | Rev E | 20 July 2022 |  

 

 

 

4 Assessment Methodology 

4.1 Overview 

The methodology follows the BAT environmental permits guidance identified above, prepared 

jointly by the EA and Department for Environment, Food & Rural Affairs (Defra). It also 

however follows guidance contained in Section 1.2.3.3 Specific Environmental Assessment (e.g. 

BAT Assessment/Case) in Sellafield Ltd’s SLP 2.11.01, which was reviewed by the EA. This 

provides information on how to undertake a ‘Specific Environmental Assessment’ such as a 

BAT assessment. The assessment involves the following key stages as recommended by SLP 

2.11.01: 

 

1. Identify relevant aspects under consideration. 

 

2. Complete and/or review detailed assessments. 

 

3. Calculate impact and significance. 

 

4.2 Identify relevant aspects under consideration 

 
The assessment has considered the UK government’s advice on Risk assessments for specific 

activities: environmental permits. This requires consideration of the following aspects: 

 

1. Air emissions, including the impact of emissions on global warming; 

 

2. Groundwater and Surface water;  

 

3. Waste recovery or disposal; and, 

 

4. Resource efficiency (raw materials / energy). 

 

In addition, the assessment considers the following non-radiological aspects as recommended by 

SLP 2.11.01: 

 

1. Faults/ Leaks. 

 

2. Nuisance (combined impact of dust, noise, odour, light, steam etc.). 

 

3. Impacts on ecological habitats. 

 

The above list of potential environmental aspects has been screened in 5.1 below, to determine 

whether there are likely to be impacts on the environment that require consideration in the 

options assessment. 
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The EDNU project consists of the following systems which have a potential to impact water, air 

or land: 

• Potential emissions to air – 

o Combustion emissions through diesel fuel use during operation of generators. 

o Impact of emissions on global warming 

• Potential emissions to land/water – 

o Storage of diesel fuel oil 

o Lubrication oil / anti-freeze / transformer fluid. 

In addition, potential impacts to amenity have also been considered, in particular the impact of 

noise during operation of generators, as well as potential visual impacts.  
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5 Environmental Risk Assessment 

5.1 Screening the environmental aspects 

Table 2 below sets out the results of a screening assessment of the range of environmental 

aspects that have been considered in the BAT assessment according to the guidance. 

It considers and assess the potential risk to receptors from the following hazards, taking into 

account the measures proposed to reduce those risks. 

The method relies on a scoring system that is based on the frequency or probability of the event 

occurring and the resulting consequence or potential effect of the event on the environment (see 

Figure 1).  

Controls or mitigation are also identified in the assessment, which consist of measures or actions 

that can be carried out to limit the potential for impacts.   

The probability of exposure is the likelihood of the receptors being exposed to the hazard, and is 

defined as low, medium or high. These terms are qualified as follows: 

• Low: exposure is unlikely, barriers in place to mitigate against exposure; 

• Medium: exposure is fairly probable, barriers to exposure less controllable; and 

• High: exposure is probable, direct exposure likely with few barriers. 

The aim is it to reduce the risk of fugitive emissions from the facility or the impact of the 

emissions on the environment, through specific mitigation measures identified for each specific 

risk.  

Control and mitigation measures have been identified for all risks identified in the assessment, 

based on the BAT measures set out in the guidelines and on operational experience. The 

measures specific to each risk are described in the assessment. The mitigation measures will be 

incorporated into the site management processes and site operatives will be made aware of these 

measures during training.  

Figure 1 Risk Assessment Matrix 
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Table 2 Environmental Risk Assessment  

 

Hazard Receptor Pathway Risk management technique Probability of 

exposure 

Consequence Overall risk 

Emissions to air 

Emissions to air from 

generator stacks during 

testing and emergency use. 

Sensitive 

human and 

ecological 

receptors, as 

identified in 

the 

supporting 

Aerial 

Impact 

Assessment. 

Air   Regular maintenance in 

accordance with 

manufacturers requirements to 

ensure efficient operating 

conditions. 

Vertical stacks to ensure 

effective dispersion.   

The Air Quality Assessment 

concluded that there are no 

predicted exceedances of any 

relevant Air Quality 

Objectives (AQO) during 

routine testing/maintenance 

activities. For a potential 

emergency scenario it was 

concluded highly unlikely that 

there would be exceedances of 

the hourly AQO for NO2 or 

the AEGL-1 value used to 

assess short-term reversible 

health effects. 

Low due to 

optimized stack 

height design, 

limited 

operational 

hours and 

regular 

maintenance.   

Possible 

exceedances of 

short-term air 

quality 

objectives at 

sensitive 

receptors - 

medium 

Low risk 

Visible generator emissions 

during start-up 

Sensitive 

human and 

ecological 

receptors, as 

identified in 

the 

supporting 

Aerial 

Impact 

Assessment. 

 

 

Air   Regular maintenance in 

accordance with 

manufacturers requirements to 

ensure efficient operating 

conditions. 

Low due to 

operational 

hours and 

regular 

maintenance.   

