
 

Uniper Technologies 
Uniper Technologies Limited, Technology Centre, Ratcliffe-on-Soar, Nottinghamshire, NG11 0EE    T+44 (0) 115 936 2900    www.uniper.energy 

Registered office Compton House, 2300 The Crescent, Birmingham Business Park, Birmingham, B37 7YE.  Registered in England and Wales No: 2902387. 

UNRESTRICTED UTG/21/PMP/383/R 
Job No: 2122.C12051.001 

June 2021 

RESPONSE TO NOTICE OF REQUEST FOR MORE INFORMATION 
APPLICATION NUMBER: EPR/NP3608BQ/A001 

EMERGE CENTRE 
prepared for 

DR A READ, REDEVELOPMENT MANAGER, RATCLIFFE-ON-SOAR 
by 

R M C Brandwood, S J Griffiths, S Henson, V Kulambi, R A Knight & J M Lines 

SUMMARY 

A Schedule 5 notice of request for more information was issued to Uniper UK Limited by the 
Environment Agency on 27 April 2021 in relation to the environmental permit application for the 
East Midlands Energy Re-Generation (EMERGE) Centre. This report forms Uniper’s response 
to the information request. 

Prepared by Approved for publication 

R M C Brandwood S J Griffiths 
Environmental Compliance Technical Head 

Environmental Sciences & Climate Change 

Master copy signed by R M C Brandwood & S J Griffiths (28/06/2021)

http://www.uniper.energy/


 

  

UNRESTRICTED 
 
This document was prepared by Uniper Technologies Limited. 
 
Neither Uniper Technologies Limited, nor any person acting on its behalf, makes any warranty, express 
or implied, with respect to the use of any information, method or process disclosed in this document or 
that such use may not infringe the rights of any third party or assumes any liabilities with respect to the 
use of, or for damage resulting in any way from the use of, any information, apparatus, method or 
process disclosed in the document. 
 
Telephone +44 (0) 115 936 2900 (please ask for Proposal Management) 
E-mail utgcustomeradmin@uniper.energy 
 
 
© Uniper Technologies Limited 2021 
 
No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form 
or by any means electronic, mechanical, photocopying, recording or otherwise, without the written 
permission of the Directors of Uniper Technologies Limited, Technology Centre, Ratcliffe on Soar, 
Nottingham, NG11 0EE. 

 
 
CLIENT DISTRIBUTION LIST 
 
EF Dr A Read Ratcliffe-On-Soar Redevelopment Manager 

mailto:utgcustomeradmin@uniper.energy


 UTG/21/PMP/383/R 

  

CONTENTS 
 

Page 
 
NOMENCLATURE 

1 INTRODUCTION................................................................................................................. 1 

2 RESPONSE TO QUESTIONS ............................................................................................ 1 
2.1 Question 1: Energy Efficiency .................................................................................... 1 
2.2 Question 2: Stack Height Assessment ...................................................................... 4 
2.3 Question 3: Condenser Cooling ............................................................................... 25 
2.4 Question 4: Heat Recovery ...................................................................................... 30 
2.5 Question 5: Furnace Conditions .............................................................................. 31 
2.6 Question 6: Dump Stacks and Bypass .................................................................... 32 
2.7 Question 7: Impregnated Bag Filters ....................................................................... 32 
2.8 Question 8: Bag Filter Failure .................................................................................. 33 
2.9 Question 9: Backup CEM ........................................................................................ 34 
2.10 Question 10: Waste Charging .................................................................................. 34 
2.11 Question 11: Boiler Design ...................................................................................... 35 
2.12 Question 12: Odour Abatement System .................................................................. 37 
2.13 Question 13: Odour During Unplanned and Sustained Shutdown .......................... 39 
2.14 Question 14: Bunker Maintenance .......................................................................... 41 
2.15 Question 15: Quarantine .......................................................................................... 42 
2.16 Question 16: Generator Size ................................................................................... 43 
2.17 Question 17: Diesel Generator Emissions ............................................................... 43 
2.18 Question 18: Quarantine Areas Location ................................................................. 45 
2.19 Question 19: Cleaning Procedures .......................................................................... 45 
2.20 Question 20: Fire Water Supply ............................................................................... 45 
2.21 Question 21: Fire Water Containment ..................................................................... 47 
2.22 Question 22: Site Surfacing ..................................................................................... 48 
2.23 Question 23: Waste Produced ................................................................................. 49 
2.24 Question 24: Waste Pre-acceptance ....................................................................... 49 
2.25 Question 25: Annual Throughput ............................................................................. 50 
2.26 Questions 26 to 28: Sludges, Waste Properties & Waste Suitability ....................... 51 
2.27 Question 29: Recyclable Waste ............................................................................... 52 
2.28 Question 30: Dirty Water Tank/Pit ........................................................................... 53 
2.29 Question 31: Water and Sewer Discharges ............................................................. 54 
2.30 Question 32: Chemical Unloading ........................................................................... 55 
2.31 Question 33: Manoeuvring and Storage Area ......................................................... 55 
2.32 Question 34: Primary Abatement Measures ............................................................ 56 
2.33 Question 35: Acid Gas Abatement Conclusion ........................................................ 61 
2.34 Question 36: SNCR Reagent Selection ................................................................... 62 
2.35 Question 37: Direct Boiler Injection ......................................................................... 63 
2.36 Question 38: Flue Gas Recirculation (FGR) ............................................................ 64 

3 REFERENCES ................................................................................................................. 65 
 
  



UTG/21/PMP/383/R 

NOMENCLATURE 
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LACW Local Authority Collection Waste 
LNR Local Nature Reserve 
LWS Local Wildlife Site 
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MCP Medium Combustion Plant 
MWth Thermal input in Megawatts 
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SNCR Selective Non-Catalytic Reduction 
SSSI Site of Special Scientific Interest 
SO2 Sulphur Dioxide 
VOC Volatile Organic Compounds 
WI Waste Incineration 
WID Waste Incineration Directive 
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1 INTRODUCTION 
 
A Schedule 5 notice of request for more information was issued to Uniper UK Limited by the 
Environment Agency on 27 April 2021 in relation to the environmental permit application for the 
East Midlands Energy Re-Generation (EMERGE) Centre. This report forms Uniper’s response 
to the information request. 
 
This response is based on the best information currently available to Uniper, noting that the 
EMERGE Centre plans have not yet proceeded to the detailed design stage. 
 
The information requests are presented as numbered in the Schedule 5 notice and are boxed. 
Uniper’s response then follows each question. 
 
Specific external references are included in the reference section of this document. 
 
References to documents associated with the permit application are also included in the 
reference section alongside the naming convention in the permit application, which may be 
accessed at: 
 
https://consult.environment-agency.gov.uk/psc/ng11-0ee-uniper-uk-limited/  
 
 
2 RESPONSE TO QUESTIONS 
 
2.1 Question 1: Energy Efficiency 
 

Demonstrating BAT requires an operator to show they have gone as far as they justifiably can 
to achieve the higher end of the operational ranges expected for their industrial sector. The 
BAT conclusions document (OJEU, 2019) for waste incineration, BAT conclusion 20 indicates 
that an energy efficiency range of 25 % – 35 % is an achievable range. 
 
Your proposals are for a large, modern energy from waste plant with a high annual 
throughput for which you have stated an energy efficiency of 30 % (section 2.7.1 supporting 
document). 
 
The sector BREF indicates that there is a correlation between plant size and efficiency 
because you get economies of scale. As this is a large scale modern plant with a high 
throughput and there is no current plan to connect to a heat network, there should be a clear 
aim to achieve the higher end of the energy efficiency range. The inability to achieve higher 
than 30 % energy efficiency will require significant justification to demonstrate why setting a 
higher target is unachievable under this proposal. 
 
a) Outline why the site has set an energy efficiency target of no higher than 30 % 

and demonstrate why this is the case outlining your losses in an energy balance 
diagram (e.g. Sankey diagram). 

 
b) Taking into account your energy balance diagram, with reference to BAT energy 

efficiency techniques outlined in the BREF and BAT conclusion, demonstrate 
why the site is unable to implement further techniques to achieve the higher end 
of the BAT conclusion energy efficiency range (> 30 %). 

 
  

https://consult.environment-agency.gov.uk/psc/ng11-0ee-uniper-uk-limited/
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Response to part (a) 
 
The EMERGE Centre is still in planning, a final technology supplier has not been selected and 
therefore there has been limited engineering undertaken for the plant. Therefore, at this stage, it 
is not possible to provide an exact allocation of energy inputs and outputs. The information 
submitted as part of this exercise is deemed to be reflective of the current state of the art for 
plant procured on a competitive basis. 
 
Overall, the feasibility assessment and the CHP Readiness assessment have been completed 
on the basis of the information below: 
 
Energy Input: 166.4 MWth 
Energy Outputs: 49.9 MWe gross generation (of which) 

• 43.4 MWe net generation 

• 6.5 MWe parasitic loads 
 106 MWth thermal rejection in cooling system 
 10.5 MWth other losses (from stack, radiative losses from boiler,  

by-products) 
 
The plant has been specified with a number of the criteria included in section 1.2, point 1 of 
EPR 5.01 (Environment Agency, 2009), including: 
 

• electricity production, 

• use of steam boilers, 

• use of waste heat (from either the flue gas, or steam cycle) for pre-heating of both primary 
and secondary air, 

• refractory lining of some furnace sections to retain heat (subject to adequate reference 
being provided for performance and longevity by the system supplier), 

• maintaining steady plant capacity to prevent downtime through supplementary firing, 

• the use of Flue Gas Recirculation, 

• effective cleaning of heat exchangers to maintain high heat transfer at, or near, their 
design point, 

• prevention of uncontrolled air ingress by providing and maintaining good seals around 
doors, ports and other penetrations, 

• furthermore, as far as practicable, plant layout will be such as to avoid works power 
consumption for pumping and transfer of materials. 

 
Furthermore, whilst not included at the outset, the EMERGE Centre forms an integral part of the 
overall redevelopment of the Ratcliffe site; therefore, there is high potential for further heating, 
or cooling, export to the local new development and an increase in overall thermal efficiency of 
the facility. 
 
Whilst the EMERGE Centre will take relatively homogenous Refuse Derived Fuel (RDF), it will 
also be designed to accommodate the combustion of Commercial and Industrial (C&I) waste, 
Local Authority Collection Waste (LACW) and Construction and Demolition (C&D) waste. 
Therefore, there needs to be some flexibility in the permitted efficiency level for the facility to 
accommodate the variation in performance when treating these materials as the primary 
requirement across the fuel basket is to maintain environmental performance with respect to 
emissions, whilst concurrently maintaining safe and stable combustion. Therefore, a lower 
efficiency level is warranted here. 
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Overall, the proposed development does include many aspects recognised in EA guidance as 
BAT, and will deliver an efficiency level commensurate with BAT for a plant burning a diverse 
range of waste feeds, of which RDF is one. 
 
Response to part (b) 
 
As noted earlier the EMERGE Centre is still in planning and a final technology supplier has not 
been selected and therefore there has been limited engineering undertaken for the plant. Each 
supplier will possess their own proprietary technology to maximise plant efficiency without 
compromising operability, emissions control potential and overall reliability. 
 
It is currently envisaged that the steam pressure employed by the EMERGE Centre will be 
60 bar and 430 °C. The latest Best Available Techniques Conclusions for Waste Incineration 
(OJEU, 2019) state that, “the higher the steam conditions (temperature and pressure), the 
higher the electricity conversion efficiency allowed by the steam cycle. Working at high steam 
conditions (e.g. above 45 bar, 400 °C) requires the use of special steel alloys or refractory 
cladding to protect the boiler sections that are exposed to the highest temperatures.” Therefore, 
the proposal for the EMERGE Centre does represent high (advanced) steam conditions as 
stated in the BAT Conclusions (BAT 20, point f). The following applicability is also stated, 
“Applicable to new plants and to major retrofits of existing plants, where the plant is mainly 
oriented towards the generation of electricity. The applicability may be limited by: — the 
stickiness of the fly ashes; — the corrosiveness of the flue-gas.” As noted in the response to the 
previous query, the EMERGE Centre will take relatively homogenous Refuse Derived Fuel 
(RDF), as well as Commercial and Industrial (C&I) waste, Local Authority Collection Waste 
(LACW) and Construction and Demolition (C&D) waste. 
 
It is on this basis that it is not appropriate, and would exceed BAT, to require higher steam 
conditions as these fuels may produce stickier ashes as well as more corrosive flue gases. 
 
As noted in the Supporting Information document (Henson & Brandwood, 2021), of the 
techniques listed as BAT, flue gas flow will be minimised in operation and design (BAT 20(b)), 
as will heat losses (BAT 20 (c)). The boiler will also be optimised to be robust and efficient with 
regard to steam conditions. Cogeneration is also being considered (BAT 30(g)) but will not be 
employed from initial operation. Whilst we noted the steam conditions, we did not explicitly state 
that our proposed configuration was consistent with BAT 20 (f). This was an omission on our 
part. 
 
Other measures outlined in BAT 20 of the revised WI BAT Conclusions include: 
 

• Point (a): Drying of sewage sludge (not applicable to the EMERGE Centre due to fuel 
type) 

• Point (d): Optimisation of boiler design (this will be optimised to make best use of FGR, 
steam temperatures and configuration of heat transfer surfaces, as well as cleaning 
arrangements to maintain optimum heat transfer and heat retention) 

• Point (e): Low temperature flue gas heat exchangers (these may be tendered by suppliers 
where optimum for their solution, but are not envisaged due to the low grade heat 
recovery. This may be revisited depending on the future potential for low temperature heat 
networks) 

• Point (i): Dry bottom ash handling (IBA would all be managed in the main building. It 
would be quenched as it leaves the combustion chamber to both cool the ash and also 
reduce potential for emissions of ash (dust) into the air, controlling this dust is important 
for operational safety and therefore completely dry handling is not possible).  
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2.2 Question 2: Stack Height Assessment 
 

The stack height assessment (Appendix A of the air quality dispersion report) is vague in that 
it is not up front with the impact of specific emissions, specifically those which cannot be 
deemed to be insignificant. It does not indicate the changing impact on discrete human and 
habitat receptors and does not identify where the worst case ground level process 
contribution is for each stack height or how it changes for each stack height assessed. 
 
a) Taking into account emissions which are not insignificant in the dispersion 

modelling, existing air quality backgrounds, discrete receptors and the point of 
maximum impact, demonstrate how the changes in stack height will affect all of 
these aspects and justify why a 110 m stack height will result in sufficient 
dispersion. 

 
b) In the event that alternative stack heights can deliver a significantly better level of 

dispersion (e.g. emissions can be screened out as insignificant), please 
demonstrate based on cost/benefit why a stack height of 110 m is most 
appropriate. 

 
Response to 2(a) 
 
The air dispersion modelling report that was carried out for the EMERGE Centre permit 
application (Kulambi & Griffiths, 2021) demonstrated that all pollutant impacts could be classed 
as insignificant if the significance criteria within the following guidance documents was followed 
through all of the assessment stages: 
 

• Environment Agency. (2016a). Air Emissions Risk Assessment for your Environmental 
Permit 

• Environment Agency. (2016b). Releases from Waste Incinerators, Version 4, Guidance on 
assessing group 3 metal emissions from incinerators, June 2016 

 
A generic assessment comparing the change in concentration associated with increasing stack 
height demonstrated that there were no significant incremental benefits for either short-term and 
long-term impacts associated with stack heights above 110 metres. 
 
