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1 Background and Review 

On 29 January 2021, BELCO sent a report to the Department of Environment and Natural Resources (“DENR”) relating 
to the soot emissions from BELCO’s North Power Station. A review of BELCO’s report was carried out by Ricardo and 

sent, along with an information request, to the Regulatory Authority of Bermuda and to the DENR on 19 March 2021.  

The following table presents Ricardo’s feedback on BELCO’s responses and information provided which were received 
on 12 May 2021. 

In summary, it seems likely that the flakes are caused by deposit of particulate-forming materials inside the flue, although 
this explanation has been rejected by BELCO. If  this theory is correct, it is caused at least in part by the use of heavy 

fuel oil as a fuel. The most effective way to mitigate this problem would be to use a lower polluting fuel such as diesel 
or natural gas, but this would incur significant additional costs. As an alternative, more frequent inspection and cleaning 

of  the North Power Station flues is recommended.   
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Table 1: Ricardo’s feedback on information provided by BELCO  

Page, Section, Para. Questions for BELCO Feedback from Ricardo 

P1, Section 1, 1st para Please provide the report on the internal inspection of the exhaust 
ducts carried out in June 2020 

Were there any issues in HFO transfer systems to the engines during 

events, for example cold transfer pipes during start-up.   

BELCO has confirmed that no report was produced following the 
internal inspection of exhaust ducts.  This means that it is not 
possible to verify or follow up BELCO’s opinion that “Initial inspection 
of the cylinders and exhaust in June 2020 showed evidence of fuel 
residue, and soot accumulation and flaking.”  For example, 
photographic records or description of materials in the inside of flues 
could have provided useful information. 

BELCO has confirmed that there were no issues in HFO transfer 

systems. 

P1, Section 1, last para How of ten do startups, shutdowns and (loaded) trips occur?  When 

are water washing and other events which may affect soot emissions 
scheduled to take place? 

Has BELCO compared the times of such events with soot events/ 
complaints?  

Does BELCO agree with the summary of links between shutdowns 

and soot events in the previous column?  Please explain any points of 

disagreement. 

BELCO has confirmed that water washing takes place twice a week, 

usually on Mondays and Fridays.  BELCO confirmed that it does 
follow up on odour complaints as would be expected, but there does 
not appear to have been any investigation of correlation between 
water washing and the incidence of odour or soot deposit complaints.   

Recommendation: This schedule could be cross-checked with the 
complaints record to identify whether complaints are more common 
on Mondays and Fridays than other weekdays.  If  that is found to be 
the case, this could indicate a possible link to water washing.   

Nutshelling takes place twice daily, so it is not likely to be possible to 
get a useful correlation between receipt of complaints and occurrence 
of  nutshelling.  E.g. complaints may be received some time after the 
incident occurred. 

The question regarding links between shutdowns and soot events 

was not passed on to BELCO.  This would have requested BELCO’s 

views on this comment: “DENR is aware that when all 4 engines were 

brought online after 10-day shutdown in June 2020, this led to a soot 

event that was acknowledged by BELCO in the local press.  Another 

soot event on the evening of Monday 15th Feb 2021 was possibly due 

to water washing of certain NPS engines.  Other soot events could 

potentially be corroborated to other BELCO engine events (e.g. 

shutdown/start-up/water wash/nut-shelling).”  An investigation of 
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Page, Section, Para. Questions for BELCO Feedback from Ricardo 

whether complaints are more common on Mondays and Fridays may 

provide some more information on possible links to water washing. 

P3, Section 3, point ii What would be the increase in costs and the anticipated impact on 

retail price of (a) a switch to diesel fuel, (b) using a lower sulphur 

HFO, (c). Operation on natural gas if the necessary infrastructure 

were to be provided. It is noted that the RA’s IRP is due for review in 

2022? 

No substantive response provided. At this stage, we have not 

engaged further with these options, although the fuel currently used is 

likely to be one of the root causes of the current problems, and a 

change would certainly be beneficial in improving odours and 

deposits from the NPS. 

P3, Section 3, point v Please provide details of economic and technical assessment that 

concluded that only primary measures could be justified. 

BELCO has proposed a meeting to discuss further.  Ricardo will liaise 

with the RA separately to this to schedule a meeting at a time 

convenient to all parties. 

P4, Section 4, point ii Which model of Lighthawk analyser is currently deployed to measure 
emissions from the NPS engines?   

Please provide a drawing to show duct size and configuration, and 
location of Lighthawk analyser in the duct. 

Does BELCO agree that the Teledyne LightHawk system would not 

detect larger soot particles? 