Adverse impact 

on human 

health 

receptors in 

surrounding 

area - Low 

Low risk 
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Noise 

Noise from operation of the 

generators during   

routine maintenance/testing,  

emergency outage  

Receptors 

identified in 

Noise 

Assessment  

Air (propagated) Regular maintenance in 

accordance with 

manufacturers requirements to 

ensure efficient operating 

conditions. 

The planned maintenance and 

testing of the generators is not 

predicted to result in excessive 

levels of noise that could 

adversely impact identified 

sensitive receptors. 

Any noise complaint received 

will be logged. An 

appropriately designated 

person will investigate the 

complaint and will take action 

to identify the source of the 

noise and remedial measures 

will be implemented where 

appropriate. 

 

 

Low due to 

design 

mitigation, 

limited 

operational 

hours, daytime 

testing and 

regular 

maintenance.   

Statutory 

nuisance - low 

Low  

Fugitive emissions 

Emissions to air from diesel 

fuel tanks (re-fuelling) 

Sensitive 

human 

receptors, as 

identified in 

the 

supporting 

Aerial 

Impact 

Assessment. 

Air Fuel will be delivered by 

approved suppliers in-line 

with Sellafield Ltd 

Environmental Management 

System (SLM 2.11.01).  

Following operator 

instructions for fuel 

loading/unloading will limit 

the duration of any potential 

events but will not remove 

potential incidents. 

 

 

 

 

 

Low Adverse impact 

on human 

health 

receptors in 

surrounding 

area - Low 

Low 
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Accidents 

Leaks/Fault from fuel/oil 

storage 

Surface 

water 

drainage 

system / 

Sellafield 

Tarn / Irish 

Sea 

Liquid spill to drains Refuelling the diesel tanks 

present the greatest risk and so 

the area has been designed 

with a mixture of raised kerbs, 

kerb drains and channel drains 

to ensure rainwater or any 

other substances spilled on the 

road are drained via oil 

separators at Sub 99 and Sub 

100. The fuel tanks are above 

ground double skinned (110% 

capacity), with pipe-in-pipe 

connections and remote access 

fill alarms and leak detection 

in-line with Oil Storage 

Regulations 2001. Provision of 

spill kits at generation islands 

for use in any unplanned event 

Low 

probability 

with sufficient 

spill 

management 

techniques  

Adverse impact 

on water 

environment - 

Medium.  

Low risk if 

we employ 

the design 

and 

management 

techniques 

set out. 

Fire Wider 

Sellafield 

Ltd, and 

human and 

ecological 

receptors. 

Air /Land/Water Any fire will be handled in-

line with the Emergency 

Preparedness Manual (SLM 

2.02.02) and Sellafield Site 

Emergency Arrangements 

Operator Emergency Plan 

(SLM 2.02.03). 

Low Adverse impact 

on 

environment - 

Medium 

Low 

Security and Vandalism Wider 

Sellafield 

Ltd, and 

human and 

ecological 

receptors. 

Air/land Whilst the area around the SL 

site is publicly accessible, it is 

patrolled and kept under 

surveillance by the Civil 

Nuclear Constabulary.  

Low Adverse impact 

on 

environment - 

Low 

Low 

Flooding Wider 

Sellafield 

Ltd, and 

human and 

ecological 

receptors. 

Water/Land Surface runoff from the Sub 

99 generator compounds will 

discharge to interceptor which 

will be alarmed and have an 

automatic shut-off device if oil 

is detected. 

Surface runoff from Sub 100 

also passes through an oil 

Low Adverse impact 

on 

environment - 

Low 

Low 
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interceptor before discharge 

via a SUDS soakaway to 

attenuate the surface run off, 

as this avoids adding extra 

discharge into the existing 

system which is already at 

capacity. 

Global Warming Potential 

Generation of CO2e National and 

global 

climate 

change 

Air Operation of the generators 

will involve the combustion of 

diesel fuel to generate 

electricity for use at the site in 

the event of an emergency 

power outage. The generators 

will be subject to planned 

maintenance and testing. The 

combustion of diesel will 

result in the generation of 

CO2e emissions of 1844 

tonnes per year. This is based 

on the operational testing 

regime and generator  

Low due to 

emergency 

nature of 

generators and 

limited testing / 

maintenance  

Adverse impact 

on 

environment - 

Low 

Low 
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6 BAT Assessment 

6.1 Emissions to Air 

6.1.1 Engine Selection   

A review was then undertaken to ascertain market capability and type of technology available. 

The following key requirements to provide emergency back-up electricity were considered for 

the selected technologies: 

• Start-up time; 

• Reliability; 

• Independence of off-system services; and 

• Causing the least environmental impact. 

 

Technological options considered for the following fuel types for back-up power sources 

consisted of: - 

• Renewables; 

• Natural gas; and 

• Diesel. 

 

Factors such as the size of the relevant parcels of land available and the existing / proposed 

infrastructure needs were also taken into consideration when trying to identify the chosen 

technology as being most appropriate to fulfil the requirements. 