In response to the Schedule 5 notice, a pollutant specific stack height assessment has been 
carried out for the five pollutants which could not be screened out as insignificant at the first 
stage of assessment. Therefore, this assessment considers the annual mean concentrations of 
VOCs as 1-3 butadiene, cadmium, arsenic, chromium (VI) and nickel. 
 
Stack heights from 60 m to 150 m in steps of 10 metres have been assessed as well as two 
further stack heights of 175 m and 200 m. 
 
Table 1 shows the predicted process contributions as a percentage of the relevant Air Quality 
Assessment Level (AQAL) for each pollutant at each stack height assessed. 
 
Table 1 clearly shows that raising the stack height does not improve the air dispersion 
characteristics to a level where the pollutant contributions at the point of maximum impact can 
be classed as insignificant for all pollutants using the first stage of significance criteria set out in 
the guidance documents (Environment Agency 2016a and 2016b). Even raising the stack height 
from 110 m to 200 m would not make the contribution of arsenic, chromium (VI) or nickel to 
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annual mean ground level concentrations insignificant when using the first stage of assessment 
from the Environment Agency guidance. 
 
Table 1: Annual mean predicted process contributions (PCs) expressed as a percentage 

of the relevant AQAL at each stack height 
 

Stack height 
(m) 

Annual mean PC/AQAL (%) 

VOCs as 1-3 
butadiene 

Cd As Cr (VI) Ni 

60 25 % 23 % 594 % 8917 % 89 % 

70 15 % 14 % 358 % 5364 % 54 % 

80 8 % 8 % 198 % 2973 % 30 % 

90 5 % 4 % 109 % 1636 % 16 % 

100 2.5 % 2.2 % 58 % 872 % 9 % 

110 1.2 % 1.1 % 29 % 438 % 4 % 

120 0.9 % 0.8 % 22 % 330 % 3 % 

130 0.8 % 0.7 % 19 % 291 % 3 % 

140 0.7 % 0.6 % 17 % 256 % 3 % 

150 0.6 % 0.6 % 15 % 227 % 2 % 

175 0.5 % 0.4 % 11 % 166 % 2 % 

200 0.3 % 0.3 % 8 % 120 % 1 % 

 
Figures 1–5 show the predicted annual mean ground level concentrations from the proposed 
EMERGE Centre for each pollutant at the maximum impact point vs stack height. Analysis of 
the annual mean curves show that the benefit of incremental increases in release height up to 
90 m is relatively pronounced. At heights above 100 m, the air quality benefit of increasing 
release height further is reduced. From 110 m height onwards the decrease in annual mean 
concentrations from further increases in stack height is minimal. 
 
Figures 6–17 show contour plots of the predicted annual mean ground level concentrations for a 
modelled unit emission rate (1 g/s) for each stack height assessed. The modelling results show 
that increasing the stack height from 60 m to 200 m moves the maximum impact location by 
less than 2 km. The maximum impact location is impacted more by the meteorological year 
used for the modelling than by the stack height range assessed for this investigation (maximum 
impact location can vary over 3 km between meteorological years modelled). 
 
The air dispersion modelling report that was carried out for the EMERGE Centre permit 
application (Kulambi & Griffiths, 2021) assessed the ground level impact at specific points of 
local interest for human health. The assessment looked at 16 locations where the public are 
likely to be found (e.g. residential areas, schools, farms, etc) and 8 locations where Air Quality 
Management Areas (AQMAs) had been declared for nitrogen dioxide. The 8 AQMA locations 
are not relevant for this assessment as nitrogen dioxide has not been included. At 110 m the 
annual mean cadmium and VOCs as 1-3 butadiene concentrations at all 16 locations where the 
public may be located are 1 % of the relevant AQAL or less and can, therefore, be classed as 
insignificant at all 16 locations. Annual mean concentrations of arsenic and chromium (VI) are 
above the threshold for insignificance at all 16 locations and annual mean concentrations of 
nickel are above the threshold for insignificance at 8 of the specific locations when the stack 
height is assumed to be 100 m. 
 
Tables 2–4 show the predicted process contributions as a percentage of the relevant AQAL for 
each stack height assessed at each of the 16 locations for arsenic, chromium (VI) and nickel 
respectively. These three tables show that even if the stack is raised to 200 m the predicted 
process contribution cannot be classed as insignificant at all of the locations assessed. For 
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arsenic, raising the stack height to 200 m only reduces the predicted annual mean ground level 
concentration to below the insignificance threshold for 3 of the 16 specific locations assessed. 
For chromium (VI) the predicted process contribution remains above the insignificance 
threshold for all specific locations. For nickel, the predicted process contribution reduces below 
the insignificance threshold for 15 of the 16 specific locations. However, at 150 m stack height 
the predicted process contribution for annual mean nickel concentrations is still above the 
insignificance threshold for 5 of the 16 locations, compared to 8 of the 16 locations being above 
the insignificance threshold at 110 m. This shows that even if the stack height were raised to 
200 m, annual mean concentrations would still be above the insignificance threshold for arsenic, 
chromium (VI) and nickel for some locations where the public is expected to be located in the 
local vicinity of the proposed development. 
 
The assessment confirms that: 
 

• There are no significant environmental benefits of increasing the stack height beyond 110 
metres. 

• Increasing the stack height beyond 110 metres does not reduce Stage 1 impacts from 
being significant to insignificant for all emissions at all local receptors. 

 
As noted in the original assessment, all pollutant impacts could be classed as insignificant for a 
110 metre stack by applying the significance criteria and assessment methodologies within the 
Environment Agency guidance documents through all of the assessment stages. 
 
In terms of habitats, impacts only reached significance under Scenario A for the Lockington 
Marshes SSSI in terms of annual mean ammonia (1.4 % of the critical level), nitrogen critical 
loads (1.5 % of the critical load) and acid critical loads (1.8 % of the critical load).Taking Redhill 
Marina as a proxy for the SSSI location at its closest point increasing the stack height to 150 
metres may deliver insignificance for this site. However, current background concentrations of 
ammonia comprise 218 % of the critical level and current background deposition of nitrogen and 
acidity comprise 338 % and 123 % of the corresponding critical load respectively. In this 
context, the fractional reduction in site impact (less than 1 % of the background and less than 
1 % of the corresponding critical load or level) in moving from a 110 m stack to a 150 m stack is 
likely to yield no environmental benefit in practice, at the expense of a substantial increase in 
visual impact, as well as construction and maintenance expense. The process contributions 
under all scenarios for all species were below the EA significance criteria in relation to the 
corresponding critical levels and acid and nitrogen critical loads at the Forbes Hole LNR and all 
local LWSs with a 110 metre stack. Based on this, the 110 metre stack height is appropriate 
from an ecological impacts perspective. 
 
Response to 2(b) 
 
The stack height assessment discussed above shows that increasing the stack height cannot 
deliver significantly better dispersion of pollutants from the proposed development. Therefore, a 
cost/benefit analysis has not been conducted. 
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Table 2: Annual mean predicted process contribution expressed as a percentage of the relevant AQAL at each stack height for 
arsenic at each specific location modelled (Insignificant is less than 1 % of the AQAL) 

 
 Annual mean PC/AQAL (%) at each stack height 

Stack height (m) 60 70 80 90 100 110 120 130 140 150 175 200 

Church Lane 191 % 153 % 114 % 81 % 54 % 24 % 14 % 9 % 6 % 4 % 2 % 1 % 

Wood Farm 74 % 60 % 47 % 35 % 26 % 19 % 15 % 12 % 9 % 8 % 4 % 3 % 

Hillside Cottage 55 % 46 % 38 % 30 % 25 % 21 % 18 % 15 % 13 % 11 % 7 % 4 % 

Stonepit Farm 31 % 27 % 24 % 20 % 18 % 15 % 13 % 12 % 10 % 9 % 7 % 5 % 

Winking Hill Farm 25 % 19 % 15 % 11 % 8 % 5 % 3 % 2 % 2 % 1 % Insignificant Insignificant 

Gotham PS 29 % 25 % 22 % 19 % 17 % 15 % 14 % 13 % 12 % 11 % 9 % 7 % 

Main St 17 % 14 % 11 % 9 % 7 % 5 % 4 % 3 % 3 % 2 % 1 % Insignificant 

Lock Lane 10 % 8 % 7 % 6 % 5 % 5 % 4 % 3 % 3 % 3 % 2 % 1 % 

Redhill Marina 20 % 16 % 13 % 10 % 8 % 7 % 6 % 5 % 4 % 4 % 2 % 1 % 

Kingston Hall 7 % 6 % 5 % 4 % 3 % 3 % 2 % 2 % 2 % 2 % 1 % 1 % 

Middlegate Farm 35 % 26 % 19 % 14 % 11 % 8 % 6 % 5 % 4 % 4 % 2 % 1 % 

Little Lunnon 53 % 47 % 39 % 32 % 26 % 19 % 16 % 14 % 11 % 10 % 7 % 5 % 

Kegworth Rd 11 % 9 % 7 % 6 % 5 % 4 % 3 % 3 % 3 % 2 % 2 % 1 % 

Cranfleet Farm 22 % 18 % 14 % 10 % 8 % 5 % 4 % 3 % 2 % 2 % 1 % Insignificant 

Trent Lock 9 % 8 % 6 % 5 % 4 % 3 % 3 % 3 % 2 % 2 % 2 % 1 % 

Ludford Close 20 % 16 % 13 % 10 % 8 % 5 % 4 % 4 % 3 % 3 % 2 % 1 % 
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Table 3: Annual mean predicted process contribution expressed as a percentage of the relevant AQAL at each stack height for 
chromium (VI) at each specific location modelled 

 
 Annual mean PC/AQAL (%) at each stack height 

Stack height (m) 60 70 80 90 100 110 120 130 140 150 175 200 

Church Lane 2867 % 2290 % 1717 % 1221 % 803 % 356 % 214 % 134 % 91 % 67 % 34 % 17 % 

Wood Farm 1114 % 898 % 701 % 527 % 390 % 284 % 224 % 178 % 142 % 115 % 67 % 39 % 

Hillside Cottage 822 % 683 % 564 % 454 % 372 % 312 % 265 % 225 % 190 % 160 % 103 % 65 % 

Stonepit Farm 465 % 403 % 353 % 307 % 268 % 226 % 200 % 176 % 156 % 136 % 100 % 72 % 

Winking Hill Farm 374 % 291 % 221 % 164 % 116 % 73 % 50 % 35 % 26 % 20 % 10 % 5 % 

Gotham PS 433 % 372 % 324 % 282 % 253 % 228 % 208 % 192 % 177 % 163 % 130 % 104 % 

Main St 254 % 208 % 168 % 135 % 107 % 79 % 62 % 49 % 41 % 34 % 21 % 14 % 

Lock Lane 149 % 126 % 106 % 91 % 79 % 69 % 60 % 52 % 45 % 39 % 27 % 19 % 

Redhill Marina 304 % 240 % 190 % 152 % 127 % 106 % 90 % 76 % 63 % 53 % 34 % 21 % 

Kingston Hall 108 % 87 % 70 % 56 % 46 % 39 % 33 % 29 % 26 % 23 % 19 % 16 % 

Middlegate Farm 525 % 397 % 290 % 214 % 162 % 119 % 96 % 78 % 64 % 53 % 33 % 20 % 

Little Lunnon 790 % 701 % 591 % 482 % 393 % 289 % 243 % 204 % 171 % 145 % 104 % 76 % 

Kegworth Rd 161 % 133 % 107 % 85 % 71 % 58 % 51 % 44 % 40 % 34 % 26 % 20 % 

Cranfleet Farm 332 % 267 % 207 % 156 % 113 % 71 % 54 % 43 % 36 % 30 % 19 % 12 % 

Trent Lock 141 % 117 % 95 % 77 % 64 % 52 % 46 % 41 % 37 % 33 % 24 % 18 % 

Ludford Close 303 % 241 % 188 % 146 % 114 % 82 % 67 % 54 % 44 % 38 % 26 % 19 % 
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Table 4: Annual mean predicted process contribution expressed as a percentage of the relevant AQAL at each stack height for nickel at each 
specific location modelled (Insignificant is less than 1 % of the AQAL) 

 
 Annual mean PC/AQAL (%) at each stack height 

Stack 
height (m) 

60 70 80 90 100 110 120 130 140 150 175 200 

Church 
Lane 29 % 23 % 17 % 12 % 8 % 4 % 2 % 1 % Insignificant Insignificant Insignificant Insignificant 

Wood Farm 
11 % 9 % 7 % 5 % 4 % 3 % 2 % 2 % 1 % 1 % Insignificant Insignificant 

Hillside 
Cottage 

8 % 7 % 6 % 5 % 4 % 3 % 3 % 2 % 2 % 2 % 1 % Insignificant 

Stonepit 
Farm 

5 % 4 % 4 % 3 % 3 % 2 % 2 % 2 % 2 % 1 % Insignificant Insignificant 

Winking Hill 
Farm 

4 % 3 % 2 % 2 % 1 % Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant 

Gotham PS 
4 % 4 % 3 % 3 % 3 % 2 % 2 % 2 % 2 % 2 % 1 % 1 % 

Main St 3 % 2 % 2 % 1 % 1 % Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant 

Lock Lane 1 % 1 % 1 % Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant 

Redhill 
Marina 

3 % 2 % 2 % 2 % 1 % 1 % Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant 

Kingston 
Hall 

1 % Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant 

Middlegate 
Farm 

5 % 4 % 3 % 2 % 2 % 1 % Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant 

Little 
Lunnon 

8 % 7 % 6 % 5 % 4 % 3 % 2 % 2 % 2 % 1 % 1 % Insignificant 

Kegworth 
Rd 

2 % 1 % 1 % Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant 

Cranfleet 
Farm 

3 % 3 % 2 % 2 % 1 % Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant 

Trent Lock 1 % 1 % Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant 

Ludford 
Close 

3 % 2 % 2 % 1 % 1 % Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant Insignificant 
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Figure 1:  Predicted process contribution to annual mean VOCs as 1-3 butadiene 
concentrations at stack release heights between 60 m and 200 m 

 
 

 
 

Figure 2:  Predicted process contribution to annual mean cadmium concentrations at 
stack release heights between 60 m and 200 m 
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Figure 3:  Predicted process contribution to annual mean arsenic concentrations at stack 
release heights between 60 m and 200 m 

 
 

 
 

Figure 4:  Predicted process contribution to annual mean chromium (VI) concentrations 
at stack release heights between 60 m and 200 m 
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Figure 5:  Predicted process contribution to annual mean nickel concentrations at stack 
release heights between 60 m and 200 m 
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Figure 6:  Predicted process contribution to annual mean ground level pollutant 
concentrations (µg/m3) resulting from a 1 g/s release from a stack height of 60 m for 2015 

meteorology 
 

Contours plotted: 0.025 µg/m3, 0.05 µg/m3, 0.1 µg/m3 to 0.3 µg/m3 in steps of 0.1 µg/m3 
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Figure 7:  Predicted process contribution to annual mean ground level pollutant 
concentrations (µg/m3) resulting from a 1 g/s release from a stack height of 70 m for 2015 

meteorology 
 

Contours plotted: 0.01 µg/m3, 0.02 µg/m3, 0.05 µg/m3 to 0.15 µg/m3 in steps of 0.05 µg/m3 
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Figure 8:  Predicted process contribution to annual mean ground level pollutant 
concentrations (µg/m3) resulting from a 1 g/s release from a stack height of 80 m for 2015 

meteorology 
 

Contours plotted: 0.01 µg/m3, 0.02 µg/m3 to 0.08 µg/m3 in steps of 0.02 µg/m3 
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Figure 9:  Predicted process contribution to annual mean ground level pollutant 
concentrations (µg/m3) resulting from a 1 g/s release from a stack height of 90 m for 2015 

meteorology 
 

Contours plotted: 0.01 µg/m3 to 0.05 µg/m3 in steps of 0.01 µg/m3 
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Figure 10:  Predicted process contribution to annual mean ground level pollutant 
concentrations (µg/m3) resulting from a 1 g/s release from a stack height of 100 m for 