The Model installed is a Night Hawk 560ES which is certified under 
USEPA performance specification 1 for use at levels of up to 10 % 
Opacity provided that it has been installed in accordance with the 
requirements of this specification.  This unit is set up as an Opacity 
monitor, i.e. determining the attenuation of light caused by particles 
present in the duct and not to measure mass concentration.  The 
amount of attenuation varies for different particle sizes. So under 
normal operation when small particles are present the unit would 
provide one response but when larger particles are present then a 
dif ferent response will be observed.  The averaging period used will 
inf luence the capability of the unit to detect particles especially if a 
small number of different size particles are present for a short period 
of  time.  Consequently, the very large particles present for as seen in 
the emissions under question will not be effectively measured.  This is 
agreed by BELCO.  It may be possible to revise the configuration to 
monitor during these incidents but the system would not be able to 
monitor opacity for compliance purposes  

Recommendation: In order to provide further advice on monitor 
reconf iguration, it would be useful to know the averaging interval 
currently being used.  Consideration of the chemical composition of 
the deposited material would also be useful.  This would draw on 



 

 Ricardo Energy & Environment in Confidence  

Review of further information provided by BELCO   |  4 Ricardo Energy & Environment 

Page, Section, Para. Questions for BELCO Feedback from Ricardo 

laboratory analysis carried out during 2020: additional laboratory tests 
may also be useful. 

As regards the quality of measurement data, the drawing shows that 
the unit is in a position that meets the performance specification of a 
min of  4 duct diameters after a bend or stack exit.  So the system is 
installed in a compliant position.  However, a number of function test 
requirements are also required; 

• Field Audit Performance tests – Optical alignment, Calibration 
Error Check. Conduct a three-point calibration error test using 
three calibration attenuators, System Response Time Check, 
Averaging Period Calculation and Recording Check 

• Operational Test Period. 168 hour test Zero Calibration Drift Test, 

Upscale Calibration Drift Test. 

If  pursuing analysis of emissions via the Lighthawk system, it would 

be important to ensure that these requirements are fulfilled. 

P4, Section 5, 1st para What is BELCO’s view on whether these changes will impede or 
prevent use of gaseous fuels in future?   
 
 

Is the full power rating (and overload) still accessible to BELCO and 
are there any durability downsides from the higher pressures? 
 

 

 

 

 

 

 

 

 

 

Higher compression ratio from shims and new shape piston crown will 
limit use on gaseous fuels due to knock/detonation reasons, 
especially at high loads.  BELCO confirmed that these changes could 
be reversed to enable operation of gaseous fuels if required. 

BELCO indicated that these changes will deliver energy efficiencies 
without downsides.  Ricardo agrees that there should be an increase 
in thermal ef ficiency from the higher compression ratio.  This will tend 
to slightly reduce the thermal load, which may benefit thermally 
challenged components.  As above, full power rating and overload 
would not be accessible to BELCO on gaseous fuels.   

However, Ricardo considers that running in liquid fuel mode with 
higher compression ratio will increase firing pressures above those of 
the standard DF engine specification.  As part of commissioning the 
new hardware, MAN will have measured this new peak firing pressure 
and will be able to confirm the exact pressure increase.  The impact is 
a reduction in service life of crankshaft main bearings, con rod 
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Page, Section, Para. Questions for BELCO Feedback from Ricardo 

 

 

What are the changes to the NOx emissions as a result of the 
increased compression ratio? 
 

 

 

 

 

 

 

Can the report on emissions testing under partial load conditions be 

provided? 

bearings, piston ring and liner wear, valve seat wear.  These are all 
wear surfaces for which firing pressure is a wear factor.   

NOx emissions are not fundamental to the soot deposit issues, but an 
increase in NOx emissions could be a side-effect of measures taken 
to deal with the problem.  BELCO did not provide any further 
information on this.  Some information on NOx emissions may be 
available from engine specifications.  We consider that the increase in 
compression ratio and hence bulk temperature and pressure will 
generally increase NOx but this may be offset by the reduction in 
ignition delay.  It is expected that NOx emissions would be measured 
af ter the hardware change to confirm actual values.  MAN may 
already have an indicator of these values from internal testing, and 
NOx concentration data is available in the engine test reports. 

Part load emissions should be possible to measure (e.g. 10%, 25% 

and 50% data is in the documents).  Recommendation: more real 

time extractive measurement of PM should be carried out, as the 

events which coat residents’ roofs are alleged to be short term ‘puffs’, 

possibly related to start-ups.  The measurement point should be at the 

stack outlet to capture any stack accumulation related causes. 