Renewables 

Consideration was firstly given to the potential for the most environmentally-friendly power 

options available, namely through zero emission renewable energy sources, harnessing power for 

example from the wind / solar radiation / waves. These sources would need to run all year round 

with the electricity they generated stored in batteries on-site for use when needed. The electricity 

which would be generated could be utilised almost instantaneously from the battery packs and 

this option would provide Sellafield with independence from any third-parties. Given the 

purpose of the EDNU back-up, to provide critical nuclear safety and resilience and provide high 

hazard reduction, the unpredictability of the wind/solar sources to reliably generate and store 

sufficient energy was considered to provide too much of a risk for the project. This factor, 

together with the potential land required to house the significant number of batteries to store the 

necessary energy along with the cost of battery purchase meant a solution using primary 

renewable sources for EDNU was not going to be feasible. 

Natural Gas  

Combined-cycle gas turbines (CCGT) have good thermal efficiencies of around 60%, but at 

small operating capacities (such as that required for EDNU) the efficiency of steam cycles is 

relatively low. Emissions to air from the use of natural gas can result in some of the lowest 
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possible concentrations of oxides of nitrogen (NOx) from any other available combustion 

sources, together with negligible concentrations of particulate matter (PM10 / PM2.5) or sulphur 

dioxide (SO2). CCGT can utilise gas delivered by the national gas grid, avoiding the additional 

transport and fuel storage issues associated with other non-renewable fuel systems. The turbines 

however do have lengthy start up times of around 1 - 3 hours, which are not aligned to 

emergency back-up needs and are typically very large in physical size. Whilst environmentally a 

potentially good option, the overall system complexity is generally considered to be more 

appropriate for larger size installations such as significant thermal power plants.  

 

Open-cycle gas turbines (OCGT) do have faster start up times that CCGT due to the absence of 

the secondary steam turbine, however this increase in speed comes at the expense of thermal 

efficiency (approximately 40%) through heat loss in the exhaust gas. Emissions to air are 

comparable to that of CCGT discussed above. Whilst OCGT can be used for short term 

operating reserve (STOR) or peaking plant, where demand can be predicted and managed, the 

start-up times of 15 -30 minutes are unlikely to meet the needs of emergency back-up 

requirements and satisfy the high hazard reduction. They also require relatively high capital 

investment, together with high operating and maintenance costs.      

 

Gas-fired reciprocating engines are proven, reliable technology and are known to perform well, 

with fast start-up times of less than 10 minutes, which is more suitable for the provision of 

emergency/standby. They also benefit from all of the positive environmental factors which come 

from using natural gas, however the most critical factor overriding all other considerations 

regarding the possibility of a gas-fired option for EDNU is that natural gas is also the primary 

fuel source on-site. Should there be a failure of this supply for whatever reason, having an 

emergency back-up system relying on the same fuel that is outside of the control of Sellafield 

Ltd, could potentially mean a failure of both primary and secondary power options, which of 

course is not acceptable. All of these gas-fired options were therefore discounted.  

Diesel 

As discussed above in relation to gas-fired reciprocating engines, diesel-fired engines come with 

the same proven reliability and fast start-up times and can be modularised (containerised). They 

also have independent performance reliability due to the on-site storage of diesel fuel in 

sufficient quantities, which can be managed and controlled by Sellafield Ltd, with the option for 

fuel to be sourced from more than one supplier for delivery to the site, to minimise risk of 

supply. The site requires the capability to be able to run for up to 72 hours, which can be 

achieved through on-site fuel storage to enable continuous operation in the event of an 

unplanned emergency situation. Diesel also has the benefit of being a fuel source that is 

independent of the primary fuel used on-site, thus providing further resilience 

Diesel-fired engines do have a large number of moving parts which can be subject to failure and 

require regular ongoing maintenance to ensure reliability, however these moving parts can be 

readily obtained and replaced and are typically included as part of the service agreement with the 

generator vendor. Due to the number of moving parts, diesel generators when operated can be 

noisy and generate vibration. When compared to gas-fired generators, diesel engines do produce 

far greater quantities of emissions to air, most notably NOx and PM10 / PM2.5, which can impact 

local air quality if operated for prolonged periods of time. Abatement technology (e.g. selected 
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catalytic reduction) is available for diesel generators to reduce emissions to air, however this 

technology is sometimes ineffective for short-duration use due to the temperatures required, and 

therefore is typically not specified in generators supplied for emergency back-up purposes, rather 

than those running continuously. 

6.1.2 Size of units needed 

A study was undertaken to assess a range of scenarios against standby power requirements, 

which considered numbers, sizes and locations of generators and associated control systems. The 

study concluded that the optimal arrangement was for two islands with six generators at each 

location. The islands would consist of an ‘A’ side and a ‘B’ side to enable greater flexibility for a 

range of generator firing combinations for increased resilience. Calculations concluded that each 

generator should have a rated thermal input of 7.7 MWth. 

EDNU Contractor Procurement and Design Finalisation 

To deliver the EDNU works, a competitive tender process was undertaken based on the above 

technology and works requirements. There are a limited number of subcontractors who have 

sufficient capacity and experience that were deemed capable of delivering this package of work. 

Many of which sharing two or three engine manufacturers, the engine being the main component 

for the package. 

 

A total of eight subcontractors were contacted who have significant experience in this area 

however only one contractor who chose to participate could meet the crucial Sellafield 

commercial terms, namely around Nuclear indemnification. This single contractor was therefore 

appointed. 