2015 meteorology 
 

Contours plotted: 0.005 µg/m3 to 0.025 µg/m3 in steps of 0.005 µg/m3 
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Figure 11:  Predicted process contribution to annual mean ground level pollutant 
concentrations (µg/m3) resulting from a 1 g/s release from a stack height of 110 m for 

2015 meteorology 
 

Contours plotted: 0.002 µg/m3, 0.005 µg/m3 to 0.02 µg/m3 in steps of 0.005 µg/m3 
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Figure 12:  Predicted process contribution to annual mean ground level pollutant 
concentrations (µg/m3) resulting from a 1 g/s release from a stack height of 120 m for 

2015 meteorology 
 

Contours plotted: 0.02 µg/m3, 0.005 µg/m3 to 0.015 µg/m3 in steps of 0.005 µg/m3, 0.018 µg/m3 
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Figure 13:  Predicted process contribution to annual mean ground level pollutant 
concentrations (µg/m3) resulting from a 1 g/s release from a stack height of 130 m for 

2015 meteorology 
 

Contours plotted: 0.002 µg/m3, 0.006 µg/m3, 0.01 µg/m3, 0.012 µg/m3, 0.016 µg/m3 
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Figure 14:  Predicted process contribution to annual mean ground level pollutant 
concentrations (µg/m3) resulting from a 1 g/s release from a stack height of 140 m for 

2015 meteorology 
 

Contours plotted: 0.004 µg/m3 to 0.012 µg/m3 in steps of 0.002 µg/m3 
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Figure 15:  Predicted process contribution to annual mean ground level pollutant 
concentrations (µg/m3) resulting from a 1 g/s release from a stack height of 150 m for 

2015 meteorology 
 

Contours plotted: 0.004 µg/m3 to 0.012 µg/m3 in steps of 0.002 µg/m3 
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Figure 16:  Predicted process contribution to annual mean ground level pollutant 
concentrations (µg/m3) resulting from a 1 g/s release from a stack height of 175 m for 

2015 meteorology 
 

Contours plotted: 0.001 µg/m3, 0.002 µg/m3 to 0.008 µg/m3 in steps of 0.002 µg/m3 
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Figure 17:  Predicted process contribution to annual mean ground level pollutant 
concentrations (µg/m3) resulting from a 1 g/s release from a stack height of 200 m for 

2015 meteorology 
 

Contours plotted: 0.002 µg/m3 to 0.006 µg/m3 in steps of 0.001 µg/m3 
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2.3 Question 3: Condenser Cooling 
 

Section 7 of your BAT assessment document states that there are advantages to a direct 
water cooled condenser including efficiency and electrical output. You state however that 
for the EMERGE Centre the option of direct water-cooled condensers was rejected 
because it is not envisaged. It concludes that this method would not be BAT because the 
disadvantages such as the need for a water course, the adverse environmental impacts of 
heat input into the river and the water treatment needed outweigh the advantages. 
 
This assessment provides very little information in regards to actually quantifying the 
advantages in relation to efficiency and electrical output and comparing this to the 
evidence surrounding the disadvantages. 
 
Considering that this site is located next to a number of large water sources, 
demonstrate with quantifiable evidence why the efficiency and energy saving 
benefits of a direct water cooled condenser are outweighed by the potential for 
impact on the river environment and the need for water treatment. 

 
Water Cooling and Existing Infrastructure 
 
From an efficiency viewpoint, direct water cooling is the most efficient type of cooling, but there 
are a number of barriers that often make this impractical, even when there is a source of water 
nearby. The existing 2000 MWe coal-fired power station on the Ratcliffe site has a recirculating 
water cooled system utilising hyperbolic cooling towers and water from the River Trent. The 
coal-fired power station and its cooling water abstraction and discharge infrastructure are over 
50 years old. The River Trent is sufficiently close to the EMERGE Centre to be considered as a 
source of water for cooling purposes. The location of the EMERGE Centre within the power 
station site is shown in Figure 18. 
 
The 2000 MWe Ratcliffe plant benefits from economies of scale that are not present in the much 
smaller EMERGE Centre plant. Water cooling tends to favour larger plant, rather than smaller 
plant of a size similar to that of the 49.9 MWe EMERGE Centre; this is because capital costs 
and some operational costs of water cooling systems are greater and would contribute to a 
larger percentage cost of a small development, for an insufficiently small gain in benefits. This is 
explored quantitatively in the next section. 
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Figure 18:  Location of EMERGE Centre (red line) within Power Station Site (blue line) 

 
 
Consideration of Water Cooling Infrastructure for the EMERGE Centre 
 
The existing water abstraction equipment remains in use to support the operation of the 
Ratcliffe coal-fired power station until 2025. The EMERGE Centre will be operational by 2025 
and construction will commence in 2022 with commissioning in 2024. In 2025 the existing 
Ratcliffe equipment will be approaching 60 years old and will not have sufficient integrity to last 
a further 40 years (the EMERGE Centre Design Life) without significant repair and investment. 
It is unlikely the existing cooling towers could be relied upon as part of the cooling system, partly 
because of their age, but also because their future is uncertain, with two having to be 
demolished as part of the consent for the EMERGE Centre project. The existing cooling system 
equipment supports a 2000 MWe power station and therefore is significantly larger (in terms of 
pumps and pipe diameters, etc) than is required by the 49.9 MWe EMERGE Centre; it would 
therefore be unsuitable and highly inefficient for reuse. As it is not possible to reuse the existing 
cooling water (CW) infrastructure for the EMERGE Centre, new cooling water abstraction and 
discharge infrastructure would need to be constructed. 
 
The EMERGE Centre would therefore require new pipe work to be laid (feed and return 
approximately 2 km), new cables for power and instrumentation (1 km), and a new riverbank 
abstraction screen and pumphouse to be constructed to enable river water to be used for 

Cooling 
water 
abstraction 
point 

River Trent 



 27 UTG/21/PMP/383/R 

 

condensing/cooling in the new plant. The new abstraction point should be upstream of the weir 
and the discharge should be downstream of the weir to avoid recirculation. Potential locations 
are shown in Figure 19. There is a hill between the River Trent and the EMERGE Centre site, 
through which pipework would have to be routed; this is illustrated in  
Figure 20. It would not be possible to site the new intake and outfall further east (closer to the 
proposed EMERGE Centre), as this would require land which is not currently owned by the 
power station site, and the pipework would need to cross land that is not currently part of the 
power station site either. 
 
The estimated cost of new cooling water infrastructure would be £6 million ± 30 % due to the 
complexity of construction works around the riverbank and the horizontal directional drilling 
required to pass under the steeply sided slope between the EMERGE Centre site and the river 
(Red Hill/Wrights Hill). This excludes the cost of compliance with the England and Wales 2009 
Eel Regulations, which is estimated to be in excess of a further £1 million. A comparison of 
cooling options can be found in [Turnpenny & Coughlan, 2003]; cooling towers are typically 
0.5 % to 1 % less efficient than direct water cooling, whilst air cooling is up to 2 % less efficient 
than direct cooling. The additional spend of cooling water infrastructure would not return any 
improvement in the EMERGE Centre financial model. For example, if the increased thermal 
efficiency of direct water cooling gave a net output benefit of 1.0 MW (2 %), at 8,000 hours 
operation per year, and an electricity price of £50/MWh, an extra £400,000 per year of 
additional revenue in electricity sales would be generated. Therefore, for just a basic 
repayment, 15–30 years is needed (without considering discounted cash flow which would 
make this even less favourable). Therefore the efficiency gain of direct cooling does not 
produce a sufficient economic gain. 
 
The extra cost of cooling towers, estimated to be in excess of £0.5 million with reference to 
[Grol, 2018], in addition to the cost of a new intake and cooling water feed and discharge pipes, 
with a smaller gain in efficiency than a direct cooled system, would be even less favourable 
economically than direct cooling. Therefore, indirect cooling is also unsuitable on grounds of 
economic cost-benefit analysis. 
 

 
 

Figure 19:  Locations of Existing and Potential New Cooling Water Infrastructure 
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Figure 20:  Locations of Existing and Potential New Cooling Water Pipework 
 
Conflict with Potential Future Development on the Ratcliffe Site 
 
The EMERGE Centre project is a relatively small development on the Ratcliffe site, for which 
master-planning is underway. It is likely there will be substantial further development on the 
Ratcliffe site in the next 10–15 years. The form that this development will take is currently 
unknown. In order to keep water options open for a significantly larger development than the 
EMERGE Centre, where the efficiency gains would be much more significant, the lowest risk 
option involves the EMERGE Centre operating as a stand-alone development, with no 
dependency on cooling water infrastructure. 
 
Potential Conflict of HS2 on Construction and Operation of New Cooling Water 
Infrastructure  
 
The proposed HS2 railway runs close to the Ratcliffe site, as shown in Figure 21. 
 
The proposed HS2 track is expected to pass through the hill via a tunnel and cross the existing 
cooling water tunnel. The potential interaction of construction of the proposed HS2 track and 
tunnel and a new tunnel/pipework that would be required for water cooling for the EMERGE 
Centre are too high risk for a relatively small project such as this. 
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Figure 21:  Map of Proposed HS2 near Ratcliffe-on-Soar (taken from 
https://assets.hs2.org.uk/wp-content/uploads/2018/06/05134249/LA05-Ratcliffe-on-Soar-

to-Long-Eaton-maps-42-43-44.pdf) 
 
Environmental Impact on River Trent of Potential Water Cooled EMERGE Centre 
 
The heat rejection from the EMERGE Centre is expected to be approximately 106 MWth. For 
direct cooling, this would require a discharge to the River Trent of approximately 5 m3/s at a 
temperature +5 °C above the ambient river temperature. The 95 % exceedance flow of the 
River Trent at Colwick (downstream of the power station) is 28 m3/s (taken from the National 
River Flow Archive https://nrfa.ceh.ac.uk/data/station/meanflow/28009). The heat discharged 
from a 5 m3/s flow at an excess temperature of +5 °C above the ambient river temperature in a 
river flow of 28 m3/s almost certainly rules out direct cooling from an environmental impact 
perspective; such a flow would comprise 18 % of the river flow at +5 °C for at least 5 % of the 
time. 
 
The calculation is less straightforward for tower cooling as there are more variables; rough 
estimates are that both the abstraction and discharge would be less than 0.1 m3/s with a 
discharge temperature typically +7 °C above the ambient water temperature, although this can 
vary depending on ambient atmospheric conditions. This is likely to be acceptable in terms of 
environmental impact, and therefore cannot be ruled out with reference to environmental impact 
on the River Trent. The relatively small efficiency gain of cooling towers and small increased 
electrical output compared with air cooled condensers will not compensate for the higher 
investment cost. Therefore, it is the lack of economic feasibility and potential interaction and 
disruption with future developments on and off site that prevents tower cooling from being a 
viable option for the relatively small EMERGE Centre. 
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Conclusion 
 
Direct cooling is not suitable for the EMERGE Centre for economic, practical and environmental 
reasons. Indirect cooling (utilising cooling towers) is not suitable for the EMERGE Centre for 
economic and practical reasons. Air cooled condensers ensure that the EMERGE Centre will be 
self-contained and far less likely to obstruct or be affected by other nearby significantly larger 
developments. Considering costs, efficiency and electrical output gains, environmental impact 
on the River Trent, and potential adverse interaction with known and as yet unknown 
developments on and off site, air cooled condensers remain BAT for the EMERGE Centre. 
 
2.4 Question 4: Heat Recovery 
 

Section 8 of your BAT assessment document looks at energy efficiency and heat recovery 
options. It suggests that some measures may be implemented but does not intend to be 
specific due to the need for a contractor and final design to be implemented. The assessment 
however does not conclude why those potential measures chosen can be considered over 
the others options and why some options will most likely be discounted. 
 
Provide an assessment of the energy efficiency and heat recovery options outlined in 
section 8 and expand on your reasoning outlined in section 8.2 in regards to why you 
selected some methods and why other methods have been discounted. 

 
Section 8.2 of the BAT Assessment (Eyre, 2020) states the following: 
 
At this point, the project has not been developed to the point of having chosen an EPC 
contractor for the Installation or finalised the plant design. However, in order to maximise heat 
recovery and plant efficiency, a heat recovery boiler, incorporating membrane tube walls, 
superheaters and an economiser, will be used. Combustion air and feed water preheating will 
be adopted. It is envisaged that turbine inlet steam conditions will be around 430 °C and 60 bar 
representative of modern energy from waste plant, which provides an acceptable balance 
between plant efficiency and availability. The precise conditions will be finalised during 
engineering design. 
 
Options are currently being explored for making the Installation a Combined Heat and Power 
installation. Further details are provided in the Permit Application Appendix F CHP Assessment. 
 
As noted in earlier parts of this response (item 1), a number or elements of BAT as stated within 
both the WI BAT Conclusions and the EPR guidance 5.01 have been specified as part of the 
EMERGE Centre development. However, as this is a competitively bid project, Vendors have 
the option to bring forward novel approaches that deliver the same functionality with the same 
or better performance. This means that a high level of performance consistent with BAT is 
specified and, meanwhile, there is the potential for performance upside – in particular where 
proposed technologies offer the potential to reduce parasitic load, and increase the exported 
power. 
 
To reiterate, the options considered in Section 8 of the BAT Assessment include: 
 

• Boiler Heat Recovery (it is envisaged that the boiler will maximise heat recovery and 
achieve an efficiency well in excess of 90 %) 

• Steam Temperature and Pressure (as noted earlier, the envisaged steam temperature 
and pressure are consistent with BAT as stated in the WI BAT Conclusions, when 
considering the fuel range that could be seen by the EMERGE Centre) 
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• Feedwater Heating (extraction of steam from the turbine is expected to achieve feedwater 
heating. The exact point will be an optimisation between turbine design, balancing useful 
work done by the steam in the turbine and the level of useful heat that can be transferred 
to the feedwater by this extracted steam) 

• Auxiliary Power (reduced parasitic load leading to a smaller gap between the generated 
and exported load is beneficial and will be encouraged in vendor designs, though the 
scope to achieve this is a function of their proprietary technology) 

• Flue Gas Condensation (these may be tendered by suppliers where optimum for their 
solution, but are not envisaged due to the low grade heat recovery. This may be revisited 
depending on the future potential for low temperature heat networks. It should be noted 
that these devices can pose a risk to plant operability due to low temperature corrosion) 

• Combined Heat and Power (this is being considered further as there is potential for the 
EMERGE Centre to act as the heat source, or even a supply of cooling, to new 
developments coming forward on the Ratcliffe site in the future). 

 
2.5 Question 5: Furnace Conditions 
 

EPR 5.01 section 2.4 point 4 outlines how you should justify your choice of oxygen 
concentration and consider the consequence for releases if the oxygen level were to fall 
below your proposed minimum. 
  
Please provide an indication of the intended oxygen concentration with justification for 
selection and show how you have considered the consequences of a fall in oxygen 
levels. 

