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CONFIDENTIAL 
 
29 January 2021 
 
Department of Environment and Natural Resources 
Botanical Gardens 
169 South Road 
Paget DV 04 
Bermuda 
  
Attention:  Dr. Geoff Smith, Environmental Engineer 
 
Dear Sirs,  
 
We write further to the Department of Environment and Natural Resources’ (“DENR”) letter to 
Bermuda Electric Light Company Limited (“BELCO”) dated 7 January 2021 requesting a report 
from BELCO relating to the soot emissions from BELCO’s North Power Station (the “NPS”) (the 
“Letter”). BELCO has addressed each of the information requests using the numbering set out in 
the Letter. 
 
We note that Nigel Burgess of the Regulatory Authority (“RA”) was copied on the Letter. We have 
not copied the RA on this report as the RA does not regulate BELCO in relation to the Clean Air 
Act 1991 or any other environmental matters and BELCO has, as a courtesy, provided separate 
updates to the RA on the soot emissions incidents as and when requested. 
 
Further, as BELCO continues to implement the mitigation strategy in respect of the soot emissions, 
BELCO would be grateful if this report could be kept confidential at this time.  
 
1. Assessment of the potential causes of the soot from the NPS engines. 

Soot emissions are a by-product of the combustion of hydrocarbon fuel, and the degree of 
soot production can be considered an indicator of the completeness of combustion. In most 
instances, soot will form into what might be recognized as smoke; smoke from burning heavy 
fuel oil (“HFO”) is normally a combination of ash and soot. Where combustion is less efficient, 
more soot will be present in the smoke and the smoke will appear heavier and darker. Where 
combustion is particularly inefficient, incompletely combusted fuel can appear as larger 
discrete visible particles or flakes. Soot particles or flakes may either make their way directly 
to the stack exit immediately as they are produced, or they may accumulate on the inner 
surfaces of the exhaust system.  
 
Soot contamination accumulated in the exhaust system is generally released into the exhaust 
gas flow when there are temperature changes or pressure shocks within an engine system, 
causing the contamination layers to shear from the exhaust steel and manifest as flakes at the 
stack exit. Temperature changes are most predominant when starting an engine, for example, 
as the exhaust system goes from ambient condition to >300C in a relatively short time. 
Pressure shocks are observed when a loaded engine trips unexpectedly, for example, and the 
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turbochargers surge upon de-loading. Discerning between soot that is newly produced and 
that which is accumulated over time, when observing fallout soot, is not straightforward and 
indeed often not possible. 
 
The combustion of fuel in the NPS engines is impacted by many factors, including, without 
limitation, (i) fuel composition; (ii) fuel temperature/viscosity at the point of injection; (iii) 
combustion air pressure and temperature; (iv) compression pressure based on condition and 
geometry of the combustion chamber and associated hardware; and (v) ambient air conditions.  
Deviation from design parameters for any of the aforementioned factors may result in sub-
optimal or incomplete combustion, and thus the potential for the formation of smoke, soot or 
both. 
 
BELCO has engaged Burmeister & Wain Scandinavian Contractor A/S (“BWSC”) and MAN 
Energy Solutions SE (“MAN”) to resolve the issue of excessive soot emissions from the NPS. 
Practical efforts to understand the soot issue have also been explored with BWSC and MAN, 
including physical inspections of both cylinders and exhaust systems of the NPS engines, 
testing of flue gas composition and sampling of particulate emissions at different loads. 
 
The conclusion of the inspections and testing was that the source of the soot was incomplete 
combustion of heavy fuel as the engines were starting/stopping and without load. Initial 
inspection of the cylinders and exhaust in June 2020 showed evidence of fuel residue, and 
soot accumulation and flaking. Exhaust gas testing and particulate emissions testing 
conducted in August 2020 indicated good combustion conditions through the normal load 
range, with low carbon monoxide and low particulate concentrations, leading to the conclusion 
that the issue of soot generation was limited to start/stop operation or operation at very low 
loads.  Emission of soot flakes was only visually apparent during start-up operations, further 
reinforcing the notion. 
 
