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1. Introduction 

1.1 Background 

Flexible Generation Limited obtained a permit to operate fourteen 3.5 MWth diesel fuelled compression 
ignition engines (one 49 MWth Specified Generator). These engines are operated via a balancing services 
contract on a short-term basis meeting peak demand or short falls in generation within the electrical 
distribution network. 

The permit (number PAN-005837) has been issued by Natural Resources Wales (NRW) in 2019 and include 
the following condition in relation to ‘dark smoke’ monitoring (see section 3-Emissions and monitoring of the 
permit): 

- There must be no persistent emission of ‘dark smoke’ as defined in section 3(1) of the Clean Air Act 
1993.  

Table S1.4A of the permit provide a description of NRW requirements: 

- Within 1 month of permit issue, and before the commencement of operations, the Operator shall 
submit to Natural Resources Wales and obtain written approval for a report detailing a proposed 
methodology for undertaking the monitoring of dark smoke. 

Flexible Generation Ltd requested Wood to provide technical support in defining a monitoring approach to 
comply with the aforementioned condition. 

2. Monitoring Methodology 
The apparent darkness of a smoke depends upon the concentration of the particulate matter in the effluent, 
the size of the particulate, the depth of the smoke column being viewed, and natural lighting conditions such 
as the direction of the sun relative to the observer. 
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Since the generators are provided with have jacket water heaters for increased cold-starting capability, the 
likelihood of black smoke is limited, and ‘persistent emissions of black smoke’ are considered highly unlikely. 

However, to comply with NRW requirements the following approach is proposed: 

- Flexible Generation Ltd staff will perform visual inspections when the generators are in operation. 

- The first observation will commence at start-up and, if dark smoke is observed, the visual inspection 
will continue, with regular observations repeated at one-half minute intervals. 

- Dark smoke will be assessed using a Ringelmann chart and results will be reported in a log-book.  

- If the dark smoke is clearly visible (see Section 2.1 and Figure 1) for more than one hour, the plant 
manager will be informed, and the incident will be reported to NRW. 

2.1 Ringelmann chart 

The Ringelmann chart is used to define dark smoke. The Ringelmann chart uses a scale for measuring the 
apparent density or opacity of smoke. The scale has 5 levels of density inferred from a grid of black lines on a 
white surface which, if viewed from a distance, merge into known shades of grey. Shade 1 is slightly grey and 
is usually categorized by air pollution boards as acceptable. It corresponds to an opacity of 20%. Shades 2, 3, 
4 and 5 correspond to opacities of 40%, 60%, 80% and 100% (completely black) and are usually considered 
to be "black smoke". 

In use, the observer views the plume at the point of greatest opacity and determines the corresponding 
Ringelmann Number. A Ringelmann 0, 1, 2, 3, 4 and 5 are equivalent to an opacity of 0, 20, 40, 60, 80 and 
100. 

To determine average smoke emission over a relatively long period of time, such as an hour, observations 
should be repeated at one-half minute intervals. The readings are then reduced to the total equivalent of No. 
1 smoke as a standard. No. 1 smoke being considered as 20 percent dense, the percentage "density" of the 
smoke for the entire period of observation is obtained by the formula:  

 

Figure 1 – The Ringelmann Scale 
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Copyright and non-disclosure notice 
The contents and layout of this proposal are subject to copyright owned by Wood (© Wood Environment & Infrastructure Solutions UK 
Limited 2018). This proposal may not be copied or used for any purpose other than for your own assessment of the proposal in 
connection with the project referred to and it may not be used to modify, improve or change your specification for the project, in either 
case without the prior written agreement of Wood.  
 
All information contained in this proposal regarding the breakdown of our fees, our methodology and our staff is provided to you in 
confidence and must not be disclosed or copied to third parties without the prior written agreement of Wood. Disclosure of that 
information may constitute an actionable breach of confidence or may otherwise prejudice our commercial interests. Any third party 
who obtains access to this proposal by any means will, in any event, be subject to the Third Party Disclaimer set out below. 

Third party disclaimer  
Any disclosure of this proposal to a third party is subject to this disclaimer. This proposal was prepared by Wood for use by our client 
named on the front of the proposal. It does not in any way constitute advice to any third party who is able to access it by any means. 
Wood excludes to the fullest extent lawfully permitted all liability whatsoever for any loss or damage howsoever arising from reliance on 
the contents of this proposal. We do not however exclude our liability (if any) for personal injury or death resulting from our negligence, 
for fraud or any other matter in relation to which we cannot legally exclude liability.   

General Data Protection Regulation (GDPR) 
As a global business operating in a transparent and ethical manner, we respect the privacy rights of individuals and are committed to 
handling personal information responsibly and in accordance with applicable law.  The client acknowledges that Wood’s proposal may 
contain the CV’s and personal data of individuals.  Wood expects the client to use this data for the sole purpose of the evaluation of 
Wood’s proposal and in strict accordance with the requirements of the EU General Data Protection Regulations (GDPR).  In particular, the 
client (i) will not share the personal data received from Wood with any third party, (ii) will take appropriate technical and organisational 
measures to protect such personal data, which will be accessible only to those client personnel who have a need to see such data for the 
purposes of evaluating Wood’s bid, in order to ensure the necessary level of security and (iii) will immediately destroy any personal data 
received from Wood in the event that the contract is not awarded to Wood.   

Management systems 
This document has been produced by Wood Environment & Infrastructure Solutions UK Limited in full compliance  
with the management systems, which have been certified to ISO 9001, ISO 14001 and OHSAS 18001 by LRQA. 
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