 
EPR 5.01, point 4, states the following, “WID [now IED] does not specify oxygen concentrations. 
You should note however that BAT will require sufficiently oxidising conditions at the final 
combustion stage to provide for good combustion, and that you will need to justify your choice 
of oxygen concentration. You will also be expected to consider the consequence for releases if 
the oxygen level were to fall below your proposed minimum.” The WI BAT Conclusions also 
state that the incineration process must be optimised, specifically, “Optimisation of the design 
and operation of the furnace (e.g. flue-gas temperature and turbulence, flue-gas and waste 
residence time, oxygen level, waste agitation).” 
 
The proposed oxygen level for the plant will be a function of the design provided by the supplier 
as, whilst high oxygen levels are beneficial for burnout of waste in the plant, they come at the 
potential cost of greater NOx levels, and reduced overall unit efficiency (due to sensible heat 
losses as well as draught plant works power). IPPC sector guidance note 5.01 notes that this is 
not specified in the directive, or in BAT, but that levels around 6 % would be expected. 
However, a range of 4–6 % is more representative of what Uniper’s expectations would be of 
vendor designs. 
 
Deviation from this in the form of reduced excess air would give rise to concerns about 
incomplete burnout of waste, and resulting increased CO and other flue gas species. It is with 
this in mind that we will implement a control system utilising at least the following input 
parameters to maintain good, complete, safe, and stable combustion, and facilitate change in 
plant operating conditions (set points) as required the varying waste feed to the unit or operating 
load point of the plant: 
 

• combustion monitoring (via pyrometers); 

• grate temperature (via infrared camera); 

• furnace pressure (minimum 2 out of 3); 
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• furnace temperature (minimum 2 out of 3); 

• flue gas temperature at the exit from each radiant pass; 

• flue gas temperature at the entry and exit of each superheater section; 

• flue gas temperature at the boiler exit; 

• flue gas oxygen content at the boiler exit; 

• flue gas carbon monoxide content at the boiler exit; 

• flue gas moisture content at the boiler exit; 

• flue gas volume flow with calculation of mass flow; 

• steam drum pressure and level; 

• superheated steam flow, pressure and temperature; 

• reheated steam flow, pressure and temperature; 

• attemperator spray water flows; and 

• attemperator temperature measurement 
 
Whilst not all of these parameters relate directly to flue gas oxygen concentration, they do all 
relate to stable plant operation and the mitigation of potential scenarios where excess air levels 
may drop below that required. 
 
2.6 Question 6: Dump Stacks and Bypass 
 

EPR 5.01 section 2.8 covers dump stack and bypasses. 
 
Confirm whether dump stack or bypass are used. If they are used demonstrate 
compliance with the indicative BAT in section 2.8. 

 
Uniper does not intend to include dump stacks or bypasses within the design of the plant and 
have specifically excluded them in the technical specification for the plant. 
 
2.7 Question 7: Impregnated Bag Filters 
 

EPR 5.01 section 3.1 part 62 states that dioxins tend to adhere to particulate matter and 
therefore efficient particulate abatement will remove dioxin/furans from the gas phase. Bag 
filters impregnated with catalyst specifically developed for the destruction of dioxins/furans 
are now commercially available and, where fabric filters are installed, should be used where 
the benchmarks in Annex 1 cannot be otherwise achieved. 
 
The sector BAT conclusion document also states that filter bags are either impregnated with a 
catalyst or the catalyst is directly mixed with organic material in the production of the fibres 
used for the filter medium. Such filters can be used to reduce PCDD/F emissions as well as, 
in combination with a source of NH3, to reduce NOx emissions. 
 
Provide a BAT assessment for catalytic impregnation of bag filters and justify why you 
have discounted this method. 

 
Following engagement with other project developers, Uniper has established that these catalytic 
fabric filters are more suitably deployed as a retrofit option for plant that may otherwise be 
poorly performing. Whilst their performance may be good, they are less suited to new build plant 
for a number of reasons, including; 
 
Sole vendor 
 
These bags are only available from a single supplier, therefore they cannot be procured on a 
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competitive basis. For a new build unit it presents better value for money, and therefore better 
value to the end customer, to ensure that the emission limit values set for the plant can be 
achieved by plant procured following bidding by numerous suppliers. 
 
EPR 5.01 (section 3.1, point 62) states that “Bag filters impregnated with catalyst specifically 
developed for the destruction of dioxins/furans are now commercially available and, where 
fabric filters are installed, should be used where the benchmarks in Annex 1 cannot be 
otherwise achieved.” It is Uniper’s intent that the procured plant will be able to achieve the 
required BAT Associated Emission Levels using other technologies to be determined by the 
designers of the system (but most likely to include the co-benefit of activated carbon injection, 
ACI, and a fabric filter). This recognises that the list of techniques associated with BAT is 
neither prescriptive, nor exhaustive. 
 
Retrofit option 
 
Where an existing plant is shown to suffer performance issues that cannot be addressed 
through optimisation of the installed sorbent injection systems, it is in this situation that the 
catalytic filter bag is best deployed. Thus, the deployment of catalytic filter bags represents a 
risk mitigation measure for the EMERGE Centre. 
 
Increased recurring operating costs 
 
The use of catalytic filter bags entails the ongoing, recurring, purchase of these bags, from the 
same sole supplier, thus increasing ongoing costs and cost level risk exposure for the EMERGE 
Centre. 
 
2.8 Question 8: Bag Filter Failure 
 

Section 1.4.5.3 of your supporting information document states that bag failure would be 
identified by a sudden drop in pressure in the system and a small increase in particulate 
concentration at detection meters installed immediately downstream of the bag filter. It is not 
clear whether this means the pressure in the bag filter system or the system in general and if 
the pressure will be measured in line with BAT indicators in EPR 5.01 section 3.1 point 4. The 
EPR guidance outlines that indicative BAT is to provide bag burst detectors (e.g. differential 
pressure type) on each compartment to indicate the need for maintenance when a bag fails 
as they are better than observation of emitted particles. 
 
Please demonstrate either bag burst detectors or equivalent are in place to detect bag 
failure. 

 
Uniper has specified that each filter compartment shall be fitted with its own differential pressure 
measurement, and that dust measurement shall be provided at the outlet of the entire filter unit. 
These measurements shall be input to an automated system to promptly identify the presence 
and location of failed filter bags. Should this system detect that a leak is present, physical 
separation of compartments will be included in design to allow for filter bag replacement on load 
(whilst maintaining the guaranteed emission limit values). 
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2.9 Question 9: Backup CEM 
 

You state in section 2.5 of your supporting document that CEMS Installation will be compliant 
with the UK Monitoring Certification Scheme (MCERTS) and therefore the requirements in the 
UK of BS EN 14181. It will comprise two monitoring systems (one in service and one 
redundant) per plant line. 
 
Please clarify what you mean by redundant. Is the system only used if the primary fails 
or is it a backup standby CEM that is identical to the duty CEM, and both CEMs 
measure emissions from the same part of the process? 

 
The proposed arrangement for continuous emissions monitoring is that there will be a back-up 
CEM system on hot standby, operating in parallel to the in-service system. Both are sampling 
continuously and the system switches from the duty to the standby system as required, e.g. due 
to a failure or maintenance of the duty CEM. This is as per the suggestion above. It is current 
practice that all emission corrections are applied to the one minute data averages. Therefore, 
switching between duty and standby CEMS is near instantaneous in a fault situation. However, 
Uniper recognises that there is ongoing consideration by the EA on how data will be processed 
under a new Data Acquisition and Handling System (DAHS). Under the new standard, 
corrections are applied to the half hourly averages which would result in some data loss when 
switching over. When the new standard has been concluded, Uniper will implement data 
processing to remain as required by the EA to be compliant with the new standards. 
 
2.10 Question 10: Waste Charging 
 

EPR 5.01 section 22 part 11 describes the use of isolation doors to prevent fire burning back 
up the discharge chute and that double doors and/or having a cooling system should be 
provided to prevent ignition of waste in contact with the outside of the door. In addition, part 
22 states for RDF sealed charging system should be used. This does not appear to have 
been addressed in your application. 
 
Demonstrate that measures such as those described above have been implemented in 
line with EPR 5.01 or provide justification as to why they are not required and your 
measures can be considered to represent BAT. 

 
We can confirm that the EMERGE Centre will include isolation doors to prevent fire burning. 
The exact design of the waste charging system will be the proprietary design of the equipment 
suppliers, and as such the finalised design has not been determined as yet and all options 
consistent with BAT remain open. It is envisaged at this time that the plant will have water 
cooled chutes as outlined in EPR 5.01, section 2.2, point 11. Temperature in this water cooled 
section shall be monitored and excessive temperatures will raise an alarm in the control system. 
It is also envisaged that the feed chute can be closed to prevent air ingress, most likely by 
means of a hydraulic flap. 
 
In any case, the EMERGE Centre will deploy BAT-consistent technology. 
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2.11 Question 11: Boiler Design 
 

You have stated that a CFD will be used to optimise the gas steam and heat transfer to 
minimise dioxin formation, however you have not given an indication of the intended designs 
you will use to minimise formation as outlined in EPR 5.01 section 2.10. For example 
including but not limited to: 
 

• Ensuring that the steam/metal heat transfer surface temperature is a minimum (around 
170 °C) where the flue gas is in the de novo synthesis temperature range  

• Boiler passes are progressively decreased in volume so that the gas velocity increases 
through the boiler 

• Boundary layers of slow moving gas are prevented along the boiler surfaces. 
 
a) Outline the key measures that will be implemented to minimise dioxin formation 
b) Outline how you will balance this to ensure design measures are not made at the 

expense of boiler efficiency 
c) In line with Section 2.10 point 6 of EPR 5.01, outline how you will manage and 

remove boiler deposits to further minimise formation. 

 
Response to (a) 
 
Selecting a technology supplier with a proven track record in designing and delivering waste 
incineration plant that achieve good control of dioxin destruction and minimise reformation is a 
key element of the procurement strategy for the EMERGE Centre. In particular, we have stated 
that a computational fluid dynamics (CFD) model shall be produced of flue gas flow through the 
combustion chamber including calculation of residence time by (or on behalf of) the equipment 
designers. The operating points considered in this model will include the design point, 110 % of 
waste feed, and minimum fuel feed/turndown. These shall be modelled with the results 
compiled in a report for submission to the Environment Agency (EA). Where warranted this can 
be extended to include such scenarios as considered necessary by the Competent Authority. 
 
The rate of quenching of flue gas through the de novo synthesis window will be controlled by 
the design of the heat exchange in that area of the gas path and, in particular, the cleaning 
strategy used to ensure heat transfer is optimised. This is likely to occur in the economiser 
sections as they remove heat from the hot flue gas into the feedwater prior to that water 
entering the boiler drum and being used for steam raising (a key element in obtaining good 
plant efficiency). 
 
Also, as noted above, maintaining flue gas velocity as it cools can not only control dioxin 
synthesis, but also help to mitigate the risk posed by the deposition and drop-out of fly-ash in 
the gas path, both in terms of gas path blockage, but also catalysing further dioxin formation. 
 
Flue gas baffling will be provided to ensure that “dead zones” or areas of slow moving or 
recirculating flue gas are avoided. 
 
The final risk mitigation for dioxin formation is that the plant will meet the required emission limit 
value as set for it in the permit. 
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Response to (b) 
 
The major elements of plant design that could have an impact on overall efficiency are noted 
below: 
 

• Sufficient excess air to ensure stable and complete combustion. EMERGE Centre 
Position: the excess air used will be a function of boiler and combustion system design, 
and be optimised to minimise sensible heat loss in the flue gas as far as reasonably 
practicable, as well as to minimise the parasitic load associated with the combustion air 
and induced draught fans. The combustion control system will maintain excess air at 
target levels, automatically, in normal operation. 

• Recovery of heat from the flue gas to the boiler circuit using an economiser. EMERGE 
Centre Position: high efficiency units will employ economisers to cool the flue gas and 
recover heat into the boiler circuit, thus improving energy recovery and unit efficiency. 
Without this, other means would be required to cool the flue gas ahead of the flue gas 
treatment plant, and a higher waste firing rate would be required to maintain the target 
load. 

• Reagent injection system. EMERGE Centre Position: this will be optimised in 
commissioning to ensure that emission limit values are met without over consumption of 
parasitic load or reagent. 

 
Response to (c) 
 
EPR 5.01, section 2.1, point 6 contains the following attributes typical of indicative BAT for 
boiler cleaning: 
 
Boiler deposits contain substances which catalytically enhance dioxin formation. Municipal 
waste, in particular, leads to deposits of sodium and potassium sulphates, and to a lesser extent 
chlorides. Fly-ash can then adhere to these deposits to compound the problem. In the initial 
stages the material is easily removed by an on-line sootblower. As the fouling increases the 
deposits become fused and can only be removed off-line. 
 
Control methods include: 
 

• design features to maintain critical surface temperatures below the sticking temperature. 
This includes not only the arrangement of cooling surfaces, but also avoiding peak 
combustion temperatures by good waste mixing (where relevant), uniform waste feed and 
good primary and secondary air control. EMERGE Centre Position: The combustion 
control system and how it acts to control the addition of primary and secondary air, 
ensuring good mixing, will assist in avoiding peaks in temperature. 

• additives to prevent sodium and potassium depositing (mixed success). EMERGE Centre 
Position: This mitigation is not envisaged in the EMERGE Centre. 

• on-line cleaning by: 
o boiler tube rapping, by striking the tubes (limited success) or lifting and dropping 

whole banks of tubes (limited experience) 
o continuously allowing steel shot to fall through the tubes (applied successfully to 

economiser sections) 
o steam or compressed air soot blowing, and 
o off-line cleaning 

 
EMERGE Centre Position: The cleaning system provided will be capable of control locally, 
or from the plant control room. It will be possible to activate cleaning systems by gas path 
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section (with cleaning devices being grouped) or they can be operated individually in 
areas where specific tenacious deposits exist. A shower cleaning system is envisaged in 
the vertical radiant pass to control build-up of deposits there, whereas in horizontal 
sections surfaces shall be rapped to ensure they can be kept free of deposit build-up. An 
important aspect of this, that must be demonstrated by suppliers, is that fly-ash hopper 
plugging can be avoided when this system is in use (avoiding overloading beyond its 
design point). Finally, the cleaning strategy will be complemented by soot blowing using 
steam. To ensure their resilience in operation, where they are used in sections of flue gas 
temperatures > 450°C, they must be fully retractable. Shockwave generators may also be 
provided where deemed necessary, and where noise control can be demonstrated. 

 
2.12 Question 12: Odour Abatement System 
 

Section 2.4.3.1 of your supporting document states that odour will be abated through the use 
of odour treatment chemicals that are designed to react with odorous components removing 
them or converting them to less odorous compounds. As there are different types of odour 
sprays and treatment chemicals with varying levels of effectiveness, the odorous components 
of the waste need to be described, the odour treatment chemicals proposed need to be 
justified as to why they effectively target these identified odorous components and there 
needs to be a demonstration that an appropriate chemical delivery system is in place to 
maximise the effectiveness of these treatment chemicals. 
 
a) Identify the key odorous emission components from the site.  
b) Demonstrate with examples how you will select odour treatment chemicals based 
on the ability of their active ingredients to react with your identified key odorous 
components.  
c) Demonstrate how the odour treatment chemicals are delivered and where they will 
be situated to target odour and maximise their effectiveness. 

 
The process that leads to the production of odours in an EfW is putrefaction, which means the 
decomposition of organic matter. 
 