 

Following detailed design discussions with the appointed contractor, based on the critical power 

requirements for the two identified ‘islands’, diesel generators in the range between 1.5 and 8 

MWth were considered to provide the best solution because: 

• Units are readily available for this back up purpose (i.e. Hospitals, London Stock 

Exchange, banks, etc).  

• They can be modularised (containerised).  

• Components are “off the shelf” and easily changeable. 

• Each unit / module is self-sufficient. 

• System can easily be expanded in future by adding additional generators, if required. 

One final requirement to consider was that each Island must consist of an A and B ‘side’ to 

provide resilience to the system and ensure the EPD needs could be met. Once the available area 

of land at each site had been reviewed by the appointed contractor, the agreed design for the two 

generation islands concluded of: - 

• Sub 99 – based on six 7.7MWth (3.5MWe) diesel generator engines; and   

• Sub 100 - based on six 7.7MWth (3.5MWe) diesel generator engines (four initially). 
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Technology summary 

 

From the above options, and considering all the aspects required to provide emergency/standby 

power for EDNU, diesel engines have been determined as BAT on the basis that: 

 

• These engines provide a fast response speed to the application of loads; as stated 

previously, fast start-up of standby generators for EDNU is fundamental as an almost 

instantaneous supply of electricity is required in the event of power loss to the site. 

• Diesel engines have low maintenance costs and replacement parts are readily available. 

• The need for a reliable supply of fuel (diesel) is essential to ensure reliance, the on-site 

storage of sufficient quantities of diesel fuel provides the required level of independent 

performance reliability. 

• No exceedances of the Air Quality Objectives are predicted through routine 

testing/maintenance or emergency usage at locations with relevant potential exposure. 

Technical details for the generators to be installed are set out in Table 3. Each generator has an 

individual flue terminating vertically at 8.4m above ground, the locations and orientation of 

which are illustrated in Figure 2 and Figure 3. 

The emissions to air parameters from the identified generators are set out in Table 4. 

Figure 2 Generator design layout 

 

Monitoring Port 
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Figure 3 Stack design orientation 

 

 
Table 3 Generator details  

ID Type Model Rated Electrical 

Output (MWe) 

Thermal 

Input 

(MWth) 

Sub 99  

MCP-2 Serial No: Provided on install MTU 20V4000G94LF 3.5 7.7 

MCP-3 Serial No: Provided on install MTU 20V4000G94LF 3.5 7.7 

MCP-4 Serial No: Provided on install MTU 20V4000G94LF 3.5 7.7 

MCP-5 Serial No: Provided on install MTU 20V4000G94LF 3.5 7.7 

MCP-6 Serial No: Provided on install MTU 20V4000G94LF 3.5 7.7 

MCP-7 Serial No: Provided on install MTU 20V4000G94LF 3.5 7.7 

Sub 99 total installed capacity 21 46.2 

Sub 100 

MCP-8 Serial No: Provided on install MTU 20V4000G94LF 3.5 7.7 

MCP-9 Serial No: Provided on install MTU 20V4000G94LF 3.5 7.7 

MCP-10 Serial No: Provided on install MTU 20V4000G94LF 3.5 7.7 

MCP-11 Serial No: Provided on install MTU 20V4000G94LF 3.5 7.7 

MCP-12 Serial No: Provided on install MTU 20V4000G94LF 3.5 7.7 

MCP-13 Serial No: Provided on install MTU 20V4000G94LF 3.5 7.7 

Sub 100 total installed capacity 21 46.2 

Total installed capacity 42 92.4 
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Table 4: MTU Generator Emission Parameters – Maximum Theoretical Limits 

 
Engine Load Unit 100% 

Engine model: MTU 20V4000G94LF 

Power output kWe 3306 

Exhaust temperature oC 476 

Exhaust mass flow rate kg/h 18840 

Oxides of nitrogen (NOx) g/kWh 9.7 

 mg/Nm3 (@5% O2) 3431 

Particulates (as PM10) g/kWh 0.02 

 mg/Nm3 (@5% O2) 8.18 

Carbon monoxide (CO) g/kWh 0.5 

 mg/Nm3 (@5% O2) 180 

6.1.3 Operating regime 

Directive (EU) 2015/21936, known as the Medium Combustion Plant Directive (MCPD) 

regulates pollutant emissions from the combustion of fuels in plants with a rated thermal input 

equal to or greater than 1 Megawatt thermal (MWth) and less than 50 MWth. This Directive fills 

the regulatory gap at EU level for plant smaller than those large combustion plants (> 50 MWth), 

covered by the Industrial Emissions Directive (IED). 

The MCPD was transposed into UK regulations through EPR 2016 (as amended)7 and applies to 

all applicable combustion plant regardless of the type of fuel used (‘Medium Combustion Plant’) 

(‘MCP’).  

For permitting purposes, the MCP is the combustion unit, any abatement, the attached stack or 

flue and air cooling where it is integral to the combustion unit. It does not however include any 

fuel handling or storage, waste handling equipment or external water or air cooling, which are 

regulated separately. The MCP guidance also contains multiple exclusions where the MCPD 

controls (emission limits values) are not applicable. Even if the MCP may be exempt from 

meeting the relevant ELVs, a permit is still required. 