In BELCO’s discussions with MAN in August 2020, the solution was to try and boost the 
cylinder operating pressure at the no-load/very low load conditions discussed above to be 
better assured of a more complete combustion and thus avoid excessive soot generation. The 
first step in achieving this was to install larger thickness shims to the con-rod assembly as 
described further below. 

 
2. Assessment of potential differences between the general arrangement of the MAN East 

Power Station (EPS) engines and the MAN NPS engines that could potentially lead to 

soot being generated from one configuration and not, apparently, by the other. 

The East Power Station (“EPS”) engines are type 48/60A (E5 and E6) and type 48/60B (E7 
and E8).  The “A” and “B” suffix denotes a difference in turbocharger arrangement – B having 
two turbochargers and A having one turbocharger. The engines are capable of burning only 
liquid fuel, namely diesel oil (“Diesel”) or HFO. They are configured to burn liquid fuel as 
economically as possible, while maintaining emissions of gas and particulate within prescribed 
limits.  This means operating at as high a combustion pressure as the engine assembly design 
allows. 
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The NPS engines are type 51/60DF. The “DF” suffix denotes that the engine is of a dual fuel 
type. This means that the engines are capable of burning either liquid fuel or gas fuel.  As with 
the EPS, the NPS liquid fuel is either Diesel or HFO, and if the NPS engines were to burn 
gaseous fuel, it would be natural gas.  
 
There are a number of physical differences between the EPS and NPS engines, but the 
principle difference is that a DF engine, by its nature, operates at a lower cylinder operating 
pressure than an oil-only engine. In order to effectively run natural gas in a reciprocating 
engine, the engine manufacturer must reduce the cylinder operating pressures in the engine 
to a level which allows for both fuel types to combust safely and efficiently. Although it is 
possible that operating at a lower pressure could be driving the excessive soot production, DF 
engines of this type, burning similar fuel, have been operating at lower pressures in other 
locations for many years, seemingly without issue,  so the soot emissions experienced at the 
NPS are considered to be abnormal.  

 
3. A list and detailed rationale of all of the potential mitigation methods that have been 

considered by BELCO, BWSC, and MAN for the NPS engines. 

The mitigation methods considered by BELCO, BWSC and MAN for the NPS engines to date 

have been as follows: 

 
(i) Primary abatement - shim change in con-rods and swap out of piston crown type with 

a view to increasing cylinder operating pressures. 

 

(ii) Primary abatement – permanent switch to Diesel to be assured of a better fuel 

combustibility and thus reduced risk of soot formation. This would have significant cost 

implications for the retail price of electricity. 

(iii) Primary abatement – BELCO has also completed preliminary feasibility studies to 

review the possibility of using liquefied natural gas (“LNG”) as an alternative to using 

Diesel or HFO. At the present time, this proposal is not feasible because the Integrated 

Resource Plan published by the Regulatory Authority in July 2019 has chosen a 

scenario that excludes LNG conversion. 

(iv) Partial primary abatement – perform NPS engine start-ups and shutdowns with Diesel 

and switching to HFO at sufficient loading to prevent soot formation. 

(v) Secondary abatement options for soot removal on engine start-up sequence (only) –

capture soot within bag house filters or electrostatic precipitators to capture particulate 

emissions. Due to a lack of physical site options in Bermuda, each option proved to be 

economically and technically unfeasible when compared to the primary abatement 

method. 

4. Details of all of the mitigation methods that have been implemented by BELCO, BWSC 

and MAN for the NPS engines. 
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The mitigation methods implemented by BELCO, BWSC and MAN to date for the NPS engines 
are as follows: 
 
(i) The NPS engines have been starting and stopping on Diesel, rather than HFO, since 

July 2020. This has been observed to eliminate soot emissions during start and stop 

operations. It is noted that several engine trips have resulted in soot emissions being 

recorded by neighbours. In a trip situation, a change to Diesel for shutdown is not 

possible, but, as practical, fuel systems have been flushed through with Diesel before 

the next start-up to minimise potential impact to soot emission. 