Due to this, the wastes with the greatest potential for generation of odours will be those 
containing the largest proportion of organic matter. The six-digit waste codes containing 
putrescible material (or having an increased likelihood of being contaminated with putrescible 
material) and therefore having an enhanced potential for odorous emissions are listed below: 
 

• 02 01 03 plant-tissue waste 

• 02 06 01 materials unsuitable for consumption or processing 

• 03 01 01 waste bark and cork 

• 03 01 05 sawdust, shavings, cuttings, wood, particle board and veneer other than 
 those mentioned in 03 01 04 

• 03 03 01 waste bark and wood 

• 03 03 07 mechanically separated rejects from pulping of wastepaper and cardboard 

• 04 02 10 organic matter from natural products (for example grease, wax) 

• 04 02 21 wastes from unprocessed textile fibres 

• 04 02 22 wastes from processed textile fibres 

• 15 01 01  paper and cardboard packaging 

• 15 01 03 wooden packaging 

• 15 01 06  mixed packaging 

• 16 03 06 organic wastes other than those mentioned in 16 03 05 

• 17 02 01 wood 
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• 18 01 04 wastes whose collection and disposal is not subject to special requirements 
 in order to prevent infection (for example dressings, plaster casts, linen,  
 disposable clothing, diapers) 

• 18 02 03 wastes whose collection and disposal is not subject to special requirements 
 in order to prevent infection 

• 19 02 03 premixed wastes composed only of non-hazardous wastes 

• 19 05 01 non-composted fraction of municipal and similar wastes 

• 19 05 02 non-composted fraction of animal and vegetable waste 

• 19 05 03 off specification compost 

• 19 06 04 digestate from anaerobic treatment of municipal waste 

• 19 06 06 digestate from anaerobic treatment of animal and vegetable waste 

• 19 12 01  paper and cardboard 

• 19 12 07  wood other than that mentioned in 19 12 06  

• 19 12 08  textiles  

• 19 12 10  combustible waste (refuse derived fuel)  

• 19 12 12  other wastes (including mixtures of materials) from mechanical treatment of 
 wastes other than those mentioned in 19 12 11 

• 20 01 01  paper and cardboard  

• 20 01 08  biodegradable kitchen and canteen waste  

• 20 01 10  clothes  

• 20 01 11  textiles  

• 20 01 38  wood other than that mentioned in 20 01 37 

• 20 02 01 biodegradable waste 

• 20 03 01 mixed municipal waste 

• 20 03 02  waste from markets  

• 20 03 03  street cleaning residues 

• 20 03 04 septic tank sludge 

• 20 03 07 bulky waste 
 
The selected waste codes have not included the non-biodegradable fuel sources such as 
plastics, glass, rubber, etc. 
 
Maintaining potentially odorous areas under negative pressure is the primary means of odour 
control. The waste bunker will be continuously held under negative pressure by two ID fans 
(one per incineration line), which will draw in air from the bunker and tipping hall area and feed it 
into the combustion chamber beneath the grate. 
 
As the Installation is a twin-line plant, the likelihood of both lines being unable to operate is 
considered highly unlikely. Closure of one line will still allow the waste bunker and tipping hall to 
be maintained under negative pressure due to operation of the other line. 
 
Section 2.4.3 of the Supporting Information Document outlines procedures for controlling the 
emission of odour from the Installation. It is considered that these measures will be sufficient to 
control odour to the level that it is not a significant nuisance issue, and deployment of the 
chemical treatment odour abatement system will be restricted to periods of planned / unplanned 
shutdown or bunker maintenance activities. 
 
The Environment Agency (EA) EPR 5.01 guidance on odour states that “carbon filters are 
effective, especially where the total quantity of organic compounds is small. Otherwise they can 
be expensive to run and lead to a significant waste that needs to be treated or disposed of.“ As 
the primary source of odour outlined previously is organic matter, the use of carbon filters is 
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therefore not considered appropriate. The capital cost of alternative abatement techniques 
(such as counter-current column based chemical scrubbing systems) is considered to be 
unjustified in the context of the Installation, considering the predicted infrequency of events 
requiring deployment of the chemical treatment odour abatement system. 
 
The commercial availability and relatively low capital cost of odour treatment chemicals renders 
them a suitable odour abatement technique. Furthermore, EA H4 guidance (Environment 
Agency, 2011) on odour notes that odour treatment chemicals can be effective within an 
enclosed environment (such as a waste reception hall) where effective mixing can take place. 
 
The odour treatment chemicals that will be employed are those that actively target odorous 
compounds. In order to select these chemicals, Uniper will liaise with specialist suppliers to 
choose appropriate reactive compounds, and with designers to maximise the physical delivery 
effectiveness. As part of the procurement process, Uniper will define the requirements of the 
odour treatment chemicals based on the finalised waste contracts. Uniper will assess tender 
returns during the procurement process, which will be based on the demonstrated effectiveness 
to target these identified compounds and neutralise their odour. 
 
2.13 Question 13: Odour During Unplanned and Sustained Shutdown 
 

Section 2.4.3 of your supporting information document explains that during unplanned and 
sustained shutdown, arrangements will be made to stop or divert incoming waste to the 
Installation and that the odour abatement (deodorising) system will be employed and if 
required (depending on the duration of the shutdown), waste may also be removed from the 
Installation and taken to an alternative suitably licenced waste treatment facility. 
 
a) What downtime timescales trigger diverting incoming waste, utilising the 

abatement system and removing waste to another facility? 
b) Why are odour treatment chemical sprays appropriate for this length of downtime 

and how do you minimise the about of time abatement has to be in place? 
c) What is the procedure for removing bunker waste to another site and how is this 

undertaken to minimise procedure timescales and odour risk? 
d) Confirm the number of bunker cranes and outline how you will manage the waste 

and odour during crane breakdown. 

 
Response to items a, b & c 
 
If an unplanned shutdown of both units occurs (which is unlikely), then: 
 

• The likely duration of plant downtime will be assessed; and 

• The current level of waste within the bunker will be quantified. 
 

Based on the above information, a decision on when and whether to begin diverting waste will 
be taken to prevent over-filling of the bunker, and reduce the standing time of current fuel 
stocks. The chemical odour treatment system will be deployed if both lines are inoperable and 
negative pressure cannot be maintained within the tipping hall. 
 
The waste bunker is designed to be able to hold up to 5 days of fuel stock (waste). Due to this, 
the theoretical maximum period that the Installation could still accept waste without utilising it as 
a fuel, is 5 days. However, this is extremely unlikely as it assumes that the bunker is completely 
empty at the commencement of shutdown and that waste will be accepted until the bunker is 
completely full. 
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Should the unplanned shutdown be expected to last for: 
 

• Longer than 24 hours then waste delivery will be ceased immediately. However, 
loads already dispatched from the suppliers will be accepted. 

• Longer than 7 days then any remaining waste within the waste bunker will be 
unloaded and transferred to an alternate and appropriate facility with immediate 
effect (in line with the odour control procedures outlined below). 

 
If waste is required to be removed from the bunker then it would effectively take place as a 
reversing of the unloading procedure. The crane would be used to load waste into vehicles for 
transfer off site, this would take place in the enclosed area of the tipping hall / bunker in order to 
contain odour. The vehicles used would be covered and loading would take place in designated 
areas provided with impermeable hardstanding and a drainage system equipped with pollution 
control measures. 
 
The precise terms of these procedures will be agreed upon the finalisation of the waste 
contracts for the Installation. 
 
During periods of planned or unplanned shutdown, all doors to the waste bunker area will 
remain closed. This will help to contain any odour within the waste bunker area and ensure that 
the abatement system is effective in preventing the release of odour. The chemical treatment 
odour abatement system will be employed immediately during periods of shutdown to manage 
emissions of odour from the Installation. 
 
Response to item d 
 
Figure 22 shows that two bunker cranes will service the six tipping bays. In addition, both lines 
can be fed by a single crane if required, which will maintain normal operations in the event of a 
single crane failure. A spare crane grab will be held at the Installation to be used as a 
replacement. 
 
In the event that both of the cranes are rendered inoperable at the same time, then the 
contingency procedures outlined above will be followed (under the response to items 13 a and 
b). The affected crane will be repaired or replaced as soon as is practicable. 
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Figure 22:  Extract from Planning Statement drawing 1406-PL210 showing two bunker 
cranes 

 
2.14 Question 14: Bunker Maintenance 
 

Section 2.4.3 of your supporting information document states that periodic emptying and 
cleaning of the waste bunker would be carried out to further minimise the potential for 
odorous emissions. However it is not clear how this is done (e.g. removing all the waste), how 
you fit this into your annual operations and when this is done, how you minimise odour risk. 
 
Provide a more detailed description as to how the bunker maintenance procedure is 
carried out, how you minimise odour during this process and confirm how often 
exactly this is undertaken. 

 
Typically, the bunker is emptied and cleaned once during an operational year of the Installation. 
Where appropriate, prior to periods of planned maintenance, waste stored within the waste 
bunker will be ‘run-down’ to a minimum level so that it does not contain significant quantities of 
old and potentially odorous material. If surplus waste is required to be removed from the bunker, 
then it would effectively take place as a reversing of the unloading procedure. The crane would 
be used to load waste into vehicles for transfer off site, this would take place in the enclosed 
area of the tipping hall / bunker in order to contain odour. The vehicles used would be covered 
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and loading would take place in designated areas provided with impermeable hardstanding and 
a drainage system equipped with pollution control measures. 
 
Whilst the Installation is operational, negative pressure will be maintained (primary combustion 
air will be drawn from the waste bunker area and fed into the combustion chamber beneath the 
grate), which is the primary means of odour suppression under normal operation. During 
maintenance shutdown (after the point at which combustions ceases), the chemical treatment 
odour abatement system will be employed immediately, to manage emissions of odour from the 
Installation. 
 
2.15 Question 15: Quarantine 
 

The application indicates that the quarantine area(s) are not yet finalised, however it should 
still be made clear in the application how odour will be managed in these areas and what the 
timescales will be for removing quarantined waste from site. 
 
Confirm how odour will be managed in the quarantine area(s) and the timescales for 
removing odorous non-compliant waste. 

 
Dealing with non-compliant waste 
 
Should non-compliant waste be identified during the inspection of each incoming waste load, 
the waste will be retained within the delivery vehicle and will be returned directly to the supplier, 
or, if appropriate, to a suitably licensed third-party facility as soon as practicable. Adjacent to the 
weighbridge there will be an area to temporarily quarantine an incoming HGV that has incorrect 
documentation or is identified as containing non-compliant waste. The vehicles used will be 
covered and enclosed, which will limit odour emissions. 
 
Dealing with quarantined waste 
 
Should identification of non-compliant waste (e.g. incombustible and/or oversized items) occur 
after the waste has been unloaded, then it will be moved utilising the crane to a designated and 
demarcated quarantine area (termed ‘grab drop’, Figure 23) within the tipping hall in order to 
separate it from the main fuel stock. The odour control measures in the tipping hall will control 
odour emissions in the same way for the quarantine areas as the bunker. 
 
When required, measures to remove the waste from the site (detailed in the response to 13 a, b 
& c) will be made as soon as practicable in order to decrease the standing time of such waste, 
which is envisaged to likely take place within 24 hours. 
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Figure 23:  Either side of the waste bunker there are two areas termed “grab drop” where 
quarantined waste would be temporarily stored 

 
2.16 Question 16: Generator Size 
 

The statement in section 2.4 of the supporting document describes how the backup diesel 
generator will be less than 20 MW, this is too vague. We do not need to commitment to a 
specific generator or size as the site is still at the design stage, however based on the plant 
design and size you should be able to provide an evidence based justification as to the 
size/thermal input of generator which will be required for a facility of this size. 
 
Confirm the expected generator thermal input needed to support this size of facility 

 
The purpose of the diesel generator is purely to facilitate the emergency shutdown of the 
EMERGE Centre in the event that no power is available from the grid. The estimated thermal 
input rating of the generator is around 11 MWth based on 60 % of the estimated parasitic load. 
 
2.17 Question 17: Diesel Generator Emissions 
 

In section 2.4 of the supporting document, you state that given the small size of the generator 
(< 20 MWth) and the limited annual operating hours, no significant effects on air quality are 
anticipated. All air emissions from installation sites must be quantified and their impact 
justified based on their projected emissions. 
 
Provide a projection of the emissions from the proposed emergency diesel generator, 
demonstrate based on the hours of operation the potential process contributions and 
assess the emissions in combination with those projected in the air quality 
assessment. 
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The diesel generator will meet the emission requirements of TA Luft 2g of 2000 mg/Nm3 for NOx 
(at 5 % O2, dry, 101.3 kPa, 273.15 K). Indicative emissions for other species for diesel 
generators would be 220 mg/Nm3 for CO and 30 mg/Nm3 for dust. 
 
The main shutdown process for the EMERGE Centre would typically take 1 to 2 hours, but there 
would be a requirement to support operation of the ID and FD fans to enable full boiler cooling 
and also the turbine barring gear during a full cool down period in the event of a loss of power, 
which could require operation for 24 hours. However, such an event is likely to be extremely 
rare. 
 
Typically the only operation of the generator would be for testing purposes, expected to be 
around 20 minutes per week, with on-load testing for around 90 minutes up to four times a year. 
Total running hours for generator testing would be restricted to less than 50 hours per year. 
 
The precise location of the generator is to be confirmed, but the expectation is that it will be 
located within the main plant buildings with an internal flue to a roof vent. 
 
The Environment Agency allows the use of Standard Rules Permits for MCPs considered to be 
low risk by virtue of meeting certain criteria and such generators do not require an air quality 
assessment. Table 5 compares the requirements set out in Standard rules permit SR2017 No 7 
for new, low risk, stationary Medium Combustion Plant between 1 MWth to less than 20 MWth (in 
operation on or after 20/12/2018) (Environment Agency, 2021a) with the diesel generator. 
 
Table 5:  Comparison of Diesel Generator with low risk MCP standard rules criteria 
 

Criteria Diesel Generator 

Greater than or equal to 1 MWth and less than 
20 MWth MCP 

Thermal input is around 11 MWth 

Less than 50 MWth of aggregated MCPs at the 
specified location. 

The diesel generator will be the only MCP on the 
EMERGE Centre site. 

Single fuel combustion for engines Diesel only generator 

Does not include any activities subject to 
Schedule 24 (Energy Efficiency Directive) of the 
EP Regulations. 

Not applicable as diesel generator < 20 MWth 

The MCP should not generate electricity as a 
Generator unless as an excluded ‘back-up 
generator’. 

Meets excluded back-up generator criteria as 
operates for the sole purpose of testing no more 
than 50 hours per year. 

Minimum distance from MCP to SAC, SPA, 
Ramsar or SSSI of 500 metres 

The closest SSSI is over 1 km from the EMERGE 
Centre site. 

 
It can be seen that the diesel generator will meet the criteria for a low risk MCP by virtue of its 
low operating hours and distance from the nearest designated ecological sites. The diesel 
generator can therefore be classified as low risk without the requirement for an air quality 
assessment. 
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2.18 Question 18: Quarantine Areas Location 
 

Section 3.1.2 of your FPP indicates that the quarantine area location is yet to be finalised, 
however there is no indication of potentially suitable locations which meet the fire prevention 
plan guidance criteria. 
 
Please identify suitable potential locations for the quarantine area. 

 
Please refer to the answer given to question 15. The quarantine areas are indicated in 
Figure 23. 
 
2.19 Question 19: Cleaning Procedures 
 

Your FPP section 3.14 is vague in regards to undertaking site cleaning. It must state how 
regularly you will inspect and clean the site to prevent the build-up of loose combustible 
waste, dust and fluff and the procedures you will use. 
 
Confirm how regularly your cleaning regime will take place and outline the cleaning 
and logging procedures you will utilise to minimise build-up of waste. 