P5, Section 7, 1st para Has inspection or cleaning of the internal surfaces of the exhaust 
ducts beyond the engines (to the stack exit) been undertaken or 
planned to remove any accumulations from past start-ups? 

What are BELCO’s views on more extensive cleaning as outlined by 

Ricardo? 

BELCO’s response indicates a view that inspection or cleaning is not 
necessary and accumulation of material is not occurring.  However, it 
is unclear what this is based on.  Recommendation: BELCO should 
clarify the basis of the statement that ‘Accumulation of soot is not 
occurring’.  Is this statement based on inspection of the exhaust ducts 
(including the stack ducts and ducts between stack and engines)?  It 
is difficult to verify this, as there is no report on the inspections carried 
out in June 2020.   

The f lakes described earlier are consistent with deposition of material 

on the duct internal walls, and ruling this out as a possible cause 

seems premature based on the limited information provided in this 

regard. 



 

 Ricardo Energy & Environment in Confidence  

Review of further information provided by BELCO   |  6 Ricardo Energy & Environment 

Page, Section, Para. Questions for BELCO Feedback from Ricardo 

P5, Section 7, last para What monitoring systems were considered for monitoring emissions? 

Please confirm stack diameter at point of discharge to the 
atmosphere 

Have any start-ups been stopped in the light of observed smoke/soot 

particle discharges from the stack, other than the June 2020 event? 

The stack diameter has been confirmed in provided drawings as 

being 1.4m 

BELCO response confirms that no other monitoring systems were 
reviewed.  Other methods of PM monitoring could be used, such as 
transmissometry. However, these require calibration using gravimetric 
methods and would only give good quality data for particulate matter 
with similar characteristics to that encountered at the time of testing.  
The particle size distribution emitted during the periods giving rise to 
soot deposits be different, and would require a different calibration.  
This is unlikely to be practical due to the likely short duration of these 
events.  

Recommendation: Explore the use of an in-stack system to 
determine the presence of larger particles to be used as a warning.  A 
starting point would be to review the outputs of the current unit at the 
times of known incidents.  Review the averaging interval.  Possible 
use of  a second monitor on a shorter averaging period to detect 
changes. 

Continuous ambient PM monitors that measure particle size could be 
used to provide a warning of material being deposited.  Ambient air 
quality monitor(s) could be linked to the stack emission monitoring 
system to provide near real time data.   

Recommendation: Extension of ambient air quality monitoring could 
be investigated to provide a means of tracking and managing the 
incidents of soot deposits.  This would be a significant project with 
time and resource requirements. 

The question on stopping start-ups was not passed on to BELCO. 

/ Provide exact specification of NPS and EPS engines – e.g. detailed 
manufacturer’s specifications. 

What is the NOx level of the engine at the range of operating loads 
(e.g. certified to the World Bank EHS guidelines for Thermal Power 
and Air Emissions & Ambient Air Quality, or referenced to 
manufacturer’s specification, for example)?  

BELCO declined to provide this information, so it is not possible to 
progress evaluation of engine specification further. 

BELCO provided a detailed response in relation to engine NOx 
emissions.  This confirms that measured emissions of NOx from each 
of  engines N1 to N4 was approximately 1600 mg/Nm3 at 15% 
oxygen, within the manufacturer’s specification of 2000 mg/Nm3.  This 
is comparable to the emissions benchmarks in the World Bank EHS 
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Page, Section, Para. Questions for BELCO Feedback from Ricardo 

How does this compare to emissions measured at the stack? guideline for Air Emissions & Ambient Air Quality.  The guideline sets 
benchmarks of 1460 to 1850 mg/Nm3 at 15% oxygen for liquid fuelled 
engines in the range 3 – 50 MW thermal input.  It is concluded that, 
prior to modifications, NOx emissions were compliant with the 
manufacturer’s specification and close to international benchmarks.  
As noted above, engine modifications are likely to have resulted in an 
increase in NOx emissions. 

Recent data provided by DENR indicates that measured ambient 

levels of sulphur dioxide are giving cause for concern, whereas levels 

of  nitrogen dioxide are currently compliant with national and 

international standards/guidelines.  No further work in relation to NOx 

emissions is therefore recommended at this stage. 

/ Can BELCO review the engine specification to determine if bypassing 

the charge air cooler and/or heating incoming air is a possible option 

to reduce low load smoke, and/or whether the engine can be adapted 

to allow for this? 

The response states that this practice is already in place (since the 
engines were f irst commissioned).  No details were provided on exact 
loads and conditions where heating/bypass is operating but it is 
assumed that this will not affect engine operation when operating 
above 50% load. 

No further action. 

 