Sellafield calculations conclude that each generator has a thermal input of 7.7 MWth.  Therefore, 

the generators will fall within 1-50 MWth and will be classed as Medium Combustion Plant 

(MCP) under the MCP Regs and therefore require a revision to the existing Environmental 

Permit to be operated. As the purpose of the generators is to operate with a defined nuclear safety 

role under a nuclear site licence issued by the Office for Nuclear Regulation however, these 

generators are considered to be excluded from specified generator controls. The Sub 99 island 

with six generators is proposed to have an aggregated thermal input capacity of 46.2 MWth, with 

the Sub 100 also having an aggregated thermal input capacity of 46.2 MWth. 

The proposed generators are to be used for standby generation only.  The operating hours for 

commissioning and testing will not exceed 500 hours as a rolling annual average over three years 

 
6 EU, 2015.  Directive (EU) 2015/2193 on the limitation of emissions of certain pollutants into the air from medium 

combustion plant. Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32015L2193 

Accessed May 2021. 
7 Environmental Permitting (England and Wales) (Amendment) Regulations 2018, SI2018/110. Available at 

https://www.legislation.gov.uk/uksi/2018/110/pdfs/uksi_20180110_en.pdf Accessed May 2021 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32015L2193
https://www.legislation.gov.uk/uksi/2018/110/pdfs/uksi_20180110_en.pdf
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(per generator) and therefore the generators will not need to comply with the Emission Limit 

Values (ELV). 

However, the generators still need to be registered as MCP within Sellafield’s Environmental 

Permit to be allowed to operate on site. 

The routine generator testing regime specified by the manufacturer and agreed by SL consisting 

of weekly and quarterly schedules is well within the MCP limit of 500 operational hours over a 

three-year rolling period. 

Each Generator pair shall have a rolling 3-hour weekly test against a pre-programmed load 

profile, again to manufacturers specifications, to ensure that the full capability will be tested 

every five weeks. In addition, it is required to test the full load capability of each unit to ensure 

mechanical and electrical systems will stabilise at full load.  

It is envisaged that each half board will be tested every three months for a duration of one 8-hour 

period. The full capability will be tested over a 12-month period and each generator is expected 

to have a maximum testing time of 71 hours per year2. 

Given the requirements and the limited space on site, it was decided that a smaller number of 

large generators would be the optimal solution rather than a large number of smaller machines 

which would be less efficient and require a greater area. 

For the given load requirements it was decided that the most appropriate solution for space and 

efficiency would be provision of up to six (4+2) generators on the Sub 100 island and six 

generators on the Sub 99 island with each having a rating of 7.7 MWth. 

The awarded contractor’s engine supply chain is largely MTU, owned by Rolls Royce, who 

manufacture high quality generators in Germany. This limited the choice of engines available to 

meet the required install configuration, with the preferred choice at design stage being an 

electronically controlled MTU 20V4000DS4000 engine.  

It is acknowledged that the quoted NOx emissions are greater than those set out in TA-Luft 2g, 

or US EPA Tier 2 standard or equivalent, which is considered to be BAT and is in the range of 

2000 mg/m3 of NOx at 5% oxygen and reference conditions. The deviation from this standard 

however is considered to be justifiable on the basis of those engines which could be provided by 

contractors who satisfactorily meet the necessary nuclear indemnity requirements for the site. 

This is also acknowledged and referenced in the ‘Supplementary combustion section guidance 

for EDNUP’5 document provided by the EA during pre-application discussions, around safety 

critical standby diesel engines on nuclear installations. 

Air Quality  

An air quality assessment2 was conducted to determine the risks to human health and the natural 

environment from the routine operation (testing and maintenance) of two groups of six 

generators at the Sellafield Site, termed Sub99 and Sub100.  

An initial screening assessment identified that short-term emissions of CO, SO2, NOx, NO2 and 

PM10 and long-term emissions of NO2 and NOx could potentially present a risk to human health 

or nature conservation (habitat) sites. A detailed assessment using the AERMOD atmospheric 
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dispersion model was therefore required. This assessment applied meteorological data from the 

Sellafield site as well as topographical data to characterise the complex flows within the region. 

In addition, the modelling considered the influence of the Sellafield Site buildings and a included 

a realistic estimate of the schedule of operations on the site. In order to account for the statistical 

noise in the assessment the model was run for 10 years of meteorological data rather than the 

usual 5 years. 

The results of the detailed air quality assessment showed that it was very unlikely that there 

would be any significant air quality impacts on nature sites. Impacts on human health were also 

very unlikely and exceedance of the air quality standards were not predicted to occur at the 

perimeter of the site or at receptors local to the site.  

A Monte-Carlo assessment of a potential emergency scenario also concluded that it was highly 

unlikely that there would be exceedances of the hourly air quality limit value for NO2 or the 

AEGL-1 value used to assess short-term reversible health effects.  

In conclusion, the generators being installed at Sub99 and Sub100 were modelled to be very 

unlikely to result in a significant exceedance of the environmental standards for the protection of 

the natural environment or human health. 

Greenhouse Gases 

Operation of the generators will involve the combustion of diesel fuel to generate electricity for 

use at the site in the event of an emergency power outage. 