 
Routine inspection and cleaning will be undertaken on a daily basis. This will include 
housekeeping checks, the removal of any combustibles in non-storage / non-quarantine areas 
and a clean-up of the tipping hall at the end of each day shift. This will also include inspection 
external to the main building to avoid littering inside the site. A daily check sheet will be 
provided to site staff which sets out the required actions to be undertaken throughout the day. 
 
It will be the responsibility of all site personnel to maintain a visual awareness of potential dust 
emissions during the working day. Routine checks (recorded in the site diary) of the state of the 
site will identify build-up of litter and combustible material. Dusty material will be removed using 
a vacuum cleaner or low velocity water spray nozzles or hose. 
 
Mobile plant and waste cranes, including hydraulics and motors, will be inspected weekly as 
part of the routine maintenance regime, and any fluff/ dust and debris removed as required. 
 
During the annual shutdown, a clean-up of both the tipping hall and the waste bunker will take 
place to remove fluff/dust build-up from equipment and building structures not accessible during 
operation of the plant. These inspections will be managed in accordance with site management 
system procedures for housekeeping. 
 
2.20 Question 20: Fire Water Supply 
 

Section 4.8.5 of your FPP looks at the provision of firewater but does not give sufficient 
justification for the supply volumes and timescales. You have specified 1200 m3 of water with 
a possible addition of 2000 m3 from surface tanks (total 3,200 m3) which is not comparable to 
the amount needed by the FPP guidance calculation (approx. 30,000 m3 water for 25,000 
tonnes of waste). As you have stated, storing the amount of water required by the calculation 
is not practical and you have identified that you have taken further steps to react faster to fire 
and that the waste is within a bunker. However there is little justification as to why the 
3200 m3 is appropriate for the volume of waste and why the systems proposed will be able to 
control a fire within 2 hours. 
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a) Provide further justification and evidence as to why 3600 m3 of water supply will 
be sufficient to control a fire in a full waste bunker in line with the four main 
criteria of the Fire Prevention plan guidance. 

b) Considering the above, demonstrate why control of a fire within 2 hours is 
realistic. 

 
The quantities of stored fire water on site are considered as the initial estimates and form the 
initial basis for developing both the detailed site layout, the design of the firefighting plan and 
the firefighting facilities. A detailed design of the complete system will be carried out at the 
detailed design stage to verify and validate the size of the fire water storage tank in conjunction 
with the operational procedures for the fuel bunker, associated fire detecting and firefighting 
systems that are required to be employed. 
 
The waste material storage capacity is approximately 5 days based on the waste processing 
capacity. As such it is not expected that waste materials will be stored within the bunker for 
excessive periods that would promote heat build-up to occur within the stored waste material. 
Procedures will be in place to ensure movement and processing of the delivered waste in a 
uniform manner and to prevent hot spots developing. Storage quantities will be refined during 
the detailed design stage. If an extended unforeseen shutdown of the Installation occurs, a 
system has been included within the design which will allow for back-loading of waste from the 
bunker for transfer off-site to a suitably licensed waste management site. 
 
The quarantine areas (see Figure 23) will be used to temporarily store any unacceptable waste 
(which has been detected prior to being tipped into the waste bunker, or identified by the crane 
driver and removed using the waste crane grab) prior to transfer off-site. The quarantine area 
will be designed to enable unacceptable waste to be segregated from all other incoming waste, 
allowing it to be collected and loaded into appropriate road vehicles for transfer off-site. 
Appropriate fire detection and protection measures, including a deluge system, will be installed 
in the quarantine area. 
 
Thermal imaging cameras will be installed to identify warm and hot spots within the waste 
material. This will enable proactive “turning over” of the waste material to reduce the risk of 
combustion and will identify locations of any fires at an early stage. 
 
The fire detection systems will also be automatically linked to water cannons and the instigation 
of the firefighting systems will enable the fire to be tackled at a very early stage and before fire 
spread. The fire water cannons activate if the high-high temperature alarm is reached, such that 
the size of the fire is significantly minimised and quantities of fire water are far less than those 
for an uncontained unmonitored pile of open waste material. In the event of a bunker fire, the 
bunker itself will retain firewater, without the losses due to run-off associated with an 
uncontained waste pile fire. 
 
The fire water storage capacity is 3,200 m3. Considering the routine operating procedures, 
detection systems and automated firefighting systems described above and in the FPP (Dallyn, 
2020), the assessed volume of waste material in a fire situation has been taken as being up to 
approximately 2,250 m3. Based on FPP guidance (Environment Agency, 2021b), this volume of 
material would require the delivery of 15 m3/min for at least three hours to ensure the fire is 
extinguished, requiring a minimum total volume of 2,700 m3 of water. The 3,200 m3 of on-site 
fire-water provision exceeds this volume. Exceeding the minimum requirements based on three 
hours of deluge also ensures that the system would meet one of the three primary objectives in 
the FPP guidance to ensure the fire is extinguished within a four hour time period, though it is 
noted that the detailed design of the system will aim to extinguish the fire within 2 hours in 
accordance with the NFPA 850 design standard. 
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Within the detailed design of the firefighting system the use of foam to assist in reducing the 
water quantity required would be considered if required. The use of a synthetic based foam 
concentrate, such as a Class A foam, can significantly reduce the volume of fire water required. 
The use of Class A foam makes “water wetter” on average increasing the effectiveness of water 
many fold. When mixed in correct proportions with water, it can change two properties of the 
water. Class “A” foam will increase wetting effectiveness, which allows for greater penetration 
into Class “A” fuels. It also gives water a foaming ability, which allows water to remain and cling 
to vertical and horizontal surfaces without run-off. This allows water to absorb more heat. By 
adding a small quantity of a Class “A” foam concentrate into a water stream, the effectiveness 
of the water can be increased up to 5 times In the event that foam is used it would be applied at 
low concentrations ranging from 0.1 % to 1.0 %. The use of foam additive would be designed to 
meet the requirements of BS EN 1568-1:2018 Fire extinguishing media and the associated 
design standards. 
 
The three objectives of the FPP guidance note are met as follows: 
 

• Both the mixing of waste and thermal imaging cameras are considered to minimise the 
likelihood of a fire happening; 

• Section 4.8 of the FPP details active firefighting measures to be implemented should a fire 
break out. Utilising these measures, the Installation aims to extinguish a fire within 4 
hours; and  

• The fire walls (described in Section 4.4 of the FPP) would minimise the spread of fire both 
within the site and to neighbouring sites. 

 
2.21 Question 21: Fire Water Containment 
 

Section 4.8.10 of the FPP briefly outlines potential locations for firewater containment, 
however potential locations are not identified on the site plans. 
 
Show on a site plan where the potential firewater containment areas will be located. 

 
As discussed in the FPP, the firewater containment areas would be as follows in order of 
anticipated fill: 
 

• Dirty Water Pit 

• Waste Bunker 

• Surface water system (containment with interceptors) 

• Site roads 
 
The locations are shown in Figure 24. 
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Figure 24:  Fire-water containment areas 
 
2.22 Question 22: Site Surfacing 
 

The Fire Prevention Plan guidance requires you to outline the location of natural or unmade 
ground around the site. 
 
Identify on a plan the areas of the site which are unmade/ not laid with hardstanding or 
impermeable surfaces. 

 
The majority of the site will be hardstanding, with the exception of the green landscaped area 
south of the Administration building and the laydown area at the north of the site, shown in 
yellow shading in Figure 25. The latter is likely to comprise permeable gravel. These areas will 
be bordered by raised curbs to reduce risks of interaction with water in the hardstanding areas. 
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Figure 25:  Site plan showing areas which are not hardstanding in yellow 
 
2.23 Question 23: Waste Produced 
 

Guidance EPR 5.01 section 1.4 point 14 requires you to confirm you will regularly audit your 
waste disposal and recovery routes to ensure your waste is being appropriately dealt with. 
 
Confirm that your will audit you waste recovery/disposal routes. 

 
We confirm that waste recovery and disposal routes will be audited. 
 
2.24 Question 24: Waste Pre-acceptance 
 

EPR 5.01 section 2.1 part 19 states that decisions regarding the need for and extent of waste 
treatment at municipal waste incinerators should take account of the wider waste strategy 
adopted in the locality as this will influence the composition of the waste delivered. For 
example, where removal of recyclable materials is being carried out within the waste 
catchment area (as demonstrated by recycling performance or facility provision) incineration 
without further front end MRF or shredding may be justifiable as BAT for the remaining waste, 
provided statutory emission limit values can be secured and the additional environmental 
gains are outweighed by the costs. 
 
It is stated that RDF will be accepted at the site, however there is no indication that other 
waste collections are pre-treated to maximise recovery of recyclables. 
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As the site does not have a front end material recycling facility (MRF), demonstrate 
how you will manage the site’s waste contracts to maximise the removal of recyclables 
in line with BAT and justify why a front end MRF is not required. 

 
The site will only be contracting to receive pre-separated waste sources, post a recyclable 
separation step performed by a local authority, or waste contractor. Contracted waste specifics 
will be negotiated and specified with suppliers. However, it should be noted it is expected the 
site will be predominantly a “merchant” supplied plant, at least initially for the first 5–10 years 
until local authority supply contracts are available for tender. Merchant waste feedstock will 
consist of waste streams which are only produced following a recycling processing and 
separation step. Uniper will implement detailed quality assessment and assurance schemes for 
all operational parameters of the site. A detailed regular inspection programme will be followed 
and reported for deliveries of waste to site. Where materials are received which are not in line 
with the agreed contractual specifications of the supplier then this will be addressed with the 
supplier accordingly. 
 
It is further expected that recycling levels will continue to increase as waste separation and 
collection systems continue improve, and especially if food waste becomes required to be 
separated from the mixed waste stream sources (Courtauld agreement 2023). The Courtauld 
agreement, if legislated and implemented nationally by local authorities, should enable greater 
levels of recycling efficiency to be achieved compared to the levels which are currently 
achievable via present MRF design. The region of Wales has demonstrated with their separate 
waste collection scheme that recycling rates of 60 % can be achieved more readily when more 
household and business recycling tasks are performed at the first point of waste separation and 
disposal. It is Uniper’s opinion that with four commercial MRF facilities already located within 30 
miles of the site, and with Coventry council just confirming their investment decision to proceed 
with a 175,000 tonne/year MRF, that the additional requirement for another commercial MRF is 
probably unlikely to be a sustainable investment after 2030. 
 
2.25 Question 25: Annual Throughput 
 

Your application proposes a throughput of 472,100 tonnes per annum (tpa) (for a 10.0 MJ/kg 
calorific value (CV)) with a maximum of 524,550 tpa (for a 9.0 MJ/kg CV). You state that 
472,100 tonnes per annum is the nominal design capacity of the plant. You therefore appear 
to have based your assessments on the 472,100 tonnes per annum figure and it is not clear 
how you have accounted for operating at the higher tonnages with a lower calorific value. 
 
Demonstrate how you have accounted for the potential maximum waste tonnage with a 
lower calorific value (524,550 tpa) in your emissions assessments (e.g. air) and 
operational assessments (e.g. materials consumption and waste). 

 
The air quality assessment was based on the design point emissions of 472,100 tonnes per 
annum as the most representative case for future operation. Whilst an increase to 524,550 
tonnes per annum represents an 11 % increase by mass, this does not result in a 
corresponding increase in flue gas volume flow rates due to the different fuel composition 
associated with the lower CV, notably lower hydrocarbon content and higher moisture content. 
 
Table 6 compares the emission characteristics for the 10 MJ/kg and 9 MJ/kg cases based on 
both lines operating and assigning to a single effective stack release. 
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Table 6:  Stack emission characteristics for 10 MJ/kg and 9 MJ/kg cases 
 

Parameter 10 MJ/kg fuel CV 
472,100 tpa 

9 MJ/kg fuel CV 
524,550 tpa 

Flue gas temperature at stack (°C) 140 140 

Internal effective diameter (m) 2.75 2.75 

Exit moisture content % v/v 17.4 19.98 

Exit oxygen content % v/v 6.41 6.44 

Reference oxygen content % v/v dry 11 11 

Volumetric flow rate at reference 
conditions (Nm³/s) 

94.8 97.5 

Volumetric flow rate at actual conditions 
(Am³/s) 

118.7 126.3 

Flue gas exit velocity (m/s) 20.0 21.3 

 
It can be seen that the volumetric flow rate for the 9 MJ/kg CV case is only around 3 % higher 
than the 10 MJ/kg CV case. As both cases will be required to meet the same stack ELVs 
(defined in mg/Nm3) the impacts associated with the 9 MJ/kg CV case would only be a 
maximum of 3 % higher. In practice, the slightly higher exit velocity would improve dispersion for 
the 9 MJ/kg CV case which would reduce the difference in impacts between the two cases. 
 
This level of difference is significantly smaller than the difference in, for instance, concentrations 
arising from modelling different meteorological years and hence is within the uncertainty range 
for air quality modelling. A number of worst-case assumptions were made in the air quality 
modelling to ensure that estimated impacts were likely to be over-estimates, as listed in Section 
4.11 of the air quality assessment (Kulambi & Griffiths, 2021). As such the assessment for the 
10 MJ/kg CV case can be regarded as sufficiently precautionary to encompass the impacts of 
the 9 MJ/kg CV case. 
 
The Permit Application Greenhouse Gas Assessment (Griffiths, 2020a) includes calculations 
based on both the 10 MJ/kg CV case (the ‘expected NCV’ case) and the 9 MJ/kg CV case (the 
‘low’ NCV case). 
 
Ranges for waste corresponding to the CV range have been used in the Supporting Information 
document. These ranges include the main wastes of Incinerator Bottom Ash (Section 1.4.6.1), 
air pollution control residues (Section 1.4.6.2). 
 
Ranges for materials consumption associated with the CV range can be found in Appendix 8-4 
(carbon assessment) of the Environmental Statement included with the Environmental Permit 
Application. 
 
2.26 Questions 26 to 28: Sludges, Waste Properties & Waste Suitability 
 

26) Sludges 
 
Section 2.11.2 of your supporting information document states you have excluded BAT 
conclusions relating to sludges, however you have included the waste code 20 03 04 (septic 
tank sludge). 
 
Provide justification for including this waste code. 
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27) Waste properties 
 
Supporting information document - Table 6 (Proposed Waste Codes) states you intend to 
accept the following waste types: 
 

• 19 06 04 digestate from anaerobic treatment of municipal waste  

• 19 06 06 digestate from anaerobic treatment of animal and vegetable waste  

• 04 02 10 organic matter from natural products (for example grease, wax)  
 
Please provide a justification as to why these wastes and their physical properties are 
suitable for incineration. 

 

28) Waste suitability 
Supporting information document - Table 6 (Proposed Waste Codes) includes the following 
waste types: 
 

• 16 03 04 inorganic wastes other than those mentioned in 16 03 03 

• 16 03 06 organic wastes other than those mentioned in 16 03 05 

• 19 12 12 other wastes (including mixtures of materials) from mechanical treatment of 
wastes other than those mentioned in 19 12 11 

 
Please justify why each of these waste codes are suitable for incineration. 

 
The EMERGE Centre aims to primarily contract for EWC 20 03 01 municipal solid waste and 
Refuse Derived Fuel EWC 19 12 12. Whilst the site is not intending to actively target the other 
wastes outlined in questions 26 to 28 in supplier contracts, the site does wish to retain an option 
to accept certain waste classifications which may be encountered on occasion in small 
quantities. Waste codes have also been set to be broad to allow flexibility in terms of waste 
contract negotiations. 
 