(ii) The NPS engines were modified by MAN in October and November 2020 by changing 

out con-rod shims, giving the effect of longer con-rods and thus improving compression 

pressures in order to improve combustion completeness.  The shims were changed 

from 1mm to 5mm thickness. For the purposes of testing the efficacy of the shim 

change work, engine N4 had the cylinder heads 1A and 1B thoroughly cleaned of all 

residues to create a clean datum condition, and the engine was then started and 

stopped on HFO for a period of weeks. The con-rod shims change has been observed 

to have substantially reduced the rate of soot formation during start and stop 

operations. Before the shim change work, it was clear to see flakes of soot being 

emitted from the stack exit from ground level observation points, during start-up on 

HFO.  It was also observed that when stopped on HFO, internals of cylinders and their 

associated exhaust ports showed fouling with a combination of fuel residue and soot. 

After the shim change work, soot emissions from the stack exit are no longer 

perceptible from ground level observation points, though there was evidence of small 

(~3mm) flakes of soot landing on the ground adjacent to the NPS building after starts, 

and BELCO has received a number of complaints from highly sensitized neighbours 

affected by the same. Inspection in early January 2021 of N4 cylinders 1A and 1B were 

carried out with MAN representatives present. The inspections revealed a much-

improved condition, with limited soot residues apparent in the cylinder and head 

exhaust ports. 

 
Since the shim change work was completed, observations of the soot emissions from 
the stack have been conducted using a camera drone in order to achieve a better 
perspective in observing any soot emissions. 

 
5. Details of all of the mitigation methods that are due to be implemented by BELCO, 

BWSC and MAN for the NPS engines with an expected timeline. 

 
In BELCO’s dialogue with MAN, and in order to further improve the combustion performance, 
the next step is to change out piston crowns with a different type. The effect of the piston crown 
change is to be similar to that of the shims, in that it will have the effect of a longer piston 
assembly and further boost compression pressures as a result.  It is expected that the boosting 
of the compression pressure by means of the different piston crowns will see an end to the 
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emission of excessive soot from the NPS engines.  It is expected that these changes can be 
executed by the fall2021 or sooner pending confirmation to BELCO from MAN. 

 
6. Details of all mitigation methods that are expected to remain in place once the soot 

events have been addressed. 

 
It is expected that a combination of the shims and crowns alterations discussed above will 
remain in place after the soot events have been addressed so that the soot emissions issue 
will not arise in future.   
 

7. Details of when access to the cooled exhaust ductwork of one of the NPS engines are 

next planned to assess for the presence of soot. 

 
There are planned maintenance activities on the NPS engines through most of February 2021, 
though no plans are in place to inspect exhaust ductwork. Ductwork will not be inspected 
because the focus for BELCO is to make the necessary hardware changes to eliminate the 
formation of soot completely. 

 
In the Letter, DENR also requested that BELCO provide any recommendations of how 
the detection method of these soot events could be improved.  
 
BELCO is unaware of any measurement technology capable of effectively measuring soot 
particles, such as those experienced at the NPS, and ambient air quality consultants used by 
BELCO have the same view. It is believed that visual observation is the best means available, 
and BELCO’s Occupational Health Safety and Environment personnel have been, and will 
continue, carrying out visual inspection of engines starts on HFO at key locations. BELCO will 
also continue to take camera drone footage during startups, where appropriate. 

 
Yours faithfully, 
 
 
 
Dennis Pimentel  
President   
 
cc:  Dr. Drew Pettit, Director, Department of Environment and Natural Resources 
 Ms. Rozy Azhar, Permanent Secretary, Ministry of Home Affairs 
 

  