The generators will however be subject to planned maintenance and testing. The combustion of 

diesel during maintenance and testing will result in the generation of CO2e emissions (and 

Global Warming Potential) of 1844 tonnes per year.  

This is based on the operational regime and generator fuel use set out, resulting in 7375 MWh/yr 

of delivered energy from Gas oil (diesel), with a CO2 factor of 0.25 from H1 Annex F.  

6.2 Emissions to Water  

There are no direct discharges to surface or ground water through normal operations of the 

generator islands.   

6.3 Noise  

The sitewide noise survey data was reviewed in order to determine the appropriate noise rating 

for the new islands, so as not to exceed background levels.  

Each engine is installed in its own bunded acoustic container with exhaust silencers to reduce 

ambient noise levels with a 60,000 litres double skin base tank located underneath.   

Predictive noise impact assessments were carried out for both the Sub 99 and Sub 100 sites, in-

line with BS 4142: Methods for rating and assessing industrial and commercial sound’ to 

quantify the level of environmental noise impact from industrial processes.  Sub 99 report 
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showed that the predicted noise levels during typical operation will be below the existing 

daytime and night-time noise limits without further, and as such the noise from on-site activities 

is likely to cause no significant effect.  

To support this stance, correspondence was received from Copeland Borough Council on the 8th 

November 2018 states that:  

“Due to the site’s location and the design of the generators it is not anticipated that the machines will be 

particularly noisy and will not be above background noise levels at any nearby off-site residential 

properties. … As such it is considered that noise during intended operation will not be adversely 

significant.”  

In relation to the Sub 100 site however, the noise impact assessment from December 2020 did 

conclude that: - 

“The predicted noise levels at Greenmoorside Farm will exceed the existing night-time 

background noise levels by 2dB and therefore it is recommended that the inlet attenuator 

is re-selected to increase the performance in the 8kHz octave band to at least that of the 

4kHz octave band. Following this, the noise from on-site activities at all three of the 

nearest off-site receptors is likely to cause no significant effect.” 

It should be noted that routine testing of the generators will only occur during daytime hours and 

therefore this is only applicable in the unlikely event of any emergency use scenarios, should 

power to the site be down. 

Since the preparation of the original noise assessments, the generator stack design has been 

amended to change from horizontal to vertical release stack orientation. This change is not 

however considered to materially affect the conclusions of the assessment. 
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7 Resource Use and Efficiency 

7.1 Types and Amounts of Raw Materials 

The raw materials to be used at the site are: 

• Diesel fuel oil: each generator will require (when providing ‘standby’ power): 

o MTU 20V4000G94LF (7.7 MWth): up to 806 litres per hour (at 100% load). 

• Lubricating oil and anti-freeze: to be used in the engines and other mechanical equipment. 

Occasional top up or replacement will be required during scheduled or forced maintenance 

periods only. 

The lubricating oil and anti-freeze for the generators will be stored within the engines and 

manually topped up during servicing by an appointed service contractor. Coolflow Eco2 

Vegetable Extract Based Anti-freeze has been selected for use in the generators system as it is 

biodegradable and is not classed as an environmental hazard. 

• Transformer oil: MIDEL7131 will be used. Occasional top up or replacement will be required. 

MIDEL 7131 which is a synthetic ester fluid and manufactured and developed as a bio-

degradable transformer dielectric. It will not be stored on the Sub99 or Sub100 sites by the 

operator; the oils will be brought to site and topped up/replaced during scheduled or forced 

maintenance periods only. 

The BAT objective with regard to raw materials is achieved by the appropriate design, operation 

and maintenance of the generators to ensure the lowest possible consumption rate of fuel; by the 

selection of least hazardous materials; and by the provision of appropriate storage methods. 

The generator engines are designed for the combustion of diesel fuel oil, this being the fuel 

recommended/specified by the engine manufacturers. The diesel fuel will have a low sulphur 

content. HVO fuel was considered as part of the design however it was discounted due to 

concerns over availability / supply concerns given the critical nuclear safety resilience purpose. 

This decision however will be reviewed in due course. 

In addition, the lubricating and transformer oils may have other alternatives, however the type of 

fluids used are limited to those recommended/specified by the engine manufacturers and site 

engineers. 

7.1.1 Diesel / Engine Lubrication Oil 

The standby generation diesel fuel storage, fuel delivery and engine lubrication oil systems have 

been designed to consider the potential impact of leaks / spillages on the site. 

Each generator container is bunded to contain fluids in the event of spillage of either diesel or 

lubricant with integral level alarms remotely monitored via the site control system. 

To limit any digging on the site, we proposed to install above ground double skinned tanks.  

These tanks have been designed to comply with requirements set out by the Environment 
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Agency and industry guidance (The Control of Pollution (Oil Storage) (England) Regulations 

2001) with the tank being capable of retaining 110% of the inner tank volume in the event of an 

internal tank rupture. 

The generator selected for both islands each having a belly tank of 55,000 litres of diesel. This 

volume of diesel is required to meet the requirement to be able to provide uninterrupted power 

for three days without any external assistance. 

Fuel integrity is maintained with each generator housing a fuel polishing unit to constantly 

circulate and filter the fuel.  