Dewatered waste sludges, such as septic tank sludge, and anaerobic digestion sludge, typically 
have an energy value (> 8 GJ/t) and chemical composition which would not typically be 
detrimental to incinerate. Sludges are often incinerated and blended with other fuels, and as the 
composition is predominantly organic, this avoids the waste from having to be landfilled and the 
potential methane emissions released to air. 
 
2.27 Question 29: Recyclable Waste 
 

Supporting information document - Table 6 (Proposed Waste Codes) includes the following 
waste types: 
 

• 15 01 01 paper and cardboard packaging 

• 15 01 06 mixed packaging 

• 15 01 07 glass packaging 

• 19 12 01 paper and cardboard 

• All 20 01 codes - separately collected fractions 

• 20 02 01 biodegradable waste 
 
Considering the local waste strategy, justify receiving the following wastes codes for 
incineration rather than them being recycled or subject to other treatment methods e.g. 
composting or anaerobic digestion. 
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As noted in the answer to questions 24 and 26 to 28, the site intends only to receive wastes 
which have been through a separation process. Inevitably there will be some recyclable 
materials within MSW which are sufficiently contaminated that they cannot be separated or 
recycled (for instance paper or card contaminated with paint). As many of these materials have 
energy content, they are suitable for energy recovery. The waste codes have therefore been 
included to allow acceptance of contaminated recyclable wastes, which cannot be recycled in 
practice. 
 
2.28 Question 30: Dirty Water Tank/Pit 
 

Your environmental risk assessment document page 14 states that dirty water from cleaning 
will be collected by internal drains and routed to a dirty water tank. The supporting document 
section 2.3 then refers to a dirty water tank for the liquid effluents such as boiler blow down 
and from back-washing / regeneration of the water demineralisation plant. The site plan in 
Appendix A then goes on to indicate a dirty water pit which does not include any foul water 
pipework connections and a septic tank with foul pipework connections. 
 
Provide clarification on: 
a) The utilisation of the dirty water tank/pit 
b) How the different waste water streams are routed this tank/pit. 
c) Routing of other streams (e.g. cleaning runoff) if they are or are not directed to 

this tank/pit. 

 
The Ratcliffe site currently has no sewer connection. All foul-water associated with site ancillary 
operations (i.e. kitchens, bathroom facilities, etc) will be routed to the septic tank to be tankered 
offsite for third party treatment. Figure 26 shows indicative routes for foul water connections as 
dashed green lines. 
 
All process effluent water will be collected in the dirty water pit. This dirty water pit will also be 
used to collect any water internal to the main buildings via a series of pumps and gullies e.g. 
cleaning run-off. 
 
Surface water will be collected within the surface water run-off drainage systems prior to 
discharge into the main Ratcliffe Power Station surface water system. Locations of retention 
separator tanks are also shown in Figure 26. 
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Figure 26:  Drainage routes (foul water routes to septic tank shown in green, surface 
water retention tanks and connections in blue) 

 
2.29 Question 31: Water and Sewer Discharges 
 

Section 2.4.4 of the supporting information document states that under ‘normal operations’, 
there will be no process emissions to water or sewer from the Installation. This suggests there 
is the potential for some emissions to water and sewer but these discharges and the 
measures put in place to manage them have not been identified. 
 
Outline whether or not there will be discharges to water or sewer outside ‘normal 
operations’ and clarify when these may occur and how they will be managed. 

 
There will be no additional discharges to water or sewer outside normal operations. 
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2.30 Question 32: Chemical Unloading 
 

Section 2.4.5 of the supporting information document states that tanker off-loading of 
chemicals will take place within areas where the drainage is contained with the appropriate 
capacity to contain any potential spill during delivery. This will include measures such as 
areas of hardstanding with falls to a gully and/or sump. 
 
Outline where the tanker offloading will take place and demonstrate on your drainage 
plan the location of proposed drainage infrastructure (sumps, gully) that are proposed 
to manage spills during delivery. 

 
The precise details of the reagent unloading and associated sumps and gullies will be 
established at detailed design stage. It is anticipated that unloading for ammonium hydroxide 
will take place on one of the two roads adjacent to the ammonium hydroxide storage tank and 
that other chemicals will be delivered and stored in the flue gas treatment (FGT) area inside the 
building itself via an internal road (see Figure 27). Further details of the measures that will be 
put in place for both solid and liquid chemicals are included in Table 2.4 (Accidents Risk 
Management Plan) of the Environmental Risk Assessment submitted as part of the 
environmental permit application (Griffiths, 2020b). 
 

 
 
Figure 27:  Location of ammonium hydroxide storage tank (outside building) and flue gas 

treatment area (inside building) 
 
2.31 Question 33: Manoeuvring and Storage Area 
 

The site diagrams/plans in Appendix A show a manoeuvring and storage area. 
 
Describe what storage is undertaken here. 

 
This area might be occasionally used to store large items being delivered to the plant. For clarity 
there is no intention to store waste in this area. 
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2.32 Question 34: Primary Abatement Measures 
 

Your BAT assessment document is brief in regards to assessing the options available for 
primary emissions abatement measures. For each emission (e.g. NOx, acid gases) it does not 
give a sufficient overview as to the primary abatement measures available, why the proposed 
primary measures are BAT and why certain primary measures available for the sector were 
discounted. 
 
With reference to Section 3.1 part 10 – 18 and 33 - 38 of the EPR 5.01 guidance, provide 
a BAT assessment which expands on the primary emissions abatement measures for 
air emissions and justify the primary abatement methods you have implemented and 
discounted. 

 
The BAT Assessment (Eyre, 2020) focusses on the combination of boiler technology (grate vs 
fluidised bed), with firing system as a combined primary abatement approach ahead of further 
treatment by secondary abatement for NOx, as well as other acid gases. The following 
paragraphs outline in a narrative sense the aspects of BAT contained in EPR 5.01, Section 3.1, 
parts 10 to 18 (primary NOx control measures) and how these are addressed in the EMERGE 
Centre development. 
 
Point 10. If you burn wastes that are nitrogen rich (e.g. sewage sludge), you will need to pay 
particular attention to the techniques for NOx reduction outlined below. 
 
EMERGE Centre Position: the fuel basket being considered by the EMERGE Centre 
development is not especially high in nitrogen, but may be variable as fuel can be from a 
number of sources including Refuse Derived Fuel (RDF), Commercial and Industrial (C&I) 
waste, Local Authority Collection Waste (LACW) and Construction and Demolition (C&D) waste. 
Therefore, it is recognised that whatever NOx control strategy is employed, it must be robust to 
potentially variable fuel specification in general. 
 
Point 11. Use low NOx burners for burning liquid waste or for supplementary firing. 
 
EMERGE Centre Position: liquid wastes are not envisaged as part of the supply to the 
development, and supplementary firing would not be necessary in normal operation. However, 
recognising that there may be occasions where supplementary firing is required, NOx control will 
be maintained during those periods through installing burners of a low NOx design. 
 
Point 12. Use starved air systems where appropriate to reduce both the oxygen content and the 
temperature in the area where the NOx is normally formed. They can combine good NOx and 
good CO performance particularly when used with separate chambers. 
 
EMERGE Centre Position: this approach will not be employed as part of the EMERGE Centre 
development due to the parallel requirement to ensure good burnout of fuel, and destruction of 
organic constituents such as dioxins. The EMERGE Centre development is based on 
combustion of waste, rather than pyrolysis. 
 
Point 13. Methane (natural gas) addition is an emerging technique, although not yet 
commercially proven, in which the gas is either injected into the bed where it can suppress the 
formation of NOx or into the secondary combustion area (termed reburn) where it can reduce 
the NOx which has already formed back to N2. 
 
EMERGE Centre Position: this approach will not be employed as part of the EMERGE Centre 
development due to the lack of a gas supply to site. However, it is also noted that whilst this 
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approach is listed as “emerging” in EPR 5.01, it is not listed as an available technique in the 
most recent WI BAT Conclusions, or as an emerging technique in the revised WI BREF 
document – on this basis it is not considered to be truly available for commercial deployment on 
the EMERGE Centre. 
 
Point 14. Fluidised bed combustors (FBC) operate at relatively lower combustion temperatures 
than other systems. They can therefore produce less thermal NOx than other designs and are 
commonly used for sewage sludge incineration. They are well suited to wastes of a consistent 
and small particle size but are not suited to large or heterogeneous waste feeds (e.g. raw 
municipal waste) unless those are pretreated. Some waste streams (e.g. mixed raw municipal 
waste) have been difficult to pretreat, with breakdowns and fires occurring. The potential NOx 
reductions of combining FBC and feed preparation must therefore be weighed against these 
potential difficulties for heterogeneous waste types. 
 
EMERGE Centre Position: the use of FBC was considered in the BAT Assessment undertaken 
as part of the permit application. The excellent combustion efficiency and heat transfer from fuel 
to boiler were noted as benefits of the technology as was the ability to utilise high moisture 
and/or high ash fuels. Benefits with respect to lower combustion temperatures delivering lower 
NOx levels were also recognised. However, as noted in EPR 5.01, as FBCs require consistent, 
small, particles, there can be no guarantees that there will be no material of this type presenting 
in deliveries, on this basis FBC may not be applicable. As the EMERGE Centre development 
requires a robust boiler technology capable of taken diverse waste feeds, the resilient grate 
technology was selected as BAT due to improved reliability. 
 
Point 15. Where the emission limit values stated in European Directives can be guaranteed 
without the need for secondary abatement (e.g. reagent injection), and the waste is suitable, 
FBC with limited (or no) reagent injection may represent BAT. However, such guarantees are 
not generally being given. This, and the ability of other non-FBC techniques to meet the 
required emission levels, and provide optimal reagent reaction conditions (see selective non 
catalytic reduction below) at slightly higher furnace temperatures means that there is currently 
little to choose between these technologies. The primary consideration should therefore remain 
that of waste characteristics. 
 
EMERGE Centre Position: the selection of grate, over FBC, technology has been made partly 
due to lower cost, but also due to its better availability in service when processing the range of 
wastes envisaged. This is consistent with Point 15, where the primary point of difference, and 
hence drive for technology selection, is stated as being the characteristics of the waste being 
processed in the facility. 
 
Point 16. Seal all equipment to prevent fugitive air ingress and maintain it under slight negative 
pressure to allow control of air input and to prevent combustion gas releases. 
 
EMERGE Centre Position: the control of fugitive air ingress (also known as tramp air) is an 
important aspect of maintaining good plant and combustion control. Increasing air ingress 
serves to bring about a number of negative outcomes including increased works power for 
draught plant as greater air flows are required to be conveyed in to the boiler to maintain good 
combustion, and potentially far greater volumes of combustion gases must be sucked out of the 
boiler by the induced draught fan. In addition, greater flue gas mass flow increases thermal 
energy loss in the flue gas as, for a given flue gas temperature, there is a greater mass flow and 
therefore a greater overall sensible heat loss from the plant. 
 
It is our experience as an experienced owner and operator of combustion plant that controlling 
tramp air is not solely a function of how the plant is specified, but also a function of how the 
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plant is constructed, operated and maintained throughout its life. Specification is important as 
this will define our requirements for plant details such as furnace and gas path penetrations, 
how they should be designed and setting the expectation that this should be gas tight by design. 
However, ongoing operation is also important, and maintenance of aspects such as access port 
seals, and access doors can be just as important as the penetrations for air injection, or 
instrumentation. 
 
Overall, the plant has been specified such that tramp air should be minimised by design, and 
also by facilitating ongoing maintenance. The gas path itself as required by point 16 will be 
operated under slight suction to avoid the release of flue gas to the building itself, and also to 
ensure that drawing of air through the fuel supply system to assist in odour control. 
 
Point 17. Optimise primary and secondary air feed so that conditions in the combustion 
chamber secure oxidative combustion of gases (and hence destruction of organic species), 
while not being excessive which would result in higher NOx production. 
 
EMERGE Centre Position: the proposed plant will comprise of a combustion system utilising 
both primary air fed to the grate and secondary air fed above the grate into the combustion 
volume. This split in air flow will be defined by the technology supplier during design, and 
confirmed in commissioning, as the most best set-up for the as built plant is determined. The 
potential to split the flow volumes between primary and secondary flows in this way allows the 
optimisation of NOx control, whilst maintain good overall burnout as observed through low 
measured CO levels. This would be a surrogate for demonstrating high levels of destruction of 
other organic species of concern. Another important element of this set-up is the operation of 
the flue gas recirculation (FGR) system as this allows flow volumes to be maintained, assisting 
heat transfer, and also low grade heat from the flue gas which cannot be used to raise further 
steam for use in the turbine to be returned to the furnace, rather than be released at the stack. 
FGR reduces the oxygen partial pressure in the flue gas and therefore reduces the oxygen 
available to drive NOx production reactions, although its primary function here is not as a NOx 
control tool, but as a combustion control tool bringing other co-benefits. 
 
This integrated combustion system will be optimised during commissioning, and we propose to 
submit a written report to the Competent Authority on the commissioning of the Installation. The 
report will summarise the environmental performance of the Installation as installed against the 
design parameters set out in the application, including combustion system set-up and NOx 
control optimisation. 
 
Point 18. For new plant, or when undertaking upgrade of the combustion chamber you must use 
computational fluid dynamics (CFD) to optimise your primary and secondary air input. You 
should provide alternative (multiple) air injection ports and directional injection nozzles to allow 
for in-service optimisation. 
 
EMERGE Centre Position: this CFD activity will be completed as part of design, and this will 
confirm the location and type of nozzles to be included in the design of the boiler. 
 
The following paragraphs outline in a narrative sense the aspects of BAT contained in EPR 
5.01, Section 3.1, parts 33 to 38 (primary acid gas control measures) and how these are 
addressed in the EMERGE Centre development. 
 
Point 33. Use low sulphur fuels < 0.2 % w/w for start-up and support. During start-up, shutdown, 
and to support combustion at a temperature above the minimum specified for the particular 
waste type, WID prohibits the use of fuels which can cause higher emissions than those of gas 
oil (as defined by Art 1(1) of Directive 75/716/EEC), liquefied gas or natural gas. In requiring the 
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relevant combustion temperature to be maintained at all times when waste is being burned, 
WID also effectively prevents the use of wastes as a start-up fuel, regardless of specification. 
 
EMERGE Centre Position: the auxiliary burners will typically operate for up to 16 hours during a 
start-up event, and these will run on low sulphur fuel oil consistent with that required by the IED 
(formerly the WID). These burners will also be used for load and temperature support where 
required to maintain the relevant combustion parameters of 2 seconds residence time at greater 
than 850°C. 
 
Point 34. Because the primary purpose of incineration is the disposal of waste, there may be 
few opportunities to influence releases through waste selection. It is fundamental that the 
installation should be designed to cope with the type of waste it is to receive (see abatement 
design envelope below). However, sometimes a particular waste stream is known to create 
particular difficulties or the waste stream has changed. An example of this is large quantities of 
PVC plastics or plaster board where they are not well mixed with other waste at municipal waste 
incinerators. Where such problems occur, you are expected to take whatever steps are 
necessary to ensure compliance. 
 
EMERGE Centre Position: in operation the EMERGE Centre will comply with its emission limits 
as defined by the permit, and the facility will be designed to meet these limits when firing 
diverse waste fuels from RDF, Construction and Demolition wastes, or Local Authority 
Collection Wastes. In line with the guidance EPR 5.01, the EMERGE Centre will operate 
systems to ensure that waste to be received by the facility contains information pertaining to 
physical and chemical composition of the material, other information necessary as needed to 
assess its suitability for incineration (including the ability of the flue gas treatment plant to 
maintain compliant performance), any hazard characteristics of the material, any substances 
with which materials cannot be mixed, and associated handling precautions. 
 
In the event that an out of specification fuel delivery is received (or one that is thought to 
potentially be out of specification), this would be determined whilst unloading of the incoming 
batch. The tipping hall operators will perform a visual inspection of the waste to determine if any 
of the waste is indeed ‘unacceptable’ to the process plant (or the permit held). Any waste found 
during this process to be unacceptable will be removed from the bunker and stored in a 
designated quarantine for further inspection. If following further checks it is still found to 
unsuitable for processing within the EMERGE Centre then arrangements will be made for 
transfer of the waste to a suitably licensed waste management facility. 
 
Where small volumes of occasional challenging material are received (but still within the 
material specification the environmental permit allows to be processed), material can be mixed 
with the bulk waste in the hoppers to minimise the impact of burning short duration “slugs” of 
material in the plant. 
 
Point 35. These may include: 
 

• upstream waste management to prevent the inclusion of problem wastes 

• use of front end waste treatment techniques 

• abatement plant operation trimming 

• abatement plant redesign and rebuild. 
 
EMERGE Centre Position: the waste specification will be the primary tool used to determine 
which waste supply sources are appropriate to be treated in the EMERGE Centre and to 
manage these supply sources accordingly. As noted previously, if an unsuitable batch of 
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material is received there will be processes to ensure that it is not admitted to the furnace. For 
in-specification fuel that enter the plant, and may have been processed as outlined in the 
previous response, the control system of the plant will change control set points to ensure that 
compliance with ELVs for all species, including acid gases, are achieved. Specifically, this could 
be an increase in reagent flow in response to an inlet gas composition at the Flue Gas 
Treatment plant. 
 
Point 36. These options are discussed further below. The chosen options will depend upon the 
nature of the particular waste stream and decisions regarding the ability to reliably segregate 
the problematic fractions. 
 
EMERGE Centre Position: measures will be put in place to segregate problematic waste 
fractions as indicated previously, prior to determining its suitability for use, or its movement to 
an appropriately licensed facility elsewhere. 
 
Point 37. Waste selection or segregation techniques may help to prevent releases of acid gases 
by: 
 

• allowing the removal of problem wastes 

• homogenising the waste feed to provide for improved process stability. 
 
EMERGE Centre Position: measures will be put in place to segregate problematic waste 
fractions as indicated previously, prior to determining its suitability for use, or its movement to 
an appropriately licensed facility elsewhere. Waste can be homogenised in the bunkers using 
the craneage facilities in place, this ability to mix fuel in the hoppers will optimise the fuel feed to 
the furnace fuel supply lines. This in turn helps stabilise plant operation, reducing variability in 
performance, and reducing the operating envelope in which the control system is required to 
optimise unit performance. 
 
Point 38. This can give the following benefits: 
 

• minimising the quantity of reagent required to treat the acid gases  

• minimising the amount if waste reagent requiring re-circulation or disposal. 
 
EMERGE Centre Position: where plant operation can be improved by homogenising fuel by 
mixing material in the bunkers the control system for the flue gas treatment plant in particular 
will be able to be more able to accurately match reagent demand to fuel burn, and avoid 
swinging injection rates associated with “noisy” signals from gas composition monitoring where 
fuel entering the furnace varies rapidly in quality and composition. However, emission limits set 
in the permit must recognise that the fuel by its nature is not completely homogenous and there 
will remain variations between batches received and seasonally through the year and over 
longer periods. 
 
Summary position: Uniper believes that the narrative discussion above reinforces the 
quantitative assessments conducted in the BAT Assessment (Eyre, 2020) as well as the 
information provided in the Supporting Information (Henson & Brandwood, 2020) document of 
the permit application. Uniper will engage with the Environment Agency further as the 
technology solution is developed to demonstrate further that both actual BAT is delivered by the 
project, as well as the project delivering against the requirements in the spirit in which they were 
intended – that is to say in delivering a high degree of overall environmental control from 
developments such as the EMERGE Centre. 
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2.33 Question 35: Acid Gas Abatement Conclusion 
 

In section 2.6.3 of the supporting information document you have provided an assessment of 
your acid gas abatement options. You conclude that either dry or semi dry lime can be 
considered BAT for this installation. There are a number of factors which are similar between 
dry and semi dry, however there are some significant differences in water use and global 
warming potential. 
 
Please provide justification as to why you intend to select both dry and semi dry as 
BAT and why considering the above points semi dry could be considered BAT over dry 
once the design has been finalised. 

 
The flue gas cleaning approach for the EMERGE Centre must achieve the requirements of the 
incoming new WI BAT Conclusions as interpreted by the Competent Authorities in the UK. This 
sets BAT Associated Emission Levels for the following acid gasses, SO2, HCl, and HF. Whilst in 
many respects we would favour the use of a dry lime system due to its low Global Warming 
Potential compared to semi-dry systems, as a commercially developed project we need to 
recognise that guarantees on performance are an important aspect of technology suppliers 
being able to give the purchaser confidence in their capabilities to deliver the required emission 
levels in the permit. The WI BREF document itself recognises this and states that with dry FGC 
systems “it is generally not possible to reach the same very low emission levels as with other 
FGC systems without increasing reagent dosing rates and consequent residue generation.” 
Therefore, there is not only a performance risk in achieving the required emissions limit values 
consistently, but also a cross media risk of increased energy and reagent use. 
 
This being the case the achievable performance, as assessed when including their proprietary 
design margins, and for change in plant condition over time, could lead suppliers to be reluctant 
to offer such systems, or to offer such systems with performance guarantees that would be 
unacceptable to the purchaser (for example, without involving acceptance of very high reagent 
consumption rates, and the associated environmental impacts of their production and disposal). 
 
With this in mind, there is some doubt that dry lime systems may be able to achieve high levels 
of overall removal for all the regulated species. This has been confirmed in discussions with 
other project developers who have also been unable to achieve acceptable commercial offers 
for dry flue gas cleaning systems, in particular with regard to concentrations of HCl. The stated 
BAT AEL range of 2–6 mg/Nm3 (at 11 % O2, dry) contained in the WI BAT conclusions does 
contain the footnote that “the higher end of the range may be associated with the use of dry 
sorbent injection”. However, this condition does not take into account commercial risk 
associated with poor performance and, therefore, that even if performance at this level could be 
achieved, it may not be reliable in practice throughout the whole outage cycle, and operating life 
of the plant. This level of risk may be acceptable against an annual limit value of 6 mg/Nm3 (at 
11 % O2, dry), where there is some margin for daily averages to be above this, so long as there 
are other daily averages below this level. However, where each daily average must be below 
this level, the risk on performance is too great for the technology to be chosen in isolation as the 
sole BAT candidate for acid gas control. 
 
As a result, it is not clear that technology suppliers can deliver performance guarantees that are 
robust for the required performance levels, and for the diverse waste basket that may be 
received by the EMERGE Centre. It is on this basis that semi-dry abatement must remain a BAT 
candidate technique for this development. This is recognised in the WI BAT Conclusions 
(section 1.5.2.2, termed there as a “semi-wet absorber”). 
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2.34 Question 36: SNCR Reagent Selection 
 

In section 2.6.3 of the supporting information document you have provided an assessment of 
your nitrogen oxides abatement options. You conclude that either SNCR with lime or urea can 
be considered BAT for this installation. There are a number of aspects which are similar 
between lime and urea, however there is a significant difference in global warming potential. 
 
Please provide justification as to why you intend to select SNCR with lime or urea as 
BAT and why considering the above points urea could be considered BAT over lime 
once the design has been finalised. 

 
For clarification, we assume that the EA suggests that the EMERGE Centre proposal includes 
the use of either SNCR with ammonia solution or urea, rather than lime or urea. 
 
As noted later in this response, the EMERGE Centre will include a flue gas recirculation system 
as part of the combustion control strategy (optimising NOx, thermal efficiency and combustion). 
The SNCR system is an additional secondary control, considered after this, as required in EPR 
5.01, section 3.1, point 23. 
 
The BAT assessment performed does not draw a firm conclusion on the favoured option 
between SNCR using urea solution or ammonia solution as the NOx reduction reagent. We do 
consider, and have stated that, there is modest cost saving in reagent where urea is employed, 
and therefore there is a small reduction in the cost of NOx abated (913 GBP/te vs 944 GBP/te). 
 
EPR 5.01, section 3.1, point 24 states that “Ammonia and urea injection are suitable and either 
may represent BAT. When dosing is optimised, ammonia tends to give rise to lower nitrous 
oxide formation (a potent greenhouse gas); however urea may be effective over a slightly wider 
temperature window and is easier to handle.” The fuel supply has not, at the time of writing, 
been fixed for the EMERGE Centre. This means that equipment suppliers for the furnace and 
combustion system will be required to design in fuel flexibility to allow a wide range of waste 
from different sources to be treated (as there can be great variety in composition of waste under 
the same waste codes). Indeed, this is a requirement of EPR, and good practice in general, to 
ensure that plant is robust and able to handle normal variations in fuel quality. Whilst plant 
suppliers are free to select either ammonia solution or urea for SNCR NOx control, part of the 
strategy employed to ensure that the required NOx BAT Associated Emission Levels outlined in 
the application are met when firing waste from diverse sources could involve selecting urea, as 
it “may be effective over a slightly wider temperature window”, with temperature variation being 
a potential consequence of receiving wastes from different locations, as well as seasonal 
variations. In any case, reagent injection location must be optimised for the situation and it is 
expected that furnace design using tools such as CFD will be undertaken to prove injection is at 
an appropriate position. Suppliers may also choose to incorporate the potential to move 
injection lances to different locations in the gas path to optimise system performance. 
 
EPR 5.01 section 3.1, point 25 notes that “poorly optimised reagent injection may give rise to 
elevated emissions of ammonia. NOx levels should be monitored and the addition of reagent 
closely controlled to minimise the possibility of ammonia slippage.” Uniper recognises the 
importance of tuning and optimisation of the SNCR as one component of the overall NOx control 
strategy. Optimisation in this way considering both the SNCR and the combustion system will 
allow the most effective plant set-up to be chosen in commissioning. The risk of elevated 
ammonia emissions where NOx is “over-controlled” or the injection of reagent is at a sub-
optimum location is recognised, but it is also noted that there will be emission limit values 
imposed for both NOx and ammonia, and therefore in practice there will be a safety net against 
poor performance. 
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2.35 Question 37: Direct Boiler Injection 
 

The incineration sector BAT conclusions section 2.2 (techniques to reduce emissions to air) 
outlines the injection of magnesium or calcium based absorbents at a high temperature in the 
boiler post-combustion area, to achieve partial abatement of acid gases as being highly 
effective for the removal of SOx and HF, and provides additional benefits in terms of flattening 
emission peaks. 
 
Direct boiler injection is applicable for all plants and can improve overall performance of the 
acid gas abatement system as well as reducing reagent usage. Your process schematic does 
not suggest direct injection into the boiler post-combustion area. 
 
Provide justification for not injecting sorbents into the boiler post-combustion area. 

 
Whilst the EMERGE Centre specification invites suppliers to bring forward offers utilising dry, 
dry conditioned, semi-dry or semi-dry conditioned reagent injection systems for the abatement 
of acid gases, the proposed flue gas treatment system includes a reactor system incorporated 
into the flue gas path. The reactor at the point of reagent injection shall be sized to ensure the 
flue gas velocity is sufficient to carry the injected material to the inlet of the fabric filter whilst 
allowing minimal drop out. The particle entrainment and flow characteristics of this system shall 
be demonstrated using a computational fluid dynamics (CFD) model from the point of reagent 
injection to the fabric filter unit exit. Instrumentation shall be provided upstream of the reagent 
injection system to measure the raw concentration of acid gases in the flue gas and use this 
data to optimise the rate of reagent injection, this is as stated in EPR 5.01, section 3.1, point 47. 
 
As acknowledged in EPR 5.01, section 3.1, fuel composition can vary and as such that flue gas 
treatment plant must be able to meet the BAT Associated Emission Levels set out in the 
application. The proposed arrangement above allows control of reagent injection and intimate 
mixing of the sorbents with flue gas, both in the time of flight, but also when forming a stable, 
coherent, filter cake on the baghouse filters. This being at least as important as the residence 
time in flight. 
 
Considering table 3.4 of EPR 5.01, the specified system incorporates many of the advantages 
of dry, or semi dry, systems, specifically; 
 

• low water use, as where hydrated lime is the reagent a slurry is not required, 

• potential for maximising reagent utilisation by recycling a portion of the particulate 
captured and discharged from the fabric filter to the reagent injection point (this is a 
vendor specific option), 

• mitigating the risk that low reaction rates occur, by allowing enhanced capture from the 
flue gas by the dust cake (bearing unreacted reagent) formed on the surface of the fabric 
filter bags, 

• improved reagent utilisation reduces air pollution control residue production volumes, 

• reagent injection can be trimmed using both input acid gas measurements as well as 
measured values at the outlet of the plant. 

 
Direct boiler injection could also entail that, given conventional duct sizing, material will drop out 
before reaching the filter, therefore reactions can only occur between acid gases and the 
sorbent for a short period of time before it drops out. The higher velocities required to avoid this 
drop-out would lead to increased erosion of gas path components and increase site 
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maintenance burden.1 
 
2.36 Question 38: Flue Gas Recirculation (FGR) 
 

In section 3.3 of your BAT assessment document you have identified that the implementation 
of FGR provides some additional benefit to stand alone SNCR but at a significantly higher 
cost. However not all the potential benefits of FGR have been fully assessed in relation to 
others aspects of the application. 
 
Demonstrate why the cost/benefit of FGR cannot be considered BAT taking into 
account the following: 
a) NOx emissions are not insignificant under air emissions modelling scenario D.  
b) Ammonia and N-deposition emissions are not insignificant in the air emissions 

modelling.  
c) EPR 5.01 section 3.1 point 22 identifies the potential increase in overall energy 

recovery by retaining heat from stack gases.  
b) EPR 5.01 Section 3.1 point 63 states that FGR, SNCR and SCR are all reported to 

help to prevent dioxin formation and promote their destruction. 

 
The EMERGE Centre boiler plant has been specified to include, as part of the combustion 
system draught plant, a flue gas recirculation system. Thus, the indicative BAT set out on EPR 
section 2.7 is met. 
 
The intent of this system is threefold: to optimise thermal efficiency of the boiler, reduce the 
formation of NOx in the combustion system by reducing the partial pressure of oxygen, and, 
therefore, allow significant reduction in the consumption of reagent to meet the BAT associated 
emission levels for NOx, CO and other species. As stated in EPR section 2.7, point 1, it is only 
required to provide a site specific justification of the alternative NOx control technique by 
comparing FGR against other alternatives where it is proposed not to use FGR. Uniper 
proposes that there should be an Improvement Condition to be discharged during early 
operation of the plant to demonstrate to the EA that the combination of primary and secondary 
air, recirculated flue gas, and selective non-catalytic reduction have been optimised to achieve 
the best, most optimum, balance of NOx control, thermal efficiency, electrical efficiency and 
combustion control (burnout of fuel and gaseous species). 
 
Should equipment suppliers propose solutions that do not entail the use of FGR, then Uniper 
will revert to the EA and bring forward the proposed solution of the supplier to demonstrate how 
this represents BAT for the EMERGE Centre. 
 
 
  

 
1 This phenomenon is discussed by Power magazine, summarising a study by the Electric Power Research Institute 
considering the optimising of flow baffles. Indicative relationships between erosion rates, flue gas ash loading, and 
flue gas velocity are shown Fly Ash Erosion Control and Prevention (powermag.com) 

https://www.powermag.com/fly-ash-erosion-control-and-prevention/
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