The tanks will be provided with alarms in the event of leakage into the bund, as well as having 

alarms which alert at high and low fluid levels, both during filling and operation. These alarms 

will be remotely monitored via the generator control system.  

The tank is filled via a tanker at the fill point located adjacent the site boundary in a lockable 

cabinet. The pipework from fuel filling point to the tank will be continuous twin walled 

pipework (i.e. no welds / joints).  This pipework also contains a leak detection system along the 

length, which uses a vacuum between the inner and outer pipe linked to an additional alarm 

panel.  In the event of loss of vacuum, an alarm will activate and again be remotely monitored 

via the generator control system. 

During the design, the ISA Design Team suggested a possible alternative diesel strategy using 

Hydro-treated Vegetable Oil (HVO).  This environmentally friendly fuel has been used in the 

UK and Europe for a number of years.  However, it is still a relatively new fuel and there are a 

number of unknowns regarding its use, for example, how long it lasts / how it affects plant / the 

environment etc.  Therefore, a Project Management decision was made that the design would 

proceed with BS EN 590 diesel as standard. 

7.1.2 Engine / Alternator Cooling 

The standby generation engine and alternator cooling systems have been designed to consider the 

potential impact of leaks / spillages on the site. 

The cooling system will be via internal cooling coils within a bunded generator enclosure, and 

external chiller units on the roof of the enclosure.  The only remaining risk of a leak to ground 

would be from the roof mounted external units with a volume of less than 500L, however there 

are leak detection systems and high / low level alarms in the proposed cooling system which will 

alert operators to any potential fault. 

In addition, the use of Coolflow Eco2 Vegetable Extract Based Anti-freeze in the chilled water 

system is not considered to require a bund to collect any potential leaks, as the system is 

biodegradable, is not classed as an environmental hazard under Regulation (EC) No. 1272/2008 

(CLP). Spill kits will be available at each of the Sub 99 and Sub 100 islands, as it is a 

requirement to have them widely available around the site to allow for quick action in the event 

of any subsequent leak. 
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7.1.3 Transformers 

The standby generation transformers have been designed to consider the potential impact of 

leaks / spillages on the site. 

The generation island requires auxiliary power supplies and this is provided via small 

transformers.  The transformers have been selected with MIDEL 7131 which is a synthetic ester 

fluid and manufactured and developed as a bio-degradable transformer dielectric.  

Spill kits will be also available at each of the Sub 99 and Sub 100 sites. 

7.2 Energy Efficiency 

The Energy Efficiency Directive (EED) exempts “those peak load and back-up electricity 

generating installations which are planned to operate under 1,500 operating hours per year as a 

rolling average over a period of five years”. 

Based on the planned maintenance and testing schedule, in total the emergency generators will 

be operated for less than the 1,500-hour threshold. For the purpose of this permit application, the 

sites are therefore considered to be exempt from the EED requirements and an assessment of 

energy efficiency in accordance with the Reference Document on Best Available Techniques for 

Energy Efficiency, February 2009 in not required. 

The back-up generators will be subject to regular maintenance and inspection that will include 

ensuring the engines are optimised to minimise the heat rate (energy consumption) whilst 

maintaining the relevant emissions standards.  

The provision/implementation of combined heat and power (CHP) is not applicable as the back-

up generators will each operate for substantially less than 500 hours per annum for the provision 

of emergency power generation. 

Energy recovery is also not reasonably practicable for engines of this emergency nature with 

such small anticipated operational hours. However, as part of Sellafield Ltd’s Environmental 

Management System, an assessment of the site’s energy usage will be undertaken with a view to 

identifying measures to reduce energy consumption, where possible. 

Operation of the back-up generators will be for emergency back-up. Based on each single 

generator providing 3.5 MWe output from a thermal input of 7.7 MWth, equates to an 

approximate efficiency of the generators (and sites) of 45%. 

7.3 Surface water management 

There will be no consumption of water associated with the Standby Generator combustion 

activities and diesel use/storage at the site.  
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7.3.1 Drainage 

Each of the site drainage system has been designed to take account of the overall drainage 

requirements and the risks of potential diesel spillages which could impact the land and water 

course. 

Drainage design at Sub 99 and Sub 100 areas do differ however and therefore they have been 

separated out below. 

Sub 99 Drainage 

The area surrounding the generators and diesel tanks will drain via an oil interceptor to the site 

surface drainage system. 

The re-fuelling of the diesel generator tanks requires a diesel tank pumping fuel into storage 

tanks at the fuel points, together with the use of Enviropads to absorb any light drips. The receipt 

and removal of diesel are considered to pose the main risks of environmental impact in the 

eventuality of a fault / accident scenario resulting in diesel spillage.  

During diesel deliveries, the tankers will be parked on the roadway adjacent to the tanks. In the 

event of a fuel leakage, the diesel will drain on the road surface towards the new site drainage 

system. Additional protection mechanisms such as drain covers, response plan and spill kits will 

also be utilised and made available in the event of a diesel spillage. 

The new road and drainage have been designed incorporating a mixture of raised kerbs, kerb 

drains and channel drains to ensure rainwater or any other substances spilled on the road are 

drained via an oil separator, which in turn will discharge into the existing site surface water 

drainage system.  

Due to the volume of diesel that could potentially be spilled, in the event of a leakage during fuel 

delivery, a Class 1 full retention ‘forecourt’ separator was considered to be the most appropriate 

choice for this site.  Further details of this decision process are set out in Substation 99 & 

Generation Compound – Diesel Spill Mitigation document ‘NFR/509140/CSA/00125’. 

This system works by storing the leaked oil in the main compartment, whilst allowing the 

cleaner water to pass to the second compartment where it is filtered after hydrocarbons and silt 

have been separated. An automatic closure device is fitted to close the separator’s outlet point 

when the contained oil exceeds the maximum storage volume, preventing pollutants passing to 

the surface water drainage system in the event of a heavy fuel spillage. 

Sub 100 Drainage 

Similar to the activities set out above for Sub 99, the Sub 100 island will involve the construction 

of site access roads and buildings associated with the diesel generation and HV switchgear. This 

will increase the surface run off as previously permeable areas will be replaced with 

impermeable areas. 
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An approach to managing the drainage is required as there is c.1400m2 of proposed new roadway 

to go into a site previously undeveloped. This means that currently any rainwater / surface water 

drains naturally into the underlying soils via the ground water into the Sellafield Tarn. 

Sub 100 is located within SM4 surface water catchment area which is directed to the Sellafield 

Tarn. 

Drainage optioneering concluded that the best solution was to use a SUDS soakaway to attenuate 

the surface run off from the roadway (with the use of an oil interceptor), as this avoids adding 

extra discharge into the existing system which is already at capacity and encourages natural 

recharge into the ground, with minimal maintenance once installed. 

7.4 Waste Management 

The site will inherently not produce significant amounts of waste. Waste oil will be generated at 

the site as a result of maintenance activities. Maintenance will be undertaken in accordance with 

a maintenance contract by an appointed third party specialist however. Waste oil generated 

during maintenance will be removed from site by the appointed maintenance contractor. 

Waste oil will be managed off-site. In accordance with the waste hierarchy, Sellafield will seek 

to ensure that the waste oil is subject to re-use, avoiding the need for disposal. Sellafield will 

ensure that waste oil will be removed from site by a suitably permitted waste management 

contractor. 
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8 Operational BAT 

8.1 Environmental Management Systems 

Operation of the two sites will be undertaken in-line with Sellafield’s existing environmental 

management system (EMS), which is certified to ISO14001:2015 standard. 

The EMS includes the policies, standards/ procedures, management principles, leadership 

commitment, organisational structure, process controls and resources in place to manage 

environmental protection across all aspects of the business.   

The EMS places particular importance on: 

• Reducing risks to the environment to a level that is as low as reasonably practicable 

using BAT; 

• Integrating EMS responsibilities within line management; 

• A commitment to personnel environmental awareness and competence; 

• The ongoing monitoring and review of environmental performance; and 

• A commitment to working to achieve continuous improvement in environmental 

performance. 

Further details on each of these items can be found in Sellafield’s Environmental Management 

Manual (SLM 2.11.01). 

8.2 Monitoring 

Each of the back-up generators at the Sub 99 and Sub 100 site will each operate for less than 500 

hours per annum, as a rolling average over a period of three years and will therefore not be 

subject to emissions limit values (ELV) as described in Section 6.1. As the generators will have a 

defined nuclear safety role they will not be considered specified generators in accordance with 

EPR 2016 (as amended) and hence will not be subject to the ELVs7. 

In-line with the MCPD requirements captured by the EPR 2016 (as amended), it is expected that 

periodic measurements shall be required at least when three times the number of maximum 

average annual operating hours have elapsed for medium combustion plants with a rated thermal 

input >1MWth and less than <20 MWth. This is for plant which operate <500 hours and have no 

ELVs associated with their operation.  

BAT guidance received during engagement with the Environment Agency set out that Sellafield 

will need to demonstrate that the engines are BAT by now including the provision of flue gas 

sampling ports to allow for NOx and CO monitoring. This has been taken into account in the 

design. 
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Any testing will be undertaken by an organisation with the Environment Agency’s MCERTS 

(monitoring certification scheme) accreditation for these measurements, so that the data meets 

the requirements of the MCERTS certification for emissions monitoring systems. 

In addition, Sellafield will also record: 

• the monitoring results (including processing of results) and other information to enable 

the verification of compliance with permit requirements 

• the operating hours of each engine for planned testing and maintenance 

• the operating hours of each engine for emergency operations 

• the type and quantities of fuels used in the plant and of any malfunctions or breakdown of 

secondary abatement equipment; and 

• events of non-compliance and the measures taken. 

For the purposes of determining operating hours, the back-up generators are regarded as having 

minimal start-up or shut-down times. Operational hours will be counted from the first fuel 

ignition. This will include the shorter periods of plant ‘overlap’ when redundant plant is started 

as a precautionary measure before final load is reached with the optimum/minimum number of 

generators in use. 

Monitoring of the surface water run-off (rainwater) from the Sub 99 and Sub 100 sites is not 

considered to be necessary.
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Appendix A – Sub 99 Layout 
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Appendix B – Sub 100 Layout 